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Foreword:
Timeless Technology for All Ages

One of the main goals of this book on technology and aging has been
the coverage of material that would stand the test of time. That is, we had
the ambition to produce a useful and coherent collection of writings that
would not become quickly obsolete due to rapid developments in tech-
nology. Anyone familiar with the inexorable march of new technology
and the growing interest in research in gerontechnology/gerotechnol-
ogy will quickly realize that this was not an easy feat!

It is not only technology that advances. Previous empirical geronto-
logical research and theory, considered to be rock-solid in their era, con-
tinue to be modified, discarded or replaced by new findings and new par-
adigms. Models and theories continue to emerge that explain the
current state of aging and old age much better than earlier frameworks
still covered in many textbooks on aging and technology. It is little con-
solation that the aging process per se seems to be relatively invariant
("changing slowly," see preface in this volume by Neil Charness),
because the heterogeneity of the aged, the aging, and the phenomenon
of aging itself are tremendous.

Although the book is divided into five sections, they need not be
read consecutively for understanding single chapters, and we have
combined and sequenced them in such a way as to encourage the
reader to build a well-organized cognitive or conceptual map of the
contents of this book and the field of gerotechnology. After exploring
the book, the astute reader may note alternative ways of organizing the
chapters, but we believe that ours provides a parsimonious heuristic,
and others may as well.

The title of Section A is "Basic Aspects of Gerotechnology." Here, our
use of the term "basic" is to connote some fundamental aspects of the
field that may or may not be familiar to the researcher, practitioner, or
student reader from a variety of disciplines, but for which a basic under-
standing is necessary in order that technological innovations might have
the greatest probability of successful application. For example, it is nec-
essary to understand the underlying characteristics of the aging human
in their social context (the biopsychosocial model) in order to best
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develop technological innovations. In addition, it is important to note
that at the core of gerotechnology is the aim of "universal" accessibility.

In chapter 1, Rogers, Mayhorn, and Fisk provide an introduction to
the issues and potential of gerotechnology by describing typical prob-
lems of older adults and technology in everyday life that can readily be
translated into accessibility issues. For example, the trends should be
(and generally are) that extra-individual factors become less important,
because technology that fits individuals must be provided—the individ-
ual should not need to adapt to technology! On the other hand, it will
not be possible in all instances to account for all idiosyncrasies of senior
citizens. Hence, usability, training, and cognition aspects discussed in
that chapter will continue to be part of gerotechnology, even after the
(likely) advent of non-PC-based devices.

In that vein, Scialfa, Ho, and Laberge in chapter 2 and Mayhorn,
Rogers, and Fisk in chapter 3 provide in-depth discussion of perceptual
and cognitive aspects of aging that must be considered in gerotechnolog-
ical innovations and interventions. One of the main conclusions we can
draw here is the futility of constructing universal solutions—the multi-
plicity of biopsychosocial characteristics of human beings as well as the
accumulation, combination, and potential interaction of such character-
istics will stay with us forever, as far as we can imagine. Elder-prevalent
deficits can be compensated for, or assisted by, present and future means,
but at the time of this writing, Scialfa and colleagues view access to the
world via technology as a burden to elders that is discordant with charac-
teristics of the physical aging process. While their technical design spec-
ifications may become outdated as technologies advance, the principles
of vision, hearing, and the tactile/haptic senses upon which the authors
base their recommendations are likely to pass the test of time because of
their implications for accessible design and usability standards.

Mayhorn, Rogers, and Fisk adopt an approach similar to Scialfa and
colleagues by focusing on selected cognitive aging characteristics. Their
examples, too, are illustrative for the reader in 2004 (although perhaps
less so in 2014), and the evidence and principles they use as anchors for
the design of technology will last until 2024 and beyond.

Assuming a social-science perspective on gerotechnology and various
classical theories, as well as a theoretical theme particularly tied to tech-
nology, Mollenkopf, in chapter 4, furnishes broad-ranged analysis, and
she obliquely criticizes the data-driven and immediate-troubleshooting-
focused stance of the field. In employing ecological theory, she particu-
larly succeeds in putting the role of the aging or aged individual into
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proper perspective: the "residual," "complicating factor," or "error" is
not and does not rest with the human being—it is a function of the envi-
ronment of which technology is a part. This position differs from
"human factors" (or ergonomics), mentioned in several other chapters,
where in a very technology-centered fashion the inherent assumption is
that the human being constitutes the "disturbance." Access remains an
issue. However, access and accessibility problems are inherent both in
the description of socializational and socio-economic hindrances, as well
as in the potential imbalance in person-environment fit that is an essen-
tial dynamic in ecological theories such as the competence model
described in the chapters by Mollenkopf and Watzke in a later section.

Sections B and C cover areas that we consider to be the core activity
fields of gerotechnology—computers and assistive devices. Here we had
to compromise. Section B covers diverse aspects of computer usage by
elders and their caregivers, and Section C discusses assistive technolo-
gies related to aging. While the distinction reflects currently separated
activities, there is clear overlap in applications. Furthermore, there is no
guarantee that computers will forever be the main device for communi-
cation and information acquisition, dissemination, and/or exchange, or
for off-line applications. Microprocessor-controlled technology does not
need to be confined by the limits of stationary or portable PCs. It is
already possible to integrate most PC functions into smaller devices,
such as wristwatch-type equipment, PDAs, or cell phones. The following
example may not represent the most current technology in use, and it
will be promptly superseded by newer, state-of-the-art technologies.

At one editor's university, multiple functions for cell phones and
PDAs are available to and widely used by students, staff, and faculty using
mostly wireless (infrared) transmission protocols, for example, use of
the library, sundry payment systems on the whole continuum for the pur-
chase of soft drinks at vending machines, parking cards, public trans-
portation across the whole Seoul metropolitan area, and even credit
card purchases. The devices are also used with automatic teller
machines. They intertwine with Web-call services, and information
about university-related issues, events, reminders, etc., all tailored to the
individual's needs, and sent out as short text messages. Registration for
and cancellation of classes, as well as management of grades are also at
one's fingertips. On-campus phone calls are not charged, student atten-
dance in classes can be electronically checked, and entrance to secured
areas such as computer server rooms can be regulated. Apart from the
school's own system, cell phones are also being connected to become
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traffic guidance systems for drivers, telling them in real-time where they
are and which routes to use (and which to avoid); they can also be con-
nected to live TV and video-on-demand services.

This example demonstrates the artificiality of the present distinction
between PCs and other assistive devices. And although the applications
above are focused on college students as end consumers, it is not diffi-
cult to imagine how such technology could be adapted to and modified
for applied gerontological settings. This also illustrates the potential
usage of a singular kind of multipurpose technology for different ages
and aims.

In the first chapter of Section B, "Computers and Older Adults," Mor-
rell, Mayhorn, and Echt summarize and analyze current trends of Inter-
net usage by senior citizens, as well as understood, misunderstood, and
other promoting and hindering factors, mostly from psychology. In
terms of accessibility, the message conveyed is that there are barriers asso-
ciated with aging, but that these can be removed or at least partially com-
pensated for. Benbow concretely describes more barriers, as well as some
of the ways to overcome them, in the following chapter, in particular with
regard to evaluation of the quality of health information on the Inter-
net. The salient accessibility issue at hand here is not that information is
not accessible. On the contrary, it is the availability of too much informa-
tion that prevents access to what is needed and useful. Smyth and Kwon
discuss computer-mediated communication (CMC) with the focus on
caregivers. It is particularly noteworthy that we are indeed dealing with
communication modalities here that defy a certain degree of further
optimization, e.g., the ways in which CMC is used will quite surely not be
subject to sudden change as is the case with some other technological
devices. Moreover, precisely the range of CMC options and the charac-
teristics of different CMC modalities make some of them more accessi-
ble than other gerotechnological applications. Yet another aspect of
accessibility has been presented by Burdick and others elsewhere (Bur-
dick, 2003; Burdick & Michaels, 2003), namely encouragement of inter-
generational relationships, i.e., the facilitation of communication by eld-
ers with other generations. Space limitations in this volume prohibited
inclusion of an entire chapter on this topic, but it is worth mentioning
here that this approach to the use of technology in our rapidly chang-
ing world holds much promise.

Section C has been titled "Assistive Technology, Home and Environ-
ment." While this important area has emerged from and still is very
closely associated with the rehabilitation sciences and rehabilitation
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engineering, the distinction has become blurred over time and, as
explained above, we predict that it will eventually become a less suitable
criterion to categorize the field of gerotechnology in terms of PC and
assistive technologies usage by elders—but at the time of this writing, this
breakdown is still appropriate, because it reflects two different camps of
mostly researchers and practitioners differing in professional back-
ground and activities with not yet much overlap.

For example, the anecdote of Hammel in the introductory chapter of
Section C is a real eye-opener: Even with a relative in the family who has
the highest expertise in assistive technology (AT) imaginable—availabil-
ity of technology is not synonymous with accessibility to technology. The
mere presence of devices is not enough. It takes human beings and, thus,
the multidisciplinary efforts of technology-oriented and non-technol-
ogy-oriented fields to ensure the effective and efficient use of AT and
technology per se to meet unmet needs. Hammel describes these and
similar changes in the AT field as, for instance, those affected by "uni-
versal design," which can be rephrased as "universal access" (although
there are experts who would disagree—commonly accepted definitions
of these and related terms do not exist). She discusses unresolved issues
such as acceptance of AT and loss of privacy that are, like many other
problems associated with gerotechnology and investigated in other
chapters of this book, most likely to be grappled with for a very long
time—if not always.

The monitoring of elders' behavior in their households as presented
by Kutzik and Glascock does not seem to involve the pervasive accessibil-
ity perspective—at first sight. The authors describe a monitoring solution
that may change with the kind of technology used over time, but both the
distinctions they draw among presently available systems, and the com-
ponents identified, are not that likely to change, e.g., the monitor itself
(data collection), the processing module (data transformation and analy-
sis), and the output (interface and data interpretation) with subsequent
contingent actions taken. In terms of accessibility, we are dealing with a
special instance of "technology as a primary means" to access information
about oneself (or one's relative) in interaction with the environment by
technical means under special circumstances, e.g., emergency situations,
and/or if the older person is unable to access the information (because
of loss of consciousness, panic, or lack of knowledge).

The chapter by Parker and Sabata complements Kutzik and Glascock
and adds important insights by covering a broad field of safety technol-
ogy (including issues related to crime and abuse) in a comprehensive
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senior-citizen residence typology for the purpose of discussing the
diverse requirements to be met.

Tran offers insights into presently unique biomonitoring systems and
provides an optimistic outlook regarding the potential of e-health or
telemedical applications for the not-so-distant future, both at a full-
fledged interventional level and at a level concentrating on preventive
ends. Some technology described will remind the reader of aspects dis-
cussed by Kutzik and Glascock. Such common points emphasize the
notion of shared underlying principles, which are in need of systematic
investigation. An additional lesson to be learned is that it is not necessar-
ily the highest-tech appliances that meet the needs of the elderly for inde-
pendent living and well-being. Sometimes, a plain old phone will do.

Section D has been titled "Models, Prototypes, and Specific Applica-
tions of Gerotechnology." In this section, we included chapters that
describe useful heuristic or procedural models of gerotechnology devel-
opment—either from other fields of study (Ujimoto) or from within the
field (Watzke; Dienel & Cameron)—which provide systems or systematic
approaches for the development, testing, production and distribution
of gerotechnological innovations. We also included a comprehensive
chapter that underscores the importance of gerotechnology analysis in
an important domain of function—driver safety (Rebok & Keyl).

Ujimoto approaches the topic from a long career in the application
of human factors and ergonomics to airline performance and safety,
viewing the gerotechnology field in a systemic fashion and using poten-
tials to enhance or maintain elders' well-being as the cardinal yardstick.
His analysis, which can be seen as an extension of the one provided by
Mollenkopf in Section A, is reminiscent of cultural-anthropological and
early 20th century sociological accounts. Ujimoto, too, is skeptical of the
universal design idea ("one size fits all"). He also stresses what we see as
another robustly time-insensitive aspect, namely the reduction of acci-
dent proneness by thorough analysis, inclusion of (so-called) redundant
systems, effective communication structures, and the like. Experiences
in the aviation industry have clear relevance to various issues of gerotech-
nology—as Ujimoto directly notes with regard to health care and older
adults, but with another logical relationship to elder driver safety.

The assessment of driving ability, the validity of the instruments, and
the consequences for modeling technology and/or inducing behavioral
change in elderly individuals are described by Rebok and Keyl. As west-
ern populations age rapidly, particularly in the United States where auto-
mobiles (particularly SUVs) are the main mode of transportation (more
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ubiquitous than computers at this juncture in time), the clash of popu-
lation aging with the potential for car crashes provides a fertile area of
investigation for gerotechnologists.

Watzke's chapter on the Dr. Tong Louie Living Laboratory in Vancou-
ver presents a sample case for the organization and logistics involved in
developing and maintaining an optimized gerotechnology laboratory.
Although there are several idiosyncrasies that needed to be accounted
for to get and keep the lab up and running, the basic steps involved, as
well as the ideas and principles related to staffing, funding, or kinds of
research are readily generalizable across place and time, and serve as
useful instruction for those wishing to develop their own centers. The
chapter also presents a vivid account of seemingly trite, but actually not
that trivial, practical arrangements for (1) the much-called-for but not-
much-implemented multidisciplinary and/or interdisciplinary coopera-
tion in the field of applied gerontology, and (2) bridging the gap
between research and practice in the form of actual mass production
and the cultivation of marketability (so-called "translational research").

Dienel and Cameron discuss elderly consumer participation in AT
development. While their particular approach is not yet mainstream, it
is generally a sine qua non to involve the users-to-be in product develop-
ment—now as well as in the future. We may be able to think of consumer
behavior as calculable, e.g., as an objective for simulation. Indeed, in
some instances, it is not only unnecessary, but mandatory to simulate
instead of to test technology with human subjects, for instance in vehi-
cle crash tests. However, for now and for the foreseeable future, partici-
patory design is a mandate that is all too often neglected.

In the final section, entitled "Cautions, Integration, and Synthesis,"
we have included a provocative chapter urging caution, and an integra-
tive and comprehensive epilogue. These chapters may give a new per-
spective or context to ideas and innovations explored earlier in the text.

Students of business are now quite familiar with the SWXDT model—
the need to evaluate the strengths, weaknesses, opportunities, and
threats of any new action, development, or product. While the majority
of this book has focused primarily upon the incredible strengths and
opportunities provided by the application of technology to the needs
and wants of older adults, it is necessary to carefully consider the threats
or perils. Certainly Ujimoto described some significant risks if technol-
ogy isn't carefully applied in the health care setting. Many other chap-
ters also noted the downside of inappropriately designed technology.
(We are reminded of research by Wendy Rogers, alluded to in chapter
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1, about blood glucose meters purportedly as "easy as 1- 2- 3" actually
involving over 30 discrete steps and resulting in clinically significant mis-
takes in over 50% of study subjects). But, Lesnoff-Caravaglia faces us
squarely with significant concerns about gerotechnology. If you didn't
know her as one of the pioneers in the field of gerotechnology, you
might believe Dr. Lesnoff-Caravaglia to be a Luddite. Nothing could be
further from the truth. But, in this chapter, she goes beyond the usual
ethical discussion. Here she explores the hazard of neglecting the indi-
vidual in this complex, aging world. While the advantages brought about
by new technologies cannot be denied, they have become both causes of
and aggravating factors for ethical dangers at present, in the near future,
and in a very distant future when technology really may be virtually time-
less and when this book will indeed be only of historical value and acces-
sibility issues an anachronism.

The book ends with an Epilogue by Dr. James Fozard, another pio-
neer in gerotechnology/gerontechnology. From his unique vantage
point, Dr. Fozard discusses how this field of study has developed over
nearly a half century. He notes that his introduction to the concept of
human factors (ergonomics) in 1956 referred to it as "engineering for
human use," and that the term "had nothing to do with aging." Fozard
suggest that both the study of aging and human factors (ergonomics)
have benefited greatly by having much to do with one another in the
ensuing years.

In sum, we believe that this is a first-rate collection of ideas from a vari-
ety of leaders in this field and we believe that it makes a substantial and
substantive contribution to the body of literature on technology and
aging. We are therefore grateful to all of our authors and readers.

—Sunkyo Kwon and
David C. Burdick

January 2004
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Preface

We are in the midst of two striking trends: widespread population aging
and rapid diffusion of technology. Both phenomena are very new in
human history. As an example, life expectancy in 1900 in the U.S. was
about 50 years. Today it is approaching 80 years. In terms of technology
diffusion, it is worth noting that the patent for a facsimile (fax) machine
was granted in 1843, but it took about 150 years before it was widely
adopted. Even the indispensable telephone (patented in 1876) took
about 40-50 years to become widely distributed in the U.S. The pace has
quickened in recent times, with perhaps about 20-30 years before the
consumer microwave oven (produced in 1967 by Amana in the U.S.)
became widespread. It took only about 10 years for 50% of U.S. house-
holds to acquire access to the World Wide Web (protocol defined in 1989
and the first browser developed in 1992).

Advances in both these areas are in part a by-product of population-
level wealth accumulation and its reciprocal relation to knowledge, par-
ticularly scientific knowledge. That is, societies that have sufficient
resources to safeguard the basic needs of their populations can afford to
invest in the pursuit of knowledge, and that pursuit usually leads to high
returns on investment in the form of better knowledge and greater
resource generation. This virtuous circle promises to accelerate the two
trends of longevity and technology diffusion.

Population aging has good and bad features. A popular joke describes
a birthday party where the centenarian was asked how it felt to be 100
years old. The person replied: "Not bad, when you consider the alterna-
tive." More life is better than less life most of the time. However, old age,
particularly advanced old age, (what Baltes has termed the fourth age)
is usually a time of diminished abilities, diminished health, and dimin-
ished financial and social resources. Modern technology has the poten-
tial to enhance human health, abilities, and relationships. A good exam-
ple is how modern communication technologies (postal services,
telegraph, telephone, e-mail) have made it possible to carry on long-dis-
tance relationships successfully.

XXV
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We face an interesting set of challenges in trying to meld these two
trends. Technology, when designed with older users in mind, can con-
tribute to greater productivity, comfort, and safety for older adults. How-
ever, technology comes with a price tag, and often a high one when prod-
ucts are first introduced. If you examine the studies of computer
diffusion in the U.S., it is clear that early on, when computer prices were
high, those who adopted them were in the upper income levels. As prices
came down, economic status was less of a barrier to adoption. Old age is
usually a time of waning resources. Retirement from paid work, a very
new phenomenon in human history, typically begins around age 62-65
in the U.S., and immediately diminishes spending power. Very old age
cohorts are populated today mainly by women who, at this time in his-
tory, have not accumulated a great deal of wealth during their working
years (compared with men). Thus, the ability to pay for technological
advancements, that for instance might combat or ameliorate the effects
of chronic diseases, declines with increasing age. Providing the fruits of
technological advances to those with limited spending power is a persist-
ent challenge for all societies.

This volume aims to address both specific and general issues in the
new field of gerontechnology/gerotechnology. Section A addresses
issues in person-environment fit for technology, and deals with age-
related changes in capabilities, accessibility to and design for technol-
ogy, as well as cultural constraints in its adoption and use. Section B
focuses on arguably the most important and most powerful artifact of
the past century, the digital computer and the Internet, the electronic
network that increasingly links us to other people, goods, and services.
Section C addresses the practical issue of how to apply technology to
assist people in overcoming the types of impairments that tend to
increase exponentially as people pass their middle adult years. Section
D looks at broad areas, models, or prototypes for technology develop-
ment and the application of technology to everyday life, including the
increasingly important domains of health care and driver safety. Sec-
tion E provides ethical cautions and additional integration and synthe-
sis of materials covered earlier in the book. The reader will find these
chapters to be informative, engaging, and most important of all,
thought provoking.

In contrast to technology that is changing rapidly over time, aging
people, fortunately, change slowly. Except for the case of acute onset of
health problems, and as a result of this slow rate of change, people usu-
ally have time to adapt to their waning capabilities. Technology, when
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properly designed, deployed, and supported, promises to be an impor-
tant ally to all those who now and in the future must adapt to their aging
bodies and minds. This volume provides a very informative and broad-
ranging examination of the current state of technology and its role in
our increasingly prevalent process of adaptation to aging.

Neil Charness, PhD
Professor of Psychology and Research Associate

Pepper Institute on Aging and Public Policy
Florida State University

Tallahassee, Florida
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1
Technology in Everyday

Life for Older Adults

Wendy A. Rogers,
Christopher B. May horn,

and Arthur D. Fisk

Jerry is retired and lives at home with his wife Carol. When Jerry gets up in the morn-
ing he uses the electric coffee maker to make his coffee and the microwave oven to heat
his oatmeal. After breakfast he goes to the computer to check for e-mail from his chil-
dren. He has received several messages, some with attachments and pictures that he
prints out for Carol to read later. He decides to go out for a ride—he must first set the
house alarm, and then turn off the car alarm so he does not wake all the neighbors.
Entering the car he programs his global positioning system (GPS) to obtain directions
to the new golf store the next town over. At the golf store he purchases a new putter—
using the store's self-checkout system. Jerry must scan his putter and then use the credit
card reader to pay for his purchase. On the way home, he stops at the library to get a
book he has wanted to read. He first looks up the proper spelling for the author's name
as he had noted it in his personal digital assistant. He then uses the online card cat-
alog to find the location of the book in the library stacks. Back at home, he turns off
the house alarm and checks his answering machine for messages. His physician has
left an automated message reminding him of his appointment the following after-
noon. Deciding to relax for a while, Jerry inserts the digital videodisk (DVD) that
came with his new putter into the DVD player. He then remembers he must check his
blood glucose before lunch, so he uses his electronic blood glucose meter to assess his
current level so he can adjust his medication and decide what to have for lunch.

This vignette illustrates current technology available in the life of older
adults. Individuals may interact with a wide variety of interfaces, displays,
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input and output devices, all before lunch! Technology has the potential
to make life easier, to support communication with family and friends, to
assist with health care, and to enable individuals to remain safe and func-
tionally independent in their own homes. However, Jerry may be some-
what of a trendsetter and not all older adults are technology-savvy with
access to all of the latest, greatest gadgets and gizmos. Moreover, many
devices and systems are difficult to use, they do not always seem to work
properly, or they are so complex as to seem beyond one's capabilities.

The focus of this chapter is technology in the lives of older adults. We
will discuss the validity of myths about older adults' attitudes and willing-
ness to use new technologies. We will then describe the design and train-
ing factors that may impede the use of technology by older adults. We
will conclude the chapter with a discussion of the potential for future
technology and the barriers that must be understood and overcome to
meet this potential.

MYTHOLOGY OF OLDER ADULTS AND TECHNOLOGY USE

"Older adults prefer to do things the old-fashioned way." 'You can't
teach an old dog new tricks." "New technologies are for the young."
While it is true that older adults are slower to adopt many new technolo-
gies, and typically require more training to learn to use them, these
myths about older adults and new technologies are greatly overstated
(see also Morrell, Mayhorn, & Echt, this volume).

Here are some of the facts about use of technology by older adults:

1. 40% of people over age 65 use computers (U.S. Department of
Commerce, 2002)

2. 35% of people over age 65 access the Internet (U.S. Department
of Commerce)

3. 90% of older adults own a microwave oven, 80% own videocas-
sette recorders, and 60% own cordless phones and answering
machines (Adler, 1996)

While these statistics reflect the willingness of only American older
adults to adopt new technology, it is important to realize that older adults
in nations around the world are making similar decisions. The National
Aging Information Center (2002) recently reported several statistics that
highlight the growth of technology usage by older adults in several coun-
tries. For instance, Australian seniors are the largest growing segment of
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online banking service users, totaling over 775,000. The number of sen-
ior Internet users in the United Kingdom recently surpassed 2 million,
accounting for approximately 13% of that nation's online population.
Sweden and Denmark, however, boast the highest percentage of senior
Internet users in Europe with 17% and 16% percent of their respective
national Internet user populations. The percentage of Canadian seniors
using the Internet and computers has also steadily increased over the last
decade (National Advisory Council on Aging, 2001).

These data clearly indicate that many older adults in developed nations
have daily interactions with technology. In fact, the rate of technology
development in society is making it difficult for them to avoid it. Most busi-
nesses today do not have a person answering the telephone; instead they
have an automated telephone menu. The library has an online search sys-
tem rather than a card catalog. At the grocery store you are expected to
scan your own credit card, and in some stores scan your own groceries.

Asking why some older adults do not use new technologies is a rele-
vant question. However, it must be accompanied by questions about why
older adults encounter difficulties using technologies, why they have dif-
ficulty learning new systems, and how the development of future tech-
nologies should be directed to meet the needs of older adults.

WHAT REALLY IMPEDES USE OF
TECHNOLOGY BY OLDER ADULTS?

A valuable starting point for understanding the difficulties older adults
encounter when using technologies is to ask them. In a focus group
study, Rogers, Meyer, Walker, and Fisk (1998) interviewed groups of
older adults between the ages of 65 and 80 and asked them about frus-
trations and difficulties they encounter when carrying out their normal
daily activities. Although the group discussions were not specifically
focused on technology, one interesting finding was the variety of tech-
nologies encountered by individuals in their everyday lives. Most ger-
mane to the present discussion, however, were the frustrations that
seemed to accompany use of technology. Table 1.1 contains some quotes
from participants in this study.

To determine the source of the difficulties that older adults were
experiencing, Rogers, Meyer, W7alker, and Fisk (1998) coded each diffi-
culty reported by their older adult participants (technology-related and
otherwise). Each problem was classified according to whether it was
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TABLE 1.1 Older Adults' Frustrations with Technologies Indicate
Usability Problems

Technology Quote from Older Adult

Videocassette
Recorder read those directions over and over.

Entertainment My entertainment center . . . somebody told me I could
Center get a all-around remote for it and, I got the remote and

I got mad 'cause I couldn't hook it up, so ... real
disgusted, threw it across the room.

Photocopier
things . . . some of these things you've got now they
throw them out and staple 'em . . . But I ain't got
brains enough to learn to use 'em.

Camera Well, I have a camera that I can't operate. I can get
the film in there and I can never get it out. I always
have to take it to the photo place and say, "please take
this film out."

Fax Machine I would like to fax a letter. I needed to get a letter in a
hurry, and I had access to the machine, but I didn't
know how to do it. It made me mad.

In-vehicle We recently had a rental car . . . that array of buttons in
Technology the front of you, you know it just unnerves you . . . it

did for me . . . I never learned what all the buttons did
in the two weeks we had the car.

Online Library Well I'm frustrated in the library . . . When they sit you
Catalog down in front of a computer and they tell you to look

it up here. I have to have somebody tell me where to
put my fingers.

Electric Mixer I bought a new mixer and God knows I haven't learned
how to use it yet, it's a shame, a new mixer . . . but it's
these, ah, modern things you just don't hardly know
how to use them.

Word Processor Word processor! I had to learn the computer when I
was fifty years old. It was rough. I remember telling my
boss you can teach old dog new tricks, but it's awfully
hard on that old dog.

Note. These quotes are from the focus groups conducted by Rogers, Meyer, Walker,
and Fisk( 1998).
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potentially remediable through some human factors intervention such as
improved training or instruction, redesign of the system or the environ-
ment, a combination of training and redesign, or neither training nor
design could solve the problem. Forty-seven percent of the problems fell
into the latter category—that is, older adults reported health problems
or medical problems that were not likely to be remedied by any human
factors intervention. However, the remaining 53% of the problems could
potentially be solved by improvements in design, training, or a combina-
tion of the two. Rogers and colleagues did not mean to imply that the
solutions were readily available—only that they were potentially available.
But for the solutions to be realized we must understand the specific
design factors and training issues that may influence older adults' inter-
actions with technology. Also, research must ultimately be translated into
practice (see Fisk, Rogers, Charness, Czaja, & Sharit, 2004).

DESIGN FACTORS

Design issues can impede use of everyday products. Hancock, Fisk, and
Rogers (2001) queried adults about their experiences with various com-
mon household products. As shown in Table 1.2, participants of all ages
reported usability problems with these familiar products. User difficul-
ties resulted from text that was difficult to understand, symbols that
could not be interpreted, perceptual difficulties seeing the print or what
was to be manipulated, and motor difficulties using the product. Mem-
ory difficulties were also reported, but less frequently for the older
adults. Perhaps the older adults did not remember having memory prob-
lems (an ironic consequence of declining memory) or had developed
compensatory strategies so that they no longer experienced memory dif-
ficulties when using common household products.

While Hancock and colleagues' (2001) survey did not focus on tech-
nology per se, the reported usability difficulties are indicative of the
types of problems that people of all ages encounter when interacting
with artifacts. These data also provide a framework for understanding
design characteristics of technologies that affect usability, namely com-
prehension factors related to text and symbols (or icons), perceptual or
motor issues, and cognitive factors such as memory. Designers must
understand the perceptual, motor control, and cognitive capabilities of
users, and in particular how such abilities change as a function of age.
Other chapters in this volume address these issues in more depth (May-
horn, Rogers, & Fisk; Scialfa, Ho, & LaBerge).
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TABLE 1.2 Percentage of Participants Reporting Usability Problems and
Types of Problems

Young Middle-Aged Young-Old Old
(18-35) (36-54) (55-64) (65-91)

Category of Product

Healthcare Product

Over-the-counter
Medication

Cleaner

Toiletry

Category of Usability Problem
(for those reporting difficulties)

Text Comprehension

Symbol Comprehension

Perceptual Difficulties

Memory Difficulties

Motor Difficulties

Young '.
(18-35)

39

53

49

36

27

12

26

66

80

Middle-Aged
(36-54)

41

57

50

44

32

22

57

51

80

Young-Old
(55-64)

40

58

50

44

30

25

55

46

80

Old
(65-91)

44

50

48

43

26

23

51

48

94

Note. These data are from the product usage survey conducted by Hancock, Fisk,
and Rogers (2001).

TRAINING ISSUES

As noted above, human factors interventions that support the activities
of older adults include the development of instruction and training.
Although system design can almost always be improved, even the best-
designed system will likely require some training for novice users (con-
sider automobiles and computers). Furthermore, instruction or training
is often required for experienced users to be able to use all of the func-
tionality available in the system (consider a personal digital assistant or
a cellular telephone). The aging process may also result in the need for
age-specific instructional design that enables older individuals to safely
and effectively interact with technologies (see the chapters in this vol-
ume by Benbow and by Morrell, Mayhorn, & Echt). Technology itself
may yield improvements in training design such as using a simulator for
driver retraining as described in this volume by Rebok and Keyl.
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Older adults exhibit declines in abilities shown to be important for
learning and skill acquisition. Such abilities include fluid intelligence,
working memory, perceptual speed, and spatial ability (Rogers, Hert-
zog, & Fisk, 2000). Older adults learn new skills; yet, proper instruc-
tional design that capitalizes on intact abilities and compensates for
declining abilities holds much promise for proficient novice level per-
formance, substantive proficiency gains with training (Jamieson &
Rogers, 2000; Mead & Fisk, 1998; Rogers, Fisk, Mead, Walker, & Cabr-
era, 1996), and retention of proficient levels of system usage (Fisk, Hert-
zog, Lee, Rogers, & Anderson-Garlach, 1994). Proper training coupled
with adequate system design can lead to dramatic increases in system
usage accuracy for older adults (see Rogers, Fisk, Mead, Walker, & Cabr-
era, 1996; Sharit, Czaja, Nair, & Lee, 2003). Moreover, older adults have
expressed a desire to receive training even for technologies such as
automated teller machines that are presumed to be usable by virtually
anyone with no experience needed (Rogers, Cabrera, Walker, Gilbert,
& Fisk, 1996) or an online library catalog (Rousseau, Jamieson, Rogers,
Mead, & Sit, 1998).

Systems must be well designed and proper training must be provided.
Does that guarantee that older adults will adopt new technologies to per-
form daily tasks? Not necessarily—adoption of new technologies is influ-
enced by several factors such as the relative advantage of the technology
(in comparison with previous methods of accomplishing the activity)
and the degree to which the innovation is compatible with one's values,
experiences, and needs (Rogers, 1995). Of course, accessibility also con-
tributes to adoption, as does the organizational culture of the climate in
which the technology is introduced (Ujimoto, this volume), and other
macro-level issues such as changing social and technical environments
(Mollenkopf, this volume).

Factors that influence adoption of new communication technologies
were investigated by Melenhorst, Rogers, and Bouwhuis (2003) (see also
Melenhorst, 2002; Melenhorst, Rogers, & Caylor, 2001). In a focus group
study, older adults were asked how they would decide what communica-
tion method would be best suited for a particular communication goal
such as sharing good news or making an appointment. Internet users
and nonusers were queried about their preference to use the telephone,
a face-to-face visit, a letter, or the Internet. Of particular interest was the

9

RECOGNITION OF POTENTIAL BENEFITS IS IMPORTANT



10 Basic Aspects of Gerotechnology

reasoning the participants used—why they selected a particular method
of communication. The results revealed that older adults made their
decisions primarily on the basis of the perceived benefits (or lack
thereof) of the particular communication method afforded by the tech-
nology. These data indicated that the decision process seemed to rely
mostly on whether the method suited their needs (i.e., was fast enough
or personal enough or easy enough). Contrary to myths about use of
technology by older adults, their decisions were not primarily based on
issues such as whether the method was too difficult, too financially costly,
or too time-intensive to learn. These data support the notion that tech-
nology will be adopted by individuals when its benefits are clear to them
and meet their needs. Older adults seem willing to invest the time,
resources, and money necessary to learn new technologies, if such ben-
efits are clear.

The Melenhorst, Rogers and Bouwhuis (2003) data were collected in
both the United States and The Netherlands and the pattern of results
was strikingly similar across the two nations. However, there is some lim-
ited evidence that adoption of new technologies in developing countries
may be influenced by different factors such as social pressure (Anandara-
jan, Igbaria, & Anakwe, 2000), which did not arises as an important fac-
tor in the Melenhorst, Rogers and Bouwhuis study.

MEETING THE POTENTIAL FOR FUTURE TECHNOLOGIES

An innovative research program at the Georgia Institute of Technology
(Georgia Tech) is focused on developing computer technology to sup-
port the independence and quality of life of older adults by enabling
them to remain in their own homes. This Aware Home Research Initia-
tive consists of an interdisciplinary team of computer scientists, engi-
neers, and psychologists (www.cc.gatech.edu/fce/ahri/index.html).
Their research and development activities are carried out in a residen-
tial laboratory (i.e., a high-tech home) on the Georgia Tech campus.
(For additional details about Aware Home research efforts, see Essa,
2000; Kidd, Orr, Abowd, Atkeson, Essa, et al., 1999; Mynatt, Essa, &
Rogers, 2000; Mynatt & Rogers, 2002.)

The Aware Home Research Initiative is certainly not the only effort to
develop computing technology to support elders in their home environ-
ment. Other examples are discussed in this volume by Hammel; Kutzik
and Glascock; Parker and Sabata; and Tran. Descriptions of other world-

www.cc.gatech.edu/fce/ahri/index.html
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wide efforts of "smart" homes, or domotics, are available online at
www.smart-homes.nljwww.sentha.tu-berlin.de/www.stakes.fi/cost219/
smarthousing.htm; www.gdewsbury.ukideas.com; and www.cc.gatech.
edu/fce/ahri/index.html (for a recent review see van Berlo, 2002). In
brief, existing efforts have focused on areas of safety (fire, smoke, intru-
sion), comfort (heat, lights, shades), communication (telephones, video-
phones, teleshopping, telehealth, telework), entertainment (device con-
trol, VCR programming), and remote management. In fact, a smart
home is defined as "a home or working environment, which includes the
technology to allow for devices and systems to be controlled automati-
cally" (van Berlo, 1999, p. 6).

The Aware Home Research Initiative is meant to go beyond the
"control" of home systems. The computing applications are intended
to augment the activities of the people living in the home—supporting
their activities, providing interactive information to the home dwellers
and selected individuals outside of the home, and enabling the devel-
opment of predictive models of changes in capabilities based on trend-
ing information.

Successful independent living requires older adults to be capable of
performing basic Activities of Daily Living (ADLs) such as bathing, toi-
leting, and eating, as well as more instrumental activities of daily living
(LADLs) such as managing a medication regimen, maintaining the
household, and preparing nutritious meals (Lawton, 1990). Existence as
an independently living, active older adult may also require willingness
to accept new challenges and to engage in lifelong learning, referred to
as enhanced activities of daily living (EADLs) ( Rogers, Meyer, Walker, &
Fisk, 1998). All of the activities can potentially be aided by augmented
environments, for example ADL supports during bathing such as tem-
perature regulation and monitoring the vital signs of the bather for signs
of problems; IADL supports such as external cues to enhance medica-
tion-taking behavior, nutritional information, and support for meal-
preparation; and EADL supports that facilitate social communication
and enhance leisure activities.

BARRIERS TO BE UNDERSTOOD AND OVERCOME

Future research in advanced computing technologies must explore
how computers can enhance day-to-day activities. The computer
should not be thought of as a tool to be picked up, used, and then set

www.smart-homes.nl
www.sentha.tu-berlin.de
www.stakes.fi/cost219/smarthousing.htm
www.stakes.fi/cost219/smarthousing.htm
www.gdewsbury.ukideas.com
www.cc.gatech.edu/fce/ahri/index.html
www.cc.gatech.edu/fce/ahri/index.html


12 Basic Aspects of Gerotechnology

aside—it can be a constant partner in daily activities. This is the con-
cept of ubiquitous computing where the computer is embedded every-
where, seamlessly integrated into one's everyday activities (Weiser,
1991). The computer could notice when you are interrupted and help
you regain your task. It could monitor your environment, and inform
you of useful information. It could help you schedule your day to coor-
dinate virtual visits from health care personnel and actual visits from
family and friends.

An important challenge is to design interfaces that reflect and sup-
port the ongoing activity of daily life but are not inappropriately intru-
sive. Some of the issues are specific to the aging individual, such as what
activities need to be supported, how the level of support should change
to accommodate the changing needs of the individual, and how to
develop interfaces that will be usable by older persons and their family
members. Other issues are more general to the nature of home-based
ubiquitous computing such as technical, social, and pragmatic issues
(Edwards & Grinter, 2001). Methods for development and testing of
prototype systems are described in this volume by Watzke, and by
Dienel, Peine, and Cameron.

To design effective systems and training programs in support of age-
related performance capabilities, we must answer fundamental questions
concerning aging and complex task performance. This requires a clear
understanding of the needs and priorities of older adults relative to
health, well being, and safety, as well as their view of technology solutions.
For example, knowing that older adults have working memory deficits
and attention problems, or that they process information more slowly
than young adults, is necessary but not sufficient for motivating solutions
to design-related problems. An understanding of age-related changes in
cognition is essential in establishing design principles for the application
of new technology. In addition, researchers need to better understand
issues of privacy, acceptance, and trust as these issues relate to the devel-
opment and use of technology in the homes of older adults. These fac-
tors are discussed below and other broad issues of ethics in technology
and aging are described by Lesnoff-Caravaglia elsewhere in this volume.

PRIVACY

The presence of aware services in the home raises the issue of privacy.
How much information is collected about the occupant and who is privy
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to that information? For example, in the design of monitoring systems,
the individual who is being monitored should determine the type of
information to be transmitted as well as the people with whom the infor-
mation will be shared (Mynatt & Rogers, 2002). A related issue is secu-
rity of collected, but not transmitted, information (see also Kutzik &
Glascock, this volume). For example, raw video signals could be used by
a service to determine and share changes in an occupant's gait follow-
ing hip surgery. The raw video must be securely stored and later deleted
to prevent unwanted disclosure.

Researchers must develop the scientific construct of privacy to under-
stand how privacy concerns may change across contexts, individuals, and
cultures. For example, in a non emergency situation, a person may be
unwilling to relinquish any privacy, whereas in a life-threatening situa-
tion privacy may be of less concern. Privacy is really a multidimensional
construct that is not yet well understood. Privacy concerns may be
related to knowing when and what type of information is being col-
lected, determining who has access to such information, and whether
information can be subsequently linked to a particular person (Fried-
man & Kahn, 2003).

ACCEPTABILITY

Within home environments, a strategy for increasing acceptance of
ubiquitous computing may be to introduce it gradually to older adults
who are still high functioning (e.g., in their 50s and 60s) and to
increase the supports provided by the technologies as motor control,
perceptual, and cognitive abilities decline (e.g., in their 70s and 80s).
An important research question is to determine how to identify these
transition points—such decisions could be based on trending data
from computational perception applications. Newell and his col-
leagues have discussed designing for "dynamic diversity" whereby
designers recognize that systems must consider the diversity of capabil-
ities within an individual at different points of time, not only as the per-
son ages, but also when the person is operating in a stressful or time-
pressured situation (e.g., Newell, Carmichael, Gregor, & Aim, 2003).
Designing for such dynamic diversity should yield systems that adapt to
the user's changing capabilities and such systems may be more accept-
able because they neither underestimate nor overcompensate for the
user's capabilities at a given point in time.
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TRUST IN AUTOMATION

If technology is to be developed to support the independence of older
adults in their homes, the technology must, of course, be reliable. Per-
haps equally important, however, the person must be willing to rely on
the technology. User decisions to rely on automated devices depend on
their trust in the automation and self-confidence in their ability to con-
trol the system. Trust is dependent on current and prior levels of system
performance, the presence of faults, and prior levels of trust. Bisanz and
Seong (2001) proposed a multidimensional taxonomy of factors that
affect trust in automated systems; however, their work focused on
younger adults and little work has been conducted to date on the vari-
ables that influence trust in automated systems for older adults. More-
over, the degree to which one's confidence in the ability to control the
system may prove particularly important for older adults with less tech-
nology experience.

CONCLUSIONS

Older adults are willing to use new technologies, contrary to some
stereotyped views. Older adults are more accepting if they are provided
with adequate training (Rogers, Fisk, Mead, Walker, & Cabrera, 1996)
and if the benefits of the technology are clear to them (Melenhorst,
Rogers, & Bouwhuis, 2003). Moreover, field trials of intelligent home
monitoring systems have been implemented successfully with adults age
60-85 (e.g., Sixsmith, 2000).

The integration of computer technology with traditional assistive
technologies and environmental modifications, can lead to interven-
tions that will promote successful aging by enhancing the health, safety,
independence, active engagement, and quality of life of older adults. We
must follow human factors principles of understanding the needs of the
user population, designing systems with their capabilities and limitations
in mind, and providing appropriate training, instruction, and help sys-
tems to support performance (Rogers & Fisk, 2000). According to Pew,
the human factors profession must serve as "the gatekeepers to ensure
that the technological capabilities that are thrust on us will be manage-
able and responsive to human requirements . . . we have the opportunity
to design the interfaces that translate that technology into tools and prod-
ucts that are useful, usable, meaningful, assessable, rewarding, and fun"
(Pew, 2003, p. 15). The challenge that accompanies this opportunity is to
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provide designers with fundamental knowledge about older adults' char-
acteristics, capabilities, concerns, competencies, and cares.
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PERCEPTUAL ASPECTS OF GEROTECHNOLOGY

A variety of cognitive, affective, social, and cultural factors can render
technologies more or less useful for older adults. Other contributors to
this volume discuss many of these factors. This chapter focuses on aspects
of sensory and perceptual aging that influence usability of current and
emerging technologies. Emphasis is placed on vision, audition, and
touch because technology is being used most regularly by the layperson
in these modalities. Within this focus, coverage is directed toward areas
of sensation and perception with the most obvious and direct use of tech-
nology. More extensive coverage of sensory and perceptual aging can be
found in several recent reviews (e.g., Kline & Scialfa, 1997; Schneider &
Pichora-Fuller, 2000). The chapter concludes with a consideration of two
domains in which sensory and perceptual aging can influence the use of
technology, in-vehicle telematics, and hand-held devices.

VISUAL PERCEPTION

Difficulties processing visual information are part of the aging process.
Older adults report difficulties in spatial vision (acuity and contrast
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sensitivity), slowing of visual processing, seeing in poor light, seeing at
near distances, and visual search (Kosnik, Winslow, Kline, Rasinski, &
Sekuler, 1988; Rumsey, 1993). These difficulties are related to self-
reported problems with driving (Kline, et al., 1992) and objective
measures of functional vitality such as cessation of driving, distance
judgments, and mobility (Kosnik, Sekuler, & Kline, 1990; Rubin,
Roche, Prasada-Rao, & Fried, 1994). To explain the mechanisms that
underlie these problems, we will briefly discuss the experimental data
on visual function and age.

Age-related changes in pupil size reduce the amount of light reach-
ing the retina, particularly at low light levels (Winn, Whitaker, Elliot, &
Phillips, 1994). The older lens is more opaque and somewhat yellowed,
reducing light further, particularly for short-wavelength colors like blue
(Kashima, Trus, Unser, Edwards, & Datiles, 1993). The lens also loses its
ability to change shape (i.e., accommodate) so as to bring objects to
focus. This presbyopia increases blur for nearby objects and requires
many older people to use multifocal lenses to see well under changing
viewing distances. Light scatter within the older eye, attributable to
changes in several optical structures, adds to image blur and decreases
image contrast (van den Berg, 1995).

These structural changes influence perception most notably in spatial
vision, as measured with acuity or contrast sensitivity. Acuity refers to the
ability to see fine detail; contrast sensitivity is the ability to see small dif-
ferences between the lightest and darkest parts of an image and is impor-
tant when, for example, one must detect a truck on a foggy road.

Declines in acuity and contrast sensitivity are common in older adults
(Gittings & Fozard, 1986; Scialfa, Adams, & Giovanetto, 1991). Age
deficits in spatial vision are more pronounced as detail increases, under
dynamic viewing conditions (Long & Crambert; 1990; Scialfa, Garvey,
Tyrrell, & Leibowitz, 1992), after exposure to glare (Schieber & Kline,
1994), and when objects are closely spaced. Age deficits can be reduced,
but not eliminated, with increased light and proper optical correction.
It is also important to note that the optical corrections used by older
adults reduce image blur only when the wearer is at the appropriate dis-
tance. Thus, bifocal lenses may be designed to provide the wearer with
good acuity at 45 cm and at optical infinity (6 m), but objects viewed at
other distances will be imaged with varying amounts of blur.

The implications are straightforward: If visual information is
crowded by other stimuli, moving too quickly, presented at low contrast,
in small print, or at the wrong viewing distance, older adults will have
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more difficulty using that information. They will have to make compen-
satory head and body movements to reduce image blur or will rely on a
degraded image. The consequences are reduced accuracy, increased
latency, and exacerbated visual fatigue.

An abundance of visual information outside of central vision can
guide attention and eye movements, facilitate postural stability, and
influence the perception of object and self-motion. Increasingly, com-
puter-based tasks such as use of the Web, virtual reality, and vehicular
telematics make use of spatially extended displays. Thus, age differences
in peripheral vision will influence the ease with which these technolo-
gies are used.

Age deficits in acuity are greater for peripheral vision (Collins, Brown,
& Bowman, 1989), and visual fields are reduced from approximately 180
degrees to 140 degrees by age 70 (Johnson, 1986). Further, several stud-
ies have demonstrated age-related reduction in the useful field of view
(UFOV), the task-dependent spatial extent over which information can be
extracted (Ball, Beard, Roenker, Miler, & Griggs, 1988; Scialfa, Kline, &
Lyman, 1987). These restrictions can predict age-related risk of accident
involvement (Owsley, Ball, Sloane, Roenker, & Bruni, 1991) and asymp-
totic age differences in simple visual search (Anandam & Scialfa, 1999).

When objects fall outside the UFOV, eye movements are required to
process a scene. Thus, it is not surprising that older adults make more
eye movements when searching through both simple and complex dis-
plays (Ho & Scialfa, 2002; Ho, Scialfa, Caird, & Graw, 2001; McPhee,
Scialfa, Dennis, Ho, & Caird, in press; Scialfa, Thomas, &Joffe, 1994).
Enhancement of figure-ground segregation, reduction in clutter, and
consistency in target characteristics and location in particular can all
reduce the need for eye movements and aid older users.

Color is critical to our use of visual space. Color differences across a
scene facilitate the separation of figure and ground. Color differences
are often quite salient and are rapidly used to discriminate and identify
objects. Color imparts aesthetic value as well. The use of color in com-
puter-based technology was uncommon a generation ago. Not so today.

For both neural and optical reasons that are only partially under-
stood, older adults have some reliable difficulties processing color infor-
mation. Shorter wavelengths, corresponding to the blue range of the vis-
ible spectrum, are more difficult to discriminate, especially in poor
illumination (Cooper, Ward, Gowland, & Mclntosh, 1991). If subtle
color differences are used indiscriminately in technological applica-
tions, older adults will find them less accessible.
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Most visual tasks require that attention be deployed to them in order
to optimize performance. Attentional allocation may be involuntary, as
with a sudden-onset warning, but often requires effortful, time-consum-
ing, and sustained preparedness to respond to task-relevant information
when more than one task is being performed. If older adults lack atten-
tional resources or inefficiently distribute them, then performance will
suffer. Does the literature on aging and attention suggest that this is
likely? As in many cases, the answer to this question is not a simple one
and depends on both attentional and nonattentional demands of the
task (Madden & Whiting, 2003; McDowd & Shaw, 2000).

Consider some relatively automatic components of attention. The
benefits associated with valid cueing of target location are equivalent
or even greater for the elderly (Hartley, Kieley, & Slabach, 1990; Mad-
den, 1992). However, consistent with a deficit in inhibitory control,
attentional capture following the presentation of abrupt peripheral
onsets or singletons appears to be greater among the elderly (Lincourt,
Folk, & Hover, 1997; Pratt & Bellomo, 1999). Location-based inhibi-
tion of return, the slowing of response when targets appear at a previ-
ously attended position is slower to develop in the elderly (Castel,
Chasteen, Scialfa, & Pratt, 2003) but is of equivalent magnitude (Hart-
ley & Kieley, 1995). Priming of pop-out (Maljkovic & Nakayama, 2000)
an implicit, facilitative effect of repeating a target's features (e.g., loca-
tion or color), appears to be age-resistant (McCarley, Kramer, Col-
combe, & Scialfa, 2003).

Other data suggest that some voluntary components of attentional
allocation do not decline with age. Older adults' ability to sustain atten-
tion in vigilance tasks is not compromised when signal strength is suffi-
cient (Giambra & Quilter, 1988) and there are no age differences in the
ability to selectively attend to target features in order to automatize sim-
ple visual search tasks (Ho & Scialfa, 2002; Scialfa, Jenkins, Hamaluk, &
Skaloud, 2000). Conversely, age deficits in vigilance emerge when signals
are degraded (Parasuraman, Nestor, & Greenwood, 1989) and older
adults have more difficulty in visual search when clutter, target-distrac-
tor complexity or similarity is increased (Plude & Doussard-Roosevelt,
1989, Scialfa, Esau, &Joffe, 1998). To a first approximation, it seems that
age differences in lab-based tasks requiring voluntary attentional alloca-
tion increase with task complexity.

Even this seemingly safe conclusion may be an oversimplification.
Most lab tasks have minimal allowances for the use of top-down processes
that depend on context and experience. In addition, older adults may

Perceptual Aspects of Gerotechnology
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optimize performance on critical tasks by the strategic allocation of
diminishing resources. These possibilities are illustrated in studies of
visual search for traffic signs carried out in our lab. McPhee, Scialfia,
Dennis, Ho, and Caird (in press) gave younger and older observers the
task of searching for traffic signs. They carried out these searches as a
single task and when engaged in a secondary verbal task. There were no
age differences in search performance, but older adults remembered
very little of the verbal material under the dual-task conditions. Karen Li
and her colleagues have reported that for very different tasks, older
adults can prioritize multiple tasks and shed those deemed less impor-
tant (Li, Lindenberger, Freund, & Baltes, 2001). Thus, if technologies
are designed to allow this sort of strategic task-switching, age differences
in primary task performance may be minimized.

Ours is a dynamic world, in which objects move with varying speeds,
in all directions, amidst other objects. The accurate perception of
motion influences diverse processes including the execution of eye
movements, figure-ground segregation, the deployment of attention,
and the anticipation of actions such as reaching, postural stability, and
locomotion. Any technology for the elderly that makes use of motion or
is used in dynamic environments should consider age-related changes in
motion perception.

A relatively small literature on the topic leads to the view that thresh-
olds for simple motion stimuli are elevated in older people (Atchley &
Andersen, 1998; Gilmore, Wenk, Naylor, & Stuve, 1992). At a behavioral
level, there are age deficits in using optical flow to detect three-dimen-
sional surfaces (Andersen & Atchley, 1995) and in reaction time to
motion onset (Porciatti, Fiorentini, Morrone, & Burr, 1999). Scialfa,
Guzy, Leibowitz, Garvey, and Tyrrell (1991) observed small but consis-
tent age differences in the ability to estimate vehicle velocity, and Ander-
sen, Cisneros, Saidpour, and Atchley (2000) reported that older
observers were less able to avoid simulated collisions using information
about their rate of deceleration. In visual search, Folk & Lincourt (1996)
found that the elderly made less effective use of coherent motion to opti-
mize search, but Kramer, Martin-Emerson, Larish, and Andersen (1996)
detected no age differences in the ability to use movement to filter rel-
evant from irrelevant objects.

Obviously, additional research is needed in this area. Despite the the-
oretical importance of age differences in motion perception under
tightly controlled experimental conditions, they may not generalize to
everyday tasks (Andersen & Atchley, 1995). In addition, because motion
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perception can be based on multiple visual, proprioceptive, and
vestibular inputs, it is unlikely that motion differences in one task will
generalize to different tasks. Finally, we know very little about age dif-
ferences in motion perception in constructed environments such as
simulators and virtual spaces, even though the immediate future will
involve their greater use.

AUDITORY PERCEPTION

Hearing loss is a problem frequently observed and reported in older
people (Haber, 1994). When elders are asked about their everyday prob-
lems involving hearing, those most commonly reported involve slowing
of auditory processing, hearing in noisy environments, understanding
both normal and distorted speech, and hearing sounds of higher fre-
quency (Slawinski, Hartel, & Kline, 1993). Technology may exacerbate
these problems because sound is being used as a means of communica-
tion under temporally demanding and noisy conditions where signal dis-
tortions are likely. Consider, for example, using text-to-speech applica-
tions to allow for receipt of e-mail while driving. Speech compression
algorithms will increase temporal processing demands and shift the sig-
nal to higher frequencies. In addition, the speech signal will need to be
extracted from road and engine noise, passenger conversations, radio
broadcasts, etc. How will older listeners cope with these compromised
signals? Both peripheral and more central changes in auditory process-
ing suggest that they will face numerous challenges.

Structural changes within the peripheral auditory system are well
known. The auditory canal becomes more susceptible to collapse when
earphones are worn, reducing transmission of high-frequency sound
(Schow & Goldblum, 1980). The eardrum loses its elasticity, resulting in
a reduction in signal strength and the small bones of the middle ear also
become calcified, diminishing signal amplitude further (Etholm &
Belal, 1974). Changes to the inner ear and auditory nerve also reduce
hearing (Matschke, 1990; Ryals & Westbrook, 1988).

The ability to hear simple tones shows reliable age declines (Gates,
Cooper, Kannel, & Miller, 1990) that are most pronounced at higher fre-
quencies. This phenomenon, known as presbycusis, is greater for men
than women (Pedersen, Rosenhall, & Moller, 1989). However, there is
some evidence that gender differences in hearing loss may reverse at low
frequencies (Jerger, Chmiel, Stach, & Spretnjak, 1993) and this can have
implications for the use of low frequencies as warning signals.
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While signal strength can be increased using amplification at the
sound source or hearing aids, many such devices amplify all signals
including noise, an effect that prompts older listeners to discontinue
their use (Pichora-Fuller, 1997). Programmable hearing aids can be used
to selectively amplify frequencies in the speech range and even to differ-
entially enhance signals coming from particular locations relative to the
listener. Unfortunately, older people often have a poor understanding
of how these devices operate and so may not be able to use them effec-
tively. One area in which technology can be used to reduce this problem
is by providing interactive training in the intelligent use of these devices.

The ability to discriminate among frequencies is important to speech
perception and is compromised in older adults (Abel, Krever, & Alberti,
1990); while greater at high frequencies problems also occur at low fre-
quencies (Moore & Peters, 1992). Although the high-frequency losses
may be attributable, in part, to changes in absolute thresholds, the low
frequency declines are likely central in origin, perhaps due to loss of tem-
poral synchrony in old age.

Temporal sensitivity is also critical to the perception of complex audi-
tory signals such as speech and music. Several studies have found that
temporal resolution is reduced in old age (e.g., Schneider, Speranza, &
Pichora-Fuller, 1998). Losses in temporal sensitivity persist when pure-
tone hearing loss is controlled, suggesting a more central cause. Conse-
quently, older adults are less able to use interaural differences to isolate
a signal from noise (Grose, Poth, & Peters, 1994; Pichora-Fuller &
Schneider, 1991), with an impact on localization, speech recognition in
noise, and auditory scene analysis.

A great deal of auditory perception requires that attention be allo-
cated efficiently and appropriately to the task. In speech recognition, for
example, the ability to isolate relevant from irrelevant auditory streams
requires heightened activation of some input channels and inhibition of
others. In other cases, processing of auditory signals must occur in envi-
ronments where attention is divided among multiple signals, often
across multiple sensory modalities. Self-report data (Tun & Wingfield,
1995) indicate that older adults experience divided attention involving
auditory signals, such as talking while playing cards. Does the experi-
mental literature substantiate these subjective data?

Attentionally mediated filtering of irrelevant information appears to
be identical for younger and older adults (Ison, Virag, Allen, & Ham-
mond, 2002). In addition, when adjustments are made for hearing losses,
older adults do not have greater difficulty inhibiting the processing of
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auditory distractors (Hugdahl, Carlsson, & Eichele, 2001) although they
may show deficits when more effortful processing is demanded
(Amenedo & Diaz, 1998). When Hawkins, Kramer, and Capaldi (1992)
asked a life-span adult sample to carry out a choice reaction time (RT)
task that alternated between visual and auditory inputs, they found task-
switching produced costs for all people, but more so for the older adults.
Speech processing under dual-task conditions is also disproportionately
reduced in the elderly (Tun, Wingfield, & Stine, 1991).

Thus far we have discussed several changes in the auditory system and
in hearing that would be expected to influence speech perception, but we
have not dealt with age differences in speech recognition per se. Numer-
ous studies indicate that older adults have difficulties with speech recogni-
tion, which are magnified when the speech is presented in noisy or rever-
berant environments (Abel, Krever, & Alberti, 1990; van Rooj & Plomp,
1992). Clearly, it is unlikely that amplification alone will compensate for all
of the difficulties encountered by older adults in understanding speech.

There are two ways that we know speech perception can be enhanced
in the elderly. The first involves the appropriate use of context. Relative to
the young, older adults make as much or more use of semantic context to
facilitate speech recognition (Craig, Kim, Rhyner, & Chirillo, 1993), per-
haps reflecting their continuing use of and expertise with language (Tun
& Wingfield, 1995). Developers might be tempted to reduce context by
using abbreviated messages when presenting speech signals in their appli-
cations. This is likely to work to the detriment of older listeners.

The second method is through appropriate modification of the com-
plexity, enunciation, and timing of the speech signal. Clear Speech, a
trainable technique for enhancing speech recognition in the hearing-
impaired, can work well for older listeners, too, but it is important to
ensure that Clear Speech does not devolve to "elderspeak" (Kemper &
Lacal, 2003), a semantically simplified and affectively patronizing com-
municative style that is offensive to many older listeners and detracts
from speech comprehension.

TOUCH AND MOVEMENT

Older adults manifest a loss of sensation in various parts of the body
including the feet, lips, fingers, and the fleshy area below the thumb.
These include declines in sensitivity to pressure (Kenshalo, 1986), vibra-
tion (Gescheider, Beiles, Checkosky, Bolanowski, & Verrillo, 1994), spa-
tial acuity (Stevens & Cruz, 1996), and the perception of roughness,
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length, and orientation (Stevens & Patterson, 1995). Sensory decline is
found in healthy older adults, but is more pronounced in a number of
age-related diseases including Parkinson's disease (Sathian, Zangaladze,
Green, Vitek, & DeLong, 1997).

In addition to these sensory deficits, changes in the joints and bones
of the hand reduce grip strength and range of motion (Carmeli, Patish,
& Coleman, 2003). Many older adults, especially those with arthritic con-
ditions, have difficulty with technology-mediated motor tasks like key-
board entry (Chaparro, Rogers, Fernandez, Bohan, Choi, et al., 2000).
In addition, age-related changes in muscle composition and activation
are important determinants of difficulties with motor control. All types
of muscle fibers decrease with age, but the reductions are most pro-
nounced for fast-twitch fibers (Fiatarone Singh, et al., 1999). There is
also a loss and reorganization of motor units that reduces the smooth-
ness and coordination of movements (Roos, Rice, & Vandervoort, 1997).

As might be expected then, movement time, defined as the interval
between the initiation and ending of movement, increase for a variety of
point-to-point and continuous movements, particularly large move-
ments (Ketcham, Seidler, Van Gemmert, & Stelmach, 2002). Forces used
to move are more "jumpy" (Brown, 1996), peak velocity is lower (Pratt,
Chasteen & Abrams, 1994), and the deceleration phase, where correc-
tive action can be taken, is disproportionately lengthened (Brown,
1996). Older adults also make more secondary, corrective movements to
a target. As might be expected, coordinating multiple movements (e.g.,
required for reaching to grasp or typing show marked declines
(Ketcham, Seidler, Van Gemmert, & Stelmach, 2002).

COMMON ISSUES FOR HAND-HELD
DEVICES AND IN-VEHICLE TELEMATICS

Computers are starting to look much less like the traditional desktop work-
station. Tasks that once were available only on desktop PCs are being per-
formed on hand-held devices or on systems that are embedded within our
homes and cars. Hand-held devices, several of which are shown in Figure
2.1, generally refer to self-contained systems that can be used and manip-
ulated while being held. They include commonly use products like cellu-
lar telephones and personal digital assistants (PDAs), but also in-home
medical devices such as monitors for glucose levels and location monitors
that allow caregivers to supervise children or seniors from a distance.
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FIGURE 2.1 Examples of Currently AvaUable Hand-held (Upper Panels) and
Telematics (Lower Panel) Devices.
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The ubiquity of these systems is not trivial. It is estimated that about
46-50% of households in Canada and the U.S. have a cellular phone and
in some European and Asian nations the numbers approach 80-90%
(Ipsos-Reid, 2001). PDAs are less common. Currently only 8% of house-
holds in the United States own one, but the potential of these devices
may equal that of laptop computing (Ipsos-Reid, 2001). Portable health
care devices are also expected to become more popular. With an aging
population, the increasing pressure to reduce health care costs, and the
trend for the public to take a more active role in their own health care,
technology for home health care has become a growth industry
(Rousseau & Nunes, 2002).

Another emerging trend is the development of in-vehicle telematics
for automobiles, also shown in Figure 2.1. Telematics refers to a wide
variety of safety, entertainment, diagnostic, office, and traffic informa-
tion technologies. Presently, advanced telematics systems only exist in
luxury automobiles, and even then there is limited functionality, but this
will change. These devices have promising potential to enable older
adults to continue productive and independent lifestyles. However,
older adults still lack the confidence to use such systems, have less knowl-
edge and understanding of them, and feel that they offer little advan-
tage over traditional methods of performing tasks (Kline, Caird, Ho, &
Dewar, 2002). To encourage an older population to use them, they must
be adequately designed to meet the sensory and perceptual changes of
senescence. In the following section, we will examine how many of these
devices perform in this regard and how they can be designed to allow
for better usability.

VISUAL PERCEPTION

Visual Acuity

Both hand-held devices and in-vehicle telematics rely primarily on a tra-
ditional graphical user interface (GUI) to present information. How-
ever, because these systems are portable and used in diverse environ-
ments, they present new problems in design for older adults. Most
notable is the reduced screen size and resolution of these displays. A typ-
ical cell phone, for example, has a resolution of 96 x 65 pixels (3G Lab,
2002) and a typical PDA displays information at 240 x 320 pixels
(Karkkainen & Laarni, 2002). Because of the limitations on resolution
and screen size, designers often compact great amounts of information
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by miniaturizing and crowding text and graphics, thus requiring users
to have relatively good acuity in order to use the device. This problem is
magnified because inexpensive PDAs and cell phones still have low con-
trast monochrome screens that may reduce legibility. Karkkainen and
Laarni (2002) found that the poorer resolution of PDAs resulted in
worse performance on an information retrieval task for younger adults;
undoubtedly, the retrieval problems would be even greater for a presby-
opic older adult who may not have 20/20 near vision.

Optical blur is another problem for in-vehicle telematic displays.
Although these displays are generally larger and have higher resolution,
they are presented at a fixed distance, usually somewhere between 65—
85 cm. Because many older adults wear bifocals, objects are only in focus
at optical infinity, approximately 45 cm. Thus, optical blur may be con-
siderable and high frequency information will be lost.

Kline and colleagues (2002) assessed some currently available in-vehi-
cle navigational displays and found they had several acuity-related prob-
lems. Of the vehicles examined, they found that only one vehicle man-
ufacturer used fonts that were adequate for the viewing distance of 65
cm, and none of the assessed navigational displays used fonts that were
adequate for 85 cm. Additionally, Kline and colleagues (2002) showed
how, with increasing age, the ability to accommodate to objects at 65-85
cm becomes more difficult when viewed through a far-distance optical
correction and a near-distance optical correction. The average 52-year-
old would be unable to properly focus on an object at the critical view-
ing distances with either a far or near correction.

Progressive lenses can compensate for the inability to accommodate
to intermediate distances. However, many older adults do not use these
lenses and even when they do, there are problems associated with them.
From a design perspective, at least two options are available. First, plac-
ing screens closer, such as in the dash window or slightly above the steer-
ing wheel, would bring the viewing distance closer to 40 cm. Or, screens
could be placed on an adjustable arm to allow users to manipulate view-
ing distance. Second, increasing font size and graphic size does help
comprehension and reading speed. Karkkainen and Laarni (2002) rec-
ommend that 14 pt. fonts should be used for PDAs even for younger
adult users. Therefore, 16 pt. fonts may be more appropriate for older
adults. Omori, Watanabe, Takai, Takada, and Miyao (2002) found that
by increasing the font size of mobile phones, both older and younger
adults increased their reading speed and made significantly fewer errors.
Similarly, guidelines for navigational displays (e.g., Cambell, Carney, &
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Kantowitz, 1998) suggest that fonts should be at least between .27-.45°
of visual angle, which corresponds to approximately 20-26 pt. Arial type
at 85cm. However, because screen "real estate" is limited, increasing the
size of text and objects comes at a cost. If the size of text and objects is
increased, users will either be forced to scroll or go through multiple
menus to find needed information, or developers will need to consider
eliminating unnecessary options and functions.

Environmental Illumination

Unlike desktop computers that are used indoors, portable devices and
in-vehicle telematics are often viewed in sunlight, which can reduce leg-
ibility, or in places where there is very little light, such as while sitting in
the back seat of a car at night. In this case, the lack of light makes it dif-
ficult to use the device. The dynamic nature of the lighting situation
(e.g., driving in and out of sun and shade) can make matters worse.
Because older adults take longer for light and dark adaptation, are more
susceptible to the effects of glare, and because their vision suffers more
in low luminance conditions, steps to counter the effects of external
light sources (or lack thereof) are important.

In bright sunlight hand-held devices have an advantage over fixed in-
vehicle telematics displays near the windshield because the glare can
often be reduced by shielding, or by holding the device at a different
angle. However, fixed telematic screens can be designed using the same
defenses against glare such as embedding the screen in an outer hood
(U.S. Department of Defense, 1989), or adding a tilt feature on the
screen. Lastly, designers can add antiglare filters. Somewhat ironically,
the brightness of in-vehicle telematics displays themselves can be a
source of distraction and can interfere with on-road visibility. Better-
designed displays offer automatic dimming functions that adjust the
screen luminance to cabin light levels. Another solution to reduce the
effects of bright displays at night is to use reverse polarity displays.

In low light conditions, the simplest method to increase legibility is to
provide easy access controls that allow the user to adjust the screen's
luminance and contrast. Although most hand-held devices offer this
option, these controls are often buried deep in menus in the interface
itself, making them difficult to access. Some hand-held devices also take
advantage of reversing polarity to aid low luminance conditions; how-
ever, the legibility is reduced when using reverse polarity on devices that
rely on a monochrome screen (Muter, 1996). A final way that hand-held
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devices and telematic displays overcome low luminance conditions is by
providing backlighting for their controls. Most cellular phones are
armed with this capability, but many of the hard buttons on PDAs do not
come with this feature.

Color

The color capabilities of hand-held devices are improving. For example,
advanced PDAs are capable of displaying up to 65,000 colors. While
color perception for older adults does not appear to be seriously
impaired, there are subtle differences that may affect an older adult's
ability to process visual information (Kline & Scialfa, 1997). In particu-
lar, the ability to distinguish between short-wavelength colors such as vio-
let, blue, and green is reduced in the elderly. Thus, small icons and
graphics that contain low color contrast steps between short-wavelength
colors will not likely be very visible to the older eye. In addition, color
coding may be less effective if many of the color codes are short-wave-
length colors. Therefore, if low contrast steps are to be used or color cod-
ing is used, longer-wavelength colors (i.e., yellow, red, and orange) are
recommended.

Display Layout

As products (and displays) continue to shrink, presenting large amounts
of information simultaneously will increase visual clutter. Several interface
design guidelines suggest that if information is to be presented on a small
display, the amount of information presented should be reduced (Jones,
Marsden, Mohd-Nasir, Boone, & Buchanan, 1999). Methods that have
been developed to reduce search demands on the Web should also apply
to hand-held devices and in-vehicle telematics. For instance, frequently
used items should be placed near the top of a menu. In addition, consis-
tent layouts will provide the user with improved ability to find what they
are looking for. Critical items and titles will benefit from high color con-
trast and increased font size relative to the noncritical items in the display.

AUDITORY PERCEPTION

Although a great deal of information is presented visually, for some
devices like cellular phones and music players the transmission of sound
is the primary method of communication. PDAs also use auditory alerts
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to notify users of an upcoming event and some health monitors send an
auditory alarm when a safety parameter has been exceeded. Sounds are
also used in more subtle ways to provide feedback that an action has
occurred. In more advanced systems, voice recognition software inter-
prets human voice commands and digitized speech is used to respond.
Given that many older adults have hearing impairments, devices that
utilize auditory output need to consider their limitations. Unfortu-
nately, there is a paucity of research examining auditory factors and
usability of computerized devices. Thus, there are many issues that need
to be addressed.

Many of us have now used a cellular phone and are familiar with its
advantages. However, we are also familiar with the common breakdown
in the quality of the voice transmission. The reasons for this depend on
a variety of factors. The common analog cellular phone is actually a
radio, thus all the situations that interfere with radio signals, such as driv-
ing through a tunnel, can affect the quality of the transmission. Analog
phones are comparable to wired telephones in voice quality because they
use the same range of frequencies to transmit a signal (Farley & Van der
Hoek, 2002). Wired telephones eliminate sounds below 400 Hz and
sounds above 3400 Hz, which corresponds quite closely to the range of
human speech (550-5000Hz) (Kline & Scialfa, 1997). The sound qual-
ity of digital phones can be much better, because digital technology
reproduces the original sound much better. However, digital signals are
also compressed, meaning that they too may have certain frequencies
eliminated to save on bandwidth. Moreover, although digital technology
uses a smaller bandwidth for transmission, telephone companies use this
to their advantage and try to put as many users in a channel as possible.
As more users occupy the channel bandwidth, the quality of the trans-
mission deteriorates (Farley & Van der Hoek, 2002). A reduction in
sound quality of cellular phones is also the result of environmental
noise. Unlike home phones that are often used in relative quiet, cellu-
lar phones are often used in very noisy environments.

These problems are annoying even to the average younger user, thus
it is likely that any reduction of sound quality will affect an older person's
perceived usability of a device. The detection of high frequency sounds
(such as are needed to discriminate V and T) will likely be impaired
(Kline & Scialfa, 1997), as would the detection of high-frequency tones
and beeps that are presented too quietly. Simple methods to overcome
these problems include easy access to volume controls and using lower-
frequency sounds for tones, beeps, and rings.
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3G cellular technologies, which allow for a greater bandwidth and
fast, wireless transmission of data, promise to overcome some of the
voice quality problems experienced with current cellular phones. Users
will also be able to incorporate video with voice transmissions on a cel-
lular device. This would allow users to use visual cues such as gesture and
expressions to aid speech perception, although the quality of the video
would have to be quite good for it to be effective (Charness, 2001).

Ambient noise is also a concern when it is presented inside a vehicle,
since many in-vehicle telematics incorporate cellular phone calls as a
hands-free option. With advances in wireless and voice technology, hands-
free voice interactions will likely be common in the future. However, cabin
and traffic noise can degrade the auditory message (Dahl & Claesson,
1996). The signal of both the driver's voice and any computer-generated
speech must be strong enough to be heard through this. Computer gen-
erated speech may be more problematic for older drivers, not only
because of noise, but also because it lacks the prosody and inflections used
in normal speech that aid speech comprehension (Kiss & Ennis, 2001).

TOUCH AND MOVEMENT

A final concern with hand-held devices is the difficulty older adults may
have manipulating the stylus, buttons, and dials. Arthritis and tremors,
more prevalent among the older populations, make it difficult to per-
form fine motor movements. Yet most hand-held devices, due to their
smaller size, require fine, discrete movements to tap very small targets
(e.g., the keys of a virtual keyboard), to press small buttons, or to write
with a stylus. The knobs and buttons also give little tactile feedback to
indicate that they have been scrolled or depressed. Many cell phones
also have a vibratory alert to indicate a call is coming in. While it is
unknown whether older adults have more trouble responding to this
sort of alarm, it is known that older adults have a higher threshold for
vibratory detection (Goble, Collins, & Cholewiak, 1996).

While in-vehicle telematics do not generally rely on tactile output, fine
motor movements are still needed because some require manipulating
the controls. Finally, reaching motions are a concern for in-vehicle
telematics because many older adults find reaching to be painful, which
limits their ability to execute quick manipulations with arm movements.
Thus, keeping device controls closer to the older driver to avoid exten-
sive reach is important. Moving large buttons closer or placing some con-
trols on the steering wheel may alleviate reach problems.
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FUTURE DIRECTIONS

Although technology can greatly aid older adults, it must first be
designed to accommodate their needs. Yet, we still know very little about
how to do this effectively. There is a great need for both basic and
applied research to address the usability of devices for the aged. Many
of the problems and design solutions addressed above are still specula-
tive and are based on the psychophysics of the older adult's sensory and
perceptual system. But, much of this basic psychological research is
dated, has a bias towards visual processes, and focuses on addressing the
limits of the sensory system. Although this research may have important
psychological significance, it does not always address the concerns that
are confronted by designers and engineers.

Even when guidelines are developed that are shown to improve
design, they often are not followed. Guidelines are often vague because
the correct design solution depends on the situation in which the device
will be used. In order for this information to be useful, it must be pre-
sented in a fashion such that those designing the product are able to use
it and understand it. One reason why this is so difficult to achieve is
because there is dissociation between those of us who are in psychology
and those who are in medicine, engineering, computer science, and
other disciplines associated with technology design.

In this chapter, an attempt was made to look into the near future of
computing and address how the limitations of the older sensory and per-
ceptual system might affect the usability of emerging devices. At times,
clear solutions can be provided, but at other times there is simply not
enough research available to provide any obvious solutions. This may be
the most important point to be made in this chapter. Much research is
needed. This research needs to be focused on both basic sensory systems
of the older adult (particularly in audition and haptics) and their effect
on using technology. Because technology seems to move much faster than
our ability to produce this information, it makes sense to look forward at
emerging technologies in order to keep pace, and there is a greater need
to incorporate an interdisciplinary approach so that those who are design-
ing and building the technologies are able to use this information.
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Designing Technology Based on
Cognitive Aging Principles

Christopher B. May horn,
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Arthur D. Fish

Innovative technology design promises to enhance the lives of older
adults in a variety of daily life task domains. For instance, home med-
ical devices may allow older adults to actively manage their health care,
and automatic teller machines should make banking more convenient.
While the potential for improving the quality of older adults' lives with
technology is great, this potential may remain unrealized unless man-
ufacturers and designers adhere to a user-centered approach to tech-
nology development. User-centered approaches focus on the needs,
capabilities, and limitations of the people who will be using these
devices. Optimization of interaction between older adults and new
technology is dependent on designers' understanding of the abilities
of older adults.

Cognitive changes that occur with age may influence task perform-
ance in several domains. Thus, knowledge of cognitive aging research is
a critical means to achieving user-centered design for this particular pop-
ulation. While an exhaustive review of all areas of cognitive aging
research is beyond the scope of this chapter, topics covered here include
memory, spatial ability, attention, and text comprehension. (For com-
prehensive reviews of cognitive aging phenomena, see Craik & Salt-
house, 2000; Park & Schwartz, 2000).
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In this chapter we will first review current cognitive aging findings to
identify several general cognitive principles. For each principle, we will
then discuss an instance where age-related differences in technology
performance might occur, and design solutions will then be suggested.
In this fashion, cognitive aging research findings will be illustrated as a
method to guard against limitations and capitalize on intact capabilities
in the context of technology design for older adults.

AGE-RELATED MEMORY DECLINE IS NOT UNIVERSAL

Technology usage is dependent on different types of memory. Not only
must an older adult remember the procedures involved in operating a
device, but he or she may also be required to initiate use at specific times
or simultaneously store and manipulate incoming information during
use. As the next few sections illustrate, specific types of memory decline
with age whereas others are spared (Smith, 2002).

Working memory tasks require temporary storage and manipulation of
information in memory (Baddeley & Hitch, 1974). The mental calcula-
tion required during a visit to the grocery store is an example of a work-
ing memory task because a person may mentally calculate the cost of the
items being purchased by constantly updating the total for the items
placed into and removed from the shopping cart. Age-related differ-
ences in working memory are well documented (Craik, 2000) and there
is some evidence that suggests that working memory decrements
increase with task complexity (Craik, Morris, & Gick, 1990). Several the-
orists have argued that capacity limitations (Craik, 1986), speed of pro-
cessing limitations (Salthouse, 1991), and an inability to inhibit
unwanted information (Hasher & Zacks, 1988) may underlie these age-
related declines in working memory.

One instance where age-related differences in working memory
might impact an older adult's interaction with technology is the recent
proliferation of automated telephone voice menu systems. Older adults
using telephone menu systems to inquire about their bank balances or
the status of their utility bill are required to store and process the menu
options while attempting to make navigational decisions. If the structure
of the menu system is very broad such that a large number of options

WORKING MEMORY DECLINES
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must be considered before a choice can be made, older adults may find
themselves forgetting the content of the options because their working
memory capacity is exceeded. Since only one option can be chosen at a
time, it must be appropriate for the goals of the older adult. Thus, all
options other than the desired option must be considered as unwanted
information and should be inhibited. Furthermore, if age-related work-
ing memory decline is due to reduced processing speed, the speed of
menu option presentation is another factor to consider when designing
computerized phone menu systems.

Design solutions derived from the cognitive aging literature can be
used to compensate for age-related declines in working memory, thereby
increasing the usability of the telephone menu system. Reducing the
number of menu options that must be considered at each level of menu
hierarchy should reduce working memory demands (Reynolds, Czaja, &
Sharit, 2002). Yet another solution would be to present the most com-
monly requested menu items first, thereby reducing the need to inhibit
unwanted options. Finally, slowing the speed of menu item presentation
may also result in a more usable menu system for older adults because
they will be given more time to process all of the available menu options
(Reynolds, Czaja, & Sharit, 2002 ). The relative merits of each solution
should be carefully weighed in the specific context to arrive at the best
solution for all users. For example, the benefits of slowed option deliv-
ery may be outweighed by the frustration of users seeking speed and effi-
ciency of menu navigation.

SEMANTIC MEMORY REMAINS INTACT

Semantic memory refers to the store of factual information that accrues
through a lifetime of learning. Remembering the meaning of a vocabu-
lary word, knowing the location of your doctor's office, and recognizing
words and symbols are all examples of semantic memory because this
information was acquired through experience. Age-related differences
in the organization and use of semantic information are only slight or
nonexistent, thus semantic memory remains intact throughout the lifes-
pan (Light, 1992). When new information is encountered, it is often
interpreted in the context of the pre-existing knowledge base.

Use of metaphors is one mechanism that allows an individual to utilize
specific prior knowledge from semantic memory to guide behavior in
novel situations such as interaction with new technology (Neale & Carroll,
1997). Thus, design strategies that capitalize on the existing knowledge



Designing Technology Based on Cognitive Aging Principles 45

base of older adults may result in more usable technology because device
operation is more intuitive due to its consistency with prior knowledge.
One familiar application of the metaphor principle is the Windows™
computer desktop presentation where files and folders mimic how infor-
mation is organized in a traditional paper-based desktop work area.
Another application of the metaphor principle lies in warnings research
where metaphors have been shown to increase understanding of hazard
information (Bowles, Fisk, & Rogers, 2002). For instance, the benefits of
wearing a seat belt become clear when the motion of an automobile seat
during an accident is equated with the motion of a catapult. Because the
use of metaphors can be problematic if the metaphor does not match the
individual's existing knowledge base, Bowles and colleagues suggested a
methodological technique where iterative collection of normative data
can be used to identify successful metaphors.

Design of electronic card-catalog systems represents one instance
where metaphorical mismatches might reduce device usability. Online
card catalog systems are meant to fulfill the same function as traditional
card catalog systems, yet older adults' incomplete understanding of the
Boolean logic underlying the database search may result in reduced abil-
ity to find information (Mead, Sit, Rogers, Jamieson, & Rousseau, 2000).
In effect, older adults may have preconceived expectations for how the
electronic card catalog system should work and hence be confused when
they discover that the system does not operate as expected. Design solu-
tions to remedy this metaphoric mismatch might include altering the
interface of the online catalog system to more closely represent the func-
tionality of traditional card catalog systems with which today's older
cohort is particularly familiar. Alternatively, technology training should
be developed to explicitly inform older users of the functionality of new
systems that are inconsistent with their existing knowledge base.

PROSPECTIVE MEMORY DEFICITS VARY BY TASK

While working memory and semantic memory are forms of retrospec-
tive memory or memory for past events, prospective memory refers to
remembering to do things in the future. An example would be remem-
bering to fill the gas tank on the way home from work. Event-based and
time-based prospective memory tasks vary by the demands of the task
characteristics (Einstein & McDaniel, 1990).

For an event-based task, an environmental cue reminds one to per-
form a prospective task (e.g., placing an envelope by the door as a
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reminder to mail a letter). In this context, cues in the environment act
as mnemonic or environmental supports that increase the likelihood of
remembering the prospective task. By contrast, time-based tasks lack
environmental support because they have few external cues. Time-based
tasks are largely self-initiated and require one to perform an action at a
certain time or after a specified amount of time has elapsed (e.g.,
remembering to make a phone call at 4:30 PM). Age differences in
prospective memory are usually much greater for time-based than event-
based tasks (Park, Hertzog, Kidder, Morrell, & Mayhorn, 1997).

Task performance in the domain of medication adherence is one
instance where technology might be designed to guard against the neg-
ative consequences of age-related declines in prospective memory. Per-
sonal digital assistants (PDAs) could be an effective tool for reminding
older adults to take their medications; however, the success of this type
of intervention will depend on several factors such as older adults' will-
ingness to learn to use such devices and the usability of the interface. By
including environmental support in the form of a reminder or cue that
is specific to the task, time-based tasks can be transformed into event-
based tasks. Also, because prospective memory tasks have a retrospective
component (i.e., remembering what to do) and a prospective compo-
nent (i.e., remembering when to do it), an effective intervention must
support both (Brandimonte, Einstein, & McDaniel, 1996). Thus, older
adults will be more likely to adhere to their medication regiments if the
PDA includes an auditory alarm that provides an environmental cue
indicating that some action needs to be taken, and a visual display that
provides specific instructions concerning what needs to be done.

SPATIAL ABILITIES DECLINE WITH AGE

The term "spatial ability" refers to one's general ability to mentally
manipulate images or patterns (Shepard & Metzler, 1971). Mental rota-
tion tasks such as those involved in determining the best approach to
manipulate furniture so that it may pass through a doorframe are exam-
ples of spatial abilities used in daily life. A normative decline in spatial
abilities is associated with age (Salthouse, 1992).

Of particular interest here is the strong relationship between spatial
abilities and older adults' computer-based task performance (Garfein,
Schaie, & Willis, 1988; Kelley & Charness, 1995). Given these findings
from the cognitive aging literature, older adults' task performance may
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suffer in tasks that require high spatial ability such as navigating through
a Web site. As older adults are becoming increasingly interested in find-
ing information on the Web (Morrell, Mayhorn, & Bennett, 2000), design
solutions that compensate for age-related changes in spatial ability are
necessary to ensure ease of information access. This issue is described at
length in the chapters authored by Benbow and Morrell and colleagues.
Increasing environmental support through the inclusion of site maps
(Mead, Lamson, & Rogers, 2002) and step-by-step navigational aids (Pak,
Rogers, & Fisk, 2001) may facilitate older adults' ability to navigate
through Web sites because these design options encourage them to visu-
alize Web-site architecture and track their location within the site. Tables
of content and Web-site indexes remind older adults of what information
is available and where it is located, thereby facilitating navigation. Such
design interventions should alleviate working memory demands by
removing the necessity of storing menu information in memory. Simi-
larly, design solutions that capitalize on the semantic knowledge of older
adults should also compensate for declining spatial abilities. For exam-
ple, Web-site navigation is facilitated when the organizational structure
or architecture of a Web site is consistent with the pre-existing expecta-
tions and knowledge of older users (Sanchez & Czaja, 2002).

AGE DIFFERENCES IN SELECTIVE
ATTENTION ARE TASK SPECIFIC

As with memory, attention is a multidimensional construct that encom-
passes a broad array of processes (for a review of the varieties of atten-
tion, see Parasuraman & Davies, 1984). Selective attention is the cogni-
tive mechanism used to filter out irrelevant information thereby
allowing relevant information to be processed in memory (Rogers,
2000). Reading a book in a noisy cafe illustrates one application of selec-
tive attention because one has to avoid distraction by inhibiting the irrel-
evant information in the rest of the cafe to process the information that
is being read. Since older adults' working memory capabilities may
decline due to an inability to inhibit irrelevant information, this same
phenomenon may also lead to an increased likelihood of attentional
distraction in older adults (McDowd & Shaw, 2000). However, this age-
related deficit in selective attention may be attenuated if an older adult
has previous experience interacting with target and distractor informa-
tion (Clancy & Hoyer, 1994). Therefore, age differences in selective
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attention are task specific to the extent that semantic knowledge rele-
vant to the task can be applied.

Driving an automobile is one task that is highly dependent on selec-
tive attention. For this reason, any distractor that prevents a driver from
selectively attending to important road cues is potentially dangerous.
Thus, the removal of distractors from the internal environments of auto-
mobiles is one design solution that may improve the driving perform-
ance of older drivers. Because the visual search literature indicates that
older adults can utilize environmental cues to identify relevant informa-
tion (Madden, 1983), another design solution is to provide such cues
during driving tasks. Driving performance of older drivers on a simula-
tor was improved by providing cues alerting them to upcoming traffic
hazards associated with left-turn intersections (Staplin & Fisk, 1991). In
effect, this type of intervention acts to focus attention on relevant task-
related information necessary for safe driving.

Given the conflict between older adults' susceptibility to distraction
and their ability to use environmental cues, the utility of including new
technologies such as global positioning systems and "heads-up" displays
in newer model automobiles should be evaluated. The trade-off of
potentially useful yet potentially distracting task-relevant information
remains an empirical question that demands further investigation.

OLDER ADULTS' READING
COMPREHENSION CAN BE IMPROVED

The ability to understand written discourse such as instructional materi-
als is another cognitive factor that is essential for learning how to use
new technology. According to the situation model approach to compre-
hension (Van Dijk & Kintsch, 1983), readers create a mental model for
the meaning of text by interpreting it in terms of what they already know
(i.e., semantic memory) and drawing inferences. While semantic mem-
ory is preserved in older adults, recent evidence from the warnings liter-
ature suggests that older adults may be at a disadvantage when they have
to draw inferences in novel situations where they cannot utilize their
semantic knowledge (Hancock, Fisk, & Rogers, 2001).

Following the instructions necessary to use and maintain a home med-
ical device is one instance where reading comprehension may impact
older adults' use of new technology. Interactions with home medical
devices such as blood glucose monitors often entail complex procedural
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tasks that are often not supported by readable instructions (Rogers, Myk-
ityshyn, Campbell, & Fisk, 2001). Suggested design solutions for written
instructions such as those presented on home medical devices include
the use of large font sizes to accommodate visual deficits, simplified sen-
tence structure, and nontechnical terminology presented at a sixth-
grade reading level at maximum (Wickens & Hollands, 1999). Other
useful design solutions include the use of elaborative memory strategies
(Quails, Harris, & Rogers, 2002) and the use of explicit signals that high-
light the main ideas and relations in the text (Meyer, Talbot, Stubble-
field, & Poon, 1998). Consistent with the work of Hancock, Fisk and
Rogers (2001), procedures should be explicitly stated so that older
adults do not have to rely on inferential information.

CONCLUSION

This brief review of the cognitive aging literature illustrates the critical
need for technology designers to become familiar with the capabilities
and limitations of older adults. As the examples listed above demon-
strate, technology can be used to augment intact abilities and compen-
sate for abilities lost due to age-related cognitive decline. However, the
successful application and usability of new technology rests on a firm
understanding of the principles of cognitive aging.

Perhaps one of the most important messages derived from this review
is that design solutions can and should be combined due to the interac-
tive nature of the cognitive principles. For instance, Web-site navigation
design solutions used to compensate for age-related declines in spatial
ability also act to reduce working memory demands and capitalize on
semantic knowledge. Likewise, a PDA auditory alarm might provide the
necessary prospective memory cue to improve medication adherence,
but it is also an effective means of selectively focusing attention on task-
relevant information. Therefore, technology should not be designed
based on one cognitive principle alone but instead should be evaluated
with respect to systemic cognitive function.

Smart living environments based on ubiquitous computing systems
are an example of an emerging technology that promises an holistic
approach to supporting the needs of older adults (Mynatt & Rogers,
2002). Unlike earlier examples that described the application of a sin-
gle device to support specific problems (e.g., blood glucose monitors),
ubiquitous computing offers intervention on a much larger scale to
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support a variety of daily activities. For this reason, smart environment
designers face the daunting challenge of developing a system that oper-
ates to support systemic cognitive function by simultaneously targeting
multiple cognitive aging principles.

Presently, researchers from several disciplines working on the Aware
Home Project at the Georgia Institute of Technology are developing a
system to prevent accidents in the kitchen (Tran & Mynatt, 2002). Sup-
pose that an older adult is cooking when he or she is interrupted by a
knock at the door. To avoid burning the food and/or a resultant house
fire, a smart monitoring system must provide a prospective memory cue
that reminds the person of the necessity of completing the cooking task
and refocuses attention on the fact that the stove is still on. Upon return-
ing to the stove, the older adult must remember the last step he or she
completed in the recipe prior to interruption by accessing a stove-top
computer interface that acts as a surrogate for storing this information
in working memory. To ensure retention of instructional information
and procedural knowledge on how to use the device in semantic mem-
ory, text comprehension must be supported during initial training ses-
sions. The interface itself should be designed to ensure that information
organization is consistent with semantic knowledge and that it comple-
ments spatial abilities during system navigation.

While these smart living environments are still years away from wide-
spread commercial use, they offer a tantalizing glimpse of the future by
demonstrating the strength of multidisciplinary design that addresses
cognitive aging principles. Because older adults commonly express the
desire to retain their functional independence (Willis, 1996), it is clear
that one approach to assist them in achieving this goal is through the
development of technology tailored to meet their specific needs. It is our
hope that this review provides a useful theoretical reference to guide the
design of new and emerging technologies that will promote successful
aging, improved safety, and personal empowerment.
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Aging and Technology—
Social Science Approaches

Heidrun Mollenkopf

AGING AND TECHNOLOGY IN MODERN SOCIETIES

A salient characteristic of most modern societies is the high degree to
which technology pervades daily life. This pertains not only to the
domain of industrial manufacturing and the organization of work (i.e.,
the reliance on information and the rationalization of services and inter-
actions between producers and consumers), but also to the private,
everyday world in which each member of society lives. Scarcely an area
of human life, including the most intimate relations, is not permeated,
regulated, controlled, or mediated by technology. Today several
domains would in many respects be impossible without technology.
Communication, mobility, keeping house, and leisure time are no
longer conceivable in western industrialized societies without significant
technological support. This increased use of technology opens an array
of ever new alternatives for action, but it can also lead to new depend-
encies and unintended consequences, including alienation from other
people and from direct experience, that is, the mechanization, standard-
ization, and institutionalization of social action.

The meaning that technology's progressive infiltration of the envi-
ronment has for older adults hardly needs to be emphasized in this con-
text. An aging person's daily life and participation in society are facili-
tated or complicated by household technology, residential
infrastructure, public and private transportation, telephones, fax
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machines, computers, electronic media, rehabilitation aids, and the
increasing automation of services, and they depend on the design, ease
of handling, proliferation, and accessibility of all these things.

Beyond concerns of everyday relevance, society in general—and the
aging population in particular—are confronted by far more encompass-
ing changes that coincide with processes of technology's proliferation.
For example, during the first phases of radical change and transforma-
tion, almost every type of mechanization has led to unemployment and
poverty, social inequality and disruption, and dislocation of workers and
their families. Just as new social inequalities can result from different
socio-structural conditions, so also can they result from technological
surges, which are experienced by generations in different phases and sit-
uations of life. For instance, modern industrialized societies place great
stock in the competence, performance, and output of individuals.
Hence, older employees who are unable to keep pace with newly intro-
duced technologies are often given early retirement. Worse, others are
given early retirement based on the fallacious assumption that all older
employees are unable to keep up with technology changes.

Increased life expectancy, due in large part to technological develop-
ments in domains as different as medical care, work life, and the private
sphere of hygiene, also has a profound impact on modern lives. The
emergence of old age as a separate phase of life lasting 20 to 30 years is
therefore a typical phenomenon of modern industrialized economic
structures. This new social phenomenon includes a great heterogene-
ity of individual life courses and living conditions. The differentiation
of distinct, independent areas of life which emerged in the moderniza-
tion processes, the individualization of values and orientations, and the
pluralization of ways of life in modern society lead to an increasing
diversity of individual biographies which differentiate even more
strongly over time.

Communication and/or mobility become increasingly important
under these conditions. If physical or sensory impairments arise, an
autonomous, active life and participation in society can be seriously
threatened, as dealing with the everyday world becomes more demand-
ing. In this respect, technologies ranging from everyday appliances to
complex technological systems are appropriate instruments to preserve
the independence and integration of aging people.

This aspect of modernization has as yet been given little attention in
theoretical discussion. Research interest in the topic tends to be prob-
lem centered, usually relating to specific areas of technology, and the
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nature of its treatment in empirical studies has been more practical than
theoretical (Kruse, 1992). The development and use of technical aids,
for instance, is being studied largely with an eye to reducing costs by
replacing hospitalization with outpatient care. Other major subjects of
inquiry are home adaptations and the use of technical aids from simple
low-tech devices to smart-home technologies designed to help elderly
people run their homes independently (e.g., Regnier & Pynoos, 1987;
van Berlo, 2002); the accessibility of the dwelling's immediate vicinity,
means of transportation, and the infrastructure as a whole (e.g., Owsley,
2002; Schaie & Pietrucha, 2000; Tacken, Marcellini, Mollenkopf, &
Ruoppila, 1999); and the use of computers and "new media" (e.g., Czaja,
1996; Fisk & Rogers, 2002).

Recently, focus has been on user-friendly technological design, espe-
cially related to the competencies, ergonomic context, and needs of old
people, and on the acceptance and use of modern technologies and
integrated systems (Fozard, Rietsema, Bouma, & Graafmans, 2000;
Rogers, Meyer, Walker, & Fisk, 1998; Rudinger, 1996). In particular,
human factors research and gerontechnology approaches (e.g., Char-
ness & Bosman, 1990; Fozard, 1997; Graafmans, Taipale, & Charness,
1998; Harrington & Harrington, 2000) have provided extensive, empir-
ically based, in-depth knowledge of human-machine interactions.

However, as important as these micro-level approaches are, they often
neglect the macro conditions of the complex interaction of aging arid
technology in modern societies' changing social and technical contexts.
Clearly, they should be embedded in a more comprehensive theoretical
view. Our next section shall turn to a discussion of various theoretical
positions which may be useful in better integrating technology into a
holistic, systems approach.

THEORETICAL APPROACHES

Issues of aging in highly technological societies can be addressed from
several theoretical perspectives. Rarely are these perspectives considered
jointly. On the one side are humans as social beings that naturally tend
toward and depend on interaction with other humans and whose behav-
ior, attitudes, abilities, personal relations, and forms of social organiza-
tion are therefore at the center of social science research. On the other
side is technology as an impersonal and neutral "entity," an artifact built
by engineers and thus relegated to the purview of the natural sciences.
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In between is the study of individuals and technology as studied in
human factors research. Yet, this specialty has only recently begun to
focus on issues of older adults. The most important integral strands of
theory relevant to the subject of aging in highly technological society are
summarized in the following section.

Gerontological theory offers a set of approaches that could be used to
assess the impact of the spread of technology upon life in old age. Geron-
tological research was long dominated by the conception of old age as a
decline in abilities, loss of competence, and withdrawal into passivity
(Gumming & Henry, 1961). In this disengagement approach, a major pre-
requisite for successful adjustment to biological, psychological, and
socially conditioned changes in old age was a voluntary and mutual loos-
ening of, or withdrawal from, relations between elderly people and their
social and spatial environment.

In the early 1960s and 1970s, this theoretical tradition came under
increasing criticism as a more positive view of old age took shape. In
developmental psychology it was supplanted by the concept of life-span
development (Baltes & Brim, 1984) and in gerontology by activity theory
(Thomae, 1983; Lehr, 2000). The former concept holds that develop-
mental processes continue throughout a person's life span. Advanced
age offers opportunities for continued growth and development if the
aging person remains active and the situational conditions are favor-
able. Activity theory emphasizes the interaction between biological
processes of aging, individual activity, and a stimulating setting. Unlike
the disengagement approach, activity theory holds that the scope of
activity in old age narrows only when aged persons are forced to reign
themselves in because of social norms, health disabilities, or the death
of family and friends.

While the positive image of aging with its emphasis on activity and
physical, social, and material competence, seems preferable to forced
disengagement, this picture distorts reality and can do great harm to
older adults in another way. For the aged person who does not fit this
ideal prototype of aging such overly positive generalizations can become
a strain and even a hazard if they lead to withholding in cases where it
might actually be necessary. In the course of aging most individuals will
probably suffer the loss of loved ones, status, and social roles as well as
increasing impairment of mobility, sight, hearing, or reactions. These
changes often compromise elderly people's opportunities for
autonomous living and social participation. And, in the terminology of
Lawton and Nahemow (1973), environmental demands that greatly
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exceed an individual's competencies often yield negative affect and mal-
adaptive behaviors. So, a gilded picture of old age becomes especially
problematic for people suffering from an accumulation of hardships
such as living alone with little social contact, major deterioration of
health, low income, and poor housing. Their social situation can deteri-
orate further if the over generalized positive image of old age winds up
serving as a political justification for reducing social services and retire-
ment benefits.

Concepts that explicitly consider personal factors as well as conditions
of the material and social environment therefore appear to be more
appropriate for grasping what it means to cope with life in old age. This
leads us to the discussion of theories from environmental psychology
and gerontology.

Theoretical approaches in environmental psychology and gerontology
are somewhat more promising in their ability to integrate the impact of
technology into their theoretical positions by centering on human
beings in their symbolically shaped and mediated environment. Envi-
ronmental gerontology, in particular, focuses on the alternatives of
action and experience of elderly people in their social and spatial set-
tings. These approaches provide a theoretical perspective that can inte-
grate biological and social aspects of aging as well as spatial and techni-
cal aspects of the environment. Briefly, these approaches hold that the
action of individuals always takes place in a spatial environment that can
frustrate or facilitate efforts to achieve goals of action, depending on
objective circumstances and subjective perception (for more detail see
Kaminski, 1976; Kruse, Graumann, & Lantermann, 1990).

According to environmental gerontology models, the aging organism and
its capacity for adaptation are vulnerable to environmental over
demands ("press") as well as under demands (Lawton & Nahemow,
1973). Generally speaking, competence in old age encompasses func-
tions, attitudes, goals, and behaviors that are required in order to lead
an autonomous, psychologically satisfying life. Accordingly, compe-
tence means that a person's ability flexibly utilizes personal and envi-
ronmental resources in order to deal successfully with salient life situa-
tions and environmental demands. The specific situational and
environmental conditions can foster or obstruct effective action (Kruse,
1992; Lawton, 1989).

When physical strength wanes with increasing age and a person's
action radius shrinks, environmental features take on ever greater sig-
nificance; misfits between behavioral competence, personal needs, and
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environmental conditions might undermine life quality (Carp & Carp,
1984). For instance, environmental factors such as residential situation
and traffic conditions can prevent or encourage an elderly person's activ-
ities, depending on their nature. Ultimately, potential functional disabil-
ities have far less impact under favorable conditions and with appropri-
ate technological products than under conditions that restrict the living
space of elderly people and fail to meet their needs.

Research has been limited thus far in evaluating which forms of com-
petence and which features of the social and ecological context, and
which combinations of the two, prove most effective for the psychologi-
cal health and personal development of aging people. Insights into this
question would be very important to the effort to shape the aging
process in a way that enables people to optimally interact with their nat-
ural, social, built, and technical environments. Theoretical approaches
addressing this issue could also broaden the acceptance and use of tech-
nical aids for overcoming difficult situations and optimizing environ-
mental conditions as a person's own resources dwindle.

The relevance of biographical experiences, socio-structural condi-
tions, and the person's own attitudes about technology were confirmed,
for example, through findings of a recent German study (Mollenkopf,
Meyer, Schulze, Wurm, & Friesdorf, 2000). Besides aspects of social
structure such as age, household composition, income, and parenthood,
attitudes towards technology were significant predictors for older adults'
ownership and use of domestic appliances and modern information and
communications technologies. In the latter domain, a high level of edu-
cation and prior experience with technology turned out to be additional
significant predictors (Mollenkopf & Kaspar, 2002).

In general, however, the trend in gerontological approaches has been
to consider the aging of the human being and the attendant changes
separately from the facilitating or complicating role that technology can
play in this process as part of the elderly person's environment. Social
integration and independent living of elderly people is not only made
difficult through the loss of function of the senses or age related illness,
but also through the aforementioned societal processes of differentia-
tion and pluralization and the increasing pace of technological change.

Social science technology approaches, which could bridge the "two cul-
tures" (Snow, 1993), because of their genuine focus on the close inter-
action between technology and society, have been long confined to the
study of technology as an exogenous factor of change in the process and
organization of work and to the theoretical treatment of technology as
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artifacts that either rationalize human action or give it new latitude (see,
for example, Joerges, 1988). The discussion of the process of technol-
ogy's pervasion of private daily life and of the concomitant changes was
initially framed by the scientific paradigm of technological determinism.
According to this view, technology constitutes a new type of rational cul-
tural system becoming dominant in the life world of industrialized soci-
ety (Ellul, 1954). All social domains of modern societies are undergoing
a profound change because of an inherent logic of technology (Ogburn,
1972). Structures of thought stemming from technical subject areas are
spreading more and more into originally nontechnical areas of con-
sciousness as well—language and behavior as a whole. Consequently, the
individual has no choice but to take part in technology's infiltration. The
automatic nature and all-encompassing universality of that process is
inescapable (Ellul, 1954).

Beginning in the mid-1970s, an opposing view of technology as a social
construct increasingly emerged. It was no longer held that technology
permeates and changes human actions with its own rationale, but that
humans develop, shape, and use technology according to their abilities
and interests (Bijker, Hughes, & Pinch, 1987). Since then, the theoreti-
cally conceived antithesis between being forced to adapt to technology
and having the freedom to shape it, between tendencies that level out
differences and tendencies that polarize, and between signs of rational-
ization and signs of cultivation (or recultivation) have worn down to a
synthesis of both perspectives.

The aversion to separating technical, social, economic, and political
aspects of technological development is illustrated in the metaphor of the
seamless web that the social context and technology form together
(Hughes, 1986). In this socio-constructivist perspective, technology is
seen as a product of social processes in the course of which the social envi-
ronment influences the process by which technological artifacts are cre-
ated. As Bijker and Law (1992) postulated, "All technologies are shaped
by and mirror the complex trade-offs that make up our societies . . . They
reproduce and embody the complex interplay of professional, technical,
economic, and political factors" (pp. 3 and 19). Conversely, they also infer
that society is constructed by technology. This approach suspends the
polarity represented by the "technical" and the "social."

Whether technical changes involve individual artifacts or large techni-
cal systems, the assertion that individuals or collectives generate them
now seems almost trivial. The view that the environment in which people
live today is much more stamped by technology than it was just 50 years
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ago is no doubt similarly undisputed. So is the idea that the increased use
of technology is also affecting social competencies and behavior in very
different spheres of life. The two views of technology are not mutually
exclusive. Instead, they express different aspects of the same phenome-
non. For that reason I agree with the view of technical development as a
"purposeful social process" (Ropohl, 1979; our translation). But I believe
that the bases of "natural phenomena and settings, human dispositions,
and social conditions" (Ropohl, 1979, p. 2; our translation) must be com-
plemented with dimensions of already existing stocks of technical arti-
facts, technical structures, and technical knowledge. Not in the sense of
technological determination but rather of the explicit acknowledgment
and inclusion of their reality as one of the important factors condition-
ing individual and social action alongside—or better, amid—the diversity
of other structural, environmental, or social conditions.

As such a real and important environmental condition, technology is
often being ignored, although the theoretical approach of the social
shaping of technology can also expand the perspective of research on
technology in everyday settings. From this perspective, the users of every-
day technology are an integral part of the process governing technol-
ogy's increasing use, and technology can be studied together with every-
day life as an interactive socio-technological process.

This view also makes it possible to communicate micro-sociological
and macro-sociological perspectives, for the increased use of technolog-
ical artifacts in daily life leads, by virtue of their objectified problem-solv-
ing capacity, to unintended consequences for action. The rationally
grounded integration of technological artifacts in daily patterns of
action can give rise to new routines that open new latitude for action.
Companies, institutions, and individuals find technological develop-
ments to be useful and time and energy saving, arid so they acquire and
use them. At the same time, the continual escalation of technology's dis-
semination can create new constraints and dependencies. According to
the technology-spiral model developed by Braun (1993), the fact that
new technology is actually used, and that it spreads, perpetuates new
technological development and broadens infrastructure systems, stan-
dardization, and institutionalization of social action.

As for the daily life of older adults, the progressively wider use of tech-
nology in modern industrialized societies consequently means increas-
ing breadth in the freedom of action and problem-solving alternatives
in everyday practice. But the structuring, standardization, and
anonymization of action sequences that accompany people's greater use
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of these alternatives are precisely what also restrict their self-determined
action and direct experience. For instance, supportive infrastructure
such as social service agencies and the legally mandated regulation of
insurance benefits are becoming increasingly important in old age (e.g.,
for the provision of technical aids). The need for product standardiza-
tion, the automation of services, and the increase in motorized traffic
are further examples illustrating that technical developments contain
both the possibilities to expand one's scope of action and to perpetuate
new dependencies and limitations.

Thus, a study on the processes at work in technology's pervasion of
society must consider both the specific utility that each technological
artifact has for its user's objectives and the specific forms of social organ-
ization implied by its use. The effect of everyday technology can be
described only in the complex micro-macro context defined by the spe-
cific patterns of individual ways of organizing things. It can be inter-
preted and understood only in terms of the interaction between those
patterns and the artifacts and systems available in a specific society at a
specific historical moment (Mollenkopf & Fozard, in press). For exam-
ple, in studies on the impact of technology on household organization
and family relations, structural variables such as the place in the family
cycle, financial resources, and subjective attitudes and preferences have
been found to be significant for the kind of technology with which fam-
ilies equip themselves and how they use it. The rationale by which tech-
nology was acquired differed vastly from one family to the next (Mol-
lenkopf, Hampel, & Weber, 1989). For that reason, technology can be
called a means to many ends. It thereby contributes to a differentiation
and pluralization of life styles but also leads to an entrenchment of
action patterns and the proliferation of existing inequalities.

Unfortunately, the promising socio-constructivist perspective of the
social shaping of technology has scarcely been interested in the older
adult's everyday technological reality. Therefore, a comprehensive the-
oretical approach for understanding the dynamic relationship between
secular changes in society and technology, on the one hand, and human
aging, on the other, is still to be developed.

BUILDING BLOCKS FOR A CONCEPTUAL FRAMEWORK
FOR PERSON-ENVIRONMENT INTERACTIONS

This brief overview on some important strands of theoretical approaches
relevant to the subject of aging in technological society should at least
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have pointed to the need of integrating micro-perspectives of individual
aging processes (such as gerontology models of aging, research and
application oriented human factors, and gerontechnology approaches),
and macro-perspectives (such as sociological modernization theories) as
well as socio-technological approaches which allow a combination of
micro- and macro-perspectives. As stated by Mollenkopf & Fozard (in
press) (see also Wahl & Mollenkopf, 2003), "Both, aging individuals and
the technological products and systems they can or cannot use, are
embedded in societal and technological modernization processes, and
the dynamic aging and technology interaction does not least depend on
the socio-structural and legislative conditions and the stocks of techno-
logical artifacts and knowledge prevailing in a particular society and at
a historical time."

Looking at technological products and their symbolic meaning might
serve as an example of how the diverse approaches can be combined. In
an ecologically oriented sociology of technology, or in environmental
gerontology oriented primarily to technology, one must equally consider
the symbolic content that objects, in this case technical artifacts, have as
part of the environment for their owners and users. In phenomenolog-
ical approaches the aspect of meaning is stressed, especially in relation
to self-concept and identity (Fischer, 1979) (from an environmental
gerontology viewpoint, see Scheldt & Windley, 2003). In sociological the-
ories, by contrast, the social inequalities precipitated by the differentiat-
ing character of things are highlighted (Bourdieu, 1988). In both tradi-
tions, the dwelling, the home, constitutes the frame for the
materialization of individual identity and social differentiation. Social
constructions of this sort are also important when it comes to old age
and technology, for certain images of age are conveyed via certain tech-
nologies, and vice versa. As with all objects with which people surround
themselves, technical objects are not neutral artifacts. They are always
associated with symbolic meaning. Like home furnishings and attire,
technical appliances convey to an actual or imaginary interlocutor a vis-
ible expression of who the users are or how they would like to be seen.

There is a need for research on how technical objects acquire such
power to create identity. For example, technical aids that can lighten
environmental demands on elderly people with impaired strength or
physical competence, are frequently rejected because their very shape
evokes associations of handicap and disease, stigmatizing the user and
undermining self-esteem. However, this may change for future genera-
tions of older adults, who will have different experiences and attitudes
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than today's older cohorts, and when new electronic devices can be asso-
ciated with the image of modernity and youth.

Further, there is the question of how technical objects contribute to
differentiation as conceptualized by Bourdieu, who assumes that
milieu-specific life styles are manifested in the home (and I presume
outside the home) in its function as a "practical space of daily existence"
in a "system of distinctive signs" and "classifiable forms of practice"
(Bourdieu, 1988, pp. 277-278). "Taste therefore constitutes the practi-
cal operator for the transformation of things into distinct and distinc-
tive signs, of continuous divisions into discontinuous polarities:
Through it, the differences arising from the physical order of things
become part of the symbolic order of significant distinctions" (Bour-
dieu, 1988, p. 284; our translation).

As far as the sociology of technology is concerned in this respect, it is
possible to build on early approaches rooted in cultural and action the-
ory (e.g., Horning, 1985, Rammert, 1988). Horning emphasized the
symbolic character of technological artifacts and regarded the meanings
attributed to them by their users as being an essential element of tech-
nology's spread in daily life. Rammert, too, concentrated less on the
material or functional aspects of technology than on the perspectives
and orientations of the people who develop and use technology. To both
authors, the capacity of technical devices to be interpreted subjectively
is the source of their cultural meaning as media conveying societal iden-
tity. Their hardware design and their individual, yet also generic, nature
of use make them the means for expressing and further refining specific
life styles. The "idiosyncratic" use of technology tends to foster a plural-
ization of life styles, as other authors, too, have shown while also relating
them to the social structures that determine access to important per-
sonal and economic resources for the acquisition and use of technology
(e.g., Mollenkopf, Hampel, & Weber, 1989).

Thus, summing up, social science technology perspectives seem to
offer the most suitable framework for linking and integrating the most
important micro and macro aspects of human aging and social and tech-
nological change in a larger societal and historical view. These perspec-
tives can also act as a framework for and further stimulate research and
application-oriented approaches to person-technology interactions.
Such a wider view is needed in order to fully and appropriately account
for the complex interchange processes between individuals and their
technological environments.
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Why Older Adults Use or
Do Not Use the Internet

Roger W. Morrell,
Christopher B. May horn,
and Katharina V. Edit

This chapter concentrates on the use and nonuse of the Internet by
adults over the age of 60. Older adults, like people of other ages, use the
Internet primarily for the benefits they can derive. These benefits greatly
exceed simple communication between family and friends and basic
information seeking. In this chapter we describe these benefits as well as
several barriers to the use of information technology (computers and
the Internet). Some of the explanations are myths while others are real,
including barriers related to access, performance, and psychological
issues. Each of these topics will be explored in the following sections.

WHY DO OLDER ADULTS USE THE INTERNET?

THE USE OF INFORMATION TECHNOLOGY BY OLDER ADULTS

Although this chapter focuses on the use and nonuse of the Internet by
the elderly, it would not be complete without a brief review of related
literature on older adults' evolving use of computers. For example, find-
ings spanning the past 15 years have consistently demonstrated that
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computers can be integrated easily into the lives of older adults in a vari-
ety of environments. These include various long-term care settings that
serve frail older adults as well as the private residences of healthy com-
munity dwelling seniors (for an in-depth discussion of this topic, see
Morrell, Dailey, Feldman, Mayhorn, Echt, et al., 2003). The most pop-
ular uses of computers reported by older adults include communicat-
ing with family and friends, seeking information via the Internet,
improving work productivity, entertainment, and maintaining func-
tional independence through various means (Morrell, Dailey, Feldman,
Mayhorn, Echt, et al., 2003).

Clearly, older adults who use information technology can obtain several
other benefits. Playing computer games has been shown to give older
adults a more positive outlook on life and also could assist the elderly in
developing a greater sense of emotional well-being and self-worth
(Palmer, 1990; Peniston, 1990). Some researchers have suggested that
interaction with computers may also improve the performance of activi-
ties of daily living, increase cognitive functioning, and decrease levels of
depression (Bond, Wolf-Wilets, Fiedler, & Burr, 2002; McConatha,
McConatha, Deaner, & Dermigny, 1995). Others have observed that com-
puter use by older adults results in increased feelings of accomplishment,
self-confidence, autonomy, competency, and self-esteem (Fuchs, 1988;
Kautzmann, 1990; McConatha, McConatha, & Dermigny, 1994). In
related research, computer training classes in community senior centers
have increased active involvement among the older participants and stim-
ulated community engagement and intergenerational social interactions
(Chin, 1985). This finding and others suggest that computers might be
instrumental in increasing social support for older adults on several levels
(Alexy, 2000; Cody, Dunn, Hoppin, & Wendt, 1999; White, McConnell,
Clipp, Bynum, Teague, et al., 1999), although Nahm (2003) suggests that
more data is needed to substantiate this claim. Above all, the Internet can
be an invaluable resource for communication and a source of information
for older adults (Morrell, 2002a). This may be especially true for home-
bound individuals because communication online may reduce isolation
by offering an important means of social interaction and mental stimula-
tion, thus reducing isolation (Box, 2002). Furthermore, the Internet may
serve as a gateway to information and services outside the home (Czaja,
Guerrier, Nair, & Landauer, 1993; Kerschner & Hart, 1984), especially
those individuals with restricted mobility (Furlong, 1989).

The Internet is expected to virtually transform health care by provid-
ing current and reliable health information to older patients and their
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caregivers (Brodie, Flournoy, Altman, Blendon, Benson, et al., 2000;
Metcalf, Tanner, & Coulehan, 2001; Rogers & Fisk, 2001). Because older
adults use health services more than other age groups, they can benefit
the most from Internet-accessible health information; such information
can act as a supplement to existing service provision and possibly as an
online method to increase health literacy in older patients and their
caregivers (Morrell, 2002b; Echt & Morrell, 2003). While these examples
of increased information access demonstrate some of the current bene-
fits older adult Internet users receive, emerging benefits include direct
access to health care professionals via telemedicine (see Tran, this vol-
ume; Cresci, Morrell, & Echt, in press).

THE GROWTH IN INTERNET USE BY OLDER ADULTS

For the reasons outlined above, it is not surprising that the number of
older adults online has expanded at an astounding rate. It was estimated
in 2001 that more than half of all Americans between the ages of 10 and
55 used the Internet. However, the frequency of Internet use falls off
steadily after age 55 (Adler, 2002; Pew Internet & American Life, 2002).
Although adults over the age of 55 are less likely to be Internet users, it
is important to note that older adults are surfing the Web with growing
confidence and destroying myths about their reluctance to use informa-
tion technology (Adler, 2002). Furthermore, as the baby boomers age,
the rate of Internet use by elders will greatly expand. For these reasons
the "digital divide" between generations of Internet users will diminish
(Pew Internet & American Life, 2002).

WHAT ARE OLDER ADULTS DOING ON THE INTERNET?

At the turn of the century, older adults on average logged more time
online (approximately 8.3 hours per week) and visited more Wreb sites
than persons in younger age groups (eMarketer, 2000; Media Metrix,
2000). A survey by SeniorNet (2002b) indicated that 34% of their eld-
erly respondents spent 20 hours or more per week online! Their primary
reasons for using the Internet were to stay current with news and events
and to research health information (see also Morrell, Mayhorn, & Ben-
nett, 2002). Consistent with the goals of their peers who use the Inter-
net, elderly nonusers also indicated that they would most like to learn
how to access health information, use e-mail, and find information
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about personal travel (Morrell, Mayhorn, & Bennett, 2000). Older
adults also spend more money online individually than their younger
counterparts (eMarketer, 2000). The most common products purchased
(ranked in descending order) are computer software, books, computer
hardware, music and compact discs, and clothing (Greenfield Online,
1999; see also SeniorNet, 2002b). The range of products purchased
online will certainly broaden over time as seniors and retailers become
more familiar with its use. Additionally, one in ten older adults without
personal access to the Internet said that they sometimes access the Inter-
net from other places such as a friend or relative's home or the public
library (Seniornet, 1998). It is important to note, however, that although
there has been an upsurge in computer and Internet use by older adults,
many still do not actively take advantage of the online opportunities
available in the first decade of this "internet century."

REASONS WHY OLDER ADULTS DO NOT USE THE INTERNET

Three commonly held myths about why older adults do not use the Inter-
net, computers, and other forms of electronic technology are that 1)
they are less interested in learning how to use these technologies or have
poorer attitudes toward their use than younger adults, 2) they simply
cannot learn how to use these technologies, and 3) they are more anx-
ious about computer use relative to younger adults, which ultimately
leads to nonuse. Each of these myths will be dispelled in the next section
of this chapter. We will also explore veridical explanations for why many
older adults do not use the Internet.

OLDER ADULTS' LEVEL OF INTEREST AND ATTITUDES

It is true that, in general, older adults use information technology and
electronic technology less than other age groups (U.S. Department of
Commerce, 2002; see also Morrell & Park, 2003). However, few studies
indicate that older individuals are less interested and more resistant to
learning how to use information technology than are young adults (Czaja
& Lee, 2001; Morrell, 2002a). On the contrary, older adults have been
shown to be enthusiastic about learning how to use computers and espe-
cially the Internet, when training opportunities are made available (Czaja &
Lee, 2001; see also Volz, 2000 for other types of electronic technology).
In addition, most researchers have not found significant differences in
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attitudes toward computers among older individuals (Ansley & Erber,
1988). Indeed, most findings show that the majority of older adults have
positive attitudes toward computers (Gilly & Zeithmal, 1985; Morris,
1994). Thus, the first myth is not affirmed.

CAN OLDER ADULTS LEARN How TO USE INFORMATION TECHNOLOGY?

It is with confidence that we say that older adults can learn how to use
information technology, thus dispelling the second myth. It is clear that
the young-old (age 60 to 74) and the old-old (age 75 and above) can
readily acquire computer skills, navigate Web sites and maintain these
skills over time (Echt, Morrell, & Park, 1998; Kelley & Charness, 1995;
Mead, Batsakes, Fisk, & Mykityshyn, 1999; Morrell, Dailey, & Echt, 2000;
Morrell, 2003; Morrell, Park, Mayhorn, & Kelley, 2000). This includes
applications ranging from various commonly available software pack-
ages, to learning memory training techniques via CD-ROMs, to using
specialized interactive software for health promotion (Ansley & Erber,
1988; Echt, Kressig, Boyette, & Lloyd, 2000; Egan & Gomez, 1985; Gar-
fein, Schaie, & Willis, 1988; Plude & Schwartz, 1996). Some researchers
have shown minimal or no age differences in the performance of com-
puter tasks, for example with young and older adults (Hartley, Hartley,
& Johnson, 1984) and with middle-aged and older adults(Garfein,
Schaie, & Willis, 1988). Most studies indicate that computer training
with older adults takes somewhat longer than with younger individuals
because older adults make more mistakes than younger adults when
learning to use computers (see Morrell, Dailey, Feldman, Mayhorn,
Echt, etal., 2003).

THE EFFECTS OF ATTITUDES AND ANXIETY

Negative attitudes and high anxiety levels also do not seem to impact
computer task performance in the elderly (Kelley & Charness, 1995).
Instead, findings suggest that attitudes toward computers may be modi-
fied under certain conditions. Danowski and Sacks (1980) reported that
attitudes toward computers were more positive after a three-week period
of computer use by elderly residents of an urban retirement hotel. Jay
and Willis (1992) utilized a multidimensional computer attitude scale to
determine the effect of experience on attitudes toward using comput-
ers. They found that a two-week training program on desktop publish-
ing resulted in attitude change on two attitude dimensions: computer
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efficacy and comfort. Zandri and Charness (1989) noted that training
strategy appears to affect attitudes toward computers after 12 hours of
training, and Kelley, Morrell, Park, and Mayhorn (1999) demonstrated
that participants who returned to use a bulletin board system most often
had the most positive attitudes toward computers. Positive attitude
change, however, has not been observed after shorter training sessions
or when participants performed poorly on computer tasks (Ansley &
Erber, 1988; Czaja, Hammond, Blascovich, & Swede, 1989). Therefore,
attitude change appears to depend upon the amount of exposure to the
information, the content of the training, and the attitude measure
administered (Jay & Willis, 1992; Kerschner & Chelsvig Hart, 1984).
Findings have also shown that general level of anxiety does not predict
computer task performance). Although Laguna and Babcock (1997)
observed that older adults have higher levels of computer anxiety than
younger adults, Charness and Bosman (1992) suggest that computer
anxiety generally diminishes across training sessions. These findings sug-
gest that concern about older computer users' performance on com-
puter tasks being affected by negative attitudes and high anxiety may not
be warranted. Rather, experience with computers appears to affect their
attitudes and anxiety levels (Kelley & Charness, 1995; Ray & Minch,
1990). In short, having some experience with computers leads to better
outcomes and better attitudes, thus dismissing the third myth (Mead, Sit,
Rogers, Jamieson, & Rousseau, 2000).

BARRIERS TO USE

Now that we have dispelled several myths concerning why older adults
do not use information technology, the remainder of the chapter will
focus on some barriers that actually do limit older adults' ability to use
technology. After describing the barriers we will suggest methods to over-
come each.

ACCESS ISSUES

The primary reason that many older adults do not use the Internet is
that they lack access to a computer (Morrell, Dailey, Feldman, Mayhorn,
Echt, et al., 2003). Another reason is that they believe they cannot afford
to buy their own computers or pay the monthly connection charges
(U.S. Department of Commerce, 2002). These reasons for Internet
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nonuse are slowly being reduced or eliminated. In addition to falling
prices for hardware and Internet connections, computer banks have
appeared in senior centers, churches, fire stations, libraries, senior resi-
dential facilities, assisted living facilities, low income housing, and other
environments. Computer access is free in most of these locales, and
many offer Internet training opportunities as well. However, the access
problem appears to remain in rural areas where public access sites
remain geographically inaccessible to many older residents, particularly
those lacking adequate transportation.

Broadband Availability. Another solution to increasing access to the
Internet by older adults is by increasing broadband connections. This is
currently well underway; the number of U.S. households with a broad-
band connection was expected to increase from 10% in 2001 to 25% by
2002 and older Internet users are currently the fastest growing segment
of the population using broadband (Adler, 2002). High-speed broad-
band networks offer several advantages over slower narrowband net-
works: (a) it is possible to add high-quality, two-way video; (b) it provides
instant access to rich multimedia content; (c) it makes communications
more convenient, and supports a broad range of continuous, unobtru-
sive monitoring services; and (d) it allows the Internet to be accessed
from anywhere at any time including wireless connections (Adler, 2002).

Accessibility of Web Sites. Most Web sites are designed by young people
for use by young people. Thus, most Web sites are not designed to con-
sider how age-related declines in vision, audition, perception, memory,
comprehension, information processing, working memory, or motor
dexterity might affect their use. This is despite findings consistently
demonstrating that these factors affect how well older adults can use
Web sites (see chapters in this volume by Benbow; Mayhorn, Rogers, &
Fisk; and Scialfa, Ho, & Laberge for a more detailed discussion of these
issues). The consequences of designers not considering the special
needs of older adults is that most Web sites are inaccessible at some level
to many of them.

It is important to note that Web-site design has improved over time.
We no longer see multitudes of flashing banners or monkeys dancing
across computer screens. Designs have been simplified and some
advances have been made in improving accessibility to online informa-
tion for older adults especially through products designed to enhance
computer images such as the one developed by IBM (SeniorNet, 2002a)
and software created by Eldervision.net called "TouchTown" that offers
an alternative elder-friendly platform to access the Internet.
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To further improve accessibility for the elderly, the National Institute
on Aging (NIA) and the National Library of Medicine (NLM) began con-
ducting the NIH Senior Health Project in 1999. One result from the proj-
ect was the development of 25 guidelines, that when applied to Web site
design, make the sites more accessible. The guidelines focus on methods
to improve text readability and comprehensibility, as well as on improving
navigation features. The guidelines have been systematically tested and
the ease of navigation by older adults was shown to be readily improved
when compared with navigation on original versions of the two sites (Mor-
rell, 2003). The guidelines are available from NIA and NLM in booklet
and online form by logging onto their Web sites (www.nia.nih.gov and
www.nlm.nih.gov). The project also produced www.NIHSeniorHealth.
gov, which serves as a model for Web site designers to mediate normal age-
related declines in vision, cognition, and motor skills through design
options. This Web site is unique in that it features the use of audio, anima-
tion, and video—complete with open captioning, in an elder friendly envi-
ronment (see Morrell, Dailey, Feldman, Mayhorn, Echt, et al., 2003).

PERFORMANCE ISSUES

The Internet is searchable (Echt, 2002). The navigator scans, skips, and
surfs through Web sites and bodies of text until desired information is
found (Johnson, 1998). This unique feature may make it more difficult
to use by older adults because it requires more complex cognitive pro-
cessing. (For a discussion of these issues see chapters by Mayhorn and
colleagues, and Scialfa and colleagues in this volume.)

Findings from research that investigated how the elderly conduct
Internet searches generally demonstrate that they are less efficient on
simple Internet search tasks and less successful overall for more complex
Internet search tasks than younger adults. Kubeck, Miller-Albrecht, and
Murphy (1999) found small performance differences between young
and older adults on simple search tasks (those requiring six to nine
steps). More difficult tasks, which required 13-16 steps, exhibited
greater age-related performance differences. It is important to note,
however, that with brief, well-designed training, novice older adults were
successful in their Internet searches and had very positive reactions to
their Internet experience. Similar results were obtained by Mead,
Spaulding, Sit, Meyer, and Walker (1997). The older adults also were less
efficient—they performed more procedures to find the required infor-
mation than the younger participants in this research. Mead, Batsakes,

www.nia.nih.gov
www.nlm.nih.gov
www.NIHSeniorHealth.gov
www.NIHSeniorHealth.gov
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Fisk, and Mykityshyn (1999) demonstrated that older adults have more
difficulty recovering from navigation errors than younger adults, espe-
cially when the number of Web pages, database records, or menus
encountered exceeded two or three. These findings are consistent with
the "complexity hypothesis" developed by Cerrella, Poon, and Williams
(1980) which states that as cognitive tasks become more complex,
greater age differences in performance will be observed (presumably
due to age-related declines in cognition, i.e., working memory) ( Mor-
rell & Park, 1993). The overall conclusion is that older adults will have
more problems conducting searches on the Internet until age-related
decrements in cognition are considered in search design features.

AVAILABILITY OF TRAINING OPPORTUNITIES

Related to performance issues is the limited availability of training oppor-
tunities where older adults can learn to use the Internet. (Morrell, Park,
Mayhorn, & Kelly, 2000). However, this barrier may be greatly reduced by
incorporating training classes into continuing education programs
within senior centers and elderly residential facilities. SeniorNet
(www.seniornet.org) has offered computer training classes through its
training centers across the country since 1986 and now includes classes
on Internet use. A similar program is offered by Cyberseniors.org and
AARP includes online courses on a variety of topics concerning informa-
tion technology on their Web site. So, Internet training opportunities
have increased for the elderly, but clearly more are needed especially for
low-income seniors who cannot afford the currently offered classes.

PSYCHOLOGICAL ISSUES

Motivation. Morrell, Dailey, and Echt (2000) recently reported that
another reason why older adults did not use the Internet was that they
did not see any use for it in their daily lives. This is probably because
many seniors are still unaware of the scope and quality of the resources
available on the Internet. In short, if someone is unaware of the benefits
of a product, he or she will not be motivated to use that product (Melen-
horst, Rogers, & Caylor, 2001). The Hollywood adage "if you build it,
they will come" does not necessarily apply to Web sites. Clearly, potential
users must be made aware of a Web site, its content, and its benefits
through advertising, marketing, and/or public relations campaigns
before they will be motivated to visit the site.

www.seniornet.org
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e-TRUST. e-TRUST is generally defined as trust in information found
on the Internet (Morrell, 2000). Many older adults do not use the Inter-
net because they do not know how to verify that the information that
they find there is current and reliable. This is an important issue because
anyone can post information on any topic on the Internet. Some of the
information is reliable and can be trusted. Some of it is not. Some of the
information is current. Some of it is not. Therefore, to initiate or expand
their use of the Internet, it is important to advise older Internet users
how to verify the trustworthiness of information found online. (For
excellent reviews of several rules that can assist older adults in assigning
their level of e-TRUST for information encountered online see Benbow,
in this volume; Morrell, 2000; and SPRY Foundation, 2002.)

CONCLUSIONS

In this chapter we have explored the reasons that older adults use or do
not use the Internet. Clearly, older adults who use the Internet under-
stand that there are many benefits to be gained. However, there are sev-
eral reasons cited by older adult nonusers to explain why they do not use
the Internet. Moreover, we discussed several frequently reported barri-
ers to usage related to access, performance, and psychological issues.
Perhaps the most important message to be gleaned from this chapter is
that the barriers to older adults' Internet use can be overcome. For each
barrier, we suggested a number of design solutions that can facilitate
older adults' Internet use by minimizing the cognitive, perceptual, and
motoric limitations that occur with age. We also described several com-
munity-based interventions such as increasing older adults' access to
technology resources and training, at senior centers for example. When
these barriers are eliminated and older adults become full participants
in the electronic opportunities offered in the "Internet Century," those
older adults who are included currently in the "digital divide" will be
replaced with elderly individuals characterized by self-empowerment
and increased independence.
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Increasing Access to Reliable
Information on the World
Wide Web: Educational

Tools for Web Designers,
Older Adults, and Caregivers

Ann E. Benbow

As noted in the previous chapter by Morrell and colleagues, a growing
number of older adults are turning to the Internet and e-mail to find and
share information on such key topics as health, retirement funds, travel,
and hobbies. There are several barriers, which prevent extensive and
effective use of these resources by older adults. This chapter describes
how the SPRY (Setting Priorities for Retirement Years) Foundation set
into motion a variety of efforts to reduce or remove some of these barri-
ers, particularly as they relate to the acquisition and effective utilization
of high-quality information about health care options. These efforts have
included national conferences, printed guides, curricula, and training
programs all designed to make health Web sites more accessible to older
adults by promoting barrier free design of the sites and better training to
older adults and their caregivers on how to use and evaluate the health
information they find on the Internet. Seventy-one percent of Internet
users between the ages of 50 and 64 have turned to the Internet for health
information (Fox & Rainie, 2002). Unfortunately, they face several hur-
dles before they can find the best available information.
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The first hurdle is finding Web sites (out of the millions on the Inter-
net) with information that is exactly what they need, accurate, current,
and understandable.

Web searching is a skill that requires knowledge of a vocabulary that
is alien to many relatively new computer users (as are many older adults).
While most browser software programs and Internet search engines have
easy-to-use search boxes for key terms, they provide little guidance for
what to do once the first list of search results appear on the Web
searcher's screen. The searcher must learn to judge which links are to
sites that are the most likely to be well-maintained, appropriate, under-
standable, and accurate. They must understand that many search
engines provide "featured sites" that have paid a fee to be featured but
aren't necessarily the best or, in the case of health care, promoting safe
or effective products and treatments. Once having arrived at a promis-
ing Web site, the older adult user is faced with finding the information
on the site and evaluating it for usefulness and reliability. Many Web sites
compound this problem since they are not designed to be user-friendly
to the older adult audience, many of whom may have deficits in the per-
ceptual, motor, or cognitive capacities necessary for successful naviga-
tion and use. Fonts maybe too small, contrast between the screen objects
and background may be insufficient, buttons may be hidden, tags may
be missing, menus may be confusing, colors may be too strident or too
muted, and pop-ups may appear, all making the task of finding informa-
tion on the site difficult or impossible.

The SPRY Foundation recognized Web site design for older adults as
a serious problem as a result of its 1999 NIH conference on Older Adults,
Health Information, and the World Wide Web. To address this problem,
SPRY produced guidelines for Web site developers on how to design a
health Web site that is user-friendly to the older adult user. The guide
provided advice in such areas as:

Font type (use sans-serif fonts such as Helvetica or Arial)
Font size (14-point or greater)
Scrolling (keep to a minimum; use Next and Back buttons and
shorter pages instead)
Color choice (primary colors, rather than pastels)
Contrast (dark objects on a light background, or vice-versa)
Buttons (large and clearly tagged so that screen readers can read
them)
Menus (top or side and clearly labeled in everyday language)
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Graphics (large, appropriate, tagged, and useful to the content of
the site)
Text amount (enough to fit on one page without too much
scrolling)
Text location (centrally placed on the page)
Site complexity (ideal if the site is only a few mouse clicks deep)

The guide was disseminated to all members of the U.S. Congress as well
as all Area Agencies on Aging in the country and is downloadable from
the SPRY Web site (www.spry.org) as a PDF file.

Once the older adult user finds the desired information on a Web site,
he or she must evaluate it for its accuracy, currency, and usefulness for
his or her situation. With health information, in particular, this evalua-
tion process poses an enormous problem. Since the content on the Web
is unregulated, Web site sponsors can, literally, put anything on their
sites they want without content specialist oversight or any penalties for
misinformation. Inexperienced Web users can be easy prey for health
WTeb sites that promise spectacular cures or give spurious health advice,
often for a fee.

Fortunately, several public and private groups have recognized the
enormity of this problem and have provided guidelines for consumers
to help them evaluate health content on Web sites. These groups
include, among others, Health on the Net (www.hon.ch), Hi-Ethics
(www.hiethics.org), the British Healthcare Internet Association
(www.bhia.org), and the Internet Healthcare Coalition (www.ihealth-
coalition.org). They give Web site searchers guidelines to follow in eval-
uating health Web sites designed to help the user ascertain if the site is
supported by a legitimate organization. They include:

Accuracy: How do you know the information is accurate?
Authorship: Do you know who developed the site's content? What
are their credentials?
Currency: How current is the site's information? When was it
updated last?
Funding Source: Who is behind the site? What interest do they have
in it?
Copyright Ownership: Do the sponsors own the copyright to the
information on the site? If not, is the information attributed to
the copyright owners?
Privacy Statement: Is privacy protected while visiting the site?

www.spry.org
www.hon.ch
www.ihealthcoalition.org
www.ihealthcoalition.org
www.bhia.org
www.hiethics.org
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Disclaimers: Do the site sponsors remind you that information on
the site should not take the place of consultation with a health
care professional?
Contact Information: Is there easy-to-fmd contact information on
the site with names, addresses, and phone numbers?

As a result of our second NIH-sponsored conference in February 2001
on Older Adults, Health Information, and the World Wide Web, the SPRY
Foundation recognized the need to widely disseminate to older adults
and caregivers information about how to evaluate the content of health
Web sites. This need was subsequently supported by the findings of the
Pew Internet Study, which states:

Experts say that Internet users should check a health site's sponsor, check
the date of the information, set aside ample time for health search, and
visit four to six sites. In reality, most health seekers go online without a def-
inite research plan. The typical health seeker starts at a search site, not a
medical site, and visits two to five sites during an average visit. She spends
at least thirty minutes on a search. She feels reassured by advice that
matches what she already knew about a condition and by statements that
are repeated at more than one site. She is likely to turn away from sites
that seems to be selling something or don't clearly identify the source of
the information. And about one-third of health seekers who find relevant
information online bring it to their doctor for a final quality check.

Only about one-quarter of health seekers follow the recommended proto-
col on thoroughly checking the source and timeliness of information and
are vigilant about verifying a site's information every time they search for
health information. (Fox & Rainie, 2002, 4).

It was clear that the task was to assist seniors and their caregivers in
effectively finding accurate and reputable sources on the Web by provid-
ing them with a basic protocol to follow. In anticipation of the need for
such a protocol, the SPRY Foundation took two practical steps. First, we
collected and analyzed a set of Web-site evaluation guidelines from sev-
eral national and international health Web-site watchdog groups, e.g.,
Health on the Net and Hi-Ethics, looking for areas of agreement across
the guidelines. SPRY then published a synthesis of the guidelines in a
brochure entitled Evaluating Health Information on the WWW: A Guide for
Older Adults and Caregivers (Benbow, 2001). This brochure, in both Eng-
lish and Spanish, was also disseminated to all members of Congress and
to all Area Agencies on Aging across the U.S.
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The second step SPRY took to support the use of a protocol in seek-
ing health information on the Internet was to develop and test a curricu-
lum for older adults and caregivers on finding and sharing reliable
health information from the Internet. The curriculum includes the
Guide, as well as instruction on basic e-mail use and Internet search and
navigation techniques. E-mail was included as one of the easiest and
most efficient ways of sharing reliable Internet health information once
it is located. In collaboration with several government, and not-for-profit
entities, SPRY has begun to disseminate the curriculum widely. We will
next discuss the steps that were involved in this discussion process.

BACKGROUND ON THE INTERNET TRAINING
COURSE FOR OLDER ADULTS AND CAREGIVERS

In 2000, SPRY was asked by the New Jersey Department of Health and
Senior Services (NJDHSS) to assess the level of computer (specifically,
Internet) use by Area Agency on Aging (AAA) staff in New Jersey's 23
counties. Computers had recently been installed in all the AAAs to
improve quality of service to the community, and state officials wanted
to ensure that staff had adequate training in e-mail use and Internet
search, as well as adequate access to the new machines. Working with
Rutgers University, SPRY developed and distributed a survey instrument
to all AAA executive directors and staff, assessing their skill levels and
access to work computers. Survey results demonstrated that, while the
executive directors felt that they and their staff members had sufficient
training and access to the computers, the AAA staff, mostly information
and referral specialists, felt extremely unprepared. As a result of these
findings, the NJDHHS asked the SPRY Foundation in 2001 to design and
implement a training program in Internet use that would help their AAA
staff to find the most current and reliable information on health and sen-
ior services for the older adult population of New Jersey and to commu-
nicate that information to clients. This course was designed as a master
training session that would benefit the AAA staff directly, but would also
be taken into the community to be used with older adults in their homes
and other residential settings.

The course, eventually the basis for both an instructional video and
an interactive CD-ROM, covered e-mail basics, Internet search, and con-
tent evaluation. It emphasized finding and transmitting information
vital to older adults and their caregivers. Particular focus was given to
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accessing information on health, health care, social security, insurance,
nursing homes and other specialized housing, Medicare and Medicaid,
transportation assistance, and hospice services.

In 2002 and again in 2003, after the release of the Pew Internet study,
the course was revised to place a stronger emphasis on using a system-
atic approach to Internet search for health information. An addendum
to the basic course included information on advanced Web search skills
(Boolean search terms, meta-search engines, Invisible Web). With fund-
ing support from the U.S. Administration on Aging, the revised basic
course was used as the source material for master training of staff from
state departments of aging in Arkansas, Iowa, Maryland, Nevada, and
Pennsylvania.

The revised course was designed to be a model for professional care-
givers to use in the community with older adults. Consequently, the
instructional methods included techniques that have been found to be
effective in older adult computer training (Zandri & Charness, 1989;
Czaja, Hammond, Blascovich, & Swede, 1989; Morrell, Park, Mayhorn,
& Kelley, 2000), such as: (a) providing a hard copy course guide, with
simple, step-by-step directions, to be used as a reference throughout the
course; (b) allowing ample time for practicing skills with expert help
available; (c) pairing more adept students with less adept; (d) keeping
class sizes small; (e) frequent review; and (f) repeated demonstrations
of each technique.

Each participant received a pretest assessment of Internet knowledge
and skills. Follow-up assessments were conducted one week and six
months after training to determine the extent to which they used the
course material with older adults in the community. The results of the
assessments (administered and analyzed in 2002 by Nicholas Castle, PhD,
Rand Corporation) showed that the training doubled the percent of par-
ticipants who rated their e-mail skills and their Internet searching skills
as "good" or "very good." Sixty-seven percent of the participants used
their e-mail skills from the course to train others at work on e-mail and
81 percent on locating and searching Web sites useful to older adults.

COURSE STRUCTURE AND IMPLEMENTATION

The original New Jersey courses were taught in a 14-station computer
laboratory in Trenton, equipped with a master computer projection sys-
tem and Tl Internet access. Each participant had a computer and
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received a course guide and a floppy disk to store any information they
found useful from their Internet searching. Two or more instructors
were usually in the room during training. Most classes had 12 or fewer
participants. While course organizers had hoped that participants in
each group would have similar skill levels, some groups were quite vari-
able in skills and required more instructional assistance and time. In
these heterogeneous groups we attempted to pair a more skilled partic-
ipant with one who was less skilled.

Each participant was assigned an e-mail account for use in the course
and these were posted in the classroom. Each participant's computer
desktop included an MS Word document, which assisted in demonstrat-
ing attachments. Training topics were generic enough to address a vari-
ety of e-mail systems. This ensured that when participants worked with
older adult clients, they could address clients' specific e-mail needs. The
topics included composing, receiving, opening, and forwarding mes-
sages; sending, receiving, downloading, and storing attachments; setting
up address books; organizing messages into folders; e-mail etiquette;
deleting unwanted e-mail; and avoiding e-mail-borne computer viruses.
For each topic the instructor first discussed and demonstrated, and then
participants practiced.

In the precourse survey, participants had expressed a desire to learn
how to manage their e-mail for the greatest efficiency and safety. They
particularly wanted to know how to set up and use an address book and
organize their e-mail so that messages were easy to find later on. The
instruction demonstrated how to set up and use address books for sev-
eral major types of e-mail systems, but also included a warning about how
some viruses can be spread via address books. Participants were then
shown how to set up an e-mail folder system, including main and sub-
folders, and how to move their e-mail into these folders.

An important part of using e-mail, both professionally and person-
ally, can be described as "e-mail etiquette." Participants discussed con-
cerns about how they and colleagues used e-mail, and suggested ways to
address these concerns. In providing e-mail training to their older adult
clients, they particularly wanted to avoid passing on information or
techniques that would result in any online abuse or other problems.
They wanted to be able to help their clients share reliable health infor-
mation with family and friends via e-mail, without having those clients
compromised by their lack of e-mail knowledge. This discussion was
blended with the course material to yield the following suggestions for
e-mail etiquette:
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Do not forward an e-mail to a third party without the permission
of the original sender. This is particularly important if the e-mail
contains sensitive or personal information.
Do not include information in an e-mail that you would not want
to have forwarded to a third party without your permission. Such
information might include social security numbers, bank account
numbers, workplace gossip, credit card information, health
issues, or other sensitive data.
Make sure that an auditory signal for new e-mail on your com-
puter does not irritate those around you. This is particularly true
if you are working in an open office space, where such "pings" can
be heard easily.
Do not send jokes or other nonwork e-mail to colleagues' work e-
mail systems. In most work settings, this can be seen as unprofes-
sional and a waste of time.
Do not copy people unnecessarily on e-mail. Every e-mail takes
time to open and read. Being copied unnecessarily is a waste of
time.
Check the "cc" list before forwarding a message to a colleague.
This helps to avoid duplication of effort, so that the recipient is
not receiving the same message from several sources.
Use a professional tone in work e-mail, as well as correct grammar,
spelling, and pronunciation.
When sending attachments, double check to be sure that the file
is actually attached.
Check with your recipient before sending an attached file, to
ensure that he or she has the software needed to open the file.
When sending very important e-mail, such as an online job appli-
cation with attached resume, follow up with a telephone call to
verify its receipt.
Remember that, once an e-mail is sent, it can be forwarded to any-
one else who has an e-mail account. Always read e-mail over care-
fully before sending, to ensure that you are comfortable with the
information being transmitted.

Next, the class proceeded to learning a variety of Wreb-related skills,
including: using search engines, accessing Web sites, evaluating promis-
ing search results, navigating around Web sites, using the site map to find
information, and managing the information obtained (printing, copy-
ing, and bookmarking).
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SEARCH ENGINES

Participants learned to use a search engine by keying their own names
into the search window on Google (www.google.com). Google was
selected as the practice search engine due to its extremely simple inter-
face and searching power. When the initial list of citations appeared on
participants' screens, they were asked to make a note in their course
guides of how many citations they had. They were then invited to browse
the list and explore some of the links. After a period of checking through
the first list of links, participants stopped for some direct instruction on
what to look for in the Web addresses. They learned about different
domain types (.edu, .gov, .com, .org), and discussed the relative reliabil-
ity of each, particularly with regard to health information. They then
learned about constructing search strings to narrow their searches
(using quotation marks, and some basic Boolean terms), then re-
searched Google, again using their own names, but with additional
search information. They were able to see, from the number of citations
they had on the second search, the power of restricting and refining
their search.

WEB SITE BASICS

Participants learned basic Web site terminology by exploring two major
federal government web sites: MEDLINE plus (www.medlineplus.gov),
the consumer health Web site from the National Library of Medicine;
and Medicare.gov (www.medicare.gov) from the Centers for Medicare
and Medicaid Services. These sites were selected for their elder-friendly
design, reliability, and importance of information to the older adult
audience. Participants learned to navigate these sites, but also learned
about generic Web terms such as menus, buttons, site maps, hyperlinks,
privacy statements, contact us, and banners.

Once participants felt comfortable browsing these sites, they were
encouraged to explore other sites of value to older adults, such as the
Social Security Administration (www.ssa.gov), Benefits.gov (www.
govbenefits. gov), Benefits Check-up (www.benefitscheckup.org),
Healthfinder, from the U.S. Department of Health and Human Services
(www.healthfmder.gov), the National Institutes of Health (www.
nih.gov), the National Institute on Aging (www.nia.nih.gov), the Centers
for Disease Control and Prevention (www.cdc.gov), and the U.S. Admin-
istration on Aging (www.aoa.gov).

www.google.com
www.medlineplus.gov
www.medicare.gov
www.ssa.gov
www.govbenefits. gov
www.govbenefits. gov
www.benefitscheckup.org
www.nih.gov
www.nih.gov
www.healthfinder.gov
www.nia.nih.gov
www.cdc.gov
www.aoa.gov
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MANAGING INFORMATION FROM WEB SITES

Participants learned to capture and attribute information from Web
sites using a page from MEDLINEplus describing the side effects of a
medication in common use among older adults (Glucatrol—for control
of diabetes). They learned how to copy and paste the text into a word
document, how to print specific text vs. entire web pages (print "selec-
tion" on the print menu), how to bookmark the page for later reference,
and how to paste text into e-mail messages. They also learned the impor-
tance of citing the source of this information in documents and e-mail.

EVALUATING HEALTH INFORMATION ON WEB SITES

Participants ended the training course by comparing the health infor-
mation on MEDLINEplus to several health Web sites sponsored by non-
profit organizations (such as the American Heart Association and the
American Lung Association) and commercial entities (such as
WebMD). They used the SPRY Guide as their source material to com-
pare the reliability of health information on the sites from .gov, .org,
and .com domains. They then shared their observations with other class
members, focusing on such aspects of the information as authorship,
currency, and accuracy. Many participants were surprised by the wide
variation in amount and quality of health information on the same topic
from site to site. They felt that this exercise was useful partly because it
gave them one or two comprehensive and reliable Web sites they could
regularly depend on.

SUMMARY

The number of health and benefits Web sites will only grow in coming
years. SPRY's Internet education work for a variety of audiences (Web
site designers, older adults, and formal and informal caregivers) has
been designed to streamline the process of finding information on the
Internet by improving Web site design; training professional caregivers
and older adults in Internet use; and developing and disseminating a set
of resources to support both the design and training efforts. The ulti-
mate goal of the SPRY Internet programs is to improve older adults'
access to the most current and reliable health and benefits information
available on the Internet.
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In summary, older adults' use of e-mail and the Internet is growing
rapidly, particularly for finding and transmitting information about
health. The number of health and benefits Web sites is also growing rap-
idly. While these can be viewed as positive trends, the unregulated nature
of information on the Internet means that unwary users can easily fall
prey to health fraud schemes or think that incorrect health information
is accurate just because it is on a Web site. They can also waste consider-
able time searching through poorly designed and/or poorly maintained
Web sites. Only through education about how to access, evaluate, and
communicate information on the Internet can older adults take opti-
mum advantage of this enormous resource. SPRY Foundation has
sought to meet that educational need by developing and disseminating
a design guide for Web site creators, a booklet on evaluating health infor-
mation on the Internet, and a master training course in Internet use for
older adults and professional caregivers in six states.
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Computer-Mediated
Communication and

Its Use in Support Groups
for Family Caregivers

Kathleen A. Smyth and
Sunkyo Kwon

COMPUTER-MEDIATED
COMMUNICATION FOR THE ELDERLY

Of all the technological aids discussed in this book, computer-mediated
communication (CMC) is the most likely to remain essentially the same
for some time to come. The quality of the communication can be
expected to further improve, the characteristics of the users are likely to
change (e.g., more elderly, female, and individuals of low socioeco-
nomic status will reduce the so-called "digital divide"), and the fre-
quency of use is likely to rise. However, CMC has natural limits because
there are no conceivable alternatives to text-, audio- and video-based
communication systems. In the future, the "telepresence" or "e-pres-
ence" of current CMC may be superseded by some sort of virtual-reality
technology that will make distance communication appear like "real"
face-to-face (FTP) communication. We place quotation marks around
the word "real" in the previous sentence because, while CMC is
irrefutably real, "real communication" in everyday language currently
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alludes to verbal interactions in close, direct, physical proximity, e.g., see-
ing/hearing the partner(s) at a conventional communication distance.

Microprocessor-based enhanced/enriched/augmented communi-
cation can bring us many new, qualitatively different opportunities if
researchers and practitioners choose to move away from attempting
to provide the closest possible parallel to "natural communication."
It is conceivable that some kind of "artificial communication" could
be brought into use. These topics, however, are beyond the scope of
this chapter.

Regardless of the exciting technological developments the future may
hold, text, audio, and/or video as distance communication devices will
continue to address the social-interaction needs of the vision- and/or
hearing-impaired, whose numbers are high in elderly populations. In
this context, CMC or microprocessor-controlled communications are
secondary media and treated as "tools" as compared with "natural" com-
munication that is represented by traditional FTP interaction (cf., Pross,
1972). Hence, professionals in gerontological research and practice
alike need to be thoroughly informed about and prepared to cope with
the various shortcomings of such communication modalities.

For the foreseeable future, researchers, educators, trainers, and users
involved with CMC must continue tackling the problems associated with
communication that may not or does not reflect the FTP situation,
including possible distortion of message content due to changes of
affect, identity, and/or behavior, idiosyncrasies in group dynamics if
group interaction takes place, and the like. For example, it is not fully
understood whether CMC results in the same level of interpersonal
understanding as FTF communication. Consider, for example, the way
written and spoken communication often differ, how behavior changes
when individuals are observed, and how in-person communication dif-
fers from phone communication. It is readily noticeable to the average
observer that there are differences between FTF verbal communication
and verbal communication by telephone, in, for example, the ways of
introducing oneself to a stranger or the amount of detail provided to
describe a physical object or an experience or in giving directions. There
are also likely psychological differences, such as in the extent of risk-tak-
ing behavior, self-disclosure, politeness, aggression, or altruism. Special
kinds of group conflicts in CMC are codetermined by the characteristics
of identities that can only be formed on the Internet (Vrooman, 2002).
The kind of medium selected for communication may evoke different
internal and external states in individuals that may change over time.
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However, there is no conclusive evidence as to whether the impacts are
negligible or whether they affect our very essence or selves—our person-
alities, our identities, and/or our behavior. It is also important to con-
sider that if an individual belongs to a social, cultural, political, or demo-
graphic subgroup, CMC can promote and reinforce an individual's
understanding about and identity with the subgroup (McKenna &
Bargh, 1998). This phenomenon might be beneficial, but it might also
be harmful.

Thus, mainstreaming today's gerontologically focused CMC technol-
ogy requires empirical evidence. CMC and the support and therapeutic
modalities based on it are as efficient and effective as conventional/tra-
ditional ways of helping older clients. This chapter explores these issues
by reviewing the theory and empirical findings associated with the
design and implementation of CMC-based caregiver support groups.

CAREGIVERS AND CAREGIVING

THE WHO AND WHY OF CAREGIVING

Over eight million older adults in the U.S. need personal, social,
and/or medical assistance to deal with chronic illnesses and disabilities,
and the number is expected to nearly triple over the next 30 years. Most
of them are able to live in the community, rather than in nursing homes,
thanks to help received from family and friends. These helpers, com-
monly called informal caregivers (to distinguish them from profes-
sional individuals or organization that give care), provide most of the
assistance ill or disabled older adults receive (Caregiving, 2000). Fam-
ily caregivers have aptly been called the backbone of the long-term care
system for the elderly in the U.S. Without the help they give, the coun-
try's health and social service providers would be overwhelmed by the
care needs of the frail and disabled (McConnell & Riggs, 1994). While
we focus here on data from the U.S., it is important to remember that
the impact of the demographic trends underlying events we describe is
being felt worldwide.

Often there is a "primary" caregiver, usually a family member, who
takes on most or all of the responsibility for an older individual in need.
Other family members and friends often provide specific types of help
on a regular basis or provide help sporadically. Husbands and wives are
usually first in line to become caregivers when their spouse is faced with
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illness or disability. However, they may often need assistance themselves,
and many older adults are widowed, divorced, or have never married.
Consequently, adult children, especially daughters and daughters-in-law,
constitute the largest proportion of family caregivers (A Portrait of Infor-
mal Caregivers in America, 2001). Caregivers may face a wide variety of
tasks ranging from meal making, shopping, housework, transportation,
and bill paying to providing assistance with eating, dressing, and
bathing, walking, medications, and medical devices. They must often
provide supervision to ensure safety, and arrange or coordinate care pro-
vided by paid caregivers (Caregivers of Those with Alzheimer's, 1999;
The Wide Circle of Caring, 2002).

This profile of caregiving and caregivers is drawn from studies of the
U.S. However, it is important to note that the phenomena described are
or will be experienced worldwide as we continue into the 21st century.

CAREGMNG IMPACTS AND THE ROLE OF SUPPORT GROUPS

Numerous studies have shown that caregivers often experience high lev-
els of stress stemming from the provision of care itself coupled with the
need to meet competing demands of family, job, and society. The result-
ing negative mental and physical health effects have been well-docu-
mented (Schulz, O'Brien, Bookwala, & Fleissner, 1995), and interven-
tions that can ameliorate the negative impacts of caregiving and
enhance caregivers' ability to maintain the caregiving role are avidly
sought. Support groups are among the most frequently recommended
caregiver interventions. Although evaluation studies of support group
effects have yielded mixed results (Bourgeois & Schulz, 1996), there is
widespread belief that support groups benefit caregivers (Gonyea,
1989). Caregiver support groups typically have 5-15 members who meet
face-to-face (FTP) on a regular basis, usually once a month. Groups can
be open or closed, ongoing or time limited. They are intended to pro-
vide a safe, supportive environment in which caregivers can share their
experiences and learn from others; obtain needed information; acquire
problem solving skills; receive encouragement to maintain their own
health; experience personal growth and development; and have the
opportunity to socialize with others and take a break from caregiving
responsibilities (Alzheimer's Association, 1995). Some distinguish sup-
port groups lead by professionals from self-help or mutual aid groups
composed of lay people who share a common problem or need (King &
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Moreggi, 1998). In this chapter, the term support group is used to
encompass both types of groups.

There are several drawbacks to FTF caregiver support groups: Care-
givers' time, energy, and other resources tend to be severely limited,
making it difficult for caregivers to find and connect with a support
group on a regular basis; since FTF groups generally meet on a fixed
schedule, the issues important to an individual caregiver may not be
addressed in a timely way; not all caregivers feel comfortable seeking sup-
port in public settings; in rural areas, caregivers may live too far away
from one another to make FTF meetings feasible; and ethno-cultural fac-
tors may keep ethnic minorities from support group participation (Hen-
derson, Gutierrez-Mayka, Garcia, & Boyd, 1993; Schmall, 1984; Wright,
Lund, Pett, & Caserta, 1987).

In the late 1980s, clinicians and researchers began developing com-
puter-mediated caregiver support groups (CMSGs) to replace or supple-
ment FTF groups. The remaining sections of this chapter give a ration-
ale for these attempts, describe several exemplars, summarize pertinent
research findings, and identify computer-mediated support group
(CMSG) strengths and weaknesses, discuss their practice implications,
and identify future research needs.

THE EMERGENCE OF
COMPUTER-MEDIATED SUPPORT GROUPS

RATIONALE

In the mid-1980s, Rogers (1986) and others began describing the char-
acteristics of computer-mediated communication (CMC) systems, and
interventionists soon began to see the potential suitability of CMC sys-
tems for implementing caregiver support groups. One clear advantage
was that with CMC systems, many individuals can be reached simultane-
ously (as in mass communication), yet individual needs can be articu-
lated and responded to as well (as in interpersonal communication)
(Rogers, 1986). Another advantage was that CMC can be asynchro-
nous—the sender and receiver of a message do not have to be available
to communicate at the same time. These essential features of CMC made
CMSGs appear feasible.

CMSGs have proliferated. Entering the phrase "caregiver online sup-
port groups" into an Internet search engine will yield thousands of links.
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Unfortunately, most CMSGs have not been evaluated. This chapter fea-
tures a selected group of CMSGs about which evaluative information has
been published in the peer-reviewed literature or presented at profes-
sional meetings.

EXEMPLARS

CMSG developers face many choices: Will the group be open to all or
limited to a certain target group? Will the group be ongoing, or will it
end at a pre-established time? What technology will be used for imple-
mentation? Will the CMSG be integrated with other caregiver informa-
tion and support services, or will it stand alone? Will the group have a
moderator, or will it be entirely run by caregivers themselves? If a mod-
erator is identified, what role(s) will s/he play? What type of registration
process, if any, will be required?

Tables 7.1 and 7.2 give descriptive information on seven CMSGs
designed to support family caregivers sampled from the research or clin-
ical literature; collectively, they illustrate various combinations of
answers to the key questions posed above. One CMSG listed is not iden-
tified by name in the article describing it. This decision reflects one of
several conflicting views on the norms that should govern research on
the Internet. (See Frankel & Siang, 1999, for an overview of key issues.)
Tables 7.land 7.2 are followed by some additional information on the
selected groups.

Although several of the CMSGs listed in Table 7.1 are embedded in
systems with additional features, this chapter focuses on their attempts
to facilitate caregiver-to-caregiver interaction. While each of the
CMSGs is moderated, the approaches reflect several possible roles the
moderator might take (Berge, 1994). These include facilitator/group
leader; manager/administrator; filter (controlling postings); expert;
editor; discussion promoter; marketer; general helper; and firefighter
(preventing "flames" or ad hominem attacks). Each group involves
some level of promotion, marketing, and management. The
Alzheimer's Disease Support Center (ADSC), The Alzheimer List, and
the group for mental health caregivers have less intense facilitator
involvement than the other groups, which involve protocol-driven
monitoring by professionals.

Each of the exemplars has undergone some type of systematic evalu-
ation. The following section summarizes what has been learned from
these and other studies.
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TABLE 7.la Computer-Mediated Support Group Exemplars: Sponsorship,
Focus, and Technology Used

Project, Sponsor, Funding
and Key Reference Focus Technology Used

Alzheimer's Disease Support Center Alzheimer's Originally text-based
(ADSC) , University Hospitals of disease and Internet site but now
Cleveland/ Case Western Reserve related Web based, accessed
University, Cleveland OH; Funding: conditions by personal computer
National Institute on Aging
Alzheimer's Disease Center Grant
(Smyth, Feinstein, & Kacerek, 1997)

Caring-Web©, Medical College of Stroke Web based, accessed
Ohio, Toledo, OH; Funding: by WebTV© or
Maumee Bay Chapter, Assoc. of personal computer
Rehabilitation Nurses, Zeta Theta
and Nu Delta Chapters, Sigma Theta
Tau International, Medical College of
Ohio, and Cleveland State University
(Pierce, Steiner, & Govoni, 2002)

ComputerLink, Case Western Reserve Alzheimer's Text-based Internet
University, Cleveland OH; Funding: disease and site accessed by
National Institute on Aging R01 grant related terminals
(Brennan, Moore, & Smyth, 1995) conditions

Link2Care, Family Caregiving Alzheimer's Web based, accessed
Alliance, San Francisco, CA; Funding: disease and by personal computer
California Dept. of Mental Health related
purchase of service dollars (Kelly, conditions
Johnson, 8c Eskenazi, 2001)

REACH for TLC (Telephone Linked Alzheimer's Computer-mediated
Care), Hebrew Rehabilitation Center disease interactive voice
for Aged, Boston, MA; Funding: response system
National Institute on Aging REACH with voicemail,
multi-site collaborative project accessed by telephone
(Mahoney, Tarlow, & Jones, 2003)

The Alzheimer List, Washington Alzheimer's Internet mailing list
University St. Louis MO; Funding: disease (listserv) accessed by
National Institute on Aging personal computer
Alzheimer's Disease Center Grant
(White & Dorman, 2000)

Name, sponsorship, and funding Schizophrenia Web based, accessed
source suppressed by researcher and related by personal computer
(Perron, 2002) mental health

problems
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TABLE 7.1b Computer-Mediated Support Group Exemplars: Project
Description and Duration/Access Information

RESEARCH FINDINGS

FEASIBILITY

Each CMSG exemplar presented in this chapter has demonstrated the
feasibility of using CMC to facilitate caregiver group support. The key
references cited in Table 7.1 consistently document caregiver willing-
ness on the part of some to use CMSGs implemented in a variety of ways

Project Description Duration and Access Information

ADSC: Bulletin board group, Began as demonstration project; now
calendar, news, information on on-going; Open to family caregivers; free
services, Q&A, chats, and links registration required,
to other sites adsc.ohioalzcenter.org
Caring-Web©: E-mail listserv group; Three-month study access (concluded);
Q&A and discussion with a nurse restricted to research sample,
specialist, links to other sites

ComputerLink: Bulletin board Twelve-month study access (concluded);
group, e-mail, Q&A, information restricted to research sample,
files, decision aid

Link2Care: E-mail listserv group; Began as demonstration project; now
information files, personal journaling; ongoing; open to primary caregivers in
Q&A; chat; links to other sites catchment areas of California's Caregiving

Resource Centers, www.link2care.net/
Link2Care/jsp/visitors_center.jsj

REACH for TLC: Telephone support 18-month study (concluded); restricted
group; monitoring and automated to research sample,
weekly caregiver's conversation with
counseling, Q&A; respite
conversation
The Alzheimer List: E-mail Ongoing; free registration required;
listserv group open to all persons with an interest

in Alzheimer's disease
www.adrc.wustl.edu/ALZHEIMER

Unnamed schizophrenia-focused Ongoing; free registration required open
group: Bulletin board group, e-mail to anyone with a family member with

schizophrenia and related mental
health problems. Address suppressed.

www.link2care.net/Link2care/jsp/visitors_center.jsp
www.link2care.net/Link2care/jsp/visitors_center.jsp
www.adrc.wustl.edu/
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and places. This is an important finding. Since the profile of the typical
caregiver does not match the profile of the typical computer user, adop-
tion of CMSGs by the intended caregiver audience must be demon-
strated. Another approach to establishing feasibility involves drawing
parallels between CMSG implementation and use, and theory-based
features of successful technology diffusion. For example, Computer-
Link caregiver participation patterns paralleled Rogers' (1983) criteria
for technology diffusion (i.e., relative advantage over current methods,
compatibility with lifestyle and goals, divisibility (opportunity to test
component parts), low complexity and communicability (structure or
effects that can be described to others) (Brennan, Moore, & Smyth,
1992). Smyth, Feinstein, and Kacerek (1997) documented that ADSC
users actively modified their CMSG over time to better suit their needs,
consistent with criteria identified by Rogers (1986) for adoption of com-
munication technologies.

Moving beyond feasibility, proponents must show that CMSGs oper-
ate in a way that parallels FTP groups, and that they improve the lives of
caregivers. Most studies systematically evaluating CMSG effects have
focused on message content, interaction patterns, and/or impacts on
caregivers' health and well-being.

MESSAGE CONTENT

Content analyses of CMSG messages have examined whether the con-
tent typifies what might be experienced in FTF support groups. Several
of our exemplars have been evaluated in this way, although no two eval-
uations use the same set of criteria. Table 7.3 summarizes the content
analysis approach taken and the key findings from each analysis. As a
group, these studies support the conclusion that CMSG messages reflect
interactions consistent with those found in FTF groups.

INTERACTION PATTERNS

Interaction patterns have been less frequently analyzed than message
content. Smyth (1999) examined communication patterns of 13 individ-
uals who posted 50 messages on the ADSC in a one-week period. Most
could be characterized as "senders" (primarily sent messages to others)
or "receivers" (primarily received messages from others). Message pat-
terns and message content were clearly linked; users whose messages
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TABLE 7.2 Computer-Mediated Support Group Message Content Analysis
Approaches and Findings

Content Analyzed Categorization
(Reference) Scheme Key Findings

ADSC: 50 bulletin board Theory-based support Both group level goals and
postings in one-week group goals, processes processes and individual participant
period and benefits (Levine, benefits identified;
(Smyth & Rose, 1998) 1988; Sarason & Psychological sense of community

Sarason, 1985) most frequently on the group level;
Emotional expression on the
individual level.

ComputerLink: 622 Themes found in FTF About one third documented
bulletin board postings support groups by group/member functioning as a
(Brennan et al., 1995) Toseland and Rossiter mutual support group system;

( 1989) About one quarter concerned
care recipient's situation;
About one fifth related to
caregiving emotional impact;
Others concerned developing/
using other support systems,
interpersonal relationships^
self-care, and home care skills.

Alzheimer's List: 532 Schema adapted from Over 50% of messages categorized
list postings from first 5 Klemm, Reppert and as information giving, personal
days of 4 months Visich (1998) experiences, or encouragement
White & Dorman, 2000) and support.
Caring Web: group Developed from Messages dealt both with general
e-mailmessages message content conversations about every day
(Pierce et al. 2002) topics and help seeking regarding

specific caregiving problems/issues.
Unnamed CMSG: 417 10 self-help Each self-help mechanism
bulletin board postings mechanisms; seen to some degree;
(Perron, 2002) 16 content categories Most common was disclosure,

followed by provision of information/
advice and empathy/support;

Most common content areas were
emotions, diagnoses, symptoms,
medications, and treatment.

Unnamed CMSG: 566 Developed from Messages fell into three types:
listserv messages message content; focus information seeking, information
(Mahoney, 1998) on issues important sharing, and comments;

to family caregivers Message focus varied by stage of
caregiving: Early stage — efforts to
normalize the situation
Middle stage — managing
dementia-related problems, behavior
disturbances, and medications
Late stage — keeping from
beingoverwhelmed by the
caregiving role.
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dealt with challenging caregiving issues received many more messages
than they sent. Evidence of asking for and receiving within each of the
individual participant support group benefits proposed by Smyth and
Rose (1998) also was found. Analyzing aggregate level interaction pat-
terns on the Alzheimer's List, White and Dorman (2000) found that
within the time period under study, there were 76 information-seeking
postings and 203 information-giving postings. This interaction pattern
reflects the fact that multiple users frequently responded to each request
for information.

VARIATION IN USE

There is wide variation in the amount of CMSG participation among
caregivers registered to use them. In their analysis of messages sent to
the Alzheimer's List, White and Dorman (2000) found that a few users
sent many messages, while others sent only one or two. At the time of
their analysis, the list had 1,015 members, but only 178 members had
posted messages. Perron (2002) found that nearly half the participants
in the mental health CMSG posted only one or two messages in an 18-
month observation period. Many new participants acknowledged that
they had "lurked," that is, read the messages of others but not posted
themselves, for some time before making their first post. Reporting on
the REACH for TLC CMSG, Mahoriey, Tarlow, Jones, Tennstedt, & Kas-
ten (2001) found higher levels of use among older and better-educated
caregivers, and those who reported a greater sense of management of
their situation. More frequent users also were rated as highly proficient
by the individuals who trained them to use the CMSG.

IMPACTS

Reports on the exemplars described in this chapter provide substantial
anecdotal evidence of their positive impact on many caregivers. How-
ever, only two (ComputerLink and REACH for TLC) were designed to
compare a group that has access to the CMSG (intervention group) with
a group that does not (control group).

In the ComputerLink project, 51 caregivers randomly assigned to
have access to the CMSG had improved decision-making confidence
when compared with 51 caregivers who were not given access. No impact
on decision-making skill or social isolation was found (Brennan, Moore,
& Smyth, 1995).
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Among the 51 caregivers who participated in the CMSG. Bass,
McClendon, Brennan, and McCarthy (1998) found that posting to the
bulletin board was associated with declines in specific types of strain for
specific subgroups of caregivers. In this same sample, McClendon, Bass,
Brennan, and McCarthy (1998) found that increased CMSG use led to
increases in FTP support group attendance over time among caregivers
who had not attended them before; among those with prior FTP group
experience, CMSG use decreased FTP group attendance over time.

The REACH for TLC project was designed to investigate the impact
of system use on caregiver's appraisal of the bothersome nature of care-
giving, anxiety, depression, and mastery. Results showed that the inter-
vention had a positive impact on bother from caregiving, anxiety, and
depression for participants whose sense of mastery was low at the start of
the project.

In a satisfaction survey, two-thirds of Link2Care users reported that it
increased their knowledge about caregiving issues, and over 60%
reported that it helped them to cope with caregiving and reduce feel-
ings of isolation. Well over 80% indicated that they would recommend
Link2Care to other caregivers (Kelly, Johnson, & Eskenazi, 2001).

A program evaluation survey of Alzheimer List users in 2002 found
that the most appreciated features of the list were informational support
(83%), sense of community (62%), and emotional support (61%). On
average, users reported that use of the list had enriched their lives.
Although not statistically significant, there was a trend for rural users to
report the highest enrichment ratings and urban users the lowest
(Meuser, personal communication).

BENEFITS AND DRAWBACKS OF CMSGS

Despite demonstrations of their feasibility and growing documentation
of benefits for many of those caregivers willing to try them, CMSGs con-
tinue to remain controversial. Several CMSG benefits and drawbacks
have been identified, based both on a priori assessments of CMC and
actual CMSG user behavior. The positive or negative impact of some
CMC features does not appear to be absolute, but dependent on the cir-
cumstances of CMSG implementation.

There is widespread agreement that certain CMSG features facilitate
the receipt of social support. Chief among these are 24/7 availability,
and access to the group from one's own home or another location at a
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personally convenient time. CMSGs can facilitate access to support by
traditionally underserved populations such as the homebound, rural res-
idents, the hearing and speech impaired, and those without reliable
transportation. The pace of communication in CMSGs is generally
slower than in FTP communication, and users can compose responses
offline and post them whenever they wish. By promoting a more active
role in self-care CMSGs also may enhance caregiver empowerment. They
also may appeal to people not comfortable in FTF groups (Galinsky,
Schopler, & Abell, 1997; Ripich, Moore, & Brennan, 1992; Smyth & Har-
ris, 1993; Schopler, Abell, & Galinsky, 1998; Weinberg, Schmale, Uken,
& Wessel, 1995; White & Dorman, 2000, 2001).

CMSGs also may make it easier for professionals to provide support.
For example, some respondents to a survey of social workers by Galin-
sky, Schopler, and Abell (1997) reported that computer- and telephone-
mediated groups are easier to schedule than FTF groups, and Weinberg,
Schmale, Uken, and Wessel (1995) note the advantage of not having to
secure a meeting place. Others have suggested that CMSGs would allow
nurses to respond efficiently to multiple levels of need in multiple clients
by providing emotional support, health information, and other inter-
ventions while promoting a therapeutic sense of community among
them (Ripich, Moore, & Brennan, 1992; White and Dorman, 2000).

Both proponents and detractors of CMSGS share the concern that
computer technology is not universally accessible. The "digital divide"
keeps some caregivers from receiving support from CMSGs. Challenges
include cost of equipment or Internet access, lack of computer literacy,
fear of, discomfort with, or unwillingness to adapt to new technologies,
limited reading or writing skills, poor vision, and poor manual dexterity
(Galinsky, Schopler, & Abell, 1997; Schopler, Abell, & Galinsky, 1998;
Weinberg, Schmale, Uken, & Wessel,1995; White & Dorman, 2001).

Barriers to the provision of support also have been noted. CMSGs
providers are faced with the ongoing challenge of maintaining a reliable
technology infrastructure and the technical support needed to deal with
technology "glitches" as they arise. These challenges typically far exceed
those associated with implementing FTF support groups.

CMSGs may be more difficult to moderate than FTF groups. Chal-
lenges identified include controlling negative behaviors, bringing out
less "talkative" members, interpreting silence, tracking membership,
and assessing member needs. Distractions in the home or in public
access areas may keep caregivers from fully sharing in supportive
exchanges (Galinsky, Schopler, & Abell, 1997).
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A commonly cited drawback to CMSGs and most other CMC is the
lack of nonverbal cues (e.g., body language, facial expression, tone of
voice). This is believed to reduce "social presence," the person-oriented
elements of communication such as sociability, sensitivity, warmth, and
personal interest, and to make it more difficult for group members to
influence one another's physiological states, feelings, and cognition
(Schopler, Abell, & Galinsky, 1998; Short, Williams, & Christie, 1976;
Weinberg, Schmale, Uken, & Wessel, 1995). Others argue that lack of
social presence is not inherent in CMC, but dependent on the willing-
ness of users to work at overcoming the barriers to it (Myers, 1987; Rice
& Love, 1987; Walther, 1992). As Walther puts it, "as goes face-to-face
goes CMC, given the opportunity for message exchange and accompa-
nying relational development" (p. 75). Despite these assurances, some
doubt that the limits of CMC can be overcome. For example, some
respondents to the survey by Galinsky, Schopler, and Abell (1997) felt
that CMSGs were impersonal, dehumanizing, isolating, less intimate,
and less focused on interpersonal connections than FTF groups.

Some identified drawbacks of CMSGs relate to possible negative con-
sequences of sharing personal information online, rather than to diffi-
culties in facilitating social support per se. Confidentiality is thought to
be at risk in CMSGs. As Lefton (1997) points out, however, concern for
confidentiality and security of data in social services predates the Inter-
net and the World Wide Web. These might heighten, but do not create
the concern that information shared in a support group may not be held
in confidence. Privacy concerns also have been raised in CMSG evalua-
tions, i.e., CMSG users may assume that the group is more exclusive than
it actually is, and reveal information that they would not typically share
in a more public forum.

Providers disagree as to whether CMSGs facilitate or inhibit group
process. Weinberg, Schmale, Uken, and Wessel (1995) point out that
because CMSG communication is asynchronous, users lack certainty as
to if or when they will receive a reply to their postings. In the survey of
group workers by Galinsky, Schopler, and Abell (1997) some respon-
dents felt that CMSG characteristics interfere with the communication
process and with group bonding, delaying group cohesion and reduc-
ing provision of mutual aid and the experience of empathy. A few felt
that CMSGs were antithetical to group work values. Conversely, other
respondents believed that CMSGs can expedite group process by allow-
ing members to get at issues more quickly, focus on the task, and engage
in precise information exchange.
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Anonymity may be the most controversial feature of CMSGs. It may
facilitate social support by reducing the influence of stigma, socio-eco-
nomic status, or other characteristics that might otherwise inhibit inter-
action. It also can allow "lurking," i.e., observing group interaction with-
out being seen. This may let users develop a certain level of comfort
before actively participating. CMSG critics fear, however, that CMSG
anonymity leads to deindividuation, i.e., the submersion of oneself in
the group (Kiesler, Siegel, & McGuire, 1984). Deindividuation is
thought to reduce inhibitions. While this can increase idea generation
and decrease conformity, it also may promote excessive levels of intimacy
and impulsive, hostile, insensitive, inflammatory, or other negative
behaviors. Further, "lurking" might become "social loafing," sharing in
the benefits of the group without taking on the responsibilities of group
membership. The impact of anonymity on receipt of social support in
CMSGs may depend on the extent to which members of a CMSG partic-
ipate in developing appropriate norms to govern interactions (Schopler,
Abell, & Galinsky, 1998).

PRACTICE IMPLICATIONS

The growing use of CMSGs for caregivers and other target populations
presents major challenges to educators and practitioners in the field.
One challenge is to expand the theoretical frameworks currently guid-
ing practice with FTF groups to accommodate CMSGs (Schopler, Abell,
& Galinsky, 1998). For example, issues of physical appearance or attrac-
tion, physical proximity, and frequent interaction dominate theories of
relational development. However, the construction of most of these the-
ories predates the advent of CMC. (Parks and Floyd, 1996).

A second challenge is teaching service providers to exploit the bene-
fits and circumvent the drawbacks of CMSGs. They must learn how to
select, use, and become comfortable with CMSG technology. This
requires the creation of practice guidelines at several levels: 1) pre-
implementation (e.g., integrating CMSGs within the larger agency or
organization, securing adequate technology and technical support;
choosing appropriate target groups; specifying group composition and
size; determining amount and type of monitoring needed); 2) imple-
mentation (e.g., assessing individuals for membership and preparing
them for participation; establishing group norms regarding privacy,
lurking, etc. ); 3) managing group process (e.g., compensating for lack
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of nonverbal cues; coaching users on preserving desired anonymity
while fostering cohesion; establishing procedures for welcoming and
integrating new members; and drawing "lurkers" into the group) (Galin-
sky, Schopler, & Abell, 1997; Schopler, Abell, & Galinsky, 1988; White
and Dorman, 2001).

CONCLUSIONS

Much has been learned since the emergence of CMC and its initial
CMSG applications. Feasibility has been documented. Thousands have
used CMSGs and provided anecdotal evidence of their benefits. Yet, lit-
tle is known about the caregiver characteristic associated with CMSGs
use or why volume of use varies so widely among group members (White
& Dorman, 2001). Additional studies of these issues will help in target-
ing and customizing CMSG use, and they also will help to identify and
overcome barriers to use. While anticipated advances in CMC and clos-
ing of the "digital divide" will remove some barriers to use in the future,
studies are urgently needed because the needs of the elderly and their
caregivers must be better served now.

To inform practice guidelines, studies of both process and outcome
are needed. In particular randomized trials are needed to establish
CMSG efficacy and their effectiveness under "real world" conditions. If
potential subjects are first screened for their willingness to use CMSGs
before being randomly assigned to experimental and control condi-
tions, these studies also might help to disentangle issues of readiness to
use technology from other influences on the amount of use caregivers
make of a CMSG and the impacts of CMSG use on caregiver well-being.
Hard empirical evidence of effectiveness is also needed if CMC technol-
ogy is to be routinely underwritten by local, state, or national govern-
ments, health care providers, and the like in support of organizational
and individual health care and social services goals.

CMSG studies suffer from a lack of agreed upon criteria to demon-
strate that CMSGs are adequate substitutes for FTF support groups. As
noted above, several options are already available in the literature. Mea-
sures that establish what elements of social support are important to
CMSG users are also needed (see Smyth & Rose, 2002). One of the fears
associated with CMC is that it will be used as a complete substitution for
FTF contacts. We believe that this is a serious issue to be dealt with now,
but that it will recede as the quality of social interaction via CMC begins
to approximate communication by nontechnological means.
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Most formally evaluated CMSGs have been time limited, grant sup-
ported endeavors. Providers of ongoing CMSGs (e.g., the ADSC, the
Alzheimer List and LinkSCare) have had to work diligently to maintain
funding to support these efforts. While technological advances have
paved the way for creative enhancements of CMSGs, they also have
increased the need for technical expertise and more sophisticated end-
user equipment. CMSGs are thought to cost less than FTF groups and to
increase client empowerment by reducing their reliance on health care
(Galinsky, Schopler, & Abell, 1997), but there have been no cost-effec-
tiveness studies to date. In the future, we can expect wider availability of
devices that are more portable, more affordable, and easier to use then
current personal computer technology. These developments will no
doubt improve our ability to enhance technology-based information and
support interventions.

In short, the use of CMSGs for family caregivers holds great promise.
Realizing that promise will require diligence on the part of practitioners
and researchers alike. We also believe that CMC use should not be lim-
ited to compensating for unmet needs of older persons, but should be
exploited for the contribution it can make to universal access to
resources and enhanced social participation.
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Assistive Technology
as Tools for Everyday

Living and Community
Participation While Aging

Joy Hammel

To start this introductory chapter on assistive technology (AT), I will use
a personal example to illustrate the power of AT and issues related to its
use. My parents are currently in their late 70s and early 80s. During the
past 10 years, they've experienced several aging and disability-related
issues. As an occupational therapist specializing in AT, I have brought
many types of AT for them to try. For most, they have politely declined,
telling me that I could give them to "some other disabled person who
could use it." Some AT, however, was an instant hit, such as a foldable
cane, a pill splitter/crusher, a portable amplifier unit, and a tub bench.
After dad's back surgery, the occupational therapist left him with a num-
ber of AT devices, but with no instructions for their use. Dad left all but
the reacher at the hospital and said "Mom will help me." Recently,
they've struggled with the decision whether to stay in their home of 50
years, or to move. I offered to help them adapt their home and strate-
gize supports to manage. They politely declined and chose to move to a
senior independent living community, noting that they'd rather live
someplace where they had control as opposed to someplace where they
would need help from others. They found a nice apartment in a large
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complex with many supports; however, I was chagrined to note many
environmental shortcomings. The contractors installed prefabricated
fiberglass shower/tub inserts, leaving a 3-inch difference in height
between the tub and the floor, a safety issue even for me. The grab bar
mounted outside the unit was too far away to be useful. The washcloth
holder looked like a grab bar, and was being used as one by my parents,
but would not support anyone's full weight. I had other concerns with
lighting, room temperature, storage location, and flooring. Still, overall,
my parents seem happy with the living situation because it's manageable
and they can get out and roam around the community. Of note, every
time I go over, I see more AT, often products that other neighbors have
introduced them to that they like and pick up from local stores. They
then pass these ideas onto to other people in the building—a kind of
strategy-trading network. They occasionally ask me for advice, but like to
look at catalogues and think about ideas I leave with them and then
make a decision.

This example from my life demonstrates many of the pros, cons,
and issues to consider with assistive technology (AT), particularly
when focusing on it through the lens of aging. My parents, and their
interaction with AT and with me, are perfect illustrations of issues
related to:

the close interaction of AT, and the decision to use it or not, with
the physical environment and social world surrounding people
physical assistance as opposed to, or in conjunction with, AT
needing or asking for help and what that means to older adults in
our society, which places a high value on independence as "doing
completely by yourself
resistance to being stigmatized as "handicapped" or disabled
safety and security without compromising choice, control, and
dignity
professionals or family determining AT needs versus consumer
choice or learning about AT via social learning with peers
changing needs, and whether environments and technologies
accommodate those needs
interdependence and social needs, preferences, and desires to
participate in the community beyond basic activities of daily living
society continuing to plan and build spaces and technologies that
do not promote continued participation, or meet the preferences
and needs of the aging and aged
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This section of this book (as well as the chapters by Dienel, Peine, and
Cameron, and by Watzke in the following section) focuses on many of
these issues and complexities of AT. It presents many innovative exam-
ples of AT-related products, environmental adaptations, and methods
for designing and researching AT use, many of which describe promis-
ing strategies and trends, all of which raise even more issues and chal-
lenges from the aging community for those of us in the AT or gerotech-
nology field. This chapter places AT in context, summarizes what we
know and are learning about AT use, particularly in regard to aging, and
presents ideas for future directions and research, development, and
service delivery.

TRENDS IN ASSISTIVE TECHNOLOGY,
TECHNOLOGY, AND THE ENVIRONMENT

To frame the discussion, we first need to think: What is AT? When you
hear the words "assistive technology," many people think of wheelchairs,
walkers, and canes. However, this definition was expanded broadly by
legislation to include "any item, piece of equipment or product systems,
whether acquired commercially off the shelf, modified, or customized,
that is used to increase, maintain, or improve functional capabilities of
individuals with disabilities" (Public Law 105-394, 1998). Interestingly,
when older adults with disabilities were asked what assistive devices are
most important to them they identify very basic categories across a range
of uses (Mann, Llanes,Justiss, & Tomita, 2003). The top five most impor-
tant devices cited were eyeglasses, canes, wheelchairs, walkers, and
phones. When controlled for the number of people using the device, the
top five were oxygen tanks, dentures, 3-in-l commodes, computers, and
wheelchairs.

Typically we group AT into categories related to seating/positioning/
mobility, access (environmental control, computer), communication,
and sensory technologies. Changes or modifications in the physical and
social environment occur with the introduction of any technology, and
introduce new functional categories including home modifications
(e.g., grab bars, ramps, lifts, and accessible entryways), and worksite
accommodations (such as ergonomically designed computer interfaces
and workstations).

Several trends have caused us to broaden AT beyond the traditional
categories. Two related environmental design approaches, universal
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design (Connell, Jones, Mace, Mueller, Mullick, et al., 1997) and design
of age-friendly/elder-ready communities (Elderberry Institute, 2003),
have challenged the notion of "assistive" as a separate category. They
both seek to broaden design of technologies and environments to be
"usable by all people, to the greatest extent possible, without the need
for adaptation or specialized design" (Mace, Hardie, & Place, 1996). In
response, a host of "universally designed products" are appearing on the
market, such as easy grip cooking utensils. We are now seeing the design
of entire communities that have built-in features that allow people to
"age in place," including transportation, communication, and social par-
ticipation opportunities designed to meet the expressed needs of sen-
iors and, in some cases, to promote intergenerational social learning and
support to seniors so they feel like a part of the community (Elderberry
Institute, 2003).

The explosion of information technology (e.g., computers, Internet,
personal digital assistants, and integrated phone/communication/com-
puter systems) has also created a new and rapidly growing area of tech-
nology development. The older adult population increasingly goes
"online" to seek out health information, purchase products, pursue
interests, and engage in social networking. This is reflected in the suc-
cess of SeniorNet (www.seniornet.org/php/), a national network of
computer/Internet training centers. Legislation including the Telecom-
munications Act (Section 255) and the Rehabilitation Act (Section 508)
now expand this access, mandating that these technologies be accessible
to aging and disabled consumers. IBM has linked with SeniorNet and
the American Society on Aging to offer Web adaptations for seniors,
such as enlarged text, reduced clutter, and mouse adaptations (www.
seniornet.org/ibm/).

In concert with information and networking technology advance-
ment, there is also a trend in areas such as telemedicine, telerehabilita-
tion, and telehealth, where consumers can interact with and solve prob-
lems in consultation with health care providers without having to leave
their homes. Blending telerehabilitation, information technology, and
assistive technology, we see increasingly sophisticated examples of
"Smart Houses," Personal Emergency Response Systems (PERS), and
Automated Activity Track and Analysis Systems (AATAS), as described by
Kutzik and Glascock and by Parker and Sabata in this section.

All of these technologies and trends may merge when we discuss
"assistive technology" as a broad concept; when applied to older adults
the terms "gerotechnology" or "gerontechnology" have also been used.

www.seniornet.org/php/
www.seniornet.org/ibm/
www.seniornet.org/ibm/
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For the purposes of this chapter, the term "assistive technology and
environmental interventions" (AT-EI) will be used to describe the
range of products, devices, equipment, technologies, and the environ-
mental features, modifications, and designs that may be used by older
adults and those aging with disabilities to meet several daily living,
health and wellness, communication, mobility, control, and social par-
ticipation needs.

ASSISTIVE TECHNOLOGY: THE POSITIVE IMPACT

Several studies have shown the benefits of AT use by older adults and
people aging with disabilities. Mann, Ottenbacher, Fraas, Tomita, and
Granger, (1999) examined the effect of AT-EI with 100 frail elders in a
randomized controlled trial, comparing persons who received func-
tional and home assessments with AT-EI to address issues, with those who
received usual home care services. Although both groups showed func-
tional declines within 18 months, there were significantly more declines
in the control group, and hospital and nursing home costs were more
than three times higher for the control group.

In another randomized controlled trial (Gitlin, Corcoran, Winter,
Boyce, & Hauck, 2001), older adults with Alzheimer's disease and their
spouse caregivers receiving a client-centered environmental interven-
tion in the home were compared with those receiving usual care serv-
ices. Intervention was based upon Lawton's Person/Environment Com-
petence Model (1982), and used an approach in which occupational
therapists worked with older adults and caregivers to plan and imple-
ment physical and social environmental strategies to accommodate
changing functional needs. Treatment group caregivers reported fewer
declines in clients' lADLs, fewer declines in self-care, and fewer behav-
ior problems at 3 months post treatment (Gitlin, Corcoran, Winter,
Boyce & Hauck, 2001). Caregivers in the treatment group reported less
upset, women caregivers reported increased self-efficacy in managing
behaviors, and women and minority caregivers reported improved self-
efficacy in managing functional issues. This research has led to the vali-
dation of new instruments for evaluating person-environment fit (Gitlin,
Schinfeld, Winter, Corcoran, Boyce, et al., 2002), and begins to illumi-
nate a positive "spread effect" in that environmental strategies support
not only individual users but also others in their social world, such as
family and caregivers.
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Hammel, Lai, and Heller (2002) evaluated the additive impact of later
life AT-EI on function and community living in a longitudinal study of
109 people with developmental disabilities who were who were trying to
transition to community settings from institutional ones and experienc-
ing age and disability-related issues. Results indicated a supportive buffer
effect of AT in maintaining or improving function over time for people
living in the community and nursing homes, although people in the com-
munity had more support to engage in a wider range of activities beyond
basic ADLs. In a follow-up intervention study, Hammel and Nochajski
applied Gitlin's environmental intervention approach to people aging
with developmental disabilities and important others, including family,
staff, peers, and caregivers (Heller, Janicki, Hammel, & Factor, 2002).
The program was expanded to include disability activists working with
consumers to strategize system and societal level barriers to AT use, such
as funding, attitudes, and protocols/regulations of the group home envi-
ronment. Preliminary findings indicate a similar spread effect when
introducing environmental strategies within a group setting. Peers and
staff saw the positive effects of the AT-EI as the consumer used it, began
to validate the person and view them as a mentor/role model, and then
began to use the same strategy or ask to replicate it themselves. For exam-
ple, environmental modifications to a shared bathroom space to improve
access and function for one consumer were used by all other residents of
that group home, and also supported staff in reducing the level of assis-
tance, and giving more control to residents in the everyday routines.

In chapters throughout this book many other examples demonstrate
the positive impact of AT-EI. Parker and Sabata, and Kutzik and Glascock
provide numerous examples of supportive AT for home access, automa-
tion, monitoring, and safety/security. They also discuss examples of inte-
grated AT systems that interface with computers, e-mail, theWeb, and
other remote networking technology to serve multiple purposes, includ-
ing emergency communication with family or emergency response serv-
ices, and ongoing tracking of changing health, medical, or functional
needs through telehealth/rehabilitative technologies that help flag or
prevent accidents (e.g., falls, over- or undermedication, wandering) or
functional declines that may otherwise result in nursing home place-
ments. These technologies can help older adults stay in their homes, and
also support family, personal attendant/in-home supports, and health
care professionals. Parker and Sabata also discuss the community-inte-
grated residential environments designed to be more like home and to
support individual choice and control within an assisted living setting.
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Watzke provides several examples of AT development within the Living
Laboratory that also use Lawton's (1982) model. These include improved
interfaces to personal digital assistants (PDAs) and environmental daily
living devices (EDLDs), and research on the effectiveness of devices to pre-
vent injury among workers/caregivers, including more effective and effi-
cient lifting and transferring devices. Watzke also discusses the "crossover
potential" in utilizing technology developed with the younger disability
community or within other industries, and applying them to the aging
market. He cites examples of using EDL technology used by people with
high-level spinal cord injuries as being applied and customized for older
adults to monitor their homes and security within them. There are many
other examples of security, defense, and telecommunications technolo-
gies that have only begun to be explored with seniors.

ISSUES WITH AT AND AGING

Given the growing research on AT-EI that supports its positive effects,
several questions emerge: Why aren't more seniors and people aging
with disabilities using AT-EI? What causes people to not use, or to aban-
don or reject AT-EI? and Why aren't more environments and technolo-
gies being designed to reflect the needs of seniors and people aging with
disabilities? These questions bring us to the heart of several issues
regarding AT access and use.

AT ABANDONMENT

Significant rates of AT abandonment have been shown in general, and
specifically among older adults (Gitlin, Schemm, Landsberg, & Burgh,
1996; Philips & Zhao, 1993). Gitlin's (1995) summary of why older
adults reject technology points to reasons at several levels, including
the person (perceived need, functional status, and perceptions of dis-
ability related to use of devices), environmental (physical and social
factors influencing device use), the device (aesthetics, quality, durabil-
ity, ease of use, fit to person and context), and the sociocultural con-
text. A central factor in abandonment is lack of consumer involvement
and control in the AT decision-making process. The need to involve
older adults as informed consumers in the AT design and delivery
process is critical. Dienel and Cameron propose a participatory
approach to designing and assessing AT needs in which older adults
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are actively involved in all stages of decision making from needs assess-
ment through product evaluation.

THE INTERPLAY OF NEED & ECONOMICS

Although abandonment research provides insights into why older
adults are not using AT, evidence suggests they are not obtaining
needed AT-EI in the first place. This unmet need is growing as the older
adult population expands and younger people with disabilities begin to
age. Less than 10% of all persons age 65-74, and less than 15% of those
75 and older have home modifications (LaPlante, Hendershot, and
Moss, 1997). Less than one-third of seniors with disabilities have
adapted the most common home issues (e.g., grab bars, ramps, wide
doors, and raised toilets) (Mutschler and Miller, 1991). Less than 37%
of older adults reporting limitations in bathing and toileting reported
use of adaptive equipment such as tub seats, grab bars, and raised toi-
let seats (Manton, Corder & Stallard, 1993). Although the number of
seniors using computer technologies is increasing in general, only
10.6% of seniors with disabilities have computers, and only 2.2% report
Internet access (Kaye, 2000).

Studies of AT-EI access and use suggest that cost and lack of sufficient
financial resources or supports to pay for needed technology are key fac-
tors. An estimated 2.5 million Americans report needing AT but being
unable to obtain it, mostly due to affordability (LaPlante, Hendershot,
and Moss, 1997). In a study examining whether AT could substitute for
personal assistance services, researchers found that Medicaid recipients
or those who were poor were more likely to use no AT or only some AT
for specific ADLs (Hoenig, Taylor, & Sloan, 2003). This finding further
suggests that economic status, often correlated with disability status and
race, impacts basic access to AT and suppresses potential benefits that
could be gained from its use.

These findings clearly indicate the need to emphasize systems change
in funding AT-and effective systems and programs for delivering AT to
older adults with limited financial resources. For example, the AT Alter-
native Financing Program (AFP) currently offered in 14 states offers
reduced interest rates, flexible terms, and guaranteed loan programs to
people with disabilities of any age within a consumer-directed approach
similar to applying for a bank loan (see www.resna.org/). A few states
such as Maryland and Georgia have targeted AT delivery to low-income
seniors with high AT need through Area Agencies on Aging; there is

www.resna.org/
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much room for growth in information, training, demonstration centers,
and community-based delivery of AT to low-income older adults
(Cavanaugh & Emerman, 1996).

USE ISSUES: AT VERSUS PERSONAL ASSISTANCE

Intimately related to cost and to AT use are issues surrounding the com-
plex web of help, physical assistance, and independence/dependence
in our society. In their analysis of the 1994 National Long Term Care Sur-
vey, Hoenig, Taylor, and Sloan (2003) found the use of equipment asso-
ciated with fewer hours of help. Verbrugge and Sevak (2002) examined
AT and personal assistance strategies among older adults with disabili-
ties, finding equipment was more effective than personal assistance in
improving independence (defined as ability to perform ADLs), report-
ing that equipment may offer the added benefits of customization, avail-
ability, and increased self sufficiency to the user

Yet, other research by Kincade Norburn and colleagues (1995)
demonstrated that people who received assistance from others were
more likely to engage in self-care activities themselves; thus, assistance
can be interpreted as a social support rather than a problem or a bur-
den. The issue of AT replacing personal assistance is complex. A num-
ber of questions arise:

Can AT-EI by itself replace human supports for a length of time,
under what conditions or for what activities, and at what cost to
the person in relation to time and energy?
What are the person's preferences in relation to use of AT and/or
personal assistance? Are there certain tasks or time blocks during
which they'd prefer to have one or the other, or a combination of
the two? Do they have preferences about when they would like to
be self sufficient versus when they would prefer help?
What happens when an older adult needs physical assistance in
addition to AT? If we begin a dynamic of looking at hours or cost
savings, will a person with higher functional needs be able to get
both, or will funding only be allocated for one or the other and
the older adult forced to choose, or not be given a choice, if there
are cost differences?

We know very little about these issues, particularly older adults' pref-
erences, in our current research. The disability community has raised
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these issues often, as they question whether AT and personal assistance
should be an either/or situation, or one of personal choice.

Another issue is the complexity of physical help when viewed in the
context of social interaction, relationships, and interdependence. Most
research on AT with older adults has been specific to AT as an assist with
basic ADLs (e.g., toileting, transferring), with an emphasis on the goal
of performing by oneself without help. For the many older adults and
people aging with disabilities, independence as defined in this way is not
the goal, nor is that goal achievable with only AT-EI in many cases.
Instead, independence, as defined by freedom and choice in deciding
what, how, when, and with whom, becomes central. This reconceptual-
ization of independence focuses on a much broader range of AT-EI as
well, including technology and environmental modifications to support
community living over institutionalization, and to support social partic-
ipation, interaction, inclusion, and communication above and beyond
basic ADLs. We have just begun exploring the application and impact of
technologies such as computers and Internet as health tools with the
aging and disabled. We have yet to examine whether access to technolo-
gies such as computers/Internet and adapted transportation may also
lead to increased social participation that in turn helps people remain
more active and invested in the world around them, resulting in many
unrealized benefits above and beyond physical independence.

SAFETY & SECURITY: AT WHAT COST
TO PRIVACY, CHOICE, AND DIGNITY?

Another related issue is that of AT as a safety tool. Many of the technolo-
gies described throughout this book are intended to help people remain
in their homes by addressing safety and security issues. The environmen-
tal strategies used by Gitlin and colleagues with older adults with
Alzheimer's disease helped to relieve caregiver upset by providing more
options to respond to behavioral issues via the environment or technolo-
gies in it. The EDLs and home automation described by several authors
in this book help to control the environment, freeing people from that
responsibility and helping them to feel more secure. However, as we
begin to apply more technology to regulate and monitor the environ-
ment and people's actions within it, we also begin to encounter issues of
privacy, control, choice, and dignity. Questions concerning whether peo-
ple want their entire house wired and monitored, what activities are
monitored and how, where the information gathered goes and who sees
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it or has access to it, whether the consumer has the choice to turn it off
when privacy is desired, and what happens to it in relation to decisions
about whether a person can stay in the home or not and related deci-
sions (e.g., continued insurance coverage), begin to arise as well. This is
an area for future study, particularly using participatory methods of the
type described by Dienel and Cameron in the next section that actively
involve older adults in the design.

CONCLUSIONS

Clearly, assistive technology and related environmental strategies are
valuable tools for supporting, and perhaps enabling, community living
and participation with older adults and people aging with disabilities.
AT-EI has been found to benefit functional maintenance and improve-
ment, self efficacy, and social participation for older adults, as well as pro-
vide benefits to family, caregivers, peers, and service providers who inter-
act closely with older adults in their everyday lives. New applications of
gerotechnology, such as automated activity tracking and analysis systems,
and integrated telecommunications/home automation systems offer
strategies for older adults to stay in their homes and to age in place. How-
ever, key issues related to unmet needs, economic barriers to access, AT
abandonment, AT versus personal assistance, and safety at a cost to pri-
vacy and control need to be seriously considered at the same time that
new technology is developed. Methods of participatory research enable
older adults to actively participate in technology and environmental
design, creation, and evaluation within future research and develop-
ment efforts, offering a valuable methodology. Additionally, systems
change initiatives to build more accessible technologies and create uni-
versally designed communities that enable people to age in place yet still
remain a vital part of the community, and systems and programs that
inform older adults and people aging with disability about AT-EI options
and link them to funding and consumer-directed delivery systems all
offer promising areas for future growth and development.
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Monitoring Household
Occupant Behaviors to

Enhance Safety and Well-Being

David M. Kutzik and
Anthony P. Glascock

THE RATIONALE FOR AUTOMATED
ACTIVITY TRACKING AND ANALYSIS SYSTEMS

Automated Activity Tracking and Analysis Systems (AATAS) provide a
technological solution to one of the most vexing problems facing care-
givers and case managers: not having objective, timely information on
the activities and functional status of at-risk older persons, especially
those living alone. Knowing if an older person is up and around in
her/his home, preparing meals, managing medications and, moreover,
maintaining a normal level of activities is essential for effective caregiv-
ing. Until recently, caregivers and providers have had to rely on short vis-
its, direct observations, and repeated questioning of the older person
about her/his activities to gain insight into her/his daily activities and to
identify possible areas of difficulty. Even when undertaken, there are
severe limitations in each of these approaches, but they can be overcome
by the use of an AATAS.

In principal, any routine daily activity can be monitored as long as it
entails patterned interaction with objects in the home environment.
Through the use of Internet-based telecommunications, AATAS allow for
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repeated "checking in" on the monitored individual from any remote
location. Using software capable of identifying subtle changes in the fre-
quency, timing, and duration of specific activities, it is possible for AATAS
to detect changes in behavior that may signal changes in functional and
medical status before they become a crisis (Glascock & Kutzik, 2000).

AATAS TECHNOLOGY AND FUNCTIONING

The core concept of Automated Activity Tracking and Analysis is behav-
ioral monitoring, especially the tracking of core functional activities, i.e.,
ADLs and lADLs. It is therefore useful to describe in some detail the con-
figuration of a monitoring system. AATAS comprises three subsystems:
1) an in-home monitor consisting of a data acquisition unit and an array
of sensors in the home of the monitored individual; 2) a Web site that
provides for processing of the sensor data converting them to behavioral
information which is displayed with graphics and text; and, 3) the
remote caregiver's terminal or interface.

IN-HOME DATA COLLECTOR

The in-home data collector subsystem, consisting of an array of sensors
and a base station, can be seen in the right side of Figure 9.1. Small wire-
less sensors are placed throughout the home to detect motion, the open-
ing and closing of doors and drawers, as well as more specialized actions,
such as the removal and replacement of medications from containers.
Signals from these sensors are received by the base station unit, which
stores and periodically uploads the data to the remote monitoring site
on the Internet. The home base station unit comprises a wireless data
receiver, a computer used for data storage, low-level processing and
Internet upload, and a modem.

Installations vary with the layout of the individual house or apartment,
but typically consist of motion detectors both in and between the bath-
room and bedroom, a door opening sensor on the refrigerator and/or
microwave, a flush detector in the toilet, and a medication pill or bottle
holder which detects medication usage by means of sensors capable of
signaling removal and replacement of the medication. Since the small
wireless sensor devices can literally be put in place with Velcro or dou-
ble-sided tape, it is possible to avoid expensive and disruptive retro-
fitting, and reduce installation costs.
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FIGURE 9.1 Behavioral monitoring system.

WEB-BASED REMOTE MONITORING SITE

The Web-based remote monitoring site consists of a server that provides
a multiportal, secure Web site that can be accessed by caregivers,
providers and the older persons themselves. The site receives behavioral
data from the in-home data acquisition units and translates them into
information on the activities of the monitored person that can be
accessed in the form of a report by any device capable of connecting to
the Internet. A PIN is used to access the Web site and specific report
pages for either a group of clients or an individual. The report may sum-
marize overall activity levels and/or indicate the status of specific activi-
ties, including transferring in and out of bed, bathroom use, meal prepa-
ration, eating, and use of medication. Each type of activity is represented
by a combination of text and icons that can be displayed by mouse clicks
to reveal information about the level of activities. By following easy
instructions, current information can be compared with previously col-
lected activity data to flag unexpectedly high or low activity values. These
comparisons are continuous and automatic, and any deviations from the
individual's normal pattern are flagged as potential problems.

In addition to providing information, a Web-based AATAS can be con-
figured to send e-mail and/or signal an e-mail-based pager. Priority alerts
to caregivers and providers relating possible serious problems, i.e., an
individual not getting out of bed by a given time of day or not leaving the
bathroom after a given period of time can be issued automatically via
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pager and/or phone to designated individuals. As with any exchange of
privileged, private information over the Internet, security issues are of
prime consideration and, thus, industry standard methods are employed
to maximize security, including double encryption, PIN-secured access
and means for identifying and certifying the individual computer logging
on to the Web site.

USER TERMINALS AND ACTIVITY REPORTS

The user's terminal can be any device capable of accessing Web sites
and/or receiving e-mail, e.g., desktops, laptops, PDAs, Web-enabled cell
phones. Depending on the needs of family caregivers, health providers,
and case managers, various types of information products can be dis-
played on the Web site. For example, an adult child can access a Web
page that displays information for only the single individual for whom
she/he is caring. On the other hand, staff in social or health care
provider organizations can access a "group report," that provides sum-
mary information on several clients. In this application, activity status
indicators flag possible problems and more details are obtained at the
click of a mouse.

An example of Web site-based activity reports is provided in Figure
9.2, which is a screen shot of a group report. This figure shows a screen
shot of a Web site from the Living Independently system "E-Care Assis-
tant." This is a group report showing the activity status of seven seniors
in an independent living apartment house at about 9:00 A.M.. Green, yel-
low and red are used on the Web page to convey information about the
status of the monitored activities for each individual. Green indicates
that "all in order—no need to check in with the person," yellow indicates
a "possible problem—monitor closely," and red signals a "likely prob-
lem—call or check in as soon as possible." Though this figure is repro-
duced in grayscale, it is still possible to see the text designations corre-
sponding to the colored indicators. A case manager or health provider
can use her/his mouse to click on "see details" in order to access an activ-
ity report for an individual with a non green status indicator.

PAST, PRESENT AND FUTURE

The first applications of a nonobtrusive behavioral monitoring system
were developed in the early 1990s, and by 1994 several independent
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FIGURE 9.2 Group report Web site.

groups had begun to test AATAS prototypes. Notable among these were
Celler, Hesketh, Earnshaw, and Islar (1994) in Australia, Tamura, Fuji-
moto, Moramoto, Haung, Sattaki, and colleagues (1995) in Japan, and
Kutzik and Glascock (1994) in the USA. Today there are dozens of proj-
ects focused on nonobtrusive monitoring of everyday behavior among
the elderly in the U.K., Germany, The Netherlands, Japan, the United
States, and Australia. Currently the majority of these projects are in a
testing and development phase, but several commercially available sys-
tems have appeared on the market. In North America, in addition to
Living Independently, Vigil Inc. provides products for the nursing
home market, and Home Data Source for the in-home market. Under
development are similar systems at the University of Virginia
("MARC"), Honeywell, Inc ("ILSA"), Georgia Tech ("Aware House"),
and MIT ("House_n").

While a comprehensive review of different projects is beyond the
scope of this chapter, it is informative to briefly compare their designs.
All AATAS approaches have a common set of underlying objectives: 1)
collecting behavioral data by means of a network of monitors in the
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home environment; 2) storing and analyzing these data in order to
detect changes in behavior over time; and 3) taking automated actions
on the basis of this information. However, there are significant differ-
ences among the various systems in the use of technology to achieve
these objectives.

The first major conceptual distinction is between systems employing
minimalist technology and those employing a much more extensive and
sophisticated technology. A minimalist approach entails the design and
use of the simplest system possible—simple to install, simple to operate,
relatively low-level smartness, and the use of available off-the-shelf
devices that can be employed without modifications. The converse is a
system in which sophisticated, specially designed computer hardware
and software are used along with sensor hardware employing multiple
modalities of data collection (motion, vibration, computerized visual
and audio processing). Technologically complex systems often employ
extremely sophisticated artificial intelligence in order to deduce the
state of the monitored individual from their footsteps and even gestures.

The second major conceptual distinction is between need-driven and
technology-driven development. The need-driven approach is widely
discussed in engineering and human factors literatures (Hypponen,
1998) and proceeds from a concrete analysis of the specific needs of indi-
viduals. Need-driven AATAS research and development starts with the
needs of older people to live safely and independently in their homes
for as long as possible and seeks appropriate technology to meet these
needs. In contrast, technology-driven development starts with the tech-
nology and seeks an application for older people. Although this
approach can successfully meet the needs of older individuals, it often
results in what we term the "Jacuzzi syndrome": the use of technology
just because it is available. The availability of sophisticated artificial intel-
ligence software and advanced voice-activated hardware does not neces-
sarily mean that it should be employed in an AATAS.

The third distinction is between a technological presence that is
nonobtrusive and one that is much more visible and that requires a high
degree of conscious interaction by the older person. In a system
designed to be as nonobtrusive as possible, the monitored older person
need not consciously interact with the AATAS in any way, but just con-
tinue her/his daily routine as if the system were not there. A slightly
more obtrusive system requires the older person to utilize a specific med-
ication holder or to respond to an automated phone call. In contrast, a
much more obtrusive system requires the older person to interact with
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the system in numerous ways during the course of the day, e.g., a talking
stove, talking medicine cabinet, a door that does not open until you hear
and acknowledge a reminder as to what time of day it is. An example of
an extremely obtrusive system is found in the Matshusta Koriel-Siiicere
"smart" nursing home in Japan where elders are expected to talk to a
wired teddy bear that records not only their responses but the time it
takes for the individual to answer the questions (Lytle, 2002).

The final distinction is between low- versus high-cost systems. While it
may seem inordinately American to discuss market price, it is likely that
cost will be a significant determinant of when and how AATAS will be
commercialized. Simple nonobtrusive systems based on existing tech-
nology will have a lower cost structure than systems built on "smart-
house" platforms. Of course, costs for even the simplest system could be
very high depending on the level of monitoring employed and the
amount of intervention desired. However, it appears that costs for a rel-
atively simple system will be comparable to a cell phone, alarm system,
or cable television—two to three dollars per day.

PARALLEL DEVELOPMENTS

At the risk of oversimplification, the technological features underlying
AATAS are the result of an extension and integration of three source
technologies: personal emergency response systems (PERS); telemedi-
cine, especially physiological process telemetry; and "smart house" tech-
nologies. In order to understand the current developments of AATAS,
it is useful to briefly review these antecedent technologies.

Personal emergency response systems (PERS) emerged as a leading-
edge technology to assist frail, at-risk older persons in the 1970s. This
technology most often uses a pendant to trigger a small radio transmit-
ter that sends a signal to an emergency response center. In 1978, Swedish
TeleLarm deployed the "help phone" along with the portable call but-
ton, allowing the older person to call an emergency response center
while at the same time enabling persons at the remote monitoring cen-
ter to "listen in" on the older person by means of an extra-sensitive
speaker phone capable of hearing voice data throughout the living unit
(Stenberg, 1992).

There was a proliferation of PERS technologies in the 1980s with wire-
less call buttons and two-way speaker phones in Europe, North America,
and Japan resulting in well-articulated support service systems and
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hundreds of thousands of subscribers by 1991 (Dibner, 1992). LifeLine,
perhaps the best known of these products in the United States, had, by
1997, over 450,000 subscribers, who, for a monthly fee, could with the
push of a button call a remote monitoring station for help as well as carry
on a two-way speaker phone conversation (National Association of Small
Business Investment Companies, 2003). Research has shown that both
PERS users and their families experience a greater sense of personal secu-
rity and might even have a decreased likelihood of unscheduled hospital
admissions and emergency room visits (Roush, Teasdale, Murphy, & Kirk,
1994). Despite a fairly high rate of nonemergency "false alarms" and the
need for a sizeable staff of round the clock operators to receive the phone
call, these services are sufficiently cost effective (profitable) to support an
expanding market of both individual and institutional subscribers.

Telemedicine is the second technology underlying AATAS and can be
broadly defined as using telecommunication technology to deliver
health services to remote patients and/or to facilitate information
exchange among physicians, health specialists and patients to enhance
treatment (Bashshur, 1997). For further information on this topic see
the chapter by Tran in this volume. Contemporary telemedicine systems
use two-way audio, video and data exchange typically mediated by net-
worked computers. These systems provide means for linking provider
and patients for a remote "check up" or diagnostic interview, provide
educational or training information through interactive conferencing,
or provide health professionals with a means of sharing patient informa-
tion whether it is in the form of images, words, or numbers.

The transmission of diagnostic image data via closed-circuit television
dates from the mid 1970s, and real time video teleconferencing was in
place by the mid 1980s using microwave links (Gitlin, 1997). However,
automatic acquisition and transmission of physiological data (such as
electrocardiograms, respiration, and blood pressure) was not widely
used until the advent of dial-up data transfer using laptop computers in
the 1990s. Telemetric applications were developed in the United States
primarily for military battlefield use and included a variety of appliances
to be worn by soldiers that provided real-time remote monitoring of
their vital signs (Jones & Satava, 1997). At approximately the same time,
Japanese researchers developed a variety of civilian applications for col-
lecting data such as heart rate, blood pressure, respiration, hydration,
and weight in the home environment (Togawa, 1992). Of particular note
is the work of Alyfuku and Hiruta (1994) on nonobtrusive means for col-
lecting and analyzing physiological data by embedding detectors in the
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home environment. In this application, an exercise bike measures and
records a variety of physiological performance data including heart rate
and calorie consumption, a bathtub becomes a means of measuring at-
rest heart rate, and a specially equipped toilet becomes a means of ana-
lyzing urine and stool samples for possible pathological problems. This
embedding of monitoring devices in the home environment and the use
of everyday behaviors to provide the context of measurement anticipates
several core features of contemporary AATAS applications.

Home automation technologies, the development of which also date
from the 1970s, are the third technology underlying AATAS. Home
automation entails the control of appliances and environmental systems
in a house by means of remote control units, either directly actuated by
the user or programmed by means of a computer. By the mid 1980s, it
was possible to control lights, appliances, heating, and cooling by remote
control unit communication protocols that sent signals through the
existing power lines within the building, thereby requiring minimal, if
any, retrofitting (Driscoll, 2002). By the mid 1990s, X-10, an industry
leader in inexpensive home automation controllers, had sold millions of
devices in North America and Europe. While most consumers of home
automation products used a "dumb" computerless network of remote
controls, a Web-based virtual community of hobbyists and developers
working on ways to control one's house by means of a personal computer
had sprung up by 1996. Notable were several interest groups especially
concerned with using home automation to extend the functioning of
handicapped individuals in their homes as well as the use of remote Web
sites to monitor and control home automation devices.

The most extensive use of the home automation approach is found
in a "smart house." The smart house approach, whether developed in
the U.S., Europe, or Japan, relies on the use of computer-driven inte-
gration of home automation control systems in which the system itself
makes decisions anticipating the desires and needs of the user. Such sys-
tems use a combination of controls and sensor arrays to recognize the
patterns of motion, appliance use, and activities of the occupants, and
to carry out reactions to them. Thus an occupant may wake in the morn-
ing, trigger a series of motion detectors, and the coffee maker could
turn on automatically.

In its early embodiments, smart house designs catered to well heeled
technology enthusiasts who wished to dim their lights, play mood music,
draw their drapes, and start their Jacuzzi remotely via their cell phones.
However, the potential of intelligent, interactive control systems in the
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homes of persons with mobility problems and/or cognitive disabilities
intrigued both researchers and practitioners. A hallway that automati-
cally lights a path from the bedroom to the bathroom may be a small
convenience to a fully mobile individual, but it is a matter of both safety
and great convenience to a person in a wheel chair. Similarly, a system
that ensures that the ambient temperature stays within a healthful range
may be a luxury to a healthy person but a lifesaver to a frail old person
with an impaired sense of temperature.

With the development of increasingly sophisticated ubiquitous com-
puting systems in the mid to late 1990s, it became feasible for systems
to respond to very subtle actions by the occupants ranging from
changes in gait, to gestures, to voice commands. These technical
improvements coupled with a growing interest in how to use smart
house technology to help impaired persons remain safe and independ-
ent have led to an emerging vision of the smart house, which plays an
active role in the lives of frail elderly occupants by assuming functions
traditionally provided by human caregivers. These systems could be
programmed to remind the monitored individuals to turn off the stove
or take their medication, query them if they are alright and, if need be,
call for help if there appears to be an emergency, such as a person
falling and being unable to get up.

BUNDLING: ACHIEVING TELECARE'S FULL POTENTIAL

Thus, at the turn of the 21st century there were four distinct "product
lines" that utilized a very similar technology: personal emergency
response systems; telemedicine; home automation; and AATAS. Each of
these "monitoring technologies" is currently a stand-alone application
that targets a specific need of a particular population, e.g., PERS for
emergency response for at-risk individuals. However, it is the integration
of these four "product lines" that will allow for the full potential of the
monitoring technology to be achieved and lead to what we refer to as
"telecare." It is difficult to predict the precise "look" of telecare, but it
will definitely include components that are currently part of each of the
four existing monitoring technologies. The actual mix will depend on
the particular needs of the client/customer/patient, but the flexibility
of the underlying microprocessor technology of each of the existing
"product lines" should result in a telecare system that is able to conform
easily and economically to a wide variety of applications.
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In all likelihood, though, there will be a core structure to an inte-
grated telecare system on which the various applications will be based.
At the heart of this core will be the Internet because currently the Inter-
net is the only economical way to send, store, and retrieve the immense
amount of data and information that would be produced by such an
integrated system. Therefore, the development of an Internet platform
that is flexible enough to allow the integration of the four monitoring
technologies is essential. This platform does not necessarily need to
employ sophisticated artificial intelligence, but it will need to be both
robust and simple. In other words, it must be able to process, almost
instantaneously, huge amounts of data while at the same time being
able to present information in an easily understood and completely
reliable form.

Also essential to any integrated telecare system will be a set of core
monitoring features, along with the capacity for the system to respond
to emergencies and send reminders and alerts. Although the inherent
flexibility of the system will allow for a multitude of monitoring features,
some combination of environmental, security, behavioral, and physio-
logical monitoring will be included in the core of most, if not all, sys-
tems. It is easy to envision a telecare system that monitors the smoke
detectors in a residence, notifies caregivers if the ambient temperature
in the residence is dangerously high or low, buzzes if the front door is
not locked, and sends an alert if there is a danger of water overflowing
from the bathtub. Once the appropriate platform is developed, these
environmental features can be readily combined with a burglar alarm
system that can provide an even higher level of security.

Security will be further enhanced by the inclusion of the monitoring
of a core set of behavioral activities. This core set will probably include
whether an individual is up and around, bathroom or toilet use, meal
preparation, and the taking of medication, but, as discussed above, other
activities can be included depending on the individual's particular
needs. Again, depending on need, physiological measures will be
included in a basic telecare system. The most typical measures to be
included will be blood pressure, weight, and blood sugar level, but as
telemedicine applications become more reliable, other health indica-
tors can and will be included.

An integrated telecare system will also include both active and passive
emergency response capabilities. The system will provide active emer-
gency response similar to that provided today by PERS through the use
of some type of call button. In addition, the system will provide passive
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emergency response by notifying caregivers if a specific activity has gone
unrecorded beyond a predetermined threshold period, e.g., an individ-
ual has been in the bathroom beyond the threshold and therefore may
have fallen. Finally, a fully developed and bundled system will allow for
the provision of a series of reminders. These may include reminders to
lock the door when leaving the residence, to take medication, to turn off
the stove, and even to check in with a caregiver. The form, frequency,
and number of these reminders will depend on individual need, but the
capacity will be included in the core of the basic telecare system.

When will such a system be available? This is a difficult question to
answer, not from a technological perspective because the technology
exists today to create a bundled telecare system, but from a marketing
perspective. It is obvious that there is a potential market for such a sys-
tem: there are currently 30 million Americans over the age of 65 living
alone and 22 million households providing part-time care for many of
these individuals. There are, therefore, a sufficient number of individu-
als who could benefit from a telecare system, but the questions as to who
will develop such a system, who will use such a system, and who will pay
for such a system remain to be answered.
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Home, Safe Home:
Household and Safety
Assistive Technology

Mary Hamil Parker and
Dory Sabata

OVERVIEW

Today's elderly can choose from various housing environments that
meet their living and functional needs. This chapter will discuss how
technology can be used to enhance these living environments. New tech-
nology applications and housing alternatives incorporating universal
design and tailored to facilitating aging in place will have a significant
impact for the aging baby-boom generation.

Independent community and institutional housing settings provide
for different needs and have different requirements with regard to home
safety. As noted in the previous chapter, assistive technology serves three
major purposes relevant to home safety: 1) detecting unsafe situations
or emergencies, 2) facilitating independence and functional perform-
ance, and 3) supporting caregivers by facilitating provision of personal
care. The single common requirement is that the technology must pro-
vide a living environment that accommodates and supports the func-
tional capacities of the residents. Assistive technologies must provide
support for individuals' cognitive, perceptual, sensory, and physical
capacities; and thereby prevent, mitigate, or compensate for declines
resulting from disease or the aging process.
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Falls and fire are the most important safety concerns in all housing
environments. Falls are the leading cause of injury to older adults in the
U.S. Hip fractures, head injury, poisoning by carbon monoxide, and
burns are the most common household injuries among older adults
(CDC, 2002). Assistive technology and home modifications are impor-
tant to a multidimensional approach to fall prevention (Rubenstein &
Josephson, 2002). Features of the housing environment, e.g., stairs, grab
bars, handrails, and lighting can contribute to safety by reducing the
potential for loss of balance and falls.

Discussions of home safety often focus exclusively on reducing home
hazards—detection of smoke, heat, or carbon-monoxide—using passive
sensors that have alarms or flashing lights. In the last 10 years, as com-
munications technology has become wireless and digital, home safety
and security equipment is more readily available and easier to install.
Smoke detectors and carbon-monoxide detectors can be purchased in
supermarkets and drugstores. Home security systems, ranging from out-
door lights to alarms, are available as off-the-shelf, wireless technology at
hardware and electronics stores in neighborhood shopping centers. As
this chapter demonstrates, this same technology is being adapted and
enhanced to provide more sophisticated services to address the safety
and personal care needs of frail elderly.

COMMUNITY RESIDENCE

It is important to recognize that older adults reside in diverse living envi-
ronments, including single-family homes and apartments, congregate
senior housing, assisted living, and retirement communities. Many elders
have lived in the same single-family home and community for over 30
years. The collective aging of groups of older residents has contributed
to the creation of neighborhoods called NORCs (naturally occurring
retirement communities). NORCs have developed in commercial apart-
ment developments in many areas, creating rental NORCs, particularly if
rent controls have encouraged long-term residence of retirees.

Often older housing requires renovation to adequately meet the
needs of aged residents. Most older rental units have not been renovated
to accommodate the changed needs of elderly tenants. As a result, living
in older buildings involves several safety challenges to residents with
reduced physical capabilities. Some may find themselves imprisoned in
multistory homes and "walk-up" apartments, which they rarely leave
because of the physical demands of negotiating staircases.



Home, Safe Home 147

The National Older Adult Housing Survey of the National Association
of Home Builders (NAHB, 2002) documented important residential
and community features for persons age 65 and older. The most desired
feature mentioned by the elderly who were surveyed was lower crime
rates; other features mentioned were less home maintenance effort and
cost, a pleasant climate, lower cost of living, home safety features like
security alarms, and proximity to health care. Over half of all respon-
dents did not have any home modifications related to health, (e.g., grab
bars in the tub/shower and around the toilet, hand-held shower nozzles,
easy to reach shelving, or audible or visual strobe light alarm systems).

In a reduction of the trend for seniors to move to a warmer climate,
about two-thirds of builders in the 2002 NAHB survey reported that their
customers were relocating from the same community or the same state.
Nearly half of these buyers indicated a desire to be closer to children,
grandchildren, and family. Builders are developing recreational retire-
ment communities restricted to residents age 50 and older. Three out of
four single-family homes for seniors started during 2002 were one-story
and more than half had strategically placed streetlights, intercoms or
entrance phones, and home security systems. Indicative of today's sen-
iors' technological savvy, nearly 70 percent of new communities had
high-speed Internet service.

In many communities there is a zoning trend toward requiring design
in all new residential construction to accommodate mobility and other
impairments. These "universal design" features have numerous home
safety benefits for all ages. No-step, at grade entrances reduce the chance
of falls, while increasing the ability of elderly persons and those with
mobility impairments to safely and easily enter and exit the home, even
if using a walker or wheelchair. Widening of doorways and hallways
makes it easier for people using mobility aides to safely navigate within
the home. The ability to operate doors is enhanced by levers instead of
doorknobs. Single-lever controls on kitchen and lavatory faucets are eas-
ier to operate and make adjustments of water temperature and volume
simple for everyone. Electrical outlets located several feet up the wall are
more reachable by those who may have trouble bending or reaching.

Creating a safe living environment requires reduced glare and suffi-
cient ambient and task lighting to compensate for age-related vision
changes. Lighting should be provided in a variety of locations and at dif-
ferent levels to reduce glare and decrease shadows. Light switches
should be located at the entrance to each room to permit sufficient illu-
mination for the older resident to safely enter and move about. A useful
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alternative to the standard light switch is voice- or noise- (clapping) acti-
vated switches (Center for Universal Design, 2003).

Such adaptations particularly benefit people with limited mobility, yet
all members of a household, young and old, benefit from safer homes
that facilitate daily activities. Housing built or renovated using universal
design principles can allow families to "age in place" without incurring
significant remodeling expenses.

Older homes can be modified to incorporate universal design features
after a comprehensive assessment to determine how to meet the individ-
ual needs of residents and the best types of AT for that person. However
planning and making these changes, including the selection of adaptive
equipment, can be intimidating for the average older consumer. Many
people on fixed incomes may fear the cost, while many localities lack
trained, responsible, knowledgeable modification providers.

To facilitate access to adaptive home modification, Extended Home
Living Services, a private construction firm in Wheeling, Illinois, has
developed a computerized system for assessing home modification
needs under a grant from the National Institute on Aging. This Compre-
hensive Assessment and Solutions Process for Aging Residents (CAS-
PAR) enables nonspecialists in home modification to collect informa-
tion about needs from the elderly consumer and then send this data to
specialists in home modification who identify problems and design indi-
vidualized solutions. CASPAR has been shown to have both inter-rater
reliability in the measurement process and criterion validity in the assess-
ment process (Sanford, 2002).

HOME SAFETY ADAPTATIONS FOR DEMENTIA CAREGIVING

Little research has been done to determine the effect of environmental
modifications on the way people with cognitive impairments interact with
their living environments and how these might reduce the burden of care-
giving. Calkins and Namazi (1991) surveyed a purposive sample of 59
Alzheimer's support group participants and family members of dementia
patients placed in nursing homes to determine what changes they had
made while caregiving in the home to deal with wandering, incontinence,
safety, independence, and reduction of havoc and confusion. All 59 had
made at least one environmental change, most frequently from concern
for the safety of the person with dementia. Eighty-five percent of the mod-
ifications helped caregivers and 77% benefited the person with dementia.
Wandering was the most frequently mentioned problem (69%) leading to
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46 modifications (including adding a deadbolt or chain lock, disguising
or blocking the door, or locking the screen door); 73% were reported to
work well. In dealing with safety and independence, 63% had made at least
one modification to the bathroom, and 56% made modifications to the
kitchen. There were 62 bathroom modifications, and 91% were reported
to work well, (included removing medicines, installing a shower or tub
chair, adding grab bars to toilet or tub, adding a nonskid tub mat, and
installing a hand-held shower head). Of the 95 kitchen modifications,
76% were reported to work well (included unplugging appliances and
removing equipment, installing a separate power switch for the stove, and
placing signs indicating potential hazards). Other room modifications
included removal of long electrical cords, adding bed rails, and putting a
gate in front of the stairs. Living and dining rooms had 59 changes with
85% reported to be working well. Bedrooms had 67 changes, with 79%
reported to be working well. There were 27 changes to stairs, with 78%
working well (Calkins & Namazi, 1991).

SENIOR HOUSING AND SUPPORTIVE LIVING ARRANGEMENTS

The aging of America has prompted the development of specialized sen-
ior housing and commercial marketing of a wide variety of living arrange-
ments that offer supportive and nursing care. Congregate senior housing
for independent, low- and moderate-income elderly has been developed
under federal requirements of the U.S. Department of Housing and
Urban Development and the Farmers Home Administration, U.S.
Department of Agriculture. Federally subsidized senior housing is man-
dated to provide safety features like grab bars and emergency pull cords
in the bathroom; pull cords may be in the bedroom or living room as well.
Older federally subsidized senior housing, intended for "independent
well elderly," did not contemplate "aging in place," and unless renovated
they lack accommodations for handicapped individuals. To reduce con-
struction costs, some newer senior buildings do not provide elevators,
congregate dining, social areas, or space for medical and other services.

The accessibility requirements of the Fair Housing Act apply to build-
ings with five or more units built for first occupancy after March 13, 1991.
These buildings must have 5%, or at least one unit, whichever is greater,
accessible for persons with mobility impairments in accordance with the
Uniform Federal Accessibility Standards (UFAS), and the Architectural
Barriers Act, 42 U.S.C. 4151-4157. An additional 2% of units, or at least
one unit, must be equipped for persons with hearing or visual disabilities
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and have strobe flashing and audible alarms (www.hud.gov/offices/
fheo/disabilities/accessibilityR.cfm).

Continuing Care Retirement Communities (CCRCs) offer several lev-
els of care on the same campus or in the same building—independent
apartments or freestanding cottages, an assisted living/supported hous-
ing unit, a nursing facility, and sometimes a special-care dementia unit.
People pay an entrance fee and monthly charges, which may be fixed or
based upon services used, and are guaranteed care for the remainder of
their lives. There are currently approximately 1,200 such facilities in the
U.S. (Scanlon & Layton, 1997).

Assisted living is the fastest growing residential option; there are more
than 28,000 such facilities in the U.S. (NCAL, 1998). They are attractive
due to their provision of services and features such as meal preparation
(76%), personal assistance (65%), housekeeping (64%), health services
(50%), social activities (43%), laundry (42%), and transportation (32%)
(NAHB2002).

Currently, there are no federal regulatory requirements for the types
of care provided in independent retirement housing and assisted living
facilities, aside from basic zoning and fire safety and similar regulations,
unless part of the facility is certified for Medicare/Medicaid. However,
some states have established oversight mechanisms for assisted living
facilities, particularly those that have Alzheimer's disease or dementia
units. Also, the U.S. Senate Special Committee on Aging encouraged
assisted living stakeholders (providers, consumers, and other interested
national groups) to develop recommendations for Committee consider-
ation (Assisted Living Workgroup, 2003).

An estimated 1. 6 million people live in the 18,000 nursing homes in
the United States (NCHS, 1999). Regulations for nursing facilities certi-
fied to receive Medicare/Medicaid payments assure basic fire safety
measures such as sprinklers and fire/emergency safety plans. Older
nursing homes were constructed like hospitals with long corridors and
central nursing stations. Newer and remodeled facilities are designed
with features to create a more residential/homelike environment, with
smaller "neighborhood" units providing dining and social areas for
small groups of residents, shorter and wider hallways, central
living/recreational spaces and access to outdoor sitting areas. Some
facilities provide pets and gardens for a "homelike" environment. Stan-
dards require adequate fire safety, emergency plans and equipment, and
six hours of fire safety training for staff annually, to protect residents and
provide safe evacuation.
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ASSISTIVE TECHNOLOGIES TO
SUPPORT INDEPENDENT LIVING

Assistive technology that can increase safety, while preserving independ-
ence for the frail elderly, is becoming commercially available. A growing
number of companies are beginning to market sophisticated passive and
active monitoring systems.

PERSONAL RESPONSE SYSTEMS (PERS)

The most established AT home safety application is the Personal Emer-
gency Response System (PERS). The first of these systems was developed
in the 1970s by Lifeline Systems, Inc., based upon research in a Massa-
chusetts nursing facility, and now is used by millions of older people in
the United States. Lifeline's success fostered development of similar sys-
tems and services by other companies.

PERSs are intended to provide access to emergency assistance, 24
hours a day, 7 days a week, 365 days a year, to help people who fall and
are unable to get up, or who have another medical emergency such as a
heart attack. Data indicate that the risk of being found "down or dead"
increases with age, from 3 per 1000 for people age 60-64 to 123 per 1000
for people age 85 and older living alone, with a 23% risk of death for
those who cannot get up (Gurley, Lum, Sande, Lo, & Katz, 1996). PERSs
originally required a user to press an alarm button and send the signal
over a nearby telephone line. Microchips and digital and wireless com-
munications technologies have enabled the development of wireless
PERSs. One commercially available system can detect if a user has fallen
to the floor and others now use wireless video cameras.

A study by Teasdale and Roush (2001) used Lifeline to see if users felt
more secure with the technology. The study used a randomized block
sampling method designed to select by gender, age 70 or over, living
alone, at risk for fall, recent surgery, and cardiology or pulmonary diag-
nosis. Of 269 participants, 90 received a PERS for 12 months; 88 received
a PERS for 6 months, which was then discontinued, and 89 in the con-
trol group did not receive a PERS. All participants received bimonthly
phone calls for one year to collect reports of their perception of security
with and without a PERS, and responses on ADL-IADL, SF-36, and other
psychometric measures. All users reported a greater sense of security
during their PERS use (p = 0.0001). The study dropout-rate tripled in
subjects asked to give up the device for 6 months. The 12-month users
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improved in vitality, role-emotional, and mental health SF-36 scores (all
p < 0.005). Vitality and mental health significantly improved, compared
with nonusers. The results indicate that PERS users perceive support
that positively affects their ability to function.

Cueing and reminding for medications and appointments have been
added to most commercially available PERS services to provide addi-
tional support for older adults with the types of cognitive changes dis-
cussed in a previous chapter by Mayhorn, Rogers, and Fisk. Sunrise Cor-
poration, a major provider of assisted living, has introduced "Lifeline
With Reminders" as a new marketing initiative for their home care and
other services, not only providing reminders for residents to take med-
ications and go to appointments, but also allowing families to remotely
record up to six personal family voice reminder messages and deliver
them at selected times.

UNIVERSAL DESIGN AND SMART HOME TECHNOLOGY

As people begin to experience difficulties with their daily activities, they
are at increased risk for accidents. Assistive technologies that compen-
sate for changes in vision, hearing, mobility, and acuity of senses can
enhance home safety. These passive monitors can signal the person
about a hazard—for example a stove or appliance left on or water run-
ning—by sounding an alarm or flashing a light. They can also send a
notification of the danger to a remote location for emergency respon-
ders or family. Privately and publicly funded research continues to
develop new approaches, but none are yet widely available in the mar-
ketplace, and there are many issues about the local availability and cost
of such systems.

INTELLIGENT BUILDING TECHNOLOGY

Intelligent building technology, sometimes referred to as "smart"
housing, can support the activities of people with physical disabilities
and aging people by reducing the physical and cognitive demands in
the environment. The early example design houses built by the
National Association of Home Builders and Aware House at the Geor-
gia Institute of Technology were intended as technology showcases,
not residences, and used hard wiring to support innovations to con-
trol heating/cooling, lights, windows, and doors. However, the cost of
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this technology was out of reach for many consumers since it was
expensive and sometimes impossible to add to existing housing. All
this has changed with the development of wireless technology, which
uses radio signals and the existing wiring to send signals throughout
the home, making it possible and affordable for people with disabili-
ties and other family members to take advantage of new assistive and
adaptive technology.

FUTURE HOME

A striking illustration of the evolution of assistive technology from hard
wired to wireless is provided by Future Home, the home of David Ward,
a quadriplegic as a result of a spinal cord injury. A 135-year-old tavern in
Jarretsville, Maryland, listed on the Maryland Historic Registry, the
Future Home building was renovated to provide a showcase of universal
design for independent living for people with disabilities and those who
want to age in place. The addition of technology enables Mr. Ward, who
lives with a relative and a personal assistant, to carry on daily activities
advocating for disability rights in Maryland and function independently,
using assistive devices and a computer.

The rehabilitation of Future Home in 1990 used commercially avail-
able products and systems, adapting or enhancing them to allow Mr.
Ward to control his environment (e.g., turning lights on and off; identi-
fying visitors at the door and allowing entrance to the home; controlling
heating/cooling; turning on a fan, or summoning assistance) using his
voice, breath, and the limited use of one arm in a brace. This technol-
ogy cost an estimated $60,000, principally for the installation of wiring
in the walls (hard wiring) and specialized software.

However, after seven years, Ward found that many of the products
used were no longer available to the consumer, even though they func-
tioned well at Future Home. Mr. Ward wanted to preserve Future
Home's function as a living showcase, and to take advantage of the
greater flexibility and range of activities offered by changes in computer
and digital technology. So in 2002, he upgraded using wireless technol-
ogy at an estimated cost of $8,500. A simple touch keypad and pointer
replaced most of the functions handled by the earlier hard-wired tech-
nology and specially programmed software. This illustrates how off-the-
shelf technology and cutting-edge assistive technology have become
much more affordable for individuals who need it most, and for the aver-
age consumer (Ward & Parker, 2002).
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ISSUES AFFECTING DISSEMINATION OF HOME SAFETY TECHNOLOGY

Older persons responding to the NAHB survey had concerns about cost,
maintenance, safety, and access to health care. Their principle concern
was the cost for adaptation of existing housing and the maintenance of
the AT. Technology for home safety must address security and respon-
siveness of safety monitoring services, as well as the intersection of home
technologies with health care monitoring. Telemedicine and telereha-
bilitation have increased access to medical oversight in the home, but
the uninsured costs are prohibitive for most consumers.

A survey of 176 PERS or other alarm users, with a mean age of 76
years, indicated that 77% were interested in automatic fall detection,
68% were interested in lifestyle monitoring, 57% in telemedicine, and
46% in videoconferencing (Brownsell, Bradley, Bragg, Catlin, & Car-
lier, 2000). The commercial potential of these and other assistive tech-
nology applications in the home have been recognized by U.S. busi-
nesses and are being supported and encouraged by government
funding agencies.

ASSISTIVE TECHNOLOGY IN THE SUPPORTIVE
AND LONG TERM CARE ENVIRONMENT

Safety is a primary concern in living environments for groups of frail, dis-
abled, or demented elderly. Assisted living and nursing facilities use assis-
tive technology in units specially designed to meet the needs of people
with Alzheimer's disease and other dementias and to prevent them from
exiting the unit unescorted. Some facilities are exploring ways to use
assistive technology to supplement direct staff supervision, while assur-
ing resident safety and fostering independent functioning.

ASSISTED LIVING USE OF UNIVERSAL DESIGN AND TECHNOLOGY

Elite Care, an assisted living company located in Oregon, has created
Oatfield Estates, Extended Family Residences™, a state-licensed hous-
ing project using concepts of universal design and information from
research about optimal long-term care environments (Donahue, 2001;
Berck, 2001). The facility is located in an established suburban neigh-
borhood to provide residents the benefit of surrounding community
facilities. In both form and scale, buildings are family-style residences for
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up to fifteen people. Private rooms, with the resident's own furniture,
memorabilia, and choice of decoration, open onto large common
spaces, such as a "country kitchen," activity room, and great room. Short
hallways make it easy for residents to access common spaces.

While many upscale senior living facilities offer such amenities, what
is unique is the use of "smart home" technology to assist residents and
staff. Each resident wears a badge the size of a credit card that sends an
infrared signal to embedded sensors in ceilings and walls. The badge
also serves as an individual room key. The passive monitoring sensors
indicate when residents are in their rooms. Other sensors are activated
to prevent the stove or other appliances from being turned on if a cog-
nitively impaired resident enters the kitchen alone. There is a computer
in each resident's room, and access to the Internet and e-mail enhances
their social connections. In the future, individual medical monitoring
or voice reminders will assist with daily functioning and provide staff
with information about residents to identify health problems. The sys-
tem software, CARE™ will gather, store and transmit health informa-
tion using digital technology and the Internet, in real time, while also
monitoring the ambient environment, and adjusting heating, cooling,
and lighting.

NURSING FACILITIES

A variety of assistive devices can help nursing facilities meet Federal
requirements for reduction in the use of physical restraints, while pro-
tecting frail residents who are at risk of falling. These sensor alarms are
as simple as a cord attached to the resident's clothing that sets off an
alarm when the resident stretches it in rising from a chair or bed. These
sensor pads, placed in the bed or on the floor beside the bed, send
silent alarms to a nursing station when the resident gets up or steps on
the floor.

Other devices and video cameras are used to detect abuse or neglect
of residents by caregiving staff. Issues of staff and resident privacy arise
with application of this monitoring technology. Some states have consid-
ered laws that authorize the use of electronic monitoring devices in the
room of a nursing home resident for these purposes. These laws would
provide a form releasing the nursing facility from civil liability for viola-
tion of the privacy rights of the resident receiving surveillance, as well as
a consent form for such electronic monitoring and signs that announce
the use of such equipment.
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THE FUTURE OF HOME SAFETY TECHNOLOGY

The National Institute on Aging (NLA) of the National Institutes of
Health, U.S. Department of Health and Human Services, has a new tech-
nology and aging initiative. In January 2003 the National Research
Council, National Academy of Sciences, held a two-day workshop, with
sponsorship from the National Institute on Aging, on technology for
adaptive aging, which addressed ways in which technology can be devel-
oped and applied to improve the lives of an aging population. A num-
ber of nationally recognized experts discussed potential applications of
technology to the domains of living environments, health, communica-
tion, education and learning, transportation, and employment. A spe-
cial emphasis was given to the challenges of translating laboratory suc-
cesses into useful, marketable products and services appropriate for
small business innovation research (SBIR) and other grant funding
from the National Institutes of Health and other federal agencies. A col-
lection of the papers presented is available from the National Academies
Press and can be reviewed at www.nap.edu/aging. The NLA is actively
stimulating studies that translate knowledge about aging from basic
behavioral and social science research into products and services of ben-
efit to elderly and the systems providing health care, as well as new "use-
inspired" basic research in the behavioral and social sciences.

The National Institute of Science and Technology (NIST) and the
NIA, have given grants to U.S. researchers and businesses to develop
assistive technology systems that would meet some of these needs. Some
of the results are described below.

ILSA: HONEYWELL INTERNATIONAL

NIST funded a 2.5-year, $5 million research and development program
with Honeywell International to develop a prototype intelligent home
automation system, called Independent Life Style Assistant (ILSA).
Honeywell has long experience in control systems and home automa-
tion and believes that in many cases the needs of the elderly could be
served better — and less expensively — by an intelligent, home-based
automation system that enables individuals to continue to live safely at
home in an assisted environment. ILSA uses components similar to the
system described by Kutzik and Glascock in an earlier chapter. The proj-
ect is being led by Honeywell Laboratories and includes geriatric and
gerontological specialists from the University of Minnesota School of
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Nursing, United HealthCare Corporation's EverCare Division, and the
University of Florida.

When fully implemented, ILSA will integrate a diverse set of passive
motion sensors, medication dispensers, medical monitoring devices and
"smart" appliances, using automated reasoning and situation assessment
based on information about the individual's medical diagnoses and
functional assessment. ILSA will collect and analyze these data to deter-
mine a person's needs and adapt monitoring to identify and respond to
critical situations, provide reminders, and support usual daily activities.
For example, the system will identify whether a medication caddy has
been opened during the time window when the older person has been
reminded to take medications, and if this time window is exceeded and
the individual does not take the medication after a specified time, the
system will send a notice to a caregiver. User-friendly features such as
voice interaction will eliminate the need for elders to "master" the tech-
nology. ILSA will assess a situation, understand the elder's immediate
needs, and adapt itself to meet those needs. When ILSA determines that
outside assistance is needed, it will summon help.

In Phase One, Honeywell tested a prototype of this system containing
basic medication and mobility monitoring features. Tests were con-
ducted in four single-family homes in Florida and five independent liv-
ing community apartments in Minnesota. Data was collected through
weekly interviews with clients and their caregivers, as well as extensive
data logs generated by the system. For additional information, see
www.htc.honeywell.com/projects/ilsa/.

PROACTIVE HEALTH RESEARCH INITIATIVE: INTEL CORPORATION

In April 2002, the Intel Corporation announced its Proactive Health
Research initiative (www.intel.com/research/prohealth). The goal is to
understand how technology can support individual behaviors that help
prevent disease, foster independence, and improve quality of life, as well
as the use of technology to meet the growing shortage in home care
workers. Initially, the focus is on identifying markers of physical and cog-
nitive decline and the way technologies can help elderly to age in place
wherever they are living. This will involve three types of research: 1)
ethnographic field research in people's homes to identify their needs
through observation and interviews, 2) application of these field results
to develop and test prototypes of future home systems that could meet
the health needs of an entire multigenerational household, 3) outcome
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studies of beta prototype systems to determine their effect on targeted
needs or desired outcomes. Key collaborators in this project include th
University of Washington, the Oregon Health and Science University,
the University of Rochester, and the Georgia Institute of Technology.

Part of the Phase One research is a survey of 60 households chosen
from across the U.S. with a focus on cognitive impairment, ranging
from mild to advanced stages of Alzheimer's disease. To expand this
research, in cooperation with the Alzheimer's Association, INTEL has
formed the Everyday Technologies for Alzheimer Care (ETAC) consor-
tium to fund more than $1 million of research to develop new models
of Alzheimer care using technology to help people with cognitive
impairments and their caregivers to live meaningful lives in the com-
munity. INTEL'S approach to home monitoring involves the placement
of radio-frequency tags on clothing or shoes, which interact with sen-
sors in the home. If someone is in the kitchen, sensors in cabinets, the
refrigerator, microwave, and dishes would send signals to a computer
that would then signal a television set to play a video clip with cueing
assistance (Robertson, 2003).

AWARE HOME: GEORGIA INSTITUTE OF TECHNOLOGY

The Aware Home Research Initiative is a collaborative activity of the
Georgia Institute of Technology and several corporations, including
INTEL, Mitsubishi, Hewlett-Packard, Accenture, and Visteon, as well as
federal funding from the National Science Foundation (Sanders, 2002).
Aware Home is part of the unique 5,040 square foot Broadband Institute
Residential Laboratory. Georgia Tech scientists work with sensing tech-
nology to see how they can monitor movements from room to room and
record movement and conversations of elderly people, using cameras
and microphones embedded in the walls to create a home system which
would collect and digitize data to send reports to family members offsite.
For example, footsteps can be used to analyze the speed used to walk
from room to room or climb stairs and changes in pattern detected by
monitoring software. The project is attempting to determine how to
design a home that will support the functional independence of elderly
residents to postpone or prevent the need to move to assisted living or
a nursing facility. To help family members interpret the data produced,
Elizabeth Mynatt, a computer science professor at Georgia Tech, is test-
ing a Digital Family Portrait to utilize the sensing information to provide
a visual description of person's daily life activities.
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CONCLUSION

The speed with which creation of new assistive technologies has been
advancing in recent years—becoming smaller, more versatile, and
cheaper—bodes well for the future. The number of research activities
and the amount of private and public funding addressing these issues
has been increasing rapidly. The diverse approaches of these efforts also
project an encouraging picture. Soon the elderly living in the commu-
nity, and those who chose specially designed supportive housing, will
have access to various adaptive systems that will effectively help them age
safely in their chosen living arrangements.
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Technologies To Facilitate
Health and Independent

Living in Elderly Populations

Binh Q. Tran

The graying of America and of the global population presents tremen-
dous challenges to society at many levels—social, political, and economi-
cal. The current size of the population age 65 and older in the United
States is approximately 33 million (12.7% of the U.S. population in 1999);
it is projected to be 53 million by 2020, and 77 million by 2040 (U.S. Cen-
sus Bureau, 2001). While the U.S. population as a whole has tripled in the
past 100 years, astonishingly, the elderly population has grown elevenfold
over the same period. Clearly, the elderly segment of the U.S. population
continues to experience tremendous growth for various reasons ranging
from improved health and medical care, to improved living conditions
and safety standards, to better overall quality of life.

In the U.S., data from 1994-95 reveal that over half the elderly
(52.5%) reported having at least one disability and approximately one-
third reported having a severe disability (U.S. Census Bureau, 1997).
According to the Census Bureau, over 4.4 million (14%) Americans have
difficulty independently performing normal activities of daily living
(ADLs) and 6.5 million (21%) have difficulty carrying out instrumental
activities of daily living (lADLs). While disabilities may limit one's abil-
ity to perform ADLs and/or lADLs, a recent study documents a strong
desire by the elderly (over 95%) to age in their own homes, i.e., "age in
place" (U.S. Census Bureau, 1997).
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Several health factors act to limit independence in elderly popula-
tions. A report by the Robert Wood Johnson Foundation (1998) found
that at least 100 million Americans, many of them elderly, suffer from
chronic diseases. Approximately 25 million of this group are disabled
because of their disease and related complications. In Healthy People
2010, the U.S. Department of Health & Human Services reported statis-
tics relating to deaths by chronic illness. Cardiovascular disease (31.4%),
followed by cancer (23.3%), respiratory diseases (7.8%), and stroke
(6.9%), are the leading cause of death among those age 65 and older
(U.S. Department of Health & Human Services, 2000). Alone, heart dis-
ease, cancer, and stroke account for over 1.1 million deaths annually
among those age 65 and older. Heart disease is also the leading cause of
disability among older adults. Data suggests that over 12 million Ameri-
cans are living with coronary heart disease and another 4 million have
suffered from an episodic stroke event. In addition, 50 million Ameri-
cans are estimated to be living with high blood pressure, commonly
called "the silent killer" because many sufferers often go undiagnosed
(American Heart Association, 2002).

Each year statistics on these and other chronic illnesses continue to rise.
With each advancing decade, the prevalence of these diseases increases in
the population. It is important to note that while statistics on individual
chronic illnesses are readily available, data regarding those living with
comorbidities, are more difficult to obtain. A study by Guralnik, LaCroix,
and Everett (1989) conducted for the National Center for Health Statis-
tics reported that the percentage of elderly individuals living with at least
two chronic conditions was approximately 25.9% of those surveyed. The
study estimated that 14.6% were living with at least three comorbidities.

Furthermore, several aging-related physiologic changes also lead to
symptoms that negatively impact quality of life in the elderly. Examples
include urinary incontinence, sensory deficits, pressure ulcers, sleep dis-
orders, and nutritional and eating disorders. Exacerbation in any of
these may result in loss of independence or, in severe cases, a need for
institutionalized care.

GROWTH OF TECHNOLOGIES: RETROSPECTIVE REVIEW

Parallel to the aging phenomena, the world is witnessing a proliferation
of technologies. A myriad of emerging technologies, ranging from com-
puting to information to telecommunications to health care technologies,
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offer tremendous opportunities to benefit elderly individuals and to assist
them in their quest to "age in place." Computing and information tech-
nologies have experienced rapid expansion within the last decade. The
Internet, as we perceive it today, was a nascent technology until the early
1990s. Until then, it was a playground reserved for academics, researchers,
the military, and technophiles. When researchers at the National Center
for Supercomputing Applications (NCSA) at the University of Illinois at
Urbana-Champaign developed a graphic user interface (GUI) program
(i.e., Mosaic) to more easily navigate the Internet, the flood gates to this
medium were thrown wide open. Today, use of e-mail and the Internet is
ubiquitous and has been so infused that the medium is a viable option for
conducting commercial transactions.

The health care arena is slowly progressing with regard to adoption
of computer and Internet technology for improving access and quality
of service for at-home consumers. While electronic transfer of informa-
tion provides obvious advantages in facilitating communication with
patients and consumers as well as enabling health information data col-
lection, issues and barriers affecting widespread adoption of new tech-
nologies in health care include provisions for safety, security, confiden-
tiality, and privacy of information that meet standards established by the
Health Insurance Portability and Accountability Act (HIPAA).

Simultaneous to the rapid growth in computer and information tech-
nologies, a concurrent explosion in telecommunications capabilities has
engendered growth in the area of wireless communications. A key exam-
ple is the ubiquitous use of cellular phones in today's society. Combined,
wireless communications and computer/information technologies pres-
ent exciting opportunities for home health care delivery. These tech-
nologies have particular relevance to the fields of telehealth and
telemedicine. For one, wireless technologies may serve to benefit those
living with chronic diseases as these technologies provide the means for
health consultation, for collecting physiologic and other health related
information, for ensuring safety and environmental control, for
enabling independent living through home automation, and for a host
of other possibilities. The rapid ascent of mobile wireless technologies
promises to provide the heterogeneous user (i.e., elderly consumer,
health practitioner, and caregiver) with the appealing prospect of access-
ing "information anywhere."

At the HomeCare & Telerehabilitation (HCTR) Technology Center
at The Catholic University of America, researchers and engineers have
been involved with evaluating and developing technologies for delivery
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of health care services to the home environment. The proliferation of
computer, information, telecommunications, and sensor technologies,
often targeted for other markets, has great potential in the field of home
health care. A central focus of our work has been the integration of wire-
less strategies into the future delivery of home health care and more gen-
erally to other respects of independent living. Following the findings of
the MacArthur Foundation studies on aging (Rowe & Kahn, 1998), the
HCTR Technology Center has focused its multifaceted strategy to sup-
port successful aging by applying novel and innovative technologies to
achieve three goals: 1) avoiding disease, 2) maintaining physical and
cognitive function, and 3) lifelong engagement. A conceptual model of
the various roles of technology in promoting independent living and
successful aging is shown in Figure 11.1.

TECHNOLOGIES FOR AVOIDING DISEASE

As stated previously, a large percentage of the elderly and old-elderly are
living with chronic disease or disability, many with comorbidities (Guralnik,

FIGURE 11.1 Planetary model of technology's potential role in
"successful aging."
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LaCroix, & Everett, 1989). One major challenge to successful aging is
the ability to maintain health and function. From another perspective, it is
the ability to avoid disease. Existing and emerging technologies have great
promise in redefining the role of home-based care in today's health envi-
ronment to include disease prevention.

One growing trend in telehealth and home health care delivery is the
use of video telephony transmitted over plain old telephone service (POTS) .
POTS-based telephony enables video and audio interactions and com-
munications between at-home patients and remotely located health care
professionals. Studies by our group (Buckley, Tran, & Prandoni, 2001;
Tran, Kinsella, Winters, Thiel, Prandoni, et al., 1999) have evaluated the
performance characteristics of POTS-based telephony for providing
health care interactions and support for stroke caregivers from a dis-
tance (Tran, Krainak, Lauderdale, & Winters, 2002). We have developed
general guidelines for other practitioners on criteria for selection of
these technologies for their applications (Tran, Buckley, & Prandoni,
2002). Preliminary data from field studies indicate widespread accept-
ance and tolerance of technology by elderly patients and caregivers.
Videophone communications technology, which provides both audio
and visual consultation between caregiver and nurse, was found to have
a direct impact on the quality of care and caregiving of stroke patients
in the home. Also, somewhat unexpectedly, but perhaps more impor-
tant, POTS-based telephony was instrumental in providing psychosocial
support to reduce caregiver burden, anxiety, isolation, and depression
(Buckley, Tran, & Prandoni, 2001).

Emerging technologies beyond video telephony promise to provide a
wide range of diagnostic and home monitoring services for management
of chronic illness. Telehealth technologies for home monitoring have
produced improved outcomes for several chronic illnesses common in
older adults. These include heart failure (Fulmer, Feldman, Kim, Carty,
Beers, et al., 1999; Kinsella, 1998; Shah, Der, Ruggerio, Heindenreich,
& Massie, 1998), respiratory diseases, (Kinsella, 2000a) and diabetes
(Gomez, Hernando, Garcia, Del Pozo, Cermeno, et al., 2002; Kinsella,
1999, 2000b). Figure 11.2 shows examples of home health monitoring
systems commonly used in monitoring of at-home consumers for
improved management of chronic illness. Common system configura-
tions include sensors for measurement of blood pressure, temperature,
and heart rate. Specialized systems permit acquisition of electrocardio-
grams, heart and lung sounds, and blood oxygen levels for those with
prevailing cardiac and pulmonary diseases. When connected to in-home
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American Telecare-Aviva 1010 CyberCare-EHC2000

FIGURE 11.2 Examples of two telehealth workstations by American
Telecare, Inc. (Eden Prairie, MN) and CyberCare Inc. (Atlanta, GA).

telephone lines, these health monitoring stations serve as a gateway for
transmission of health data from the home and often are equipped with
video cameras and software for interactive remote consultations.

While the above workstations require users to periodically make phys-
iologic measurements, current research at the HCTR Technology Cen-
ter (and other laboratories) focuses on sensors imbedded into clothing
for real-time, wireless transmission of physiologic information to a cen-
tral server located within the home (Figure 11.3) (Tran, Cole, & Men-
doza, 2002)."Smart" algorithms for processing and fusion of multiple
wearable transducers may provide early, sensitive information regarding
changes in physiologic status, simultaneous to evidence-based documen-
tation of physiologic events that may be useful for long-term health care
management. For example, a sensored vest worn by an elderly person
with heart failure may serve to predict and avoid a catastrophic cardiac
event via a combination of sensors that monitor heart rate variability,
oxygen saturation levels, and alterations in blood pressure.

In addition to enabling frequent interaction with clinicians and real-
time monitoring of health information, technology may play a third
role, providing consumer biofeedback, in promoting health and dis-
ease prevention. Documentation and feedback of relevant information
to elderly patients at home empower individuals for self-care. An exam-
ple includes a technology-based approach to nutritional education for
diabetes management. One scenario utilizes technology for monitoring
nutritional intake by electronically recording consumption. Combined
with physiologic recordings from commercially available glucometers,
a software-guided nutrition plan may be implemented. Diabetics may
be provided with real-time feedback regarding glucose abnormalities.
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FIGURE 11.3 Wireless physiologic monitoring system with imbedded
sensors for electrocardiogram (EGG), heart rate, electromyogram
(EMG), and respiratory monitoring (wireless RF transmitter and
receiver are highlighted).

This information may also be conveyed at appropriate instances to
clinical personnel for interactive consultation with the diabetic con-
sumer. Biermann, Dietrich, Rihl, and Standl (2002) have demonstrated
savings in overall time and cost associated with management of insulin
dependent diabetics using an integrated technological solution.

TECHNOLOGIES FOR
PROMOTING INDEPENDENT LIVING

As noted elsewhere in this text, physical and cognitive disabilities, and
the resultant loss of independence and increased safety concerns, pres-
ent challenges to older adults wishing to age in place. Existing and
emerging home automation technologies may, in part, provide means
for improving independence and safety. Carefully placed sensors such
as motion detectors, photo-detectors, and others coupled with auto-
mated devices for activating in-home lights can be used to improve ambi-
ent lighting conditions in the home environment, a major reason for
falls by the elderly. Unobtrusive, low-cost sensors, switches, cameras, and
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other systems can be used to monitor and/or alert elderly inhabitants to
various conditions, i.e., stove or iron left on, guests at front door, intrud-
ers in the home, etc.

A system developed within the HCTR Technology Center is designed
to address these and other concerns. In contrast to most "smart" home
efforts by other laboratories, our approach focuses on a consumer-
affordable solution using off-the-shelf technologies capable of being
retrofitted to existing living environments. A "consumer toolkit" of
home automation and home monitoring devices has been developed
that comprises motion sensors, switches, cameras, and appliance mod-
ules and is integrated with custom-design software for monitoring activ-
ities occurring within a home living environment (Cole & Tran, 2002).
Low-cost sensors imbedded within the environment provide informa-
tion, which can be correlated with activities of daily living. These sensors
also continuously locate inhabitants' location within the living space in
lieu of more intrusive video cameras. By constantly collecting informa-
tion about activities being performed (i.e., ADLs, LADLs, etc.) and daily
activity patterns, "smart" algorithms developed to detect changes in
activity patterns may provide early indicators of changes in health status,
onset of disability, or sensitive changes in cognitive abilities. Figure 11.4
shows an example of the set-up screen for the monitoring software along
with graphical display of vital metrics being collected. This living labora-
tory environment has been implemented at the HCTR Technology Cen-
ter. The software also is equipped with capabilities for two-way telecon-
sultation via Internet-based strategies between care providers and the
user, as needed.

Further, the laboratory can be remotely observed over the Internet.
Infrared sensors detecting motion within the environment activate sev-
eral carefully situated cameras. Once activated, video images are auto-
matically "pushed" to a Web server and can be accessed remotely over
the Internet. The system can simultaneously monitor multiple cameras
throughout the environment or can focus on fixed areas posing high
safety risks (i.e., kitchen) to elderly persons. This system maybe used for
remote safety and security monitoring of a living environment by a care-
giver or relatives.

An interactive living environment taking advantage of home automa-
tion, home monitoring, and home security, combined with Internet-
based communications may promote successful aging in the elderly by
enabling them to maintain control of their daily activities, ensuring
safety and security, and by supporting independent living.
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FIGURE 11.4 Unobtrusive monitoring software screen shots of (a) set-up
screen and (b) output screen.
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TECHNOLOGIES FOR LIFELONG ENGAGEMENT

A third major finding of the MacArthur Foundation studies on success
ful aging supported the need for lifelong engagement. Lifelong engage-
ment was seen as instrumental in allaying onset of isolation, depression,
and cognitive disabilities in elderly populations. Social and community
supports for the maintenance of the elderly and those with chronic dis-
abilities are important because advanced age and dysfunction (both
physical and emotional) coincide with relative isolation among older
people (Greenwald & Beery, 2001). For persons with disabilities, satis-
faction with support systems was positively correlated to the adjustment
to their disability, coping ability, psychosocial adaptation, and quality of
life (McColl & Skinner, 1995).

As noted above, video telephony technology can be used to provide
interactions between at-home patients and health care professionals.
These systems may also be successfully used by family and friends for more
personalized community-based support. Figure 11.5 shows three common
configurations (i.e., set-top, desktop, and all-in-one) of POTS-based video
telephony systems. Set-top systems (Figure 11.5a) are equipped with
modem and camera, and connect to an external telephone and monitor
for display. Desktop systems (Figure 11.5b) are equipped with modem,
camera, and display, and connect to a standard telephone. All-in-one sys-
tems (Figure 11.5c) integrate all components (modem, camera, display,
telephone) into one device. In general, purchase cost ranges from a few
hundred dollars (a & b) to over a thousand dollars (c).

In addition, Internet-based interactive technologies such as discus-
sion boards, chat rooms, instant messaging, and interactive video over
Internet Protocol (IP), have been shown to alleviate isolation and
depression in those with chronic conditions. Further investigation is
required to evaluate the long-term benefits of these alternative mecha-
nisms of social interaction. Technology-based interactive strategies for
improving social interaction do not necessarily require high levels of
ability or comfort with computers. Noncomputerized technologies such
as WebTV™ (Microsoft Corp, Redmond, WA) and AOLTV™ (AOL
Time W7arner, New York, NY) enable Internet access and access to alter-
native communication venues via television monitors and set-top boxes.

Improved information and entertainment technologies also show
promise for enhancing self-efficacy, supporting lifelong learning, and
providing engaging activities for the elderly. Digital libraries provide
widespread access to information and educational experiences for those
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FIGURE 11.5 POTS-based video telephony systems (common types are
(a) set-tops, (b) desktops, and (c) all-in-ones. Using low-cost sensors and
home automation devices, a living space can easily be retrofitted to collect
information about at-home users and their interactions with their
environment for health monitoring purposes.

with Internet services in their homes. "Virtual reality" and immersive
environments have the potential to provide interactive, engaging expe-
riences for elderly individuals.

CONCLUSIONS

While technology has great potential to address the issues presented in
this chapter, the key requirements to adoption of this technology
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include robust, reliable, and easy-to-use technology interfaces, educa-
tion and training, and perhaps most important, buy-in from a multifac-
eted, heterogeneous group of end-users.

Despite these requirements, technology has great promise to fulfill
the wishes of most older adults to successfully age in place and a host of
technologies are now available to provide comprehensive services for a
rapidly aging population . Combined, these technologies can promote
independent living and successful aging by helping to avoid disease, to
promote independence, and to enable lifelong engagement.
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Technology and the Culture of
Change: Application of Aviation

Human Factors Research
to Health Care Systems

K. Victor Ujimoto

The application of technology to enhance the well-being of the elderly
poses a fundamental challenge, stemming in most instances from the
fact that technological devices are often introduced as a substitute for
human resources, mainly for economic reasons. The decision to utilize
technology is also often made without an understanding of the social
and cultural characteristics of the intended users. The key question that
arises is whether or not the application of technology in its various forms
actually enhances the well-being of the elderly.

In order to better understand the relationship between the applica-
tion of technology and its impact on the well-being of the elderly, it is
first necessary to understand more precisely the concept of technology-
practice. For baby boomers raised in the postindustrial era, the meaning
of technology did not extend beyond its technical or physical meanings,
for example, tools, machines, computers, etc. In contrast, for those who
examined the social relations, social control, and the social shaping of
technology, for example, Pacey (1984), and MacKenzie and Wajcman,
(1999), the focus was primarily on the administrative, management, or
organizational aspects of the application of technology. Therefore, in
the application of technology, in our case for the well-being of the elderly,
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the key components of technology-practice as articulated by Pacey will
be used to frame our discussion in this chapter.

It should be noted that our examination of these key components as
an integrative whole forces us to a new style of "systemic thinking"
through which a person "perceives reciprocity, connections, and inter-
dependencies" (Theobald, 1972, p. 10). Although systemic thinking was
advanced in the early 1960s, it is still an approach that is often ignored
by important decision makers today in everyday life. A continuing chal-
lenge is to create a new awareness of the relationship between technol-
ogy and its application to enhance the well-being of the elderly.

THE MEANING OF TECHNOLOGY

As Pacey (1984) has stated, there is a wide range of social and cultural
content in technology-practice. Of particular interest in our examina-
tion of technology and cultural change are the goals, personal values,
beliefs, and ethics of both the caregivers and medical staff in administer-
ing to the needs and well-being of the elderly. Pacey quotes J. K. Gal-
braith's definition of technology as "the systematic application of scien-
tific or other organized knowledge to practical tasks."

Pacey expands on Galbraith's definition to include "liveware" as well
as hardware, to define technology-practice as "the application of scien-
tific and other knowledge to practical tasks by ordered systems that
involve people and organizations, living things and machines." Recently,
the inclusion and integration of "liveware," organizations, and machines
has advanced considerably in the aviation flight safety and error man-
agement literature. A brief overview of this literature will illustrate the
importance of understanding the culture of a group or an organization
in relation to technology. Several of the concepts noted here can also be
applied to the introduction of technology to enhance the safety and well-
being of the elderly.

TECHNOLOGY AND HUMAN FACTORS

The study of technology's relationship to people can be captured in the
field of human factors and ergonomics (Hawkins, 1993; Fisk & Rogers,
1997; and Rogers, 1997). One of the earliest studies of the relationship
between technology and human performance was the integrative model
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advanced by Edwards (Hawkins, 1993). This model, based on the SHEL
concept, examined the relationship between software, hardware, envi-
ronment, and liveware. The central component or hub of the model is
the person or liveware to which we had referred earlier. Hawkins notes
that it is essential to understand the characteristics of this central compo-
nent as they relate to the other components of the socio-technical system.

A crucial characteristic of a person or liveware is the person's physi-
cal dimensions. There must be an appropriate fit between the person
and his or her environment (Kroemer, 1997). In the case of the elderly,
the individual's physical dimensions may vary according to age, ethnic-
ity, and sex. Yet, very often "one size fits all" technical devices seem to be
the norm. Thus, the application of human factors may have future pay-
offs. Other aspects of human factors or liveware considerations are the
nutritional, physiological, and psychological aspects of well-being that
can be influenced or modified by various technological devices.

Hawkins notes variability in information processing capabilities across
individuals as another human factor or liveware issue. As noted in ear-
lier chapters, information processing ability generally declines with age,
so we are challenged to carefully judge individuals' information process-
ing abilities in order not to compromise safety and well-being. When
individuals can no longer monitor their own technological assistive
devices, caregivers must take on this responsibility. As Hawkins suggests,
the monitoring instrument or warning system design must consider the
capabilities and limitations of the human information processing sys-
tem. This is particularly important when there are sensory and cognitive
deficiencies as one ages (Craik, 1977; Hultsch & Dixon, 1990; Smith,
1996). Thus, redundancy mechanisms should be incorporated into the
socio-technical system to assist the elderly to cope with memory losses,
for example, devices to remind them to take medicine, about doctor's
appointments, etc., as well as other relevant health information such as
warnings not to mix medications.

Hardware comprises the second key component of the SHEL model.
The liveware-hardware fit or interface must be flexible enough to adjust
to the various sensory, motor, and cognitive characteristics of the person.
If the fit is not perfect, injury may occur that results in pain or even per-
manent disability. Hawkins (1993) has also noted that the individual's
information processing capabilities must be considered when evaluating
a liveware-hardware interface. Several control devices for making hard-
ware adjustments are based on the individual's ability to process neces-
sary information prior to adjusting hardware controls.
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An example of incorrect information resulting in a fatal medical error
occurred at the Duke University Medical Center on February 7, 2003. A
mismatched blood-type in a heart and lung transplant operation
resulted in the death of 17-year-old Jessica Santillan. A second operation
was scheduled, but it was too late and Jessica died. Here, the liveware-
hardware fit was imperfect because liveware characteristics such as blood
type and immune system status were not accurately checked and
rechecked (Vergano, 2003). This is part of the overall systems proce-
dures, which is in the realm of software.

The liveware-software interface is the second interface we will con-
sider. The software encompasses those aspects of the socio-technical sys-
tem such as computer programs, systems procedures, checklists, and
other subprograms built into the overall socio-technical system. Again,
systems operators must understand integrative aspects of the software
components. As illustrated in our tragic example above, inadequate
understanding of essential components and functions may result in seri-
ous accidents.

Procedures employed in any systems operations are only as effective
as the training of system operators and it is critically important for oper-
ators to follow established functions and associated checklists in order
to reduce errors. This can only be achieved through a positive institu-
tional or organizational culture that instills in each employee a sense of
responsibility for safety. This aspect of organizational culture will be dis-
cussed in greater detail later in this chapter.

The third interface consideration is between liveware and the envi-
ronment. Environment refers both to the institutional environment of
the elderly and the work environment of the caregivers and medical
staff. Important considerations of the environments include noise levels,
temperature variations, air quality, and lighting intensity. With much
existing technology the environment can be adjusted to meet human
requirements. For example, air conditioning systems can be installed to
control for both temperature and humidity. Economic considerations
rather than available technology are often the decisive factor when
selecting a technology.

The final interface consideration is the liveware to liveware interface.
Here, the elder's interaction with staff will depend on factors such as per-
sonality, interests, and socio-economic status. The interaction patterns
are not limited to client-staff relations but include interaction among
staff and administration of different levels. Here again, institutional or
organizational culture becomes important because cooperation or



Technology and the Culture of Change 181

teamwork among systems personnel is important for the smooth func-
tioning of the overall socio-technical system. A lack of teamwork can
result in safety violations or systems breakdown.

TECHNOLOGY, CULTURE, AND SYSTEM ERRORS

The importance of understanding the relationship between technology,
culture, and human behavior has been noted earlier. One obvious rea-
son for this is to prevent errors, incidents, and accidents from occurring
in any socio-technical system. A single isolated error may not result in
any serious outcome; however, an accumulating series of errors may
combine to create organizational accidents leading to injury or death.
Human performance of critical tasks can be facilitated by the introduc-
tion of technology; however, the operators of socio-technical systems
must be vigilant, particularly in a healthcare system where mistakes can
be deadly.

Organizational accidents can occur in any modern socio-technical sys-
tem and often have multiple causes. Accidents do not generally occur at
a single level but are spread throughout the organization. Unfortu-
nately, if a serious accident does not occur for a long time, a steady ero-
sion of protection often results (Reason, 1997). It is therefore necessary
to establish effective protection or defenses to prevent accidents. Such
protections should include understanding and awareness of local haz-
ards, clear guidance on how to operate safely, alarms and warnings of
imminent danger, systems restored to a safe state in an off-normal situa-
tion, safety barriers interposed between hazards and potential losses,
containment and elimination of hazards should they escape this barrier,
and provision for escape and rescue should hazard containment fail.

Thus, as an integral part of the liveware-software interface, the proce-
dural functions are distinctly separate from the technological aspects of
the hardware. Today's use of computers and other automated monitor-
ing devices in many institutional settings very often neglects the protec-
tive and safety considerations. Reason has outlined a functional hierar-
chy of defenses that act as successive or multiple layers of protection.
However, under certain conditions, these successive layers themselves
will be subject to unsafe conditions or situations.

Reason's "Swiss cheese" model of defenses which can be adapted to
the health care system, depicts multiple layers of necessary protection.
Each slice of the cheese represents the various sectors or departments
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within institutions such as hospitals or long term care facilities. Each
sector or department providing direct or indirect patient care is a
potential source for some mistake or error. These are represented
metaphorically by the holes in the Swiss cheese, symbolizing the weak-
nesses in the organization that can shift around within a sector or
department depending on such factors as workloads, staff changes, shift
work schedules, and lack of training, communications, or adherence to
established procedures.

Reason's model differentiates "holes" by considering the important
distinction between "active failures" and "latent conditions" inherent in
any socio-technical system. "Unsafe acts are likely to have a direct impact
on the safety of the system, and because of the immediacy of their adverse
effects, these acts are termed active failures" (p. 10). Here again, we are
referring to the human factors or liveware considerations that contribute
to the breakdown in the safe operation of the socio-technical system.
Human decisions and actions based on lapses in memory, poor judg-
ment, and violations in procedures are prime examples of active failures.

In contrast to active failures, Reason (1997) notes, "latent conditions
are to technological organizations what resident pathogens are to the
human body. Like pathogens, latent conditions—such as poor design,
gaps in supervision, undetected manufacturing defects or maintenance
failures, unworkable procedures, clumsy automation, shortfalls in train-
ing, and inadequate tools and equipment—may exist for many years
before they combine with local circumstances and active failures to pen-
etrate the system's many layers of defenses" (p. 10). In this distinction
between active failures and latent conditions, two important organiza-
tional factors should be noted: (a) the time factor between the active fail-
ure (s) and the adverse impact, and (b) the specific location within the
organization where the human factors flaws originate. To illustrate these
two points, Reason (1997) notes that "active failures are committed by
those humans at the human-system interface, and they usually have
immediate and short-lived effects" (p. 11). These contrast with latent
conditions such as original design flaws or undetected manufacturing
defects, which can be dormant for years before system defenses are
breached and an accident occurs. These latent conditions can be
blamed on the earlier decision makers at the top of the organizational
hierarchy. In order to examine why active failures and latent conditions
continue to exist in contemporary socio-technical systems and organiza-
tions, we will next examine the relationship between technology, corpo-
rate or institutional culture, and systems safety.
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SOCIO-TECHNICAL SYSTEMS,
ORGANIZATIONAL CULTURE, AND SYSTEM SAFETY

In most studies of catastrophic system failures, the conclusion reached
was that an accumulation of failures and errors scattered throughout the
socio-technical system, either during manufacture or at some other deci-
sion-making level of an organization, were responsible for the accident
(Stewart, 1994; Vaughan, 1996). Most failures or violations in system pro-
cedure appears to be associated with the lack of a strong institutional or
organizational culture.

Westrum and Adamski (1999) present another way to consider the
relationship between the socio-technical system, the liveware discussed
in the SHEL model, and the linkage to Reason's notion of active and
latent failures. "Around every complex operation there is a human enve-
lope that develops, operates, maintains, interfaces, and evaluates the
functioning of the sociotechnical system" (p. 69).

In Westrum and Adamski's model, members of the human envelope
are held together by the organization's culture. They define this organi-
zational culture as "an ensemble of patterns of thought, feeling, and
behavior that guide the action of the organization's members" (p. 81).
Although individuals may act alone, it is through their interaction with
others that organizational cultural patterns develop based on a common
set of beliefs, values, and norms. Trice and Beyer (1993) note this as the
collective characteristic of culture and they assert that "belonging to a
culture involves believing what others believe and doing as they do—at
least part of the time" (p. 5). Other important characteristics of culture
noted by Trice and Beyer are "the emotional, historical, symbolic,
dynamic, and inherently fuzzy" aspects.

In examining the relationship between socio-technical systems and
organizational culture, the emotional characteristics of culture are partic-
ularly significant because of what people believe and cherish. The intro-
duction of technology that requires social change may very well result in
considerable resistance to change in fundamental behavior because of
established ideologies and practices. "People's allegiances to their ideolo-
gies and cultural forms thus spring more from their emotional needs than
from national considerations" (Trice & Beyer, 1999, p. 6).

The development of emotional culture often results from people
sharing common histories or experiences. If the introduction of tech-
nology into an organization replaces human beings, there will be no
opportunity for people to interact with others and they merely become
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a part of an emotionless environment. An example is the numerically
programmed medication dispenser that moves along hospital corridors
to deliver prescribed drugs. The patient merely steps outside his or her
room around the prescribed time to pick up his or her medicine. There
will be limited opportunity to interact with traditional nurses or other
caregivers, thus preventing a meaningful exchange of daily greetings
and conversation.

An important aspect of both the emotional and historical dimensions
of culture for the well-being of elders is to remember their need to spend
time together and to interact with staff members if a strong organiza-
tional culture is to be developed and strengthened. This is unlikely to
occur if there are more temporary or short-term contract personnel
employed than there are regular staff members. Although it may be eco-
nomically advantageous to employ part-time staff or to introduce tech-
nological devices for repetitive or routine tasks, the major disadvantage
will be the absence of a strong organizational culture that can produce
new ideas or innovations to make gradual, continuous improvements to
the socio-technical system.

The significance of the symbolic aspects of culture has been noted by
Trice and Beyer (1993) who write, "to say that cultures are symbolic is to
emphasize the expressive, rather than the technical and practical side of
human behavior" (p. 6). In our multicultural society, symbolism plays an
important role in facilitating cross-cultural communication and under-
standing. Individuals must be encouraged to manifest their cultural
expressions freely instead of being restricted or limited by technological
determinism. The opportunities for cultural expression enhance and
facilitate the development of the dynamic aspects of culture.

In our examination of the relationship between socio-technical sys-
tems and organizational culture, there are several reasons why one must
fully understand the dynamic nature of culture across generations. Trice
and Beyer (1993) provide five explanations of why cultures continually
change. First, because communication is seldom perfect, the transfer of
knowledge from one generation to the next is also imperfect and suc-
cessive generations will interpret their past culture in different ways. Sec-
ond, individuals have considerable discretion to create their own pat-
terns of behavior. Trice and Beyer (1993) note that "the degree of
individualism varies across societies over time but is probably always suf-
ficient to produce some degree of innovativeness and creativity in
responding to life's problems and challenges" (p. 7). Third, cultures
change because so much of the traditional elements of a culture are



Technology and the Culture of Change 185

taken for granted and thus not assessed in terms of their meanings to
specific contemporary events or issues. Fourth, the emphasis on the sym-
bolic aspects of communication results in imprecise interpretations.
Finally, new groups, new technologies, and concomitant new practices
result in new organizational environments that produce a fluid,
dynamic, organizational culture.

The final characteristic of culture noted by Trice and Beyer (1993) is
the "inherently fuzzy" aspect of contemporary cultures. These "incorpo-
rate contradictions, ambiguities, paradoxes, and just plain confusion
most often manifested in modern organizations operating in uncertain
and confusing environments" (p. 7). The resulting fuzziness stems from
several sources such as the imperfect transmission of previous cultural
values, shared rules, and norms, and the influence of new subcultural
groups that emerge in an organization as a result of the introduction of
new technologies and organizational practices.

An understanding of the various characteristics of culture will enable
us to appreciate the model advanced by Westrum and Adamski (1999)
to study the relationship between technology, organizational culture,
and system safety. The ultimate goal is the safe operation of the socio-
technical system. In order to minimize the exposure of the elderly to
dangerous situations that may be associated with various day to day activ-
ities and practices in a hospital or in a nursing home environment, we
will next briefly discuss those factors of organizational culture that most
specifically concern system safety. Westrum and Adamski identify three
types of organizational cultures—pathological, bureaucratic, and gener-
ative. The flow of information varies in each type and affects the effi-
ciency, productivity, and safety of that organization.

In pathological organizations the anomalies, system errors, or mis-
takes are not transmitted beyond the immediate confines of the work or
operational environment. The suppression of any adverse situation or
"latent pathogens" does not eradicate the problem but is hidden from
view until a major disaster is experienced. As Westrum and Adamski
(1999) note, "the suppression or encapsulation of the problem does not
make the problem go away, just the message about it. Such organizations
constantly generate 'latent pathogens,' since internal political forces act
without concern for integrity" (p. 84). This situation usually remains
undetected unless the organizational and political cultures embrace
rather than punish "whistle-blowers." Many hospitals and nursing homes
in Canada and the U.S. tend to follow the pathological organizational
culture and structure.
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Bureaucratic organizations rely on highly complex socio-technical
fixes. These organizations "tend to be good at routine or predictable
problems. They do not actively create pathogens at the rate of patholog-
ical organizations, but they are not very good at spotting or fixing them"
(Westrum and Adamski, 1999, p. 84). Staff in these organizations show
a tendency to take a very narrow or "linear thinking" approach and do
not consider issues that occur beyond the assigned area of their job
description or responsibility. An example of such a bureaucratic organ-
ization is one where each department has its own computer operating
system that cannot communicate with systems in other departments.
Thus, issues arising in one department are not readily shared across the
whole organization. Consequently, an organizational culture that rein-
forces the "why bother?" mentality sets in and eventually becomes part
of the latent failure.

Generative organizations encourage information sharing through
good communications. Westrum and Adamski note that "the generative
organization possesses a high degree of integrity, a human envelope in
depth that protects the socio-technical system. When the system occa-
sionally generates a latent pathogen, the problem is likely to be quickly
spotted and fixed" (p. 85). The generative organization is perhaps best
illustrated by the many aviation organizations that have a nearly perfect
safety record (Gittell, 2003). In the airline industry, the main focus is on
the management of system safety and this can only be accomplished
effectively through an organizational culture that successfully integrates
operational, technical, and human resources. This integrative approach
to the study of system safety developed with the very first examination of
the nontechnical aspects of aviation accidents after the tragic crash of
the Lockheed L-1011 in Florida in 1972. In this accident, the National
Transportation Safety Board (NTSB) of the United States attributed the
main cause of the accident to "the failure of the crew to monitor the
flight instruments during the final four minutes of flight, and to detect
an unexpected descent soon enough to prevent impact with the ground"
(Lauber, 1993, p. xv).

Since then, research has accelerated on flight crew performance and
how human factors issues affected their operations (Ujimoto, 2002).
The main research thrust commenced in the mid 1970s at the NASA
Ames Research Center. In 1979 a workshop entitled "Resource Manage-
ment on the Flight Deck" was held (Cooper, White, & Lauber, 1980) and
several human factors issues were identified such as human error, poor
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interpersonal communication, failure to set priorities in decision mak-
ing, loss in situation awareness, and inadequate leadership.

The original expansion of cockpit resource management (CRM) to
crew resource management (CRM) occurred with the recognition that
increased flight safety and efficiency required a cooperative or "team
effort" between the flight deck and flight attendants. Orlady and Orlady
(1999) have noted that in the early days of aviation, human characteristics
such as individualism and independence were viewed as desirable pilot
characteristics; however, with the introduction of the copilot and techno-
logical advancements in the cockpit, this view changed. This worthwhile
objective adhered to the original definition of CRM provided by Lauber
(1984) as "the effective utilization of all available resources—hardware,
software, and liveware—to achieve safe, efficient flight operations" (p. 20).

Several important aspects should be noted in Lauber's definition.
First, the meaning of "effective utilization" has been interpreted in vari-
ous ways. In western societies, where rugged individualism and inde-
pendence predominate, much greater emphasis appears to be placed on
the economic aspects of flight operations rather than on flight safety
through teamwork. Second, the scope of "resources" today must be
extended beyond the flight crew environment, and the overall aviation
or air transport system must be considered. This argument will become
more obvious when we analyze the various processes and causes of errors
that result in aviation accidents and incidents. Third, flight operations
as an organizational system comprises many subsystems and the role of
each subsystem must be understood and appreciated as an important
component of the overall air transport system.

Crew resource management as an overarching principle for flight
safety required several decades of nourishment before it gained recog-
nition throughout the aviation industry. However, there are still critics
of CRM because accidents continue to occur because of human errors.
Helmreich (2000) notes that "critics of CRM fail to recognize two vital
points: (a) that humans are inherently limited in their capabilities, mak-
ing error inevitable; and (b) that complex systems such as aviation will
necessarily experience failures" (p. ix). Similarly, in health care settings,
human errors can occur when highly complex technological systems are
introduced. Recognizing the limitations of human capabilities and com-
pensating for them through a more effective understanding of human
factors can reduce errors. These factors include better training and the
development of a strong organizational culture.
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SUMMARY AND CONCLUSION

This chapter has provided an overview of the diverse social and cultural
contexts of technology-practice. It was noted that the application of
technology to enhance the well-being of the elderly must be from a sys-
tems perspective that integrates the software, hardware, and environ-
ment with liveware. Literature addressing the relationship between
technology, organizational culture, and aging is growing gradually;
however, there is still not enough emphasis on interdisciplinary systems
approaches. This chapter's brief overview of the progress made in avia-
tion human factors arid safety research seeks to encourage better col-
laboration among disciplines with regard to future technology, human
factors, and research on aging. This will undoubtedly become quite
urgent in future years as assistive technology is continually introduced
into medical care systems.

The introduction of technology to address broad-based health care
issues must stem from a firm understanding of both technology and
organizational culture. Without this understanding, especially from a
systems or teamwork perspective, compromises may occur in the health
care system that will result in an increase in technology-generated iatro-
genic and nosocomial morbidity and mortality. The success of aviation
human factors and CRM research is now gaining attention in the med-
ical profession. Helmreich and Merritt (1998) note the importance of
interpersonal collaboration, communication, and coordination in the
working environment for both commercial airline pilots and medical
operating room teams. But this emphasis on safety still lags in the med-
ical profession. For example, the U.S. Federal Aviation Administration
(FAA) and the National Aeronautics and Space Administration (NASA)
established the Aviation Safety Reporting System (ASRS), a nonpunitive
incident reporting system in 1975. Orlady and Orlady (1999) report that
pilots, flight attendants, mechanics, technicians, and other airline per-
sonnel file nearly 3000 anonymous reports each month. If the medical
and health care professionals adopted a similar anonymous reporting
system, for example a Medical Safety Reporting System (MSRS), perhaps
there would be far fewer medical errors.

This example points to some improvements that can be obtained by
a shared interactive information technology system that disseminates
interdisciplinary information on medical and health care safety issues.
Modern information technology can greatly facilitate and enhance our
interdisciplinary sharing of knowledge; and medical terminology can
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enhance all aspects of treatment and care. However, the introduction of
technology must be made with a firm commitment to the understand-
ing of the organizational culture of the institutional environment.
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Driving Simulation
and Older Adults

George W. Rebok and Penelope M. Keyl

Doctor, we are concerned that my 82y ear-old father is no longer safe to drive even
though he recently passed a driving evaluation at the Department of Motor Vehicles.
He is only driving locally, but has gotten lost several times and has had several near-
miss road situations. We've advised him that he is unsafe and is going to hurt him-

self, his wife, and other people. Although we've offered to drive him anywhere he
needs to go, he insists that he is a safe driver and that he has no intention of quit-

ting. We don't want him to cause an accident, but we are not sure what to do next.

The population of older people in the United States is growing dramat-
ically (U.S. Bureau of the Census, 2003), and a concomitant increase in
the prevalence of dementia is expected. Thus, as the above vignette illus-
trates, the issue of safety, particularly driver safety, in older people is
becoming a growing public health concern, and one for which interven-
tions are being sought (Carr & Wang, 2003). According to the National
Highway Traffic Safety Administration (NHTSA), although older drivers
have the lowest crash rate per licensed driver of all (driving) age groups
(NHTSA, 2001a), they also have higher crash rates per vehicle mile
driven and higher fatality rates from crashes (NHTSA, 2001b), due in
part to their greater susceptibility to physical injury (Li, Braver, & Chen,
2003). In fact, based on estimated annual travel, the fatality rate for driv-
ers age 85 years and older is nine times higher than for drivers 25-69
years old (NHTSA, 2001b). Increased crash rates in elderly drivers have
been attributed to age-related declines in visual search, selective and

191
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divided attention, and complex reaction time (Ball & Rebok, 1994; Ball,
Owsley, Sloane, Roenker, & Bruni, 1993; Owsley, Ball, Sloane, Roenker,
& Bruni, 1991; Stutts, Stewart, & Martell, 1998), as well as the presence
of medical diseases (Wallace, 1997).

As also illustrated by the introductory vignette, the responsibility for
determining the driving fitness of older adults is increasingly falling
upon the health care profession. Although medical professionals need
to be equipped with objective methods to evaluate fitness to drive (Carr
& Rebok, 2000; Freund, Gravenstein, Ferris, & Shaheen, 2002), they
often do so with minimal objective data on which to base a decision. The
ultimate decision as to whether a patient should continue to drive is
made by the local licensing authority, but the physician can influence
this process. Physicians also have an ethical responsibility to notify the
appropriate authorities when the patient poses a threat to others
(Kakaiya, Tisovec, & Fulkerson, 2000).

During the past decade driving simulation has begun to play an
increasingly important role in assessing driving fitness and retraining
driving skills in older drivers. This chapter will review the uses and valid-
ity of driving simulation technology with the elderly, focusing on the fol-
lowing issues: 1) review and critical evaluation of the existing research
on driving simulation in the elderly; 2) comparison of the feasibility and
validity of driving simulation approaches to other methods for assessing
driving ability (e.g., on-road driving, neuropsychological assessment); 3)
use of driving simulators for retraining or rehabilitating elderly drivers
who present driving problems; and 4) combining simulator technology
with functional magnetic resonance imaging (fMRI) and other neu-
roimaging technologies to study underlying neural mechanisms.

SIMULATION STUDIES WITH OLDER DRIVERS

Driving simulation has occupied an important place in automobile
human factors research for more than two decades. Simulator research
topics include driver interaction with suspension and steering systems
(Blana & Golias, 2002; Hildreth, Beusmans, Boer, & Royden, 2000),
driver workload (Hicks & Wierwille, 1979; Jerome, Ganey, Mouloua, &
Hancock, 2002; Verwey, 2000), and the effects of alcohol and drugs on
driver performance (Quillian, Cox, Kovatchev, & Phillips, 1999; Gawron
& Ranney, 1988; McGinty, Shih, Garrett, Calhoun, & Pearlson, 2001).
Recently, driving simulation has been extended to the study of driving
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behaviors of healthy older drivers and those with physical and cognitive
impairments. Because simulators allow investigators to examine driving
behaviors and conditions that would be too hazardous for on-road assess-
ment, they have become increasingly popular in automotive human fac-
tors research with the elderly (Alexander, Barham, & Black, 2002;
Hakamies-Blomqvist, Ostlund, & Hneroksson, 2000; Staplin, 1995).
Advances in computers, image processing, and display and sensor tech-
nologies in the last decade have also facilitated the development of sim-
ulation systems that are more interactive and that more closely mirror
real-world driving conditions at reasonable cost, which has led to
increased use in both public and private sectors (Emery, Robin, Kni-
pling, Finn, & Fleger, 1999; Gruening, Bernard, Clover, & Hoffmeister,
1998; Lee & Mollenhauer, 2002; Tornros, 1998; Weir & Clark 1996).

Several studies have examined the relationship between age-related per-
ceptual and cognitive changes and driving simulator performance. Some
have been conducted among participants with no known neurocognitive
impairments, whereas others have been conducted among patients with
physical and/or cognitive impairments resulting from conditions such as
Alzheimer's disease and stroke. The major objective of this research has
been to predict who is likely to be an unsafe driver. Although it is not always
feasible for everyone to have an expensive, high-performance driving sim-
ulator to assess driving abilities, it is feasible to use lower-tech, easily admin-
istered neuropsychogical procedures that correlate highly with simulation
data and real-life crash data (Keyl, Rebok, & Gallo, 1997).

SIMULATION STUDIES WITH HEALTHY OLDER ADULTS

Several simulation studies with healthy older adults have compared per-
formance on a simulator with a measure of visual processing speed for
increasingly more difficult attention tasks called the "useful field of view"
(UFOV®). Much of the interest in the notion of useful field of view in
general and the computer-based UFOV® measure in particular stems
from its ability to predict crashes with high sensitivity and specificity,
especially among older adults (Ball, Wadley, & Edwards, 2002). For
example, Roenker, Cissell, and Ball conducted a study (cited in Ball &
Owsley, 2000) examining driving simulator performance in relation to
the UFOV®. Older individuals with intact visual acuity and contrast sen-
sitivity were assessed in a Doron Model L-225 driving simulator. The
Doron simulator is a fixed-base, noninteractive system consisting of a sin-
gle driving station with a steering wheel and a typical instrument panel.
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Results of this study identified a significant relationship between
UFOV® and simple reaction time to brake lights as well as choice reac-
tion time to varying traffic signs. Individuals with greater UFOV® impair-
ment demonstrated slower choice response times in the driving simula-
tor. In another study Chaparro, Groff, Tabor, Sifrit, and Gugerty (1999)
examined the relationship between UFOV® and a test of situational
awareness in driving (DriveSim). DriveSim is administered on a desktop
personal computer and shows a three-dimensional scene representing
the view from inside a car, including the roadway, vehicles ahead, and
rearview, right, and left sideview mirrors. Participants ranging in age
from 18 to 82 were administered a battery of tests including the UFOV®
and instructed to monitor the number and location of all vehicles in the
scene and to avoid collisions. Performance on UFOV® subtests 2 and 3
(divided and selective attention) was significantly correlated with Dri-
veSim accident involvement, ability to recognize and react to a threat car,
and the average proportion of cars recalled.

Cox, Taylor, and Kovatchev (1999) studied 38 older people who three
years previously had participated in a driving simulation study using an Atari
driving simulator. The Atari simulator has three 25-inch computer screens
that wrap around the driver providing a 165-degree visual field, and a pro-
grammed rearview mirror depicting rear traffic. Twenty of the 38 drivers
had scored above the 90th percentile (low risk), and 18 had scored below
the 10th percentile (high risk) on the driving simulator test. Although both
high- and low-risk drivers reported driving a similar number of miles per
week, the high-risk drivers reported 47 crashes per 1,000,000 miles driven
whereas the low-risk drivers reported six crashes per 1,000,000 miles, a sig-
nificant difference that persisted when controlling for age.

SIMULATION STUDIES WITH ALZHEIMER'S PATIENTS

Several recent studies have used simulators to determine driving fitness
in patients with Alzheimer's disease. For example, Rizzo, Reinach,
McGhee, and Dawson (1997) examined driving simulator performance
in 21 older adults with Alzheimer's disease and 18 age-matched controls
without dementia. Participants "drove" on a simulated rural two-lane
highway in the Iowa Driving Simulator, SIREN (Simulator for Interdisci-
plinary Research in Ergonomics and Neuroscience). The SIREN is a four-
channel, 150 degree forward view and 50 degree rear view high-fidelity
simulator that provides a dynamic driving scenario in which "crashes" are
recorded. Six (29%) of 21 participants with Alzheimer's experienced



Driving Simulation and Older Adults 195

crashes vs. none of the 18 control participants. Among 15 participants
with total UFOV® impairment of 50% or greater, 6 had at least one crash,
while none of the control participants with total UFOV® loss less than
50% had any crashes. Correlations between UFOV® impairment and
simulator crashes were of a magnitude similar to that reported by Ball,
Owsley, Sloane, Roenker, and Bruni (1993) with state-recorded crashes.

In an earlier series of studies on simulated driving in Alzheimer's dis-
ease, Rebok and colleagues (Rebok, Bylsma, & Keyl, 1990; Bylsma, 1997;
Bylsma, Rebok, & Keyl, 1992; Rebok, Keyl, Bylsma, Blaustein, & Tune,
1994) examined driving performance in relation to a broad battery of
cognitive function tests. Rebok, Keyl, Bylsma, Blaustein and Tune (1994)
reported that Alzheimer's patients' performance on two cognitive tests,
the Mini-Mental State Examination (MMSE) and a test of category flu-
ency, correlated significantly with aspects of their performance on a
quasi-simulation of driving using the Driving Advisement System
(DAS) (Giariutsos, 1992). In a larger, follow-up study, 42 patients with
Alzheimer's and 81 healthy elderly control subjects participated in an 18-
month longitudinal study to evaluate automobile driving skills using the
Doron driving simulator. First visit test results on several measures of neu-
ropsychological function (i.e., Trails A, Motor-Free Visual Perception
Test, Visual Reproduction, mean reaction time in 2- and 4-choice reac-
tion time tests) were significantly associated with driving simulator per-
formance for both the Alzheimer's patients and controls (Rebok, Bylsma,
& Keyl, 1990; Bylsma, Rebok, & Keyl, 1992). In a longitudinal analysis of
subjects with three visits, Rebok, Keyl, Bylsma, Tune, Brandt, et al. (2003)
compared 8 control subjects who were worse at visit 3 on three of five
selected neuropsychological tests (decliners) with 24 control subjects
who did not show this pattern of decline. The annual mileage at visit 3
was similar for the two groups. Over one-third (37.5%) of the decliners
had self-reported crashes between visits 2 and 3, while none of the
remaining subjects had. In addition, the number of self-reported near
misses was twice as high for the decliners as for the other subjects.

Rizzo, McGehee, Dawson, and Anderson (2001) tested whether
licensed drivers with mild cognitive impairment due to Alzheimer's are
at greater risk for intersection crashes using the Iowa Driving Simulator
(IDS). The results showed that 6 of 18 (33%) of drivers with Alzheimer's
experienced crashes compared with none of the 12 nondemented driv-
ers of similar age. The findings were similar to the study cited earlier
using rear-end collision avoidance scenarios implemented on the IDS
(Rizzo, Reinach, McGehee, et al., 1997). Predictors of crashes in the
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combined studies included visuospatial impairment, disordered atten-
tion, reduced processing of visual motion clues, and overall cognitive
decline. Another investigation with Alzheimer's patients (Cox, Quillian,
Thornskie, Kovatchev, & Hanna, 1998) compared 29 outpatients with
probable Alzheimer's with 21 age-matched controls on the Atari simula-
tor. Driving simulator performance was able to differentiate Alzheimer's
patients from control participants and correlated with MMSE scores.
Alzheimer's patients drove off the road more often, drove more slowly
than the posted speed, applied less brake pressure when trying to stop,
spent more time negotiating left-hand turns, and drove more poorly
overall than the participants in the control group.

SUMMARY OF OLDER DRIVER SIMULATION STUDIES

The results reported above support the usefulness of high-fidelity simu-
lation and neuropsychological assessment in efforts to standardize the
assessment of fitness to drive in older drivers with medical impairments.
Although there are methodological weaknesses with many of these stud-
ies (e.g., small sample size, reliance on self-report of past automobile
crashes, use of noninteractive or nonrealistic simulation systems), they
do support the idea that evaluation of driving ability of older people on
a driving simulator may be a useful future approach. Driving simulators
appear to be sensitive instruments for classifying older drivers who are
unsafe to drive, correlating highly with driving skills such as visual
search, attention, and choice reaction time. Despite the potential clini-
cal utility of simulators, questions have been raised about the usefulness
of simulation with even mildly impaired Alzheimer's patients (see Wild
& Cotrell, 2003; Withaar, Brouwer, & van Zomeren, 2000). These criti-
cisms center on the lack of ecological validity and the concern that the
novelty of the simulator environment may surpass the capacity of the
impaired patient to adapt to it. Although these concerns should not be
ignored, they may become less relevant as simulator technology contin-
ues to advance and includes enhanced realism (e.g., motion) and simu-
lation of a variety of high-risk driving scenarios.

DRIVING SIMULATION VS. OTHER TYPES OF ASSESSMENT

Judgments about fitness to drive in older drivers should be based on
objective, performance-based methods, rather than on age alone. Using
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age as the sole criterion may unfairly limit mobility in safe older drivers
or authorize licensure in adults who are unfit to drive (Rizzo, Jermeland,
& Severson, 2002). Several methods of assessing driving ability have been
described and researched. These include on-road driving (Hunt, Mur-
phy, Carr, Duchek, Buckles, et al., 1997; Odenheimer, Beaudet, Jette,
Albert, Grande, et al., 1994), driving simulator testing (Galski, Ehle, &
Williams, 1997; Lee, Lee, & Cameron, 2003), and neuropsychological
assessment batteries (Lesikar, Gallo, Rebok, & Keyl, 2002; Marottoli,
Richardson, Stowe, Miller, Brass, et al., 1994; Meyers, Volbrecht, & Kaster-
Bundergard, 1999; van Zomeren, Brouwer, Rothengater, & Snoek, 1988).
In this section, we examine each of these approaches to see which is most
feasible and valid for predicting unsafe driving in older drivers.

ON-ROAD DRIVING

Road tests have been considered the standard by which to evaluate driv-
ing competence (Freund, Gravenstein, Ferris, & Shaheen, 2002). How-
ever, road tests have several limitations since they are often scored sub-
jectively, the road conditions may vary, and the tests may be performed
in a car on a driving course that is unfamiliar to the subject. State road
tests are designed to ensure that novice drivers know and can apply the
rules of the road, not to predict crash involvement in skilled drivers who
may have become impaired. Because of their ecological validity relative
to other assessment methods, road tests have been advocated by several
authors as the preferred method to assess driving competence (Don-
nelly & Karlinsky, 1990; Kapust & Weintraub, 1992).

SIMULATOR TESTING

Driving simulation appears to be a sensitive method to objectively eval-
uate driving performance (competence), but the recurrent criticism is
that it has not been compared with on-road testing (Freund, Graven-
stein, Ferris, & Shaheen, 2002). Driving simulation is widely accepted as
safe, reliable, and quantifiable. Unlike on-road testing, simulation is not
limited by weather conditions and can easily run multiple variants of the
same conditions. The use of contingencies (e.g., paying participants to
avoid "crashes") increases realism, and likely the generalizability of sim-
ulated performance to that in actual driving situations (Cox, Taylor, &
Kovatchev, 1999). Driving simulators also have predictive validity,
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although their ability to reveal or predict actual on-road performance in
older adults, particularly those with cognitive impairments, has not been
firmly established.

Testing elderly people in driving simulators does have certain draw-
backs. Simulator testing may be too expensive, too unfamiliar, provide
unrealistic perceptual information, and have questionable validity.
Elderly drivers are more prone to motion sickness, and an older person's
ability to act in an unfamiliar technological environment might influ-
ence simulated driving performance as a moderating variable (Breker,
Rothermel, Verwey, & Henriksson, 2001).

NEUROPSYCHOLOGICAL TESTING

Many studies use neuropsychological testing in conjunction with on-
road or driving simulator assessments. Previous research demonstrates
that neuropsychological assessments can predict driving status in real-
life clinical samples (Galski, Ehle, & Williams, 1997; Meyers, Volbrecht,
& Kaster-Bundgaard, 1999). One criticism of the use of neuropsycholog-
ical tests alone to assess driving-related abilities is their lack of apparent
face validity. Another criticism is that the tests are often very time con-
suming and require considerable training and expertise to reliably
administer. Keyl, Rebok, and Gallo (1997) and Lesikar, Gallo, Rebok,
and Keyl (2002) have identified a brief battery of paper-and-pencil tests
and simple questions about driving habits that can predict unsafe driv-
ing behavior in older adults and that are feasible for use by primary care
physicians. Computer-based batteries for assessing driving-related skills
in older drivers also have been developed for use in clinical care settings
and licensing agencies (Dobbs, Heller, & Schopflocher, 1998).

COMPARABILITY OF REAL AND SIMULATED DRIVING

A crucial question is the extent to which driver behavior on advanced
simulators relates to actual on-road driving (Blana, 1996). Validity com-
parisons of on-road vs. simulator studies show similarities on many meas-
ures (Reed & Green, 1999; Carsten, Groeger, Blana, &Jamson, 1997;
Damkot, 1976; Gawron & Ranney, 1988; Tornros, 1998), but there are
few detailed head-to-head comparisons. Many recent studies validated
fixed-base driving simulators vs. on-road performance (Blana & Golias,
1999, 2002; Carsten, Groeger, Blana, &Jamson, 1997; Godley, Triggs, &
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Fildes, 2002; Reymond, Kemeny, Droulez, & Berthoz, 1999; Tornros,
Harms, & Aim, 1997). Several compared subjects in both an instru-
mented car on a test track or real road and its closely simulated equiva-
lent; correlations were very high for speed choice consistency, mean
speed, and lateral road position. Overall, these data suggest the validly
of driving simulators in reflecting important aspects of real on-road driv-
ing behaviors, (Galley, 1993; Hoffman & Mortimer, 1994).

Only a handful of studies are available that have validated simulators
as a method of predicting on-road performance in older adults. In one
recent study, Freund and colleagues (2002) compared on-road and sim-
ulated driving performance of nine older adults, four of whom were clas-
sified as cognitively impaired. Subjects completed a 30-minute driving
simulation on the STISIM drive simulator developed by Systems Tech-
nology, Inc. and a 30-minute on-road test. The average scores for the sim-
ulated and on-road performance were significantly and negatively cor-
related (r= -.67), indicating that fewer errors on the simulator task were
related to a higher score on the road test (performance with competency
ratings >90%). There was also a strong correlation between hazardous
and lethal errors on the simulator and failing the road test ( r= -.83). In
another recent study, Lee, Cameron, & Lee (2003) assessed 129 older
drivers on a laboratory-based driving simulator and an on-road test. They
found a significant positive correlation between the two indices, with the
simulated driving performance index explaining over two-thirds of the
variability of the on-road driving performance index, after adjustments
for age and gender. Both studies support the validity of the driving sim-
ulator for older adults.

USE OF DRIVING SIMULATORS TO RETRAIN OLDER DRIVERS

The positive effects of simulator training on flight safety are well docu-
mented and have been demonstrated for several decades using expen-
sive, high-fidelity flight simulators (Hardy & Parasuraman, 1997; Lee &
Mollenhauer, 2002). During the past decade technological advances
have reduced the costs of graphic hardware and software, allowing high-
fidelity simulators to be cost effectively applied to training in other
modes of transportation including driving (Allen, Rosenthal, &
Parseghian, 1994; Fisher, Laurie, Glaser, Connerney, Pollatsek, et al.,
2002). There are several advantages of using simulators in driving train-
ing, including training efficiency, safety, standardization and objectivity
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of driver assessments, and driver-by-driver customization (Lee & Mollen-
hauer, 2001). The high "face validity" of a realistic, interactive simulated
test where results can be reviewed and mistakes explained may be of
great value, both in contributing to the effects of retraining and in pro-
moting acceptance and compliance with any subsequent restrictions of
driving privilege (Staplin & Hunt, 2003). This is an important advantage
since compliance with medical recommendations regarding driving and
driving cessation is a major issue facing medical professionals (Bogner,
Straton, Gallo, Rebok, & Keyl, 2004; Carr, 2000). Simulators have several
other important advantages for driver training, including evaluation of
multiple variables with automated monitoring, ability to program driv-
ing performance results into several useful formats, and development of
reports that can be used to reinforce learning experience on the simu-
lator (Lee & Mollenhauer, 2002).

There is a need for studies comparing simulator training with more
traditional forms of driver education and rehabilitation (Hunt, 1993).
One type of training that has been the focus of research studies is per-
ceptual training (Ball, 1997; Ball, Beard, Roenker, Miller, & Griggs,
1988). Ball and Owsley (2002) assigned elderly adults who exhibited
decreased attentional skills either to a training program to expand the
size of their attentional field or to a traditional driving trainer program
using a simulator. A third group with normal attentional skills served as
the control group. The group that experienced the perceptual training
showed improved choice reaction time (RT) and fewer dangerous
maneuvers during the driving evaluation. Similar effects were not
observed in either the simulator or the control groups. The simulator
group improved on three driving performance measures: turning into
the correct lane, positioning the vehicle safely at stops, and signaling
within 100-150 feet of a turn. Similar effects were not observed in the
perceptual training group or the control group. Thus, it seems that train-
ing must encompass a variety of techniques to address the global per-
formance of driving. The benefits of this training protocol have been
shown to generalize to untrained stimuli and decreased stimulus dura-
tions, and to persist for at least one year (Edwards, Wadley, Meyers,
Roenker, Cissell, et al., 2002).

Other projects have evaluated educational interventions designed to
enhance older driver safety. Recently, Stalvey, and Owsley (2000) and
Owsley, Stalvey, and Phillips (2002) reported that an educational inter-
vention for older drivers experiencing decline in visual function and/or
UFOV® was effective in modifying self-perceptions about vision and
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attitudes toward driver safety. Although educational interventions may
be offered in classrooms or on a one-on-one basis, advances in technol-
ogy offer clear advantages for broader dissemination (Ball, Wadley, &
Edwards, 2002). For example, free or low-cost driving assessments as well
as online courses that can educate older drivers about safe driving prac-
tices can both be offered over the Internet.

COMBINING SIMULATOR TECHNOLOGY WITH
USE OF FMRI IMAGING AND OTHER TECHNOLOGIES

Understanding the neural basis of performance of real-world, complex,
perceptual-motor tasks such as driving is an important goal for future
research. This goal is part of an emerging discipline called "neuroer-
gonomics" which comprises two disciplines that themselves are interdis-
ciplinary: neuroscience and ergonomics (Parasuraman, 2003). Neuroer-
gonomics investigates the neural bases of such perceptual and cognitive
functions as seeing, hearing, attending, remembering, deciding, and
planning in relation to technologies and settings in the real world. It
includes the study of many real-world environments, including operat-
ing vehicles such as cars, aircraft, trains, and ships.

Simulators offer several important advantages for neuroergonomic
studies. They allow for more variability in attentional and behavioral
demands presented to subjects and for safe collection of reliable, repeat-
able, quantitative data. These advantages led recently to simulated driv-
ing and flying programs being used in fMRI and electroencephalogram
(EEG) research projects (Scheier, 2000; Peres, Van De Moortele, Pier-
ard, Lehericy, Satabin, et al., 2000; Walter, Vetter, Grothe, Wunderlich,
Hahn, et al., 2001). For example, Walter and colleagues (2001) studied
brain regions correlated with driving using functional magnetic reso-
nance imaging (fMRI) with younger adults who performed a driving
simulation task. Participants either steered the car themselves (active
driving) or observed while a person outside the scanner was steering the
car (passive driving). Results showed common activations in both condi-
tions in occipital and parietal regions bilaterally. Activity specifically asso-
ciated with driving was found only in the sensorimotor cortex and the
cerebellum. Replications of this type of study with older drivers might
help identify basic neural mechanisms that underlie safe driving per-
formance. At a practical level, such information might be used to design
more effective retraining and rehabilitation programs.
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FUTURE DIRECTIONS

In this chapter, we have reviewed and critically evaluated the rapidly
expanding use of simulation technology for assessing and training older
drivers. Since more older adults will be driving in the next few decades,
it is imperative that standardized, objective methods be made available
to health professionals and licensing agencies for determining fitness to
drive. Although future cohorts of older drivers are expected to be safer
than today's older drivers, the cohort effect appears to be small relative
to other time-related effects, most notably aging. Therefore, it is
expected that older drivers will continue to be a high-risk component of
the driving population and will continue to require special considera-
tion in terms of driver training and assessment, driving environment,
and vehicular design (Staplin, Lococo, & Sim, 1992; Klavora & Hesle-
grave, 2002; Eberhard, 1996; Stamatiadis & Deacon, 1995). We have
argued that driving simulators hold particular promise for reliably and
validly predicting driving safety and for instituting effective crash pre-
ventive counter measures in at-risk older drivers.

In response to growing concerns about older driver safety, the Ameri-
can Medical Association has recently developed a guide to help physicians
assess and counsel older drivers (Wang & Carr, 2004). Although age is asso-
ciated with risky driving, it is the conditions associated with aging such as
reduced reaction time, decreased attention, and decreased mobility and
dexterity that adversely affect driving (Marottoli, Cooney, Wagner,
Doucette, & Tinetti, 1994). In addition, many other factors such as med-
ication, neurological disorders such as Alzheimer's disease or Parkinson's
disease, brain injury from stroke or head injury, and even lack of sleep may
negatively affect driving. Driving simulators, when used in conjunction
with other data-gathering techniques, can shed important light on the fac-
tors that may make someone a risky driver and that may (or may not) be
modifiable through education and training. Two major challenges for
future research are to determine more specifically how the brain selects
and processes the visual signals from the driving environment and to then
use this information to design more targeted crash prevention and crash
protection programs. It has been suggested that the study of neuroer-
gonomics is a fertile ground for investigating the relationships between
simulated driving behavior and underlying neural mechanisms that may
change with age and disease. With this enhanced understanding,
researchers should be better prepared to develop intervention programs
that can enhance mobility and improve older driver safety.
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The Dr. Tong Louie Living
Laboratory: A Unique

Facility for the Reasearch
and Development of
Assistive Technology

James Watzke

SCIENTIFIC AND HISTORICAL CONTEXT

Starting in the late 1960s there were numerous significant efforts to pro-
mote the importance of person-environment (P-E) transactions upon
the affective, behavioral, and/or functional outcomes of older adults
(e.g., Barker, 1968; Pastalan & Carson, 1970; Craik, 1970; Lawton &
Simon, 1968). Undoubtedly, the most articulate proponent of P-E mod-
eling was Powell Lawton, who developed the Environmental Docility
Hypothesis that stated "the less competent the individual, the greater the
impact of environmental factors on that individual" (Lawton & Simon,
1968, p. 11). Later, Lawton proposed the Environmental Proactivity
Hypothesis, which conversely suggests that "as personal competence
increases, the variety of environmental resources that can be used in sat-
isfaction of the persons' needs increases" (Lawton, 1990, p. 639). These
theoretical generalizations are important for they became the basis for
a myriad of other important concepts such as "person-environment fit,"
prosthetic environments," "user-friendly products," "adaptive housing,"
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and "supportive environments for persons with special needs." To under-
stand the legitimacy of Lawton's theories, one need only observe a per-
son in a wheelchair attempt to use a conventional bathroom, or a five-
foot, two-inch 85-year-old with arthritis prepare a meal in her standard
kitchen using standard appliances.

Although a strong theoretical foundation was in place, the fields of
Gerontology, Human Factors, Environmental Psychology, Architecture,
Interior Design, Rehabilitation Medicine, and Biomedical Engineering
continued to produce a shortfall of rigorous data showing how, and to
what extent, older adults and persons with disabilities respond to and
negotiate the demands of everyday tasks in their environments, includ-
ing their interactions with everyday consumer products and/or assistive
technologies (e.g., Chapanis, 1974; Koncelik, 1977; Fozard, 1981;
Raschko, 1982; Faletti, 1984; Czaja, 1990). The Living Lab was developed
as a modest attempt to counteract this knowledge gap, and was guided
by a comprehensive paradigm for human factors research for an aging
population (Czaja, 1990).

To summarize, at the conceptual stage, three types of scientific data
were envisioned to be produced in the Lab for older adults and persons
with disabilities, namely: 1) task analysis data of activities of daily living;
2) person-environment data for the improved design of residential
and/or institutional interiors, and 3) human factors data related to the
proper evaluation of specific products or technologies. As discussed
below, some of these perceived research domains have been more fruit-
ful (for the Lab) than others.

FACILITY DEVELOPMENT CHALLENGES

The initial conceptual proposal for the Living Lab was written in 1991
(Watzke, 1991). As with any new initiative within an academic institution
we were required to develop and prove a case for the Living Lab. This
entailed: 1) review of existing (or competing) full-scale simulation labo-
ratories and/or research groups; 2) execution of some "proof of con-
cept" research; and 3) acquisition of funding. During this phase,
research staff contacted and assessed numerous settings across Canada,
the United States, and Europe that were believed to engage in full-scale
simulation activities AND had an interest in gerontology, rehabilitation,
and/or improving "age- and disability-sensitive" design of environments
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or products (Watzke, 1991). This exploration convinced us that the facil-
ity we had envisioned was needed and viable for Western Canada, and
British Columbia.

As part of a strategy to procure required space and funding, some
"proof of concept" research was conducted to demonstrate the poten-
tial contribution of such a facility to gerontechnology and related
fields. Accordingly, staff convinced a local commercial real estate cor-
poration to donate approximately 800 square feet of prime downtown
Vancouver office space for a funded research project that required a
full-scale residential simulation. The project focused on a human fac-
tors evaluation of a prototype portable electronic environmental con-
trol device (Watzke & Birch, 1994; Watzke, 1997). Of most importance,
this opportunity allowed staff to: 1) revise and refine our concept for
the Living Lab; 2) showcase a full-scale model of the envisioned Lab
for potential donors, funders, and partners; and 3) show how the full-
scale simulation facility enhanced our ability to produce publishable
applied research.

As might be expected, fundraising was the most critical and time con-
suming need and included the following ingredients over a six year
period:

1. The Simon Fraser University Development Office agreed to make
the Living Lab a high priority for their fund raising. After two or
three years of work, they identified a significant private donor (Dr.
Tong Louie) and obtained a match to his gift from the Govern-
ment of British Columbia. This resulted in a permanent Lab
Endowment.

2. One additional key academic partner (British Columbia Institute
of Technology-BCIT) and one community-based partner (Neil
Squire Foundation) were engaged for the initiative. The former
provided the Lab with permanent space in a new BCIT building.
Both partners had the technical and research staffs to enhance
the overall capability of the Lab.

3. The momentum of number one and two above allowed the new
facility to capture significant funds for needed equipment,
infrastructure, research contracts and grants, and increased
staffing (from both private and public funding sources). To
date, the above sources of funding total approximately CAN
$1.75 million.
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PHYSICAL STRUCTURE

The Lab comprises three primary spaces, as described below.

EXPERIMENTAL STUDIO

Resembling a movie set, this 1000-square-foot open area allows
researchers to simulate, in full scale, the features, products, or environ-
ments needed for a given project. For example, we have simulated mul-
tiple kitchens, bathrooms, a grocery store and pharmacy counters, work-
stations, and a full one-bedroom apartment. Incorporating moveable
walls, a ceiling grid, and a raised subfloor to allow maximum flexibility
in simulation options, the Experimental Studio is the Lab's the central
location for data collection.

VIEWING THEATRE

Researchers and visitors can unobtrusively observe and respond to activ-
ity in the Experimental Studio from the adjacent Viewing Theatre. Sim-
ilar to the viewing theatres found in the surgery units of teaching hospi-
tals, it contains one-way glass, TV monitors, and personal computers
interfaced with the Lab's Data Acquisition and Analysis Centre.

DATA ACQUISITION AND ANALYSIS CENTRE

Using fully interactive and networked personal computers, portable
audio and video technology, a sophisticated motion analysis system
(PEAK), and an automated remote audience response technology sys-
tem, the Lab can capture a variety of human, product, device, and envi-
ronmental performance data. Typical methods employed are behav-
ioural observation, self-report questionnaires, task analysis, and
three-dimensional biomechanical motion analysis.

LAB STAFFING & EXPERTISE

A key factor to the Lab's success is its access to and utilization of multidis-
ciplinary teams. For every project, a designated Project Leader assembles
the appropriate team members. The Living Lab benefits significantly from
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being part of a larger 55-person research center, the BCIT Technology
Centre. BCIT is the largest polytechnic institute in Western Canada. The
Living Lab falls under the subgroup of the Technology Centre called the
Health Technology Research Group (HTRG). Presently, the HTRG
employs 11 full-time personnel with expertise in architecture, assistive and
medical device design, behavioural psychology, biomedical engineering,
clinical engineering, electrical engineering, environmental psychology,
gerontology, health care epidemiology, human factors/ergonomics,
human kinetics, industrial design, marketing, mechanical engineering,
plastics, product evaluation (usability testing), prototype production,
prosthetics & orthotics, robotics, and software design and evaluation. In
addition, the Lab has access to various faculty members across BCIT, which
represents over 200 separate training programs. Core and full-time Lab
staff that work in the Lab on a full-time basis include a research head (the
author), two research associates, and a part-time administrative assistant.
In sum, the Lab's facilities and staffing resources provide a unique and
powerful resource for behaviour observation, human factors analysis,
physiological measurement, and product evaluation.

LAB OPERATION, RESEARCH APPROACH, AND SERVICES

As Lab activities increased, policies and procedures for access and uti-
lization were necessary. Therefore, a comprehensive, legally binding col-
laboration agreement stipulates the procedures and regulations govern-
ing all partners and users of the Lab. It delineates how Lab access and
research activities are to be prioritized, how the endowment and other
Lab funding is to be spent, and who is responsible for the daily opera-
tion (and expenses) of the Lab. An executive steering committee over-
sees compliance with the collaboration agreement and addresses any
other operational needs of the Lab. For BCIT, all staff utilized for Living
Lab projects are under a "salary recovery model," i.e., staff time is
accounted for and wherever possible paid for from existing research
contracts or grants. The BCIT Technology Centre and Lab Endowment
cover any nonrecovered portions of core staff salaries.

As part of the polytechnic institute, BCIT staff working in the Living
Lab are expected to focus on applied research and development (R&D)
(as opposed to a basic research mandated at many traditional university
research settings), and wherever possible to promote industry and eco-
nomic development and increased quality of life for citizens of British
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Columbia and Canada. Based on our mandate and resources, our work
has been most successful within two domains. Under the first domain,
technical staff develop (design, fabricate prototypes, and produce) all
types of medical and assistive devices including: (a) safer and more effec-
tive acute care and diagnostic technologies, including emergency room,
surgical, and diagnostic tools; (b) tools and workstations designed to
reduce injury to health care workers; and (c) assistive technologies
designed to meet the growing demand for increased independence for
older adults and persons with disabilities. We embrace a broad defini-
tion of assistive technology, i.e., any product, system, or environmental
feature that can help the individual to accomplish any daily living or
work tasks.

Second, we have the facilities, expertise, and interest in testing and
evaluating systems, products (including assistive technology), small-scale
environments, and procedures to ensure the safety and optimal per-
formance of such devices used by assorted users, e.g., older adults, per-
sons with disabilities, and health care professionals. It is in this domain
that the Living Lab plays a primary role, e.g., by developing usability pro-
tocols, obtaining ethics approvals, conducting clinical trials, arid execut-
ing feasibility and market research on various devices and products.
Where appropriate, researchers working in both domains have devel-
oped and utilize a quality system that follows International Standards
Organization (ISO) protocols, U.S. Food and Drug Administration
(FDA) design controls, and Health Canada guidelines. This ensures our
work meets regulatory standards in Canada, the U.S., and Europe.

Living Lab external research funding typically comes from a blend of
external competitive grants and industry-based contracts. Grant sources
have included private and not-for-profit foundations and agencies,
provincial programs, and federal agencies or institutes. Private industry
contracts have typically come from medium and small Canadian compa-
nies. Project fees vary based on need and scope. The next section demon-
strates how the Lab's approach has materialized in actual projects.

PAST, CURRENT, AND FUTURE PROJECTS

The following is a brief description of selected past, current, and future
Living Lab projects, because they are relevant to assistive technology and
the themes of this book. First, some basic principles apply to most proj-
ects executed in the Lab: 1) wherever feasible, we recruit (and pay an
honorarium) to research participants who are the intended or actual
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users of the devices or products being studied; 2) the Lab follows strict
ethical guidelines as stipulated by a Canadian-wide council on research
ethics; and 3) several Lab projects have proprietary elements, requiring
research staff to maintain the confidentiality of any intellectual property
associated with a project. This also limits our ability to describe and pub-
lish information about selected projects.

DEVICES To PREVENT INJURY TO HOME SUPPORT WORKERS

In British Columbia, home support workers experience the highest
injury rates among health care workers, especially musculoskeletal
injuries (MSIs) to their backs (Workers Compensation Board of BC-
WCB, 2000). Under a research program of the WCB, our staff has been
awarded a series of grants to address this problem. In the first study, four
low-tech devices were selected that were hypothesized to reduce MSIs for
home support workers as they transfer and lift. The devices were: 1)
transfer belt; 2) raised toilet seat; 3) portable bathtub grab bar; and 4)
portable bath bench. A full-scale typical residential bathroom was simu-
lated in the Lab, actual home support workers served as subjects (n =
21), and another participant was trained to act as an elderly client in
need of bathroom transfers (see Figure 14.1).

The home support worker and client dyads performed a protocol of
several toilet and bathtub transfers using the four study aids, as well as a
manual (no aid) condition. Among other methods, a 3-D motion analy-
sis system (PEAK) was used to perform biomechanical analyses to esti-
mate the relative risk for back injury to the home support workers. Find-
ings led researchers to conclude that none of the studied devices
reduced the risk of injury to the home support worker (Watzke, Paris-
Seeley, & Raschke, 1999; Paris-Seeley, Raschke, Watzke, Jones, & Halsted,
2000; Raschke, Paris-Seeley, WTatzke, Jones, Groves, etal., 2001; Heacock,
Paris-Seeley, Raschke, & Watzke, 2002).

Based on these results, we continued the research convinced that the
best injury prevention strategy is to make sure home support workers do
no home-based client transfers without the use of a mechanical or elec-
trical lift. We received another grant to develop such a lift that would meet
the performance requirements of the commercially available electrical
lifts, but would be portable and less costly. We have entered into a part-
nership with a company that produces and distributes client lifts. The
partnership allowed us to conduct clinical trials with the prototype lift
in order to properly assess (in actual clients' homes) the performance
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FIGURE 14.1 Transfer aid study of an in-home patient transfer. A home
support worker is executing a bathtub transfer with a trained senior aged
client in the "transfer aid study." The round reflector balls (markers) are
placed on participants' selected joints, allowing researchers to estimate
risk of injury using the 3-D biomechanical motion analysis system and
appropriate biomechanical calculations.

and commercial viability of the lift (competing lifts are included in the
field studies). If the clinical trials are successful, the commercial partner
will assist with the commercialization of the lift, including protection of
intellectual property, liability, and marketing challenges.

IMPROVING THE USABILITY AND ACCESSIBILITY
OF ELECTRONIC DAILY LIVING DEVICES

Since the initial proof of concept research for the Living Lab (Watzke
& Birch, 1994), together with our partner the Neil Squire Foundation,
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we have engaged in several studies to develop and improve the usabil-
ity and accessibility of electronic daily living devices, such as debit card
handsets, and personal digital assistants. The Neil Squire R&D Group
(www.neilsquire.ca) has a 15-year track record of developing tech-
nologies for persons with significant physical disabilities (Birch,
Watzke, & Bolduc, 1995). A mutually beneficial relationship has devel-
oped over the years, especially toward the exploration of what we call
the "crossover potential" of some of Neil Squire's assistive technolo-
gies. A good example of this type of research focused on an automated
integrated environmental control device that was developed for
younger persons with spinal cord injury, but was thought to be rele-
vant to the lives of older adults with disabilities (Watzke & Birch, 1994;
Watzke, 1997).

Our methodology researching electronic daily living aids in the Liv-
ing Lab often includes a "micro" and "macro" approach. First we study
the micro dimensions of a given device or prototype (e.g., LCD screen
qualities, software menu, keypad configuration and function, etc. ).
Then we focus on relevant macro dimensions such as ambient lighting
and noise, apparatus to hold the handset, accessibility of countertops for
wheelchairs, store clerk behaviour, etc.

Over time, we have learned that conducting R&D on electronic
devices for these groups presents significant challenges such as: 1) the
quickly changing product development landscape inherent with most
electronic consumer products, i.e., keeping up with the changing tech-
nology and earning the right to have input into the product design cycle
early enough; and 2) convincing manufacturers to take a genuine inter-
est in the inherently small market represented by actual consumers of
such devices who are older adults or persons with disabilities.

Consequently, we have refined our strategy to focus on improving the
usability and accessibility of existing devices by improving their inter-
faces, i.e., to make them more user friendly for older adults and persons
with disabilities. We are currently engaged (with Neil Squire) in two proj-
ects using this approach. The first utilizes a detailed human factors pro-
tocol to study alternative interfaces (e.g., track balls, electronic head
pointers) to explore how one might improve the accessibility of commer-
cially available personal digital assistants (PDAs) for persons with spinal
cord injury (n = 31). This project continues our work in the Lab on the
topic of environmental control devices. Neil Squire received a Federal
Grant from the Canadian Institutes of Health Research to "prove the
principle" of this accessible PDA work. This will allow researchers to

www.neilsquire.ca


218 Models, Prototypes, and Specific Applications of Gerotechnology

explore the commercial potential of the original concept or elements
involved in the research.

In the second project, we completed a comprehensive set of in-Lab
and field studies to provide the Canadian Bankers Association with "per-
formance recommendations" on how to improve the accessibility of
point of sale (debit card) devices for persons with disabilities. Partici-
pants (n = 80) included persons with vision impairments, hand and
mobility impairments, and a subgroup of older adults. One probable
outcome of this project is for the findings to be utilized in a process to
create a Canadian national standard of accessibility for such devices
(e.g., Canadian Standards Association, 2001).

IMPROVING DEVICES, PRODUCTS, AND WORKSTATIONS
USED BY INSTITUTION-BASED HEALTH CARE WORKERS

Unfortunately, several health care worker groups in addition to the one
described above have increased risk for injuries (Workers Compensation
Board, 2000). BCIT and Living Lab researchers have been contracted to
address technological or product improvements and/or solutions to sev-
eral injury scenarios being experienced by such health care workers. For
example: 1) nurses experience MSIs and other hazards in the process of
crushing pills and using ineffectively designed medication carts, both
important activities on any in-patient long-term care setting; 2) ultra-
sound technicians (sonographers) report significant work-related
injuries due to the complicated and demanding tasks required in ultra-
sound data collections; and 3) laboratory technicians engaged in "pipet-
ting," experience high rates of MSIs in specimen processing for various
laboratory tests. A similar pattern led to our involvement in each of these
areas: 1) worker injury claims were being reported across several institu-
tional work settings for the same tasks and worker groups; 2) authorities
responsible for the health and well-being of such workers recognized the
problems and wanted solutions; and 3) our staff has a reputation for
developing, evaluating, and helping apply technological solutions to
such problems, especially for health care personnel. Our strategy in each
project was also similar. First we studied the nature of the problem, and
assessed current devices, products, workstations, and work task practices
involved in each scenario. Next, we generally applied R&D expertise to
develop and/or improve one or more of the product or technological
elements our analyses told us might reduce injury. In these examples,
this included designing and prototyping a better automated "pill
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crusher" as well as designing and prototyping a better medication cart,
which is almost always used in tandem with pill crushing technology.

For the ultrasound sonographers and pipetter lab technicians, we did
significant R&D leading to improved alternatives. At some point all four
projects were simulated and evaluated in the Living Lab, using actual
health care workers as participants, and using a variety of human factors
and qualitative data collection methods. After the Lab evaluations, the
products or workstations are typically placed in the field for further test-
ing and clinical trials. Often in parallel to the Lab and field studies, staff
explore any intellectual property that may be associated with each of the
projects, as well as searching for potential commercial partners to inves-
tigate the viability/feasibility of taking any or some portion of the work
to market (see final section for further discussion on this topic).

STUDENT PROGRAMS TO PROMOTE INTEREST IN THE CREATION
OF ASSISTIVE TECHNOLOGY: SOLUTIONS AND PROTOGE

These two programs have a several year history in British Columbia. In
SOLUTIONS, typically each year 50-60 student groups from various
post-secondary academic programs (mostly industrial design, occupa-
tional therapy, and engineering) agree to focus their course projects on
the conceptualization and in some cases, prototype creation of an orig-
inal assistive device. SOLUTIONS culminates in an annual exposition
held at a local rehabilitation center, where a wide spectrum of clients and
staff gather to give the students valued feedback (and inspiration) on
their projects.

In the second program, PROTOGE, each year an advisory committee
identifies approximately 12 of the SOLUTIONS projects deemed to
have "the most commercial potential." In this voluntary program, for the
entire academic year students participate in a "mentoring program"
where, with the help of senior level professionals (many from private
assistive technology industry or clinical settings), they execute tasks to
explore the commercial potential of their prototypes. Many of those
tasks focus on marketing issues (e.g., competitive product analyses, mar-
ket-share projections, user testing, and financing) since that is the train-
ing the students are least likely to receive in their academic programs.
To date three PROTOGE projects have acquired patents, and a few par-
ticipants have gained employment at mentors' companies or in the med-
ical or assistive device industry. For more detail about these programs,
seeWatzke (2002a).
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TECHNOLOGY FOR CAREGIVERS OF PERSONS WITH DEMENTIA

A final category of assistive technology research the Lab conducts is best
termed "market research." Canada has several government-based pro-
grams mandated to help companies develop new technologies or prod-
ucts. Many require companies to conduct external market research on
their concept or product as a condition of receiving funding. For exam-
ple, we recently conducted market research for a company specializing
in health and behavioural management systems for persons with
Alzheimer's. We engaged faculty from our business school to do the sec-
ondary research (e.g., competitive economic analyses, distribution
strategies), while the Living Lab team simulated the needed technology
or prototype system to facilitate usability and focus group events (pri-
mary, original data collection). In this case, 21 caregivers of persons with
Alzheimer's were invited to the Lab and participated in a full-scale prod-
uct simulation/demonstration and market research data collection pro-
tocol. Between the two types of data, we provided the client with a con-
fidential and comprehensive market assessment and a marketing
strategy for their proposed new product or system.

LESSONS LEARNED & FUTURE ACTIVITIES

The first five years of operation of the Living Lab provide several obser-
vations and insights. First, two major research areas expected to be suc-
cessful in the Lab have not materialized: 1) studies of activities of daily
living for older adults, and 2) studies of residential environments or inte-
riors. We are not certain why these research domains have not fared well
in the Lab, but for the former, it might be hypothesized that under
restricted federal budgets, most health funding is focused on delivery of
health care services as opposed to health research. When one reviews
recent Canadian federal and provincial health research funding guide-
lines, relatively little is directed at geriatric rehabilitation, community-
based health research, and/or R&D on health technologies. Unfortu-
nately, these are the health research domains that Living Lab is best
suited for. Regarding residential and/or environmental design research
in the Lab, there is no longer a significant public funding envelope in
Canada for such research, e.g., on accessible, barrier-free, and/or adap-
tive residential design. We have also learned that private housing devel-
opers and/or public housing agencies are unlikely to invest in full-scale
research on age and disability sensitive design.
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Another important lesson learned is how challenging it is to bring
products or devices to market, and ideally enjoy some margin of com-
mercial success; few assistive technology products that reach prototype
stage actually become commercialized (Fernie, 1997;, 2002b). We are
currently focusing on being associated with more products that we hope
will make it to market. Toward this goal we are also seeking additional
funding to hire a full-time "technology transfer manager" to augment
our existing skills set.

On the positive side, it is now evident that research and development
activities focused on product-user interfaces with a variety of medical
and assistive devices are fruitful for the facility. Several such projects were
described above. We have also learned that research on products and
technologies that help prevent injury to assorted health care personnel
is also well suited for the Living Lab. Possible explanations for these pos-
itive outcomes are many. In both domains, economic forces are driving
the need for R&D. Companies are trying to produce economically viable
health industry products, and although an inverse economics is operat-
ing in the case of health care worker injuries, all stakeholders (employ-
ers, workers, and workers compensation agencies) are motivated to
reduce the costs associated with injured workers.

Although difficult to measure, the benefits of the Lab's full-scale simu-
lation Experimental Studio cannot be overestimated. Research staff believe
our ability to mock up even modest environmental contexts for the
assorted products and devices studied has provided invaluable ecological
and technical validity for several projects. This is further enhanced
because, by policy, Living Lab research requires actual or intended users
to be involved in the evaluation of the devices, products, or systems under
study. Clearly, in-Lab research is not a substitute for more ecologically valid
field research. Thus, the Lab research is but one step that allows our
researchers to then safely take devices or products into the field, where fur-
ther clinical and test trials can be executed. Also the multidisciplinary skills
sets of our "in-house" team are critical to our R&D successes. These diverse
professionals allow us to execute diverse health technology projects and
apply critical creative problem-solving energies (without worrying about
being charged for every hour spent discussing a project or problem).

Future projects planned for the Lab will continue to build on our
track record. WTe have been asked to partner with a Finnish research
group to help them execute North American user testing for a proto-
type "intelligent moving aid" for the elderly. We also recently received
a contract with Health Canada and the Canadian Standards Association
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to conduct original pilot research to determine the viability and best

methods of having an age- and disability-friendly consumer-product
labeling program in Canada. Finally, we will soon manage a health pro-
motion initiative that will create the first Canadian national television-
based public service announcement (PSA) to promote positive use of
assistive technology by Canadian seniors and veterans. This unique proj-
ect is one of many under a federal falls prevention initiative sponsored
by Health Canada and Veterans Affairs Canada.
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New Participative Tools in Product
Development for Seniors

Hans-Liudger Dienel,
Alexander Feine, and

Heather Cameron

INTRODUCTION

In 1997 Daniel Goleman published a book on "emotional intelligence."
Replacing the classical paradigm that intelligence could be measured in
terms of cognitive and logical activities Goleman proposed a view of
intelligence that emphasized the role of emotions in the way we value
things and decide about our subsequent course of action. Consistent
with this principle of emotional intelligence, our view on technologies
and technological designs should also change. It should no longer be
seen as purely driven by specific tasks, tools and traditional human fac-
tors considerations, but also by individual attributes such as specific
hopes, wishes, fears, and attitudes. This is the core principle of a Ger-
man research group that develops everyday technology for senior house-
holds. The group seeks to develop emotional technologies.

We assert that current senior-appropriate technology is far from being
emotional technology in a positive way. Rather, it is often stigmatized as
technology for the disabled or as technology to compensate for short-
comings with regard to physical dexterity, eyesight, concentration, and
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coordination, among other factors. In other words, senior-appropriate
technology is currently determined by all kinds of physical or mental
deficits usually attributed to seniors. We think that it is time to change
this erroneous belief system. Due to our aging society it is increasingly
important to provide product developers with a methodology that
encourages senior-appropriate product design that meets the diverse
specific demands and potentials of elderly individuals. This is what we
would call "emotional assistive technology": products that enhance sen-
iors' power rather than merely compensate for their shortcomings.

We describe this methodology to develop emotional assistive technol-
ogy in three steps. First, we show how three different levels of objectives
characterize our methodology: a normative level, a strategic level, and
an operational level. Second, several dimensions form each of these lev-
els. We identify seven dimensions that must be explored in more detail
to understand how the objective of emotional technologies can be
accomplished. Third, we introduce specific results of our rnultidiscipli-
nary research conducted at the Technical University Berlin. WTe have
developed and honed our methodology within the "Sentha" (Senioren-
gerechte Technik im hauslichen Alltag—Everyday Technology for the
Elderly) project. This methodology is not necessarily limited to the
development of assistive technologies, but can also be applied to fields
of product development for other target groups and technological
fields. We conclude this chapter by highlighting research activities nec-
essary to optimize this methodology.

THE CORNERSTONES OF THE METHODOLOGY

First, our approach attempts to counter two gerontological design dog-
mata: the concepts of "barrier free products" and "design for all." Reject-
ing these concepts as not useful, we then developed a hierarchy of objec-
tives to replace the old standards. This hierarchy is based on a set of
normative objectives. Normative objectives can be understood as funda-
mental objectives: questioning their importance would only lead to the
conviction that they simply are important (Keeney, 1992). Normative
objectives constitute the basic principles upon which we act in our pri-
vate or professional life.

Normative objectives do not necessarily enable the product developer
to derive directives for concrete courses of action. Rather, they must first
be translated into strategic objectives that provide guidance for action
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in a narrower range of circumstances. Although they might still be quite
generic, they provide guidelines tailored to a specific context. For the
purposes of this chapter, it is important to understand the hierarchical
relationship between normative and strategic objectives: strategic objec-
tives are means objectives, e.g., objectives that aim to fulfill other objec-
tives (for example, if we strive for a reduction of CO2 emissions in order
to mitigate the greenhouse effect, this is the ends objective.)

Strategic objectives, in turn, do not elaborate on the process by which
they can be accomplished. Hence, it is most crucial to translate strategic
objectives into operational objectives (Quade, 1985). In other words, it
is important to define objectives that give concrete procedural guide-
lines in a certain situation. Operational objectives are hierarchically sub-
ordinate to strategic objectives. They allow meeting the strategic objec-
tives and, thereby, the normative objectives to be met.

The methodology described in this chapter enables designers to
develop products that appeal to seniors in the sense that they feel satis-
fied to purchase and use them. Seniors will not have to buy these prod-
ucts solely to overcome certain hindrances or disabilities; rather, they
will acquire such products because they like them. In other words, this
methodology reinforces the design of senior-appropriate products that
are emotionally appealing.

The methodology comprises seven dimensions subsumed under the
three levels described above and noted in Figure 15.1. These shall now
be briefly introduced.

NORMATIVE LEVEL OBJECTIVES

On the normative level, our methodology has two dimensions: the salu-
togenetical dimension, and the target group specific dimension. In con-
trast to the principle of "barrier freedom," we assert that emotionally
appealing technology for seniors must be tailored to their potentials
rather than their disabilities. The principle of barrier freedom is based
on the compensation of disabilities (Dienel & Schroder, 2000). Accord-
ing to this principle, senior-appropriate technology compensates for
seniors' physical shortcomings. This principle is widely applied in senior
housing and products for the disabled. The majority of planners and
engineers working with the idea of barrier freedom for seniors still con-
ceptualize aging as a bodily ailment. The optimal technical solution is
viewed as one that best compensates for the loss of bodily functioning
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Normative Level

Strategic Level

Operative Level

FIGURE 15.1 Objectives hierarchy determining the Sentha methodology.

associated with the aging process. This guideline is manifested in the
German norms DIN 18024 (barrier-free building in public spaces) and
18025 (barrier-free building in private spaces) that cover guidelines for
senior-appropriate housing. One major implication of this approach is
that most products designed for seniors are stigmatized by a negative
view of aging, such as portrayed in clinical geriatrics or, more generally,
the negative aging stereotype.

Efforts towards barrier-free construction and barrier-free products have
achieved many important goals, such as raising considerable awareness
about the problems of the physically handicapped and also the elderly,
among architects, product developers, and society at large. Hence, one
can appreciate and endorse the principle of barrier freedom. However,
this limited view does not fully encourage novel products and services.

Several existing models of barrier freedom make senior housing look
dangerously similar to long-term care settings. The apartments are
small, ergonomically sound, and easy to maintain and to use. Producers
of domestic appliances hesitate with good reason before adopting bar-
rier freedom as a guiding principle. However, living alone, lack of con-
tact with the outside world, and anxiety are as important, if not more
important, factors in statistics about falls than traditional examples of
inappropriate doorsteps or other physical obstacles that could be
removed by barrier-free construction.
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The guiding principle of barrier-free construction works rather
mechanically, i.e., movement is restricted by an obstacle, which should
therefore be removed. The commonly held argument appears to be
that when all the barriers are gone then the design will work, "it will
flow." Such reasoning is reminiscent of a material flow concept for a
hospital, or flow mechanics for the reduction of pipe resistance through
the proper dimensions of pipes in heating systems. It bears almost no
resemblance to models for an attractive lifestyle for senior citizens.
Despite its obvious limitations, barrier freedom is a very entrenched
idea in senior design.

One could choose guiding principles very different from barrier free
design, especially in the field of senior housing. Our research project has
focused on the idea of "contrasts in living space." Seniors not working
outside the home or limited in mobility lose access to various contrast-
ing spaces for living, work, and recreation that many of us take for
granted. One can imagine an architectural design philosophy that culti-
vates contrasts in living spaces to increase quality of life, rather than
focusing on the removal of all obstacles in an area. Contrasts also sup-
port attention to the environment and promote alertness toward one's
physical or natural surroundings.

One well-known approach to overcome the stigmatizing aura of sen-
ior-appropriate technology is the "design-for-all" principle (universal
design). We also challenge this principle and claim that a target-group
specific approach is more fruitful—especially in Germany, which has a
tradition of niche-oriented manufacturing. The design-for-all principle
is based on an attempt to free senior-appropriate technology from an
image created by its market position in special marketing channels for
the disabled. Senior-appropriate technology is viewed as some sort of a
medical solution to remedy a weakness or disability, and therefore it is
treated as technology for a fringe group—a fringe group nobody wants
to identify with since it is stigmatized as physically weak, aesthetically
unattractive, and technologically uneducated. Hence, the design-for-all
principle attempts to create technology that is attractive to both younger
and elderly people. It is based on the idea that product design weak-
nesses affect all ages; the difference being that these problems are often
more prevalent in the elderly.

The design-for-all principle, as we assess it, is inappropriate for the
design of senior-appropriate technology. Rather, we should proac-
tively perceive senior-appropriate technology as target group specific
technology. First, we think the design-for-all principle emphasizes the
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stigmatizing character of senior-appropriate technology: the assump-
tion that senior-appropriateness has to be camouflaged implicitly
underlines its negative image. Secondly, we believe that the image of
seniors has significantly changed over time: seniors are no longer seen
only as a fringe group that is poor, technologically illiterate, and strug-
gling with various physical disabilities. Rather, seniors become a tar-
get group that is wealthy and demands a certain high level in terms of
quality of life. Therefore, seniors should be seen as a growingly afflu-
ent market segment that justifies the development of appropriate
products and technology. Technology may clearly be declared as sen-
ior-appropriate; still, it has to become more attractive in order to turn
its image from a fringe group technology to a target group technol-
ogy. This is what we mean by emotionally appealing senior-appropri-
ate technology. We also claim that this approach is especially fruitful
in Germany since this country has been traditionally a stronghold of
manufacturing and design for small groups. Germany has a long tra-
dition of small workshops and niche manufacturing that allows cus-
tomers and designers to work more closely to create new tailored
products, for example, automobiles and household appliances.

STRATEGIC LEVEL OBJECTIVES

The strategic level comprises two dimensions: the self-learning dimen-
sion and the synergetic dimension. Senior-appropriate technology must
be self-learning, that is, senior-appropriate technology must change,
"grow" and evolve with the demands of its specific user group. Seniors,
after all, are not a group characterized by somatic deficits; rather, they
are characterized by potentials and preferences that may or may not
change with increasing limitations in physical agility. The synergetic
dimension, therefore, asks for senior-appropriate technology that meets
the needs of seniors and, at the same time, is able to adjust to increasing
limitations in a senior's life. For instance, imagine a senior who takes
great pleasure in extensive daily bathing. She would demand a very com-
fortable bathtub; at the same time, she would like a bathtub that can be
entered safely and effortlessly. A senior-appropriate bathtub, hence,
would be a comfortable bathtub whose design is not solely determined
by facilities to lift the user over the edge; rather, a senior-appropriate
bathtub would be a traditional bathtub that also offers an option to be
entered without having to step over a barrier or lower one's body. This
is what we mean by self-learning: instead of designing a product with a
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certain disability to overcome in mind, products should be designed to
meet a senior's preferences and at the same time they should offer the
possibility to adjust to potential disabilities. This is the evolution or self-
learning dimension of our methodology: technology should be
designed to fulfill its core function and be able to adjust to various chang-
ing "typical" conditions and circumstances.

In order to realize the beliefs underlying these two dimensions, sen-
ior-appropriate technology must be "synergetic," e.g., a technology that
cooperates with, and creates added value with, other kinds of technolo-
gies. The benefits of combining various components of synergetic tech-
nologies must be greater than the sum of each component's single ben-
efits. Imagine again the senior that enjoys his daily bath. He would feel
much more comfortable if he knew that there was a device that would
call for help in case of an emergency such as a sudden fall. Of course,
such a device would be developed to compensate for the disability of get-
ting help in case of an emergency—a condition that may apply to
younger people, too. However, such a device would be designed to sup-
port other products that enhance a senior's quality of life. In turn, the
products should be designed to incorporate support functions. Technol-
ogy is not defined as senior-appropriate due to its core function, but
rather due to its adaptiveness towards additional functions. This is the
synergetic dimension of senior-appropriate product development. The
core function of these products remains the same—namely, to meet a
senior's potential and preferences.

In summary, on the strategic level, senior-appropriate technology
should take two dimensions into account. First, it should be self-learn-
ing—easily adjusting to decreasing physical agility. Secondly, it should be
synergetic—easily combined with other technologies in order to adjust
to decreasing physical agility.

OPERATIONAL LEVEL OBJECTIVES

For the process by which senior-appropriate products should be devel-
oped, the previous four dimensions have three major implications at the
operational level: the participative dimension, the cooperative dimen-
sion, and the empathic dimension.

By participative dimension we mean that senior-appropriate technol-
ogy development processes should take various perspectives into
account as products are designed. We distinguish between two kinds of
participation: internal participation and external participation.
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Internal participation encourages a multidisciplinary approach:
various disciplines must be taken into account. To develop new
senior-appropriate technologies, for instance, it is not sufficient
to consult only construction engineers. Ergonomics experts and
psychologists for example, could help designers to better under-
stand how people might utilize new technologies. Multidiscipli-
narity ensures that a broad variety of scientific knowledge is con-
sidered in design and production.
External participation involves engaging various societal stakehold-
ers. For senior-appropriate products this would include seniors as
well as other partners from the manufacturing industry. External
participation ensures consideration of a broad variety of societal
knowledge in order to develop promising products.

The participative dimension emphasizes the need to thoroughly
explore numerous sources of relevant information. This ensures that
products are designed to fit the exact context they are made for—in
other words: the products match conditions that are more complex than
just a certain, monosyndromal physical disability.

The cooperative dimension builds upon the participative approach.
The whole team involved with product concept development is now
assembled in a way that involves everybody in moving the product closer
to market. Whereas participation relies on integrating various fields of
knowledge, cooperation aims to actually integrate the knowledge and
experience of various actors representing various sundry fields. Cooper-
ation is much more flexible since it fits the process to the actors. This
dimension is based on the idea that lay developers can contribute con-
structive ideas for senior-appropriate products. Hence, cooperation
means supporting nonexpert developers with all necessary resources to
generate new ideas. We believe that a major hindrance for the develop-
ment of good emotional technology stems from the fact that product-
relevant ideas are almost exclusively generated by experts who often
have a very specific biased view, which limits the potential variety of ideas
generated for senior-appropriate products. By including more actors,
the cooperative dimension overcomes this limitation.

In order to develop new concepts for senior-appropriate products it
might not be sufficient to explore the explicit needs of seniors. After all,
seniors, like all consumers, may themselves have difficulty formulating
and identifying their specific preferences. Scrutinizing seniors' behaviors
provides crucial information for the design of emotional technology. This
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concept is often referred to as empathic scrutiny; an empathic scrutinizer
would explore the conditions of a certain target group and would try to
obtain information on objectives, preferences, and fears. Product devel-
opers must immerse themselves in the everyday life or "Lebenswelt" of
the user group for which new products will be designed.

These three operational dimensions of senior-appropriate technolo-
gies are, of course, not mutually exclusive. Rather, an optimal product
development process should synthesize the salient and useful features
of all dimensions. The major idea is to find objectives on each detailed
level; the normative level, the strategic level, and the operational level.
These dimensions must be considered before the development process
is launched.

PRODUCT DEVELOPMENT—A BRIEF OVERVIEW

When we discuss product development, we refer to the ideas developed
since the 1970s by Pahl and Beitz (1997). These comprise various
approaches to product development in capitalist countries categorized
by objectives of product characteristics. In the 1970s, product develop-
ment was driven primarily by production process limitations. Whether
the products would fit certain (societal) needs was deemed less relevant.
Subsequently, it became clear that successful products must meet a
broader scope of objectives; for example Pahl and Beitz proposed envi-
ronmentally friendly, cost-effective, modular, and easy dismantling as
potential new objectives. All of the newer approaches aim to integrate
societal or economic needs into the production process.

Another important related approach is conveyed in the term "partic-
ipative product development" where influence, interaction, and infor-
mation exchange are the most important aspects (Bullinger, 1993; Held,
1998). Influence is the key word here because participative product
development basically involves designing products that meet the needs
of a large set of stakeholders.

Participative product development involves two concerns at the
hands-on level. It is about participative planning within a certain organ-
ization. Employees should participate through creative means of organ-
izing work and alternative forms of human resource management
(Klein, Frieling, & Ferenszkiewicz, 1989). The industry can learn from
research and vice versa. The participation of potential users throughout
the development of technical products is a sine qua non. Prospective
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users can influence product development during the whole process for
products that closely fit the needs of the potential users. In this context,
Raabe (1993) notes that actual product development often deviates sig-
nificantly from this idea: (a) users frequently play a rather reactive (as
opposed to generative) role in designing products since they are not
invited to participate early in the process; (b) the competence of users
is often assumed to be negligible; (c) research into markets for technolo-
gies is often of an evaluating and quantifying nature, which leaves little
space for timely interaction between producers and customers. Raabe
believes that wider participation by users would provide a more thor-
ough way of thinking about marketing. Hence, developing new forms of
communication between customers and product developers deserves
major attention.

Obviously, it is not only in the area of senior product development that
new techniques of collecting client information are being established.
From videotaping shopping decision making in malls, to target groups,
and tracking of Internet visits through cookies, market researchers are
using increasingly inventive (and invasive) ways to get close to potential
clients to understand and ultimately influence their behavior.

APPLICATION OF THE METHODOLOGY—"EVERYDAY
TECHNOLOGY FOR SENIOR HOUSEHOLDS" (SENTHA)

We have described the foundations of a new comprehensive approach
that enables product developers to design better assistive technology for
seniors. In this section, we now describe a specific example of an appli-
cation of the model.

The German research group "Everyday Technology for Senior House-
holds" (Sentha) integrates the activities of seven institutes based at three
universities and two private nonprofit research institutions, and is coor-
dinated by the Center for Technology and Society at Berlin University of
Technology. Sentha is a highly interdisciplinary research group integrat-
ing a vast variety of disciplines ranging from social science to engineer-
ing. Senior citizens and industry advisory panels also participate in the
project. Sentha, therefore, is the major think tank for senior-oriented
technology in Germany.

Sentha's objectives are twofold. First, it aims at developing new prod-
ucts and services for a new generation of seniors. As noted earlier, people
in modern industrial societies have gained a new stage of life on a broad
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basis. This is the age after retirement, previously called "the fourth age"
(Bakes & Mayer, 1999). People representing this new stage have their own
approach to life—not quite young anymore, but vital, autonomous, and
largely independent; they take great pleasure in life. This new and unique
status is based on improved economic security for many, but not all, in old
age. Sentha seeks to encourage the development of products that enhance
this new quality of life. Technology—according to the Sentha model—is
"a friend of old age." Second, Sentha uses technologies for senior citizens
as examples to test and develop new participatory approaches to techno-
logical design, thus contributing to interdisciplinary product develop-
ment. These approaches can be formulated as one model of product
development that encourages the design of emotional technology, while
building upon current core principles of product development.

Sentha has developed numerous product ideas and concepts in coop-
eration with seniors. Seniors have tested new products and services in
Sentha's ergonomic development lab, the Learning Home, a simulation
environment and laboratory for product design. Among its major aims
are realization, demonstration, testing, and evaluation of product con-
cepts. For instance, networks, control tools, and sensors as well as user
interfaces and speech processing tools are already installed in the Learn-
ing Home. Researchers can join, discuss, and present ideas, or invite sen-
iors to discuss ideas with them. It is a physical space in which coopera-
tion can take place.

The Learning Home also functions serendipitously as what is called
"a boundary object" (Star, 1989; Star & Griesemer, 1989) in the sociol-
ogy of science. Boundary objects are objects that facilitate the transla-
tion among different social worlds. They have to be "both plastic enough
to adapt to local needs and constraints of the several parties employing
them, yet robust enough to maintain a common identity across sites"
(Star, 1989, p. 46). Two results are important in this regard:

1. A major aspect enhancing the quality of a cooperation is cohabi-
tation (Dienel & Schroder, 2000), a common space where coop-
erating partners work and communicate. In Sentha, cohabitation
is realized since the Learning Home creates a locus for face-to-
face meetings and cooperative experiments for organizations that
are otherwise geographically dispersed.

2. The new collaborations made possible by the Learning Home also
made it necessary to jointly think about concepts, ideas, and meth-
ods for the best use of the facility. The Learning Home proved to
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be a conceptual focal point facilitatingjoint research and develop-
ment efforts consistent with the Sentha methodology described
earlier in this chapter.

The Learning Home reinforces cooperation among heterogeneous
partners both physically and conceptually. It is similar to the research
facility "Living Lab" at the British Columbia Institute of Technology
(BCIT) in Vancouver described in the chapter by Watzke.

Both these facilities allow for researchers to observe and videotape
seniors as they use products. The question then becomes how to use
these tools in a way where seniors are not just observed objects but are
active participants in the design and execution of the experiments. Mod-
ern technologies such as wearable computers that monitor body func-
tions, global positioning systems that can trace movements, and smart
cards that track every purchase can make seniors lives more convenient
but also present new challenges to their autonomy. Constructing inno-
vative methods of product design and testing also requires us to be con-
scious of new risks to active participation.

Sentha's project ideas are the integrated knowledge of all participat-
ing institutes—thus, they are interdisciplinary. Efficient and effective
cooperation did not, at first, come easily but a certain procedure
emerged which was very helpful and promising for further interdiscipli-
nary work. Specifically we found that the process of generating product
concepts should include the following steps:

1. The Creativity Phase. Throughout this phase, various creativity tech-
niques are applied to generate a broad variety of product ideas.
Each discipline may generate its own ideas; this ensures that the
cooperative dimension is properly considered. Product ideas are
tested against the criteria on the strategic level; that is, ideas that
are explored more closely must show self-learning and synergetic
potential.

2. The Development Phase. Throughout this phase, various ideas that
passed the test against the strategic criteria are elaborated more
fully. The ideas are validated by various disciplines so that each
discipline gets input from others on how to proceed with the idea,
(internal participative dimension) and the senior advisory panel
contributes to the elaboration (external participative dimen-
sion). At the conclusion of this phase, each product idea is repre-
sented in a detailed written description and in a physical model.
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3. The Evaluation Phase. Throughout this phase, product ideas are
evaluated for their strengths and weaknesses. Based on the
detailed elaboration, the idea is tested against the opinions of a
significant number of seniors. At the end of this phase, it is
decided which ideas will be abandoned and which ideas will be
developed into prototypes.

4. The Improvement Phase. The previous steps are referred to as a
product development cycle. Based on experiences gained
throughout one particular circle, the cycle is often repeated. Cer-
tain methods might have proven to be unsuitable while others
might be highly promising.

CONCLUSION, FURTHER RESEARCH, AND OUTLOOK

Further research has still to be conducted to refine and validate this
model. Whereas some dimensions such as the participative and the
cooperative dimension can be easily translated into practical steps, oth-
ers such as the empathic dimension remain to be fully explored.
Whereas our methodology is tailored to the specific context of assistive
technology, we propose that it can also be generalized to a generic
methodology allowing for better, that is, more emotional, product devel-
opment. We summarize with a review of steps necessary to properly eval-
uate our methodology and develop it into a fully elaborated tool.

First, new target groups must be defined. In order to find the infor-
mation necessary to strengthen our framework, various contexts have to
be explored. One way of systematically thinking about such contexts is
to consider potential target groups. Such groups could be subgroups of
seniors (that is intellectual seniors, practical seniors, or elderly foreign-
ers with limited capabilities with the native language) or could be com-
pletely different target groups.

Second, new product sectors must be identified. After all, the method-
ology is about developing products. In order to do so, various product
sectors such as mobile communication or rehabilitation technologies
must be examined. We assume that our methodology will vary with the
products we design.

Third, the methodology must be tested in an entrepreneurial context
and integrated with existing marketing principles and systems. In order to
unfold its whole potential, the methodology must work in a commercial
environment. After all, businesses rather than research groups develop
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products. Hence, the methodology must be practical enough to be
applied quickly and easily. This will be a major task for further research.

Finally, our methodology focuses on the soft aspects of products—
aspects that relate to such vague issues as emotional preferences. The
way people perceive technology becomes as important as the objective
properties of that technology. Our methodology provides a way to take
these emotional aspects of technology assessment into account in the
product development process.
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Ethical Realities: The Old,
the New, and the Virtual

Gari Lesnoff-Caravaglia

Dimensions of time have commonly followed a forward movement based
principally on the observations of physical changes in the environment,
the cycles of seasons, and alterations in human development. Such
changes were viewed as given and the result of dictates of external forces
of either mystical or physical origin. The inalterability of such changes
provided structure for human knowledge, understanding, and belief.
This view was held by major philosophers, including Kant. The spatial
location of the individual within time was viewed as delimited in physi-
cal duration by birth and death (Beckman, 1998).

The increasing exposure to speed within time coupled with the indif-
ference to spatial location, however, has catapulted human experience
into an ambiguous and formless confusion. The known has become the
unknown; the familiar, strange, and the dream, reality. The person as
physical entity has become insignificant. The realm of knowledge is with-
out mooring and captained by special interests. Fiction has supplanted
fact, which is prey to the hustling of political interests, special interests,
and the entertainment industry. Individual thought unhesitatingly
reflects a common, blotter-like uniformity (Virilio, 2000).

Early in the twentieth century, the German philosopher Martin Hei-
degger delineated the form of very real ethical and spiritual crises that
a world dominated by technology and scientific formulations would
inspire. Following World War I, there was a strong protest against the
secure cultural world of the older generation and the leveling of all
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traditional forms of life by industrial society to an increasing uniformity
(Gadamer, 1976). The inevitable linkage between economic, political,
and social power engendered by technology was seen as potentially alter-
ing the basis of human reference to persons and the environment. There
was the danger of regarding persons and the natural world as solely
instruments for profit and gain. Human thought would be subsumed to
meet industrialization's needs, to the detriment of persons, cultures, and
the natural world (Heidegger, 1977; Sheehan, 1981; Tipler, 1994).

In the contemporary view, the entire universe is perceived in terms
of its value for the promotion and exercise of human power. The value
of objects or persons lies in their utility. The universe itself is regarded
as an objective, mathematically quantifiable field of energy open to
investigation. Only that which can be examined in exact formulations
by science is considered to be real. All else is assumed to be based on
superstition. For philosophers such as Heidegger, the essence of tech-
nology is that reality is viewed as calculable, rational (mathematical),
and thus controllable (Sheehan, 1981). This view of reality, however,
has the subtle power of engulfing human beings so that the objective
view of the universe begins inexorably to become identified with human
beings as well. Calculative thinking predominates at the expense of eth-
ical and moral reasoning. The danger of seeing the world as a manipu-
lable object is to lose sight of the relationship between the universe and
human beings and can result in a more barren wasteland than the
effects of atomic weaponry. Current ecological concerns are mirrored
in this possibility.

Technological innovation has inevitably and irretrievably altered the
course of human lives. It continues to evoke strong positive and negative
reactions. The introduction of a new technology presents the possibility
of several unforeseen consequences. The potential for accident or mal-
function is inherent in the invention. For example, the development of
the ship carried with it the potential for shipwrecks. The invention of the
railway meant, perforce, the invention of the railway disaster. The air-
plane brought the air crash in its wake, while the automobile introduced
the automobile accident. Primary emphasis has been placed on the
invention itself without foreseeing the potential malfunction or accident
that arises as an inevitable consequence. Some disasters, such as nuclear
accidents, can have global effects, such as the destruction of the entire
world. Geography thus becomes insignificant (Virilio, 2000).

Increases in life expectancy to the age of 125 and beyond can also be
conceptualized in this manner. The effects of such life extension upon
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individuals and society have yet to be fully assessed. There may well be
future references to the "accident" of old age.

THE HUMAN ENTERPRISE

The early introduction of technology was viewed with enthusiasm as it
was first applied to help conquer the natural environment. The ability
to dominate the natural world was viewed as unlimited progress. The
pervasive view that inspires the creation and utilization of technology
can also be seen as resulting in humans falling under the influence of
the machines they have created. While not ignoring the benefits of
many of the current technologies, the nature of the thinking that is ini-
tiated by their very presence has resulted in such domination. In short,
technology has inevitably provided systems which ultimately control
human behavior.

The ongoing ecological crisis, the dangers of technological weaponry,
the growing sense of helplessness felt by those who are victimized by
gigantic corporations and bureaucracies all contribute to the growing
awareness that individuals have little control over their fates (Gilleard &
Higgs, 2000). The heaven on earth promised by the introduction of tech-
nologies appears not to have been fulfilled. There is an increasing
uneasiness that something has gone awry. Technology rather than
enhancing the role of the individual has effectively diminished it. Fur-
thermore, when people are viewed as capital, the elderly become
expendable. When people must travel miles from their concrete
enclaves before they can see a tree, the divorce of humans and the nat-
ural universe is conclusive.

The human enterprise is largely based upon choice and self-realiza-
tion. The continual and growing presence of technology has subtly and
persistently both enlarged and diminished human freedom. Such wax-
ing and waning of human possibilities has extended to the alteration of
the functioning of the human organism through expediencies such as
the transplanting of body parts to the cessation of participation in one's
own demise (Lesnoff-Caravaglia, 1999).

Conversely, technology has led to increased sensitivity to the human-
itarian aspects of science and technology in terms of their responsibili-
ties to human existence and the environment. The freedom of contin-
ued life through radical medical interventions continues apace.
Alteration of the environment is also conducive to life enhancement and
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increased life expectation with robotic capabilities assuming the role of
the extension of self.

The word "robot" was invented in 1920 by the Bohemian writer Karel
Capek. In Czech the word "robota" signifies work. However, it was prin-
cipally following World War II with the advent of electronics that the
myth of the robot emerged. Numerous films and books described the
science fiction world where humans would no longer need to exert
themselves, as the most mundane tasks of life would be taken over by
robots (Lesnoff-Caravaglia, 2001).

Perhaps the most visionary writers of that period, Isaac Asimov, pre-
dicted that by the year 2000 robots might rebel against humans, flaunt-
ing slogans based on the statement by Descartes: Cogito, ergo sum (I think,
therefore, I am). The prediction has not been realized, although robots
are prevalent in settings such as industry and medicine. Unfortunately,
while computerized robots have revolutionized these fields, the effects
upon the lives of average citizens have not been as telling. The myth of
the robot that does the housecleaning and prepares the meals has been
perpetuated for some thirty years, with few concrete results.

Today, machines are still simple creations, requiring the parental care
and protective nurturing of any newborn, hardly worthy of the word
"intelligent." They will, however, mature into something transcending
everything currently known and may well be viewed as human descen-
dants, while the humans of today gradually disappear (Moravec, 1988).

The industrial revolution of several centuries ago initiated the artifi-
cial substitution for human body functions such as lifting and transport-
ing. The computational power of mechanical devices has risen a thou-
sand times every twenty years since then. Soon, virtually no essential
human function, physical or mental, will lack an artificial counterpart.
This convergence of cultural developments will result in the intelligent
robot, a machine that can think and act as a human, however inhuman
it may be in physical or mental detail. Such machines could carry on the
cultural evolution, including their own construction and increasingly
rapid self-improvement, without human presence or the benefit of
human genes. The evolutionary process will have moved on to a new
competitor or form (Moravec, 1988). The culture can then evolve inde-
pendently of human biology and its limitations, passing directly from
generation to generation of ever more capable intelligent machinery.

The future association between humans and machines may well be in
the form of a partnership. In time, the relationship may devolve to a
more symbiotic one with less evident boundary between the human and
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mechanical partner. Some of this is already manifest in the utilization of
artificial organs and other body parts, often superior to the original.
There is the potential to replace everything in the form of a new body,
a specially designed robot body.

The additional element of the proper "fit" of human choice within
the scope of constant and unremitting change poses significant dilem-
mas regarding human freedom. Society's acceptance of particular tech-
nologies can place limitations on personal choice or alter the framework
from which choice is perceived. Such alterations can hamper the indi-
vidual's self-determination and ability to maintain a personal identity,
incursions due to debility, frailty, and age notwithstanding (Lesnoff-Car-
avaglia, 1988).

AGING AND THE ERA OF TECHNOLOGY

The reciprocal relationship between technology and aging provides
both challenges and opportunities. The societal effects of technological
change and the aging of the population are likely to be felt in various
ways: health status, living environments, and work. The creation, dissem-
ination and use of technology involves not only a mastery of sciences and
engineering tools and concepts, but the ability to cope with a difficult
set of ethical and economic issues and choices.

The unprecedented demographic and technological changes have
brought to the forefront the issues of the quality of life and the nature
of the life that is to be continued. New production and workplace tech-
nologies alter the nature of labor and the requisites of the work force.
The prevalence of chronic illnesses and attendant functional impair-
ments among nonagenarians and centenarians will rise as the propor-
tion of people in these age categories increases, resulting in significant
changes in family structure and living arrangements.

The Swiss architect LeCorbusier once stated that a home is a machine
for living in. That insight has become more meaningful than ever with
the advent of new prospects such as the Smart House.

HUMAN EXPERIENCE WITHIN
EXTRAORDINARY FRAMEWORKS

When the railroad and the automobile first came upon the scene, those
who so desired still had the option to travel by various means, including
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horseback. This option no longer exists. A businessman cannot acquire
a computer just because he likes progress. The computer implies net-
works; it brings a whole system with it. The technical system has now
become strongly integrated within offices, means of production, and
personnel. Its proper use helps maintain order within society. The incor-
poration of nuclear energy or genetic engineering follows the same pat-
tern; their proper or improper use challenges philosophical concepts
and ethical positions (Ellul, 1990).

Descartes (1960) may have been more than prophetic in his descrip-
tion of human experience as a phenomenon of the mind. He main-
tained that individuals never really directly perceive things; theyjust per-
ceive things as happening in their minds or brains. Virtual experience
has much of exactly this element. The computer has supplanted the real
world, and the world is experienced intellectually, not actually.

Virilio (1997) expanded this theme when he describes a contempo-
rary movement that is intensifying due to remote control and long-dis-
tance telepresence technologies. Their presence can result in an increas-
ingly sedentary society composed of overequipped, able-bodied persons.
Virilio further states:

Service or servitude . . . that is the question. The old public services are in
danger of being replaced by a domestic enslavement whose crowning
glory would surely be home automation. Achieving a domiciliary inertia,
the widespread use of techniques of environmental control will end in
behavioral isolation, in intensifying the insularity . . . (p. 20).

There are real similarities between the state of reduced mobility of the
well-equipped disabled person and the growing inertia of the
overequipped, able-bodied person. It is the nature of the contemporary
world that produces this effect. In the way that the European well-to-do
developed private chapels in their home, entertainment centers figure
prominently in homes throughout the industrialized world.

The inert, sedentary lifestyle characterizes much of society. Telecom-
munication has led to a transparent horizon that allows physical pres-
ence in one place and, at the same time, phantom participation in events
on the opposite side of the world. Physical action is no longer required
to alter one's life space. Drapes, lights, room temperature, doors, and
appliances can be instantaneously controlled through remote control.

Escalators and elevators are preferred over stairs, and walking is
reduced by the use of moving walkways. Sports are enjoyed by watching
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others, sitting as observers in specially developed stadiums which often
include restaurants as observation points, or sitting at home in the pri-
vacy of personal entertainment centers. This observing is usually accom-
panied by the consumption of food and drink of high caloric content
that reinforces the sedentary lifestyle through unhealthy diet practices
and consequent obesity.

In office practices it is easier to send electronic mail than to post a let-
ter or to use a messenger. The resulting abbreviated, short-hand mes-
sages and ungrammatical usage have led to the universal corruption of
language and eliminated any literary pretensions of written correspon-
dence. The language of the telegram is rapidly becoming the acceptable
mode of communication.

The rapid movement of persons from one place to another across the
globe is an accepted characteristic of contemporary society. "Departure"
and "arrival" bear greater significance than the trip itself. People are
moved from one point to another via airplanes and bullet trains in a state
of passivity that borders on unconsciousness as they sleep, watch films,
or daydream hurtled through space. The space intervening the "depar-
ture" and "arrival" becomes a vacuum empty of content, enjoyment, or
intellectual stimulation. It is the "arrival" only that has significance. The
speed of arrival of persons, messages, and television reporting is the
paramount interest. The use of the remote control has the same effect
in domestic environments (Virilio, 1997).

The human space is made ambiguous, and it is difficult to ascertain
personal boundaries, the borders of states, provinces, or countries.
The geographic terrain becomes immaterial. The amorphous world
makes it difficult to distinguish one's personal space, the private from
the public, and confuses the here and now with points distant. Such
distancing of the self from real-time experience modifies levels of con-
trol and choice. By utilizing the remote control, the individual is con-
vinced that he or she is in control of personal life space. This also
explains the popularity and ubiquity of the cellular phone. For some
persons, in fact, the extent of the control is even more limiting when
the body has been subjected to internal alterations through advanced
medical practices such as transplants. Having been placed in the posi-
tion of being a constant recipient of technological interventions,
internal as well as external, human experience is inevitably tied to a
sedentary life. The end result is that the body appears to be wired to
its life space (Virilio, 1997).
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PERSONAL IDENTITY AND AGING

Human aging can be likened to a battle of resistance: to the physical
outward appearances of age; the social stigmatization and ostracism,
particularly in the case of women; the decline in power and influence;
and the warding off of disease as aging advances. No one chooses to
grow old, especially in a youth-oriented society. The redefinition of self
is an individual project often restricted by cultural and ethical parame-
ters. Future developments in technology may play an increasing role in
shaping this definition.

In response to alterations in the physical environment, the human
body experiences alterations that are in concert with environmental
demands. Some such alterations are transplant procedures or the
implanting of devices deep within a human body. The arrangement of
the domestic environment facilitates the consolidation of the person to
the "smart house." In the near future there may well be an increased
fusion of the biological and the technological. It is already predicted that
the majority of surgical procedures in the future will be on the order of
organ transplants and the implanting of a variety of prostheses. The goal
of such prostheses may include the enhancement or ameliorization of
sensory functions such as vision and hearing beyond what are currently
considered normal capabilities. Night vision, distance hearing, and spe-
cialized gloves for tactile discrimination are increasingly part of the tech-
nological armamentarium.

The increasing proliferation of technological changes challenges
societies to understand how the changes promise to affect human life
and to direct thinking toward the future. The rate of change in society
today is largely the result of the ability to manipulate the world to suit
particular needs. This "technologizing" of the world is in a very real sense
an evolutionary process which encompasses internal as well as external
changes. The effects upon future life are unclear and often lead to a
sense of dismal foreboding, stress, anxiety, and depression (Lesnoff-Car-
avaglia, 2000).

The response of the human system to environmental conditions is
exemplified by the experiences of the cosmonauts. After a few weeks in
space, a cosmonaut's body begins to rebuild itself. The effect of weight-
lessness means that the heart no longer needs to pump blood so power-
fully upwards. The veins and arteries restructure themselves to acclima-
tize, the muscles of the heart break down and change shape. Upon
return from his final mission on the defunct space station Mir, which had
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lasted one year and two weeks, double the time he had planned for,
Sergei Avdeyev, the Russian cosmonaut, was brought out of the capsule
on a stretcher. He was too weak to walk and unable to sit up in a chair
without slumping forward. It was a year before his heart repaired itself,
and his body readjusted to gravity.

Avdeyev slept in a floating sleeping bag attached to the wall of one of
the station's side modules. He described sleeping in a weightless envi-
ronment as very comfortable once he got used to it. Any position,
whether face up or down, on the right side or left side, all felt the same.
One determines for oneself where is up, and then one can pretend to
be sleeping lying down, with a pillow under one's head. The concept of
what is the ceiling and what is the floor is all in the mind.

Such alterations in self/world perception are also mirrored in the
sense of the rapid passage of time. It is exhausting to live in a world in
which everything is timed to the minute or second. There is little atten-
tion paid to seasonal rhythms. The fundamental fact is that all organisms
are at the height of their vigor and powers in spring and summer. In
autumn and winter (until hibernation), all organisms lose their vital
force (Ellul, 1990). Artificial light has made it possible to live as much at
night as during the day. The basic life rhythms are ignored.

Within such changing contexts, the effort for older persons to remain
self-determined is daunting. The situation can possibly be best described
as "Maslow in reverse." In Maslow's pyramid, people satisfy basic needs
and move up to the top or pinnacle of the pyramid to reach a personal
sense of achievement in intellectual or spiritual arenas. Older persons
have spent their lives striving to reach the top of the pyramid, and many
achieve this task successfully. Now that they are at the top of the pyramid
and are aged, they must move downward, backwards in some sense, and
this is a negative progression that is not happily attempted. To move
down from the top means preoccupation with psychological and biolog-
ical functioning. Since such basic needs had once been mastered, there
may be anger and frustration at having to attend so exclusively to meet-
ing them, particularly when one's tolerance and ability to cope are wan-
ing. This move also constitutes a radical change in self image and those
intellectual, spiritual, or professional achievements that form part of
self-identity pale against the reality of negotiating a steep flight of stairs
or opening a food container. For older persons, intellectual, profes-
sional, spiritual, aesthetic, and avocational growth seems to have been
dismissed, disregarded, or diminished in meaning (Lesnoff-Caravaglia,
1999,2001).
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TECHNOLOGY AND THE WORLD OF THE OLDER WOMAN

Technological innovation has markedly affected where, how, why, and
even when women age. The lack of "fit" between the person and the envi-
ronment is particularly striking in the world of the older woman and has
resulted in premature aging and the escalation of disease states. The
absence of alterations in environments such as public places, dwelling,
and institutions frequented by older women has circumscribed their
lives and caused them to age more rapidly and to experience higher
rates of illness than their chronological age alone might warrant. The
ignoring of such factors is not only an indication of gender bias, but is a
reflection of social apathy and the fact that linking technology to aging
has become an academic exercise with few roots in reality.

The much discussed "smart house" has left no one the wiser. Older
women continue to live in antiquated environments, and the much con-
demned "grab-bar mentality" has remained as the only signal advance.
The freedom and independence to be afforded by recent technological
advances has not been reflected in the home setting, in institutions pro-
viding services to older women, nor in the lifestyles of older women.
Despite such advancements in technology, older women continue to live
in an obsolete world.

The environment as the locus for aging largely influences why partic-
ular physiological and psychological changes are experienced with
advancing age. Public and private environments that do not adequately
match the needs and capabilities of older women often serve to acceler-
ate the aging process. Inhospitable environments are responsible for the
increase in stress that accompanies aging, as well as increasing the poten-
tial for accidents and reducing healthful behaviors such as meal prepa-
ration, personal hygiene, and physical activity.

Prosthetic or adaptive environments that are technologically mal-
leable can serve to extend the capacities of aging women and to promote
continued maximal functioning. Robotic and artificial intelligence in
human-machine integration provides unprecedented opportunities for
maximizing human functional potential. Yet, the home environment
continues unchanged, and "home" becomes less sweet and more lethal
as its occupants age.

Even the more spectacular biological interventions have been with-
out an echo. Artificial or assistive insemination has radically altered
reproductive possibilities for older women, even after menopause. Such
advances have led some nations to consider instituting laws to prevent
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older women from being impregnated after reaching a certain age. One
argument offered to support such legislation is that the older woman
would be too old to nurture children in late life. It is interesting to note
that such an argument has never been advanced when the aged parent
is a male. The capacity to successfully implant a uterus is a new effort to
overcome menopause and to continue female fertility indefinitely. In
contrast to the discovery of Viagra, this discovery did not make head-
lines. In the meantime, Viagra has become a term as commonplace as
Kleenex (Lesnoff-Caravaglia, 2001).

CENTANNI OR LONG LIFE

The goal of one hundred years—centanni (the traditional Sicilian
toast)—has long been surpassed. People live as children for 15 years, as
an adolescent for 5, as a young adult for 20, as middle aged for 20, and
for as long as 60 as an older person. The second half of life is lived as an
older person. Much of this extension of life can be attributed to the
advancements in health care and medical research. Ethical dilemmas
abound with respect to when, where, and how to utilize such medical
interventions. They involve the deliberations of physicians, social work-
ers, and third-party payers who become, in fact, gatekeepers in terms of
health care allocation. When would a person be considered too old to
be given a particular device? What is the rationale for keeping older per-
sons alive when they suffer from irreversible brain disease or dementia?
The responses to such questions become increasingly more complex as
medical technology and science continue to advance and to provide
alternative treatment possibilities. Technology now can control the tim-
ing and quality of individual demise.

The human body is endowed from birth with many natural defenses,
including autoimmunity and redundancy of tissues, organs, and parts,
enabling it to resist the changes that come with age, disease, and trauma.
As human beings age, such natural defenses gradually fail and may require
replacements. The growing number of medical devices and instrumenta-
tion that has characterized modern health care, along with transplants,
may well substitute for loss of such natural defenses. This may also pave
the way for the technological control of human bodily functions.

Technological advances in the medical-device area have had a pro-
found impact on patient survival and improved quality of life. The ben-
efits have been particularly notable for chronic conditions that become
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more prevalent with increasing age. Initially technical aids were not pop-
ular with health care professionals who resisted their introduction into
patient care. This has been particularly the case in adopting new devices
to facilitate patient mobility and those that alter existing routines in
patient care. Since the introduction of such technologies can enhance
the lives of older persons, one might well argue whether their restricted
or nonuse is an infringement on the rights of older patients.

SEX AND DEMOGRAPHY

The "virtual love" permitted by the sensory feats of cybersex may well have
dire consequences for human demography. The computer, in this sense,
can be regarded as "a universal condom" (Virilio, 1997, p. 67). The result
is a loss of tangible reality that has had its echo in high divorce rates and
the growth of single-parent families. At a time when innovations are
occurring in artificial fertilization and genetic engineering, with the aid
of biocybernetic accoutrements using sensor-effectors distributed over
the genital organs, conjugal relations between opposite sexes have been
short-circuited and coitus interrupted. Tactile telepresence (touching at
a distance) allows partners in virtual love to engage in a cybernetic
process in which the operator console is no longer satisfied just to synthe-
size images or sound, it can also orchestrate sexual sensations. If the vir-
tual pleasure of sexual telepresence were eventually to outstrip the real
pleasure of embodied love, those societies left to ensure the continuation
of the human race will be those that are underdeveloped and, worse,
media-deprived (Virilio, 1997). Boundaries between biology and technol-
ogy, humans and machines, are being effaced one by one.

In regard to older individuals, Viagra for some older men has meant
continued participation in sexual activity. For older women, the possibil-
ity of artificial insemination and uterus transplants hold promise for con-
tinued procreativity even in advanced years. The drop in fertility rates
among younger persons can potentially in the future be balanced by
older families resulting from sexually active and fertile older couples.

In another context, sexuality can become truly age irrelevant
through available expediencies such as the Internet. Persons can adopt
whatever age they please and can assume attributes that will make them
sexually desirable. A woman of 70 can portray herself as being 35, or
can imagine herself in the guise of a much younger version of herself,
thus reliving her past in the present. Cosmetic surgery also allows for
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such incursions into the past by permitting persons the opportunity to
turn back the years through reframing or reshaping the body. Technol-
ogy thus can permit choice as to when and how one ages.

THE "BAD" REPUTATION OF MACHINES

The aesthetic qualities of machines have long been maligned. "People
bored with the general blatancy of machine-made 'progress' have had a
dislike of machines. The association of machines with ugliness or discom-
fort or pandemonium is very strong" (Pound, 1996, p. 59). Contempo-
rary sculpture and architecture have incorporated aspects of the clean
utilitarian profiles of machines. The beauty and simplicity of the machine
in terms of function and motion has been undervalued until recently.

Machines are not intrinsically bad. In fact, the problem lies with the
public and persons who use machines but do not understand them.
Machines can be friends and helpers to human beings who are, them-
selves, imprecise machines. The body itself is a sort of microcosm of the
machine. The arms are levers, the lungs bellows, the eyes lenses, the
heart a pump, the fist a hammer, and the nerves a telegraph system con-
nected with a central station. On the whole, however, the mechanical
instruments were invented before the physiological functions were accu-
rately described (Mori, 1981).

In addition, a drafting machine can draw a hundred or more perfect
circles all the same size, but a human has difficulty in drawing even one.
People cannot use gases or liquids with their hands, but machines can
handle them through the use of pipes and pumps. Repetitive or odious
tasks can be performed better by machines. Machines, however, are
incapable of analyzing the nature of a complicated problem or grasp-
ing the total meaning of a particular line of reasoning (Mori, 1981).
Those who argue the obsolescence of humankind overlook the essen-
tial difference between humans and machines: A machine has neither
instinct nor will and cannot change the course of its action even in the
presence of danger.

Ethical dilemmas do arise in the cohabitation of humans with
machines. It is almost unavoidable that the human environment and the
humans living within that space undergo change. Humans develop atti-
tudes and behaviors that did not exist prior to the mechanical age. The
nature of the combination of technologized human beings and the
machines can be viewed as positive or negative, but it is certain that the
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mix will continue to form and reform itself over time. Technology and
aging are very similar in one respect—they both have an onward or for-
ward movement. There is no going back. Once a technology is invented
and it proves to be useful, it is changed only to become even more com-
plex and does not disappear. Aging also moves forward in an inexorable
fashion. In this sense, technology and aging are both structured by time.

THE GERONTOCRACY

It may well occur that societal power in the future will reside in the eld-
erly. It is possible that the day of Plato's philosopher king has arrived.

Should power reside in age, one might well find in vogue the trembling
hand and shuffling gait, spectacles and hearing aid. The young feigning
sensory loss and graying the hair or attempting its removal in an effort to
appear venerable.

If the pace to be emulated is slow and measured, then the impatience and
haste of youth is put to shame. When caution is preferred over impru-
dence, and deliberate action over trial and error, then youth is a lament
and old age a herald.

When age is feared—not because of the proximity of death, but as the cen-
trifugal force of life—then idolatry of youth will fade as will smoked glass
and candlelight as fitting accoutrements for women of age. (Lesnoff-Car-
avaglia, 1984, p. 9)
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Epilogue:
Applications to Aging Are

Helping Human Factors and
Ergonomics To Grow Up Right

James L. Fozard

The applications of human factors and ergonomics to the challenges
and opportunities of aging contribute both to an improved quality of life
for older persons and to the quality of transactional person/environ-
ment models frequently used in gerontology. This epilogue develops
these two themes with an emphasis on the second.

WORK ON AGING INCLUDES BOTH COMPONENTS
OF ERGONOMICS AND HUMAN FACTORS

The first definition of human factors and ergonomics I learned was pro-
vided by Dr. Alphonse Chapanis in a lecture given when I was a gradu-
ate student and research assistant at San Diego State University helping
prepare the Joint Armed Services Annotated Bibliography of Human
Factors in Design (Chapanis & McCollom, 1956). His definition, "engi-
neering for human use," had nothing to do with aging. The definition
emphasized that when employing a tool to accomplish a task, the per-
son and the device should be considered together as a person/environ-
ment or man/machine system. Engineering for human use requires
analysis of system performance in order to "optimize it" by proper assign-
ment of system functions to man or machine.

257
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OPTIMIZING USER INTERFACES IN EXISTING SYSTEMS

"Optimizing system performance" acquires various operational mean-
ings depending on the application. One class of operational definitions
involves user interface improvements of existing systems, usually by opti-
mizing the configuration of the machine's displays and controls relative
to the limitations of the human user. The majority of success stories in
human factors are based on this approach, including most of the mate-
rial in the present volume. Examples include chapters in section C,
(Hammel & Sabata) and section D (Ujimoto; Dienel, Cameron, & Peine;
Watzke). The chapters describe advances in the use of assistive technol-
ogy for carrying out everyday household and work tasks. Other chapters
in section D also reflect this approach, especially the chapters by Tran,
and by Rebok and Keyl. Age-related declines in cognitive and perceptual
functioning that require special consideration in design are discussed in
section A (Scialfa, Ho, & LaBerge; Mayhorn, Rogers & Fisk), and in sec-
tion B (Benbow; Smyth & Kwon; Morrell, Mayhorn, & Echt). These
chapters consider both system redesign and training of older users as
compensatory interventions for age-related functional limitations.

OPTIMAL ASSIGNMENT OF SYSTEM
FUNCTION TO MAN OR MACHINE

The second class of operational definitions of "engineering for human
use" is closer to the original design process of the system—the proper
initial assignment of system functions to man or machine. In application,
the system analysis attempts to insure that the technology makes the best
use of the human and machine components' system capacities.

My first job in ergonomics used this approach. I worked with the late
Robert Lockard on a project to replace the manually operated controls
of the machines used to move the motion picture cameras that recorded
the trajectories of missiles (Lockard & Fozard, 1956). Further attempts
to improve either the optical display or the gain-adjustable manual track-
ing controls were not sufficient to meet task requirements. We devel-
oped and evaluated the idea of obtaining a signal from eye movements
made by the operator while tracking the missile to drive the movements
of the tracking system. Contemporary applications based on this
approach include the use of individually adapted voice controls for com-
puters, substitution of light pen pointers for mouse and keyboards, and
control systems based on "smart," self-adapting software.
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The optimal assignment of system function to humans has been
reflected in many important types of applications for aging users. Popu-
lation stereotypes or user expectations about how a system operates have
been shown to be an important factor in reducing age differences in the
speed and accuracy of decision making (Simon, 1968). The contempo-
rary research of Rogers, Mayhorn, and Fisk (this volume) is based in part
on the idea that the memory requirements of user interfaces for older
users should utilize their long-term (semantic) memory because it is less
affected by age-related cognitive decline than working memory.

The principle of optimal assignment of function to human and
machine was provided in an informal analysis by Dr. John Senders. Dur-
ing the long debate about the wisdom of the Federal Aviation Adminis-
tration age 60 limitation on pilots flying commercial passenger planes,
several expert panels were convened to evaluate the ruling. Senders and
I participated in one such group in 1985. After avowing that he knew
nothing about aging, Dr. Senders discussed what he considered to be a
poor assignment of function to pilot and computer. The result, he
argued, was probably a greater risk to safety than health and functional
risks associated with aging. His point was that advances in automatic air-
craft control systems were continually reducing the human contribution
of operating the aircraft to monitoring the system for low frequency mal-
functions. Even experienced people can react inappropriately to rare,
unexpected events. Senders argued that more active control of the air-
craft should be given to the pilot and more of the performance moni-
toring for system malfunction to the computer system component.

APPLICATIONS TO AGING HELP HUMAN
FACTORS AND GERONTOLOGY GROW UP RIGHT

HUMAN FACTORS ENGINEERING CONCEPTS BROADEN
ECOLOGICAL CONCEPTS IN GERONTOLOGY

The thinking behind the applications of human factors to aging has also
improved the articulation of the transactional or ecological model of
person-environment relationships as represented in gerontology (Baltes
& Baltes, 1990; Czaja, 1990a; Fozard & Popkin, 1978; Lawton, 1998; Law-
ton & Nahemow, 1973). For me, at least, the transactional view of per-
son-environment relationships as articulated in human factors has pro-
vided a "world view" of aging that has guided much of my scientific work
in gerontology (Fozard, 2000; Fozard, in press).
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APPLICATIONS TO AGING BROADEN HUMAN FACTORS AND ERGONOMICS

The applications to aging have, in my opinion, significantly broadened
the conceptual bases of human factors and ergonomics—an opinion
reflected in the title of this epilogue. An important by-product of apply-
ing human factors to aging is an increased appreciation of individual dif-
ferences among persons representing specific age cohorts at any one
time, as well as the changes in the abilities, interests, and needs of indi-
vidual persons in any age cohort as they age. Some specific impacts
include the following:

It reinforces a fundamental lesson of ergonomics that continuous
secular changes over time, in the man-made environment, con-
stantly reshape the dynamics of person-environment relation-
ships. The ongoing developments of the new interdisciplinary
field of gerontechnology (described by Bouma, 1992, 2001;
Fozard, Graafmans, Rietsema, Bouma, & van Berlo, 1996; Fozard,
Graafmans, Rietsema, van Berlo & Bouma, 1997; Fozard, Riet-
sema, Bouma, & Graafmans, 2000; and Graafmans, Fozard, Riet-
sema, van Berlo, & Bouma, 1994) over the past 15 years reflect the
importance of this fundamental observation. The importance of
changes within and between successive cohorts of aging persons
for human factors engineering is also emphasized in the title
(Gerotechnology) and contents of the present volume.
The applications of human factors leading to an improved quality
of life for older persons provide a useful guide to the field in gen-
eral. In the National Research Council Report, research needs on
functional abilities of elderly persons were identified in tasks related
to transportation, home, workplace, leisure and safety and security
(Czaja, 1990a). A similar contemporary scheme that relates areas of
application to various tools or resources in research and engineer-
ing is described by van Bronswijk, Bouma, and Fozard (2003).
Human factors research on aging has strengthened the interdisci-
plinary nature of the field by including a wider range of social sci-
ence input, exemplified by chapters (this volume) by Mollenkopf
on the social contexts of technology and Lesnoff-Caravaglia on
ethical issues.
The scope of human factors research has been broadened by the
responses to the need for specific research related to aging. The
National Research Council report on the human factors research
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needs of an aging population cited three areas of need—distrib-
utional data on activities of older persons, task analyses of these
activities, and ". . . direct contributions to the basic science of
aging and behavior . . ." (Czaja, 1990b, pp. 59-67).

The remainder of this epilogue will discuss some of the developments
highlighted above in relation to the present volume as well as some
related published and anecdotal material.

PUTTING AGING AND SECULAR CHANGE
INTO THE PERSON/ENVIRONMENT MODEL

The analysis of age-related changes in a person's abilities and skills, as
well as the secular changes in the environment in which aging occurs,
increases the specificity of human factors. These additions suggest a
modification of the traditional person/environment diagram as illus-
trated in Figure 17.1.

The traditional diagram has been modified in three ways. First, the
components of the person part of the system have been divided into
three components—receptors, internal states, and effectors—to per-
mit better analysis of age-related changes in the human part of the sys-
tem that affect system performance. Second, the environmental side
has been divided into social, built, and natural or physical to permit
better analyses of the importance of these components on system per-
formance. Third, a time dimension has been added. It shows human
aging and secular changes in the environment on the same scale. This
dimension illustrates how different generations can have radically dif-
ferent experiences with particular man-machine systems that could
affect their performance in system usage, e.g., different population
stereotypes, etc.

The social science analyses relating successive age generations to sec-
ular changes in user interfaces (Sackmann & Weymaan, 1994; Mol-
lenkopf, Meyer, Schultz, Wurm, & Friesdorf, 2000) have made a signifi-
cant contribution to the understanding of the difficulties in, and
motivation for, using technological products experienced by many older
persons. The recent research on technology generations by Docampo
Rama, deRidder, and Bouma (2001) specifically addressed this issue by
comparing how well younger and older persons performed with menu-
driven vs. electro-mechanical user interfaces. The main finding was that
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FIGURE 17.1 Diagram of dynamics of person/environment interface over
time. The interaction of a person and the environment shows the three
components of human response to environment that change with age (top
half of figure), and the three components of the environment (built,
social, physical or natural) that undergo secular change over time (lower
half of figure). System performance is indicated by the box to the right of
the diagram. Some antecedents contributing to the changing dynamics of
the person/ environment interface over time are shown in the boxes in the
lower part of the figure. (Adapted from Fozard, 2002, in press).

individuals performed best on the interfaces that were most compati-
ble with their own early experiences with technological products. As
noted by Mollenkopf and Fozard (in press), we can expect the differ-
ences in secular changes in technology to create challenges to succes-
sive generations of older users. The implications of this person/envi-
ronment dynamic on the motivation of older persons to utilize "new"
technology are thoughtfully analyzed by Bouwhuis (2003). Ujimoto
(this volume) examines the relationship between culture and locus of
control in relation to the use of technical devices, including devices that
serve as a substitute for humans in business transactions and informa-
tion providing devices.
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GREATER USER INVOLVEMENT IN PLANNING AND DESIGN PROCESSES

Two developments in gerontechnology cut across the work of human
factors as related to aging (Bouma, 1992). The first is the idea of increas-
ing user involvement in all phases of the development and distribution
of technological products and environments. It is believed that this will
reduce the trial and error aspects often observed in the development of
new products and increase the market for new products. Also, it may
reduce the stigma of products designed for "old people" (Bouma, 1992).
The use of focus groups to elicit user input is described by Rogers, Mey-
ers, Walker, and Fisk (1998) and Coleman (1998). Examples in the pres-
ent volume include the chapters by Benbow and by Morrell, Mayhorn,
and Echt, describing analyses of motivations and interests of older per-
sons in relation to computer use.

The second development is the classification of application areas
and the variety of approaches used to develop technology-based prod-
ucts, environments and services. This matrix of goals and means has
evolved over a decade (Fozard, Rietsema, Graafmans, van Berlo, &
Bouma, 1997) with the latest version described by van Bronswijk,
Bouma, and Fozard (2003). One dimension of this matrix names the
five domains of core ambitions of people " . . . most related to quality
of life . . . health and self-esteem, mobility and transport, housing and
living, communication and governance, and work and leisure" (p.
169). These domains of application are similar to those often used in
health promotion models and to those listed in the National Research
Council report mentioned earlier (Czaja, 1990b). The second dimen-
sion of the matrix lists four general ways in which technology can
address the domains of applications:

Enhancement and satisfaction, prevention and engagement,
compensation and assistance, and care support and organization
(p. 169).
Enhancement and satisfaction refers to technology that increases
the potential for self-expression and education, e.g., machines for
creating or altering visual and auditory images, internet learning,
etc. In the present volume, chapters by Benbow and by Smyth and
Kwon exemplify this approach.
Prevention and engagement refer primarily to the use of technol-
ogy in early detection and prevention of illnesses and the support
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of healthy lifestyles. Tran's chapter in the present volume exem-
plifies this concept.
Compensation and assistance, and care support and organiza-
tion, refer to applications that compensate for age-related func-
tional decline and aid to caregivers of disabled elderly persons.
Chapters related to this use of technology include those by
Dienel, Cameron, and Peine, and by Watzke.

SOME MILESTONES IN THE DEVELOPMENT
OF HUMAN FACTORS AND AGING

Dr. Chapanis' lecture on human factors engineering did not consider
aging or human development. The major emphasis was on military
applications, and most representatives of the systems' human compo-
nent were in military uniform. One of the major contributors in the evo-
lution of human factors and ergonomics was the spread into nonmilitary
applications, a growth that continues vigorously today. The proliferation
of technical interests groups (TIGs) in the Human Factors and
Ergonomics Society reflected this evolution. Most of the initial TIGs
were concerned with specialized areas of application, e.g., computer
operations or special human functions, e.g., vision. The Technical Inter-
est Group on Aging (TGA), initiated and nurtured by Dr. Arnold Small,
was one of the first to focus on a class of people. Others were the Tech-
nical Interest Group on Personality and Individual Differences (TGPID)
and the Technical Interest Group on Rehabilitation (TGR). With
respect to the last named, it was originally proposed to have a single
group focused on the elderly and disabled, a proposal that was properly
rejected by both groups.

Promoting an interest in aging in the Society was a relatively slow
process that took place in the 1970s and 1980s. I recall being the junior
member of a small but enthusiastic group of scientists—Alan Welford,
Ross McFarland, and MacElvaine Parsons, who, in various venues mostly
organized by Dr. Small, made presentations on the importance of human
factors in aging at meetings of the Society, the International Ergonomics
Association, and Division 21 of the American Psychological Association
(APA). Alphonse Chapanis wrote what I believe is the earliest article
describing the relevance of human factors to gerontology in a publica-
tion of the Gerontological Society of America (Chapanis, 1974). My
invited address to the APA's Division 21 culminated in a paper with Sam
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Popkin (Fozard & Popkin, 1978), and Ross McFarland and I put together
the first special edition on Human Factors (Fozard, 1981), a project
repeated a decade later under the editorship of Sara Czaja (1990b).

It took several years for the TGA to become a stable group. During
the four years I served as TGA chair, most of our sessions were attended
by Dr. Small, the speakers, and a very small group of interested mem-
bers, sometimes includingjames Baker, who also served as TGA chair for
a year. It was not until 1989 that there were enough members that a legit-
imate election of officers could take place, resulting in the election of
Sara Czaja as chair of the TGA.

Since the 1980s the pace of activity and interest in human factors
related to aging has accelerated dramatically. The development of
gerontechnology as a discipline during the 1990s established a broader
context for human factors, ergonomics, and aging than was common at
the time (Bouma, 2001; Fozard, 2002). Specifically, it dealt with the
issues of decision-making and advocacy in the development and distri-
bution of technology for older people, the role of the consumer in
designing technology, and the specifics of the integration of engineer-
ing sciences with gerontology arid its components—biology, psychology,
and sociology. The creation of the International Society for Gerontech-
nology, the journal Gerontechnology, the four international conferences
on geron technology and the publication of their proceedings (Bouma
& Graafmans, 1992; Graafmans, Taipele, & Charness, 1998; Pieper,
Vaarma, & Fozard, 2003; Charness, Czaja, Fisk, & Rogers, 2002), and the
textbook on gerontechnology edited by Harrington and Harrington
(2000) have provided a solid basis and a broad context for human fac-
tors and ergonomics as applied to aging.

In the U.S., the establishment of a Special Interest Group on Technol-
ogy and Aging (TAG) in the Gerontological Society of America
increased awareness of the significance of technology and aging and the
importance of human factors and ergonomics. This has been most obvi-
ous since S. Kwon became the convener of the Group. Using the Inter-
net, Kwon has also spearheaded a very broad-based international inter-
est group called Gerotechnology.

Many of the persons who have contributed to Gerontechnology are also
involved in current efforts in gerotechnology, e.g., Charness & Schaie
(2003). The contents of the present volume reflect this broad base. The
publication of the Handbook of Human Factors and Aging (Fisk & Rogers,
1997), and the advances in and ever-sharper distinctions between uni-
versal design and design for specific disabilities (Coleman & Myerson,
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2001) have made important contributions to the current developments
of human factors and ergonomics related to aging.

In conclusion, the present volume provides an excellent overview of
the international scope of current applications of human factors and
aging, provided by what I estimate to be the third to fifth generation of
an international group of scientists and practitioners. Writing this epi-
logue resulted in my developing a list of earlier major publications
related to the development of ergonomics and human factors as dis-
cussed here. I have mentioned some of the publications, but offer the
following list in Table 17.1 as the ones that represent important develop-
mental markers. It is by no means complete, and I apologize in advance
to colleagues for any significant errors. The titles and references are
given in the references. The table headings indicate the author and year
of publication, and the major role(s) their work played in developing the
field—define issues, broaden scope of field, tell others in gerontology about human
factors and ergonomics as related to aging.

TABLE 17.1 Important Publications in the Development of Human Factors
and Aging Related to Aging

Author, Year of publication

Welford, 1956

Chapanis, 1974

Fozard & Popkin, 1978

Fozard, 1981, Czaja, 1990

Czaja, 1990 (NRG Rep.)

Charness & Bosman, 1990

Fozard, Graafmans, Rietsema,
Bouma,&van Berlo (1996)
Bouma, 2001*

Fisk & Rogers, 1997

Harrington & Harrington, 2000

Coulson, 2000

Sagawa & Bouma, 2001

Burdick & Kwon, 2005

Define
Issues

X

X

X

X

X

X

X

X

X

X

X

Broaden
Scope

X

X

X

X

X

X

X

X

X

Tell Other
Players

X

X

X

X

X

X

X

X

X

* Summarizes numerous publications.
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