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P“réface

Background: The majority of our increasing elder adult population requires some
degree of formal and/or informal care because of loss of function as a result of
failing health. According to the Centers for Disease Control (CDC), nearly three-
quarters of elder adults suffer from one or more chronic diseases. Examples include
arthritis, hypertension, and diabetes, to name a few. The cost and burden of caring
for elder adults is steadily increasing.

Changes in the Medicare system led to a shift in the responsibility for care from
institutions (nursing homes, etc.) to the community (individuals and families). The
role of informal caregivers in providing care to the elder adult population has greatly
increased in the past two decades. Consequently, informal caregivers have come to
be viewed as an unpaid extension of professional caregivers, providing most of the
care to elder adults requiring long-term care. In fact, national databases derived from
different sources have provided unequivocal evidence that family and friends are the
sole care providers for about three-quarters of all community-dwelling elder adults.
Informal caregivers have experienced increased physical burdens and emotional
strains because of this shift in long-term elder care responsibilities. Furthermore,
healthcare providers are faced with a shrinking professional caregiving work force
at the same time.

On the contrary, the proportion of the world’s population of individuals over the
age of 60 years is expected to double by 2030 to 20%. In the USA, the number of
elder adults is expected to grow to 108 million over the next 15 years, which rep-
resents 45% of the adult population. Elder adults currently account for 60% of the
overall healthcare spending in the USA. Appropriate management of chronic disease
in older adults can reduce the US health care bill by up to 50%. Furthermore, 92%
of these elder adults live alone in their own apartments, homes, independent living
facilities, or assisted living facilities, including about 50% of those 75 years and
older. Such statistics demonstrate an urgent need for innovative telehealth/telecare
tools that enable elder adults to live independently and maximize caregivers’ effi-
cacy by providing timely health information and delivering more effective care. This
change in the demographics and its potential economic impact on industrialized
nations has prompted active research in automated systems for functional and health
status monitoring and assistance, enabled by recent technological advancement.
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In the meantime, advances in sensor, communication, and information technolo-
gies have created opportunities to develop novel tools enabling remote manage-
ment and monitoring of chronic diseases, emergency conditions, and the delivery
of health care. In-home health assessment and monitoring has the added benefit of
measuring individualized health status and reporting it to the primary care provider
and caregivers alike, allowing timelier and targeted preventive interventions. Health
monitoring in home environments can be accomplished by a) ambulatory monitors
that utilize wearable sensors and devices to record physiological signals; b) sen-
sors embedded in the home environment and furnishings to unobtrusively collect
behavioral and physiological data; or ¢) a combination of the two.

Aim and scope: This book addresses technologies targeted at the assessment,
early detection, and the mitigation of cornmon geriatric conditions including decline
in functional abilities, gait, mobility, sleep disturbance, vision impairment, hearing
loss, falls, and cognitive decline. This book not only describes the state of both
embedded and wearable technologies, including technologies under research and
on the brink of translation into products, but also focuses on research showing the
potential utility of these technologies in the field.

Chapter 1 presents an introduction and reviews the statistics that make a com-
pelling case for development and utilization of technologies for the geriatric care.
Chapter 2 presents a comprehensive review of functional assessment instruments
and promising technologies used in functional assessment of elders. Chapter 3 cov-
ers mobility and gait assessment technologies, whereas Chapter 4 reviews mobility
aid technologies for the elderly. In Chapter 5, we review sleep disorders in older age
and sleep assessment technologies, with emphasis on in-home assessment technolo-
gies. Chapter 6 presents a comprehensive review of age-related changes in vision
and corrective technologies, whereas Chapter 7 addresses the management of hear-
ing loss in older age. Chapter 8 is dedicated to falls, fall detection, and fall preven-
tion technologies. Finally, Chapter 9 addresses emerging computer-based cognitive
assessment technologies.

- We believe, and hope, that this work will fill a gap in the knowledge and will be
invaluable to Eldercare practitioners, as well as medical student studying Geriatrics
and interested in gerotechnology, social studies, students studying gerontology
and interested in gerontechnology, and nursing students interested in Geriatric
Nursing, in addition to engineering students interested in Eldercare Technologies,
and researchers from a broad spectrum of disciplines, particularly those interested
in field experience and the end-user’s perspective. This volume comes at a time
when interest in Eldercare Technology and the need for effective and appropriate
technologies especially are peaking.

Washington, District of Columbia Majd Alwan
Charlottesville, Virginia Robin A. Felder
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Functional Assessment Technologies

Marilyn Rantz, Marjorie Skubic, Kathryn Burks, Jie Yu, George Demiris,
Brian K. Hensel, Gregory L. Alexander, Zhihai He, Harry W. Tyrer,
Marc Hamilton, Jia Lee, and Marybeth Brown

2.1 Importance of Functional Assessment for Older Adults

Functional well-being is a significant factor in the overall health of older people.
The World Health Organization advisory group stated almost 40 years ago that
the health of older adults was best measured in terms of function {1]. Generally
speaking, function as an overall term can be divided into three categories: physi-
cal, psychological, and social function [2]. The three components interact closely
and contribute to the overall construct of well-being. A comprehensive geriatric
functional assessment is usually composed of these components. For example, Nel-
son and associates interchangeably used terms of function, functional health, and
functional status as they conducted a complete functional assessment using separate
measures of components, such as physical function, emotional status, role and social
function, pain and social support [3].

The purpose of the comprehensive functional assessment among the elderly is
to bridge the gap between people’s actual abilities and the available resources [4].
A regular functional assessment can help clinicians easily identify older people’s
changes over time so that effective strategies can be implemented in a timely
manner to prevent or reduce severe negative outcomes. Physical function is the key
factor of functional assessment, and it is sometimes synonymous with functional
status or functioning in current literature. The goal of this section is to examine the
meaning of physical function as it relates to the overall functional assessment and to
explore the significance of physical function to comprehensive geriatric functional
assessment.

Marilyn Rantz

Professor, Sinclair School of Nursing and Family and Community Medicine, S 406 Sinclair School
of Nursing, University of Missouri-Columbia, Columbia, MO 65211

e-mail: RantzM @HEALTH.MISSOURLEDU

From: Aging Medicine, Eldercare Technology for Clinical Practitioners,
Edited by: M. Alwan and R. Felder © Humana Press, Totowa, NJ 5
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2.1.1 Physical F unction

defined roles, and recreational activitjes, These daily activities could be further
classified into ADLs (basic self-care activities that include dressing, bathing, per-
sonal hygiene, toileting, walking, eating, etc.), IADLg (activities and skills needed
to live independently in the community such as shopping, cooking, housekeeping,
and handling finances), basic physical movements, and complex actions [8]. In
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2.1.2 Significance of Physical Function for Older Adults

An appropriate level of physical function plays a significant role in active and inde-
pendent living for the elderly, and regular assessments will make early detection
and timely intervention possible to maintain reasonable or delay the deterioration
of physical function. In the trajectory of aging, a person’s quality of life is judged
more often by the ability to maintain independence and physical function, than by
any medical diagnosis [13]. However, lower level of physical function is also asso-
ciated with significant negative health outcomes, such as hospitalization, nursing
home admission, falls, and dependency [14]. Therefore, the assessment of physical
function is not only a key component of functional assessment but an important part
of comprehensive geriatric evaluation.

Physical function is closely associated with the other two components of func-
tional assessments, social and psychological function, and some gerontological
studies have confirmed such relationships. For example, Cronin-Stubbs and col-
leagues [15] conducted a population-based longitudinal study during a 6-year period
in 3434 community-dwelling older people and found that mild depressive symptoms
were associated with an increased risk of becoming physically disabled. Similarly,
data from the MacArthur Studies of Successful Aging identified depression as a
risk factor for physical disability, which was assessed by ADLs Scale. Results also
suggested that depression and physical disability could initiate a spiraling decline in
both physical and psychological function [16]. Consequently, clinicians should keep
in mind that, while addressing the significance of physical function in gerontological
care, social and psychological functions and their interactions should not be over-
looked. Additionally, the contribution of pain to physical function and depression
cannot be overlooked. Often, pain management is the key to improving physical
function in older adults.

Some important clinical implications for elder care could be drawn. First, the
assessments of physical function should be comprehensive and individualized. Clin-
icians should not only be familiar with the knowledge about physical function, but
also accurately evaluate an older person’s level of physical function on a regular
basis. Secondly, because there are close interactions among physical, social, and
psychological functions, progressive elder care programs should address physical
activity involvement, social and intellectual engagement, and pain management
among the elderly.

2.1.3 Common Health Conditions that Affect
Functional Abilities

Because physical function significantly impacts the abilities of older adults to main-
tain independence, developing and implementing strategies to prevent or delay the
onset of physical disability is a major priority for clinicians. Identifying contributing




M. Rantz et al.

risk factors to the deterioration of functional abilities is an important step. This
section will explore risk factors for declines of physical function and their close
interactions with functional abilities.

The decline in functional abilities is not just dependent on chronological age,
but is closely associated with other biological, psychological, and social risk fac-
tors {17]. For example, Stuck and associates [18] conducted a meta-analysis of
78 longitudinal studies exploring the risk factors for physical function decline in
community-living older adults. Some conditions, such as cognitive impairment,
depression, disease burden, poor self-rated health, low level of physical activity, and
functional limitation, were identified as contributors with highest strength of evi-
dence. The following sections describe key risk factors relating to health conditions
and recent research findings in each area are discussed.

2.1.4 Cognitive Impairment

Cognitive function is an important factor for physical function or the abilities to
maintain independence among older adults. Previous gerontological studies have
confirmed the association between cognitive impairment and physical function.
Greiner and associates [19] investigated the relationship of cognitive function to loss
of physical function among a group of elderly Catholic nuns. Results showed that
participants with low normal cognitive scores on Mini-Mental State Examination
(MMSE) at baseline had twice the risk of losing independence in ADLs at follow-
up compared with those with high normal scores. This close relationship between
cognitive impairments and functional decline is also identified in other populations,
such as non-disabled, community-living older adults and elderly Mexican Ameri-
cans [20,21].

Besides MMSE, which is an often used cognitive function instrument in aging
studies, Moritz et al. {22] found consistent results utilizing another cognitive assess-
ment tool, Pfeiffer’s short portable mental status questionnaire (SPMSQ). This lon-
gitudinal study revealed persistent and incidental ADL limitations occurred more
frequently in older persons with four or more errors on SPMSQ. The result not
only confirmed the relationship between cognitive function and physical abilities
in ADLs, but also suggested cognitive impairment might be a significant predictor
of the onset of new ADL limitations. Conclusions could be made from these stud-
ies that cognitive impairment is an important contributor for declines in physical
function and predicts the onset of ADL limitations, using a variety of assessment
measures.

Accordingly, some implications can be drawn for geriatric clinicians. They
should not only be familiar with cognitive impairment, which acts as a significant
risk factor for functional decline, but also be aware of the knowledge that some
cognitive functional tests can be used to forecast services needed and to plan inter-
ventions to delay the onset of ADL limitations or plan strategies to best deal with
the limitations {22}.

mmeex
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2.1.5 Depression

Although the prevalence of major depression is relatively small (2%) among older
community-living persons, a high percentage (12-15%) of elderly community-
dwellers suffer from minor depression or significant clinical depressive symptoms
[23]. As a crucial contributor to older persons’ well-being and functional status,
the detrimental effects of depression on physical function have been investigated in
numerous aging studies [24-26].

Penninx and associates [26] conducted a 4-year prospective cohort study explor-
ing the impact of depressive symptoms on changes of physical performance among
1286 older community dwellers. After controlling for other conditions (such as
baseline performance score, health status, and socio-demographic factors), they
found that high levels of depressive symptoms [assessed by the Center for Epidemi-
ologic Studies Depression Scale (CES-D)], could highly predict decline in physi-

. cal function. These findings were consistent with research done by Everson-Rose

et al. [25] substantiating a strong cross-sectional association between depressive
symptoms and overall physical performance. Callahan and colleagues [27] also
confirmed previous research findings that older persons with depression (evaluated
by CES-D) reported greater functional impairment than those without depressive
symptoms. Furthermore, a multi-site randomized clinical trial [24] revealed that
effective treatment of depressive symptoms by a collaborative program improves
physical function more than usual care.

The close relationship between depression and physical function can shed light
on future clinical practice. Attention should be paid to the detrimental effects
of depression on declines of physical function. Collaborative eldercare programs
should be developed to address depression and interrupt the downward spiral of the
deterioration of depression and physical performance.

2.1.6 Lack of Physical Activity

Lack of physical activity is also independently related with a higher risk for declines
of physical function [18]. Studies have confirmed relationships between physical
activity and functional impairment. For example, Seeman and colleagues [28] found
a significant and independent association between better physical function and par-
ticipation in moderate and/or strenuous exercise activity.

Abundant studies have examined the effects of exercise programs in helping
improve physical function and maintain independence. Taylor-Piliae and associates
[17] detected that Tai Chi exercise could significantly improve balance, upper and
lower body muscular strength, endurance, and flexibility. Similarly, from a ran-
domized and placebo-controlled trial, even among nursing home frail residents,
a progressive resistance training was found to impressively increase muscle mass
and improve functional performance in gait speed and stair-climbing abilities [29].
Frontera and associates [30] also demonstrated that regular resistance training could
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significantly promote the strength of extensor and flexor muscles in older partici-
pants. It is clear that physiological parameters, such as balance, gait performance,
muscular strength, endurance, and flexibility are prerequisites to keep an appro-
priate level of physical function [31]. Increasing physical activity through exercise
programs, such as Tai Chi and resistance training, can significantly improve physical
function.

Another view of improving physical function is to increase non-exercise physical
acrivity (NEPA). NEPA involves all forms of physical activity other than exercise.
Most of a person’s NEPA is associated with ambulation for practical purposes or
movements not intended for health, including many forms of “puttering.” Examples
of NEPA that may be critical for preserving health and vitality include the thousands
of light movements people associate with an independent and vibrant lifestyle, such
as vacuuming, dusting, walking across the room to manually change the television
channel, or adjust the blinds. Total energy expenditure is low in aging adults
primarily because of less activity or NEPA, not a lower basal metabolic rate [32,33],
and more time spent in sedentary activities involving sitting [34]. People over the
age of 65 years take almost one-half as many steps per day as younger people.
Remarkably, 20% of those aged above 65 years take less than 1000 steps per day,
whereas only approximately 1% of middle-aged people less than 65 years take
this few steps [35]. Taken together, these and other studies of aging adults with
preclinical disability [36] have led to the belief that there is a vicious cycle linking
inactivity with metabolic disorders and loss of mobility.

An emerging paradigm of great interest to the exercise physiology research
community relates to how simply sitting instead of NEPA leads to increased risk for
chronic diseases; the term coined for this new paradigm has been called “inactivity
physiology” [37]. Simply put, the time spent standing in any weight-bearing activity
(even NEPA) portends to be a determinant of multiple functional and disease end-
points relevant to successful aging. Low levels of high-density lipoprotein (HDL)
cholesterol are associated with functional disability in the elderly [38]. In addition,
bone health is related with the time one sits or stands [39-41].

Epidemiological correlations have associated daily sitting time with metabolic
syndrome (low HDL cholesterol, high plasma triglycerides, hypertension, body
fat, and insulin resistance or glucose intolerance [42-441). For each hour less of
daily television watching, there was a 12-26% reduction in the incidence of the
metabolic syndrome [43]. The ill effect of sitting was independent of whether
the person was engaged in traditional exercise [43, 45]. There are mechanistic
explanations and interventional studies in animals for those associations. Com-
ponents of the metabolic syndrome, diabetes, and cardiovascular disease have
each been linked in Jarge part to an enzyme called lipoprotein lipase (LPL).
The inactivity found during aging is associated with significantly lower levels
of LPL [46, 47]. The function of LPL is strongly suppressed to only 5% of
normal levels after reduced standing and is preventable by increased standing
and NEPA [48, 49]. NEPA measurements and interventions in the elderly or
functionally impaired could thus be especially important to improve physical
function.
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2.1.7 Other Factors Affecting Functional Abilities

Some other factors, such as co-morbidities, few social contacts, poor self-perceived
health, smoking, and vision impairment, have also been identified in current liter-
ature as strongly related to physical function decline [18]. Higher body weight has
been recognized as an important risk factor for lower every day physical function-
ing [50]. Other researchers have also revealed that factors such as positive moti-
vation and appropriate social roles can positively influence physical function in
performance-based tests [51].

2.1.8 Summary, Functional Abilities

As an indispensable component of independent living while aging, physical function
is and has always been the integral focus of clinical geriatric care. Some common
health conditions, such as cognitive impairment, depression, and a lack of physical
activity, which significantly contribute to the decline of physical function, have been
reviewed. These significant contributing factors for declines of physical function
should be identified regularly to prevent or delay severe deterioration and should be
sufficiently addressed in comprehensive care programs.

Understanding the significance of physical function and risk factors for func-
tional decline can help those interested in technology as a way to help older adults
maintain or regain function. Technology should enhance the on-going assessment of
physical function that is a major focus of clinicians. It is our belief that technology
holds the capacity to enhance clinical effectiveness by early detection of changes in
function, alerting clinicians and providing functional assessment information about
functional performance of older adults in their care.

2.2 Common Measures of Functional Assessment

Physical function is the basis of overall well-being among the elders, and its accurate
and sensitive measurement is a vital component in gerontological care. A variety of
reliable and valid physical function instruments exist in current literature. There are
three main kinds of instruments: self-report and proxy report, performance-based
tests, and objective laboratory tests. This section will explore each category indi-
vidually. Representative measures of each group will be discussed, and their char-
acteristics will be examined and compared. Finally, the appropriate use of these
instruments will be discussed. ’

2.2.1 Self-Report and Proxy Report

Self-report and proxy report assessments focus on self or proxy perception of
ph}ysical function [14]. They are both relatively easy to administer and usually
require little instruction for participants. Because self-report assessments are
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sure, includes qliestions that
IADLs [54-56].

ate individual components of
physical function, such as balance, gait, flexibility, and endurance [14]. Accord-
ingly, the status of physical function can be drawn from overal] performance on

Functional Fitness Battery to assess physical function. Components of this battery
include lower and upper body strength, body flexibility, aerobic endurance, agility,
and dynamic balance, Aerobic endurance and lower body strength are measured
by simple activities, such as 6-min walk and chair-stand [58]. Similarly, Kenny
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. Four widely used performance-based assessments are summarized in Table 2.1:
Timed up and go (TUG) test [61], physical performance test (PPT) [62], Tinetti
assessment tool {63], and Berg balance scale {64]. Specific information, such as
subscales, scoring criteria, strength, and limitation concerning each instrument are
identified and compared.

2.2.3 Laboratory Testing

Physical function and physical fitness are often used interchangeably; therefore,
physical function can also be measured in objective laboratory tests that focus on
physical fitness. For example, Rejeski et al. [12] combined an objective laboratory
test of metabolic equivalent (MET) level with self-report questionnaire and a 6-min
walk test to assess physical function in the elderly. Because physical fitness labo-
ratory tests usually require expensive equipment and specially trained technicians,
they are not practical for routine physical function assessments.

2.2.4 Summary, Common Measures of Functional Assessment

Appropriate measurement of physical function in the elderly requires multifaceted
measurement that addresses the specific attributes of this population especially the
close association of physical function with health status [14]. Three main kinds
of measurements, self and proxy reports, performance-based tests, and laboratory
tests are discussed. In addition, the four most widely used measurement tools are
compared. Geriatric clinicians and researchers are encouraged to use a multifaceted
approach to measure physical function by combining subjective measures, such as
self or proxy reports and objective instruments, such as performance-based tests.

2.3 Overview of Home-Based Eldercare Technologies
to Promote and Assess Function

Recent advances in sensor and information technologies have made an important
contribution to the care of elderly people. A wide variety of technologies and devices
have been developed to promote and support their independent and safe living. In
general, these technologies can be classified into two basic categories: assistive
devices and monitoring and response systems. These technologies and devices are
often coupled together into a smart home environment so as to provide an integrated
support for independent living of elderly people.

2.3.1 Assistive Devices ,

Functional decline in mobility makes it hard for older adults to operate many
small appliances at home. At the Georgia Institute of Technology, computer vision
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researchers have prototyped the Gesture Pendant as a wearable device to control a
variety of home appliances through simple hand gestures [65]. A recent study shows
that computerized devices are able to help a person with severe dementia complete
some ADLs, such as hand washing or using recorded voices for cueing [66]. For
people with severe memory impairment, the technologies developed at the Univer-
sity of Michigan are able to remind an older person about his or her ADLs [67].
Medication compliance devices have also been developed to remind an older adult
to take medication at the right time and in the right dose {68].

2.3.2 Monitoring and Response System

Individuals with mobility, cognitive, and sensory impairments may not be able
to recognize and avoid unsafe conditions, or ask for help during a crisis situation;
monitoring systems with serisors can help satisfy this need. Floor vibration monitors
have been developed at the University of Virginia to detect possible falls of older
adults [69]. Technologies are available to monitor ADL tasks in the home using a
variety of sensing technologies. Sensors and switches attached to various objects,
or optical and audio sensors embedded in the environment, are used to detect which
task a person is performing [70,71]. The University of Virginia In-Home Monitoring
System that uses a combination of wireless motion sensors to detect movement in
areas of a person’s living space can differentiate such ADL activities as showering
or meal preparation. Inference of the ADL activities is done in a rule-based approach
and has been validated in a community home with a healthy volunteer subject keep-
ing detailed PDA-based time-stamped field notes [72, 73]. These same researchers
have also developed a bed sensor for monitoring qualitative pulse and respiration,
as well as sleep restlessness [74], which can provide basic indicators of health.
TigerPlace is an innovative independent living environment of 33 apartments
built and operated by Americare of Sikeston, MO, USA, in affiliation with the
University of Missouri (MU) Sinclair School of Nursing as a special facility where
residents can truly age in place and never fear being moved to a traditional nurs-
ing home unless they choose to do so. With care provided by Sinclair Home Care
and the TigerCare wellness center with registered nurse care coordination services,
residents receive preventative and early illness recognition assistance that have
markedly improved their lives. Links with MU students, faculty, and nearly every
school or college on campus enrich the lives of the students and residents of Tiger-
Place. Research projects are encouraged and residents who choose to participate are
enjoying helping with developing cutting technology to help other seniors’ age in
place. The Aging in Place Project at MU required legislation in 1999 and 2001 to
be fully realized. Sinclair Home Care is an innovative home health agency initiated
by the Sinclair School of Nursing specifically to help older adults age in place in
the environment of their choice.
The residents of TigerPlace have embraced technology research to help them and
others in the future age in place. Many of them are participating in on-goin gresearch
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2 Functional Assessment Technologies 17

with developing sensor technology to measure and interpret ADLs, detect falls, and
early detection of illness or changes in chronic health conditions. As researchers
with funding from the National Science Foundation and Administration on Aging,
we are grateful to their willingness to help us as we pioneer this important area of
elder care and the development of technology to help them improve and maintain
function as they age in place in their homes.

At TigerPlace we have installed the University of Virginia monitoring system
with bed, motion, and stove sensors wirelessly connected to a computer that sends
the event information to a server. Counting the events provides useful information
that indicates resident movement or absence of movement. In a sense, this provides
continuous functional assessment because the resident’s actions trigger events that
are collected by the sensor and counted. The events are organized into a display of
counts of the various sensors over a short period of time; typically the most con-
venient is an hour or several hours. Moreover, sensor firings could be grouped and
activities could be inferred. The bed sensor activity counts per day are shown in
Fig. 2.1; using daily graphs can reveal trends over time that may indicate changes
in resident physical condition. From the bed sensor, greater activity may be due
to a variety of factors including incorrect medicine dosage and impending change
in health. By examining the data, a picture emerges of activities of the individual.
By relating the histogram data for the resident to resident’s comments about those
events potential causes of events can be interpreted.

In the display of bed restlessness data in Fig. 2.1, a dramatic change in resident
condition can be seen. This particular resident had a heart attack around Decem-
ber 20. For several days following the event, the resident was in the hospital and
no events appeared. After returning, significantly higher restlessness levels indi-
cate health-related problems. In later graphs in February, after the problems were
addressed, the subject’s restlessness levels returned to low levels similar to the
graphs before the heart attack.

Clearly, this technology is potentially useful to health care providers. First, it
provides additional information to health care providers by displaying a quick indi-
cation of the resident’s well being, and possible deviations from their individual
norm. It can provide loved ones access to activity information of their important
elder family member (if the elder agrees) using relatively well-established com-
munication systems such as web access. The data provide a longitudinal record of
activity that can be examined for changes.

By relating the changes in sensor data to specific events of resident activity, a
health care provider can obtain a picture of specific functional decline. Once iden-
tified, functional decline may be minimized or halted by appropriate interventions
such as physical therapy, changes in medications, or others. Early detection and
intervention by health care providers can extend the level of function of a resident
and possibly even improve it. Modeling individual elder’s activities with advanced
computational intelligence techniques can enable interpretation of the baseline
activity of individuals and alert health care providers of potential changes from
baseline. Significant deviations from an individual’s norm may indicate changes
that require action.
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2.3.3 Smart Home Technologies

A smart home is a home that is able to proactively change its environment to
provide services that promote an independent lifestyle for elderly users. Honey-
well’s Independent Lifestyle Assistant (ILSA) program is targeted at developing an
intelligent home automation system to enable elders to live and function safely at
home [75, 76]. The Living laboratory at MIT uses a portable kit of tape-on sen-
sors and small switches to detect the movement of objects. They also studied how
people respond to new proactive technologies [77]. In the Aware Home project at
the Georgia Institute of Technology, a house with two identical independent liv-
ing spaces is built for controlled experiments with technologies [78]. In France,
a smart home called PROSAFE has been designed. Devices and sensors identify
abnormal behavior that can be interpreted as an accident and collect representa-
tive data on a person’s nocturnal and daily activity. The experimental room has
been designed to accommodate patients with Alzheimer’s disease. It is equipped
with a set of infrared motion sensors connected to either a wireless or a wired
network.

Realizing that visual information is very important in activity monitoring and
analysis, researchers have developed various video camera systems and vision-
processing algorithms for eldercare. In the Aware Home project at Georgia Institute
of Technology, video cameras are used in a research laboratory to capture images
of resident’s daily activities, and a user-friendly interface, called Digital Family
Portrait, is developed to efficiently visualize the activity data and resident’s health
status [78,79]. In the CareMedia project at Carnegie Mellon University, a video
camera system is developed to monitor patients’ activity in nursing homes. Coupled
with other types of sensor information and medical data, the video information is
used to study the behavioral patterns of patients {80].

The University of Virginia In-Home Monitoring System has been installed in
another assisted living setting (n = 15) and in another independent living setting
(n = 25) (other than TigerPlace). In both settings, evaluations of Satisfaction with
Life were obtained from the participating residents and modified Caregiver Strain
Indexes as well as Caregiver Burden Interviews were obtained from the professional
and informal caregivers [73, 81-83]. The only significant changes were that Satis-
faction with Life improved in assisted living residents, and there was a statistically
significant increase in informal care-giving but no increase in burden or strain. These
same monitoring systems were installed in the homes of 13 home care clients [84]
with similar results; clients had better perceived quality of life and informal care-
givers had a perceived reduction in strain. From these preliminary results, it appears
that using technology to monitor activity may have positive effects for elders in
all three settings as well as some benefit for informal care givers. Cost-benefit in a
sample of 21 assisted living residents has also been examined over a 3-month period
as compared with a matched group by these same researchers with a significant
reduction in health care costs such as hospital days, emergency room visits, and

other primary care costs [85].
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2.4 End User Interface Design for Functional
Assessment Systems

Home-based functional assessment systems need to enable the processing and effi-
cient display of information resulting from the sensor components. One of the chal-
lenges with the capturing of functional assessment, activity levels, and sleep patterns
through sensor or other systems is the presentation of information to health care
providers in a timely manner and with a display that does not burden providers with
complex or redundant information but at the same time highlights situations that
require attention or emergencies.

It is a widely accepted notion that user participation in the design and develop-
ment of information systems increases the likelihood of successful implementation
and utilization of these systems [86,87]. Involvement of end users in system design
is likely to result in increased user satisfaction [88], and an increase in the perception
of usefulness of the application by the end user [89, 90]. Lack of communication
and collaboration, on the contrary, between end users and designers is often linked
to failure of information technology (IT) implementations [91].

In many cases, system failure is attributed to exclusion of end users from the
system and interface design of monitoring systems. Organizations or agencies face
the challenge to select the appropriate timing and extent of end user involvement
in various phases of system development given, in many cases, limited resources
and time constraints. Thus, understanding the nature of user participation and its
implications on the utilization and ultimately the success of a system provides a
useful roadmap for the implementation of both small- and large-scale applications.

2.4.1 Clinicians as End Users

In the TigerPlace project, nurses are one of the main user groups of the monitoring
system. Additional user groups include residents, family members, and informal
caregivers. To determine nurses’ preferences and expectations of user interfaces that
will enable the processing and efficient display of information resulting from the
smart home components, we conducted focus group sessions with four gerontology
nurses and one social worker [92]. The session was facilitated by a member of the
TigerPlace research team. The focus group protocol included questions about par-
ticipants’ preferences in accessing patient-related data, their critique of suggested
interfaces, and additional questions about types of display and alerts that will be
useful in monitoring and caring for senior residents.

Specific examples of interfaces were displayed and comments were solicited in
terms of advantages and disadvantages. Three of these examples were discussed
in greater detail as they were perceived as essential to the display of activity lev-
els and sleep patterns. Hard copies and large displays of the examples of user
interfaces were provided to allow participants a careful examination before the
discussion. The focus group facilitator followed a protocol of questions and took
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*notes. Descriptive cues, examples, and explanations were provided, when necessary.
Data codes were generated by using the data collected. The goal of the qualita-
tive content analysis was a summary of the information gleaned from the analyses
of data.

The clinicians who participated stated that non-emergency data sets should be
available on a secure website allowing for providers to access them at their own dis-
cretion. Emergency alerts triggered by the system indicating a situation that requires
immediate attention should be sent in multiple formats, such as email messages,
pager messages, phone calls etc. The discussion whether this information should
become part of the patient’s medical record did not reach consensus. Some clinicians
stated that that should be the case, whereas others expressed the concern that smart
home technologies should move beyond the experimental phase before the datasets
they produce become part of a legal document. Most participants stated that the
interface should allow users to enter interpretations and other notes and provide a
platform for communication with other health care providers.

Visual summaries and overall trends were perceived as very useful in managing
large data sets. Participants showed preference for interactive visual displays that
would allow zoom-in and zoom-out features, and ability to click for more informa-
tion or enter comments. Furthermore, all participants agreed that they would like the
interface to provide a “print-version” of the datasets so that they can easily create a
hard copy for further review or archiving purposes. This study also highlighted the
emphasis that clinicians place as end users on internal and external consistency of
the interfaces and interoperability of this application with other applications and,
specifically, the electronic medical record software (regardless of whether these
datasets end up becoming part of the record system). All participants pointed out
the need for consistency in choice of colors and symbols.

2.4.2 Interfaces between IT Systems

In a recent qualitative study using key informant interviews and focus group meth-
ods, 12 long-term care health care providers, administrators, and IT developers
explored the use of advanced electronic technologies as it affects patient care, clin-
ical support, and administrative activities [93]. The most important thread of infor-
mation about IT sophistication emerging from these discussions regarded the need
for more advanced interface development for IT systems to enhance system integra-
tion and connectivity. There was a recognized need for development of interfaces
that support communication between different IT systems in order to build common
data repositories and data warehouses. Interface operability was recognized as a
vitally important issue.

Interfaces are important because they allow for the exchange of vital clinical
information and contribute to the formation of relational databases that can com-
bine distinct datasets into powerful reporting tools. Interfaces reduce the duplicative
work required to keep separate IT systems current and facilitate a safer environment
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through more consistent data entry, faster retrieval of information, and improved
reliability of data sources.

An important aspect of IT sophistication t
is the usabili

improve usability, contribute to the design of sophisticated Systems, keep the tech-
nology up and running smoothly; and are important for maintaining connections
with users of IT. For clinical end users, integration of data with other clinical data
sources is essential for rapid decision support that wil] ultimately improve quality
of care for older aduls.

tions Industry Association [94] describes a functional limitation as a “. .. reduced
Sensory, cognitive or motor capability associated with human aging, temporary
injury, or permanent disability that prevents a person from communicating, working,
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tile use and dissemination of information that relates to them. Confidentiality is
a tool for protecting the patients’ privacy. Thus, system designers need to take
into consideration that the patient has the right to allow family members to access
information about their activity level but may also choose not to. When discussing
privacy, issues related to the video- and/or audio-recording and maintenance of
tapes, the storage and transmission of still images, and other patient record data
must be examined, and efforts must be undertaken to address them to the fullest
extent possible. The transmission of information over communication lines such
as phone lines, satellite, or other channels, is associated with concerns of possible
privacy violations. An additional concern in some cases is the presence of technical
staff assisting with the transmission procedure that could be perceived as a loss of
privacy by the patients. Patients often are unfamiliar with the technical infrastructure
and operation of the equipment which can lead to misperceptions of the possibilities
of privacy violation.

Furthermore, ownership of and access to data must be addressed. In many web-
based applications in home care, patients record monitoring data and transmit them
daily to a web server owned and maintained by a private third party that allows
providers to log in and access their patients’ data. This type of application calls for
discussion and definition of the issue of data ownership and patients’ access rights
to parts or all of their records.

2.4.5 Interdisciplinary Approach to System Design

An interdisciplinary approach is essential to design a home that is flexible and
responsive to the needs and limitations of the residents. The value of interdisci-
plinary teams is not a new concept in gerontology. Such teams overcome the prob-
lems of the traditional health care organizational model, which reinforces functional
specialties and silos of expertise. The interdisciplinary team approach promotes
integrated and coordinated care for older adults so that all participants in the care-
delivery process are focused on the older adult rather than their professional spe-
cialty. During both the design and the development phases of a smart home, experts
from different disciplines need to be included. As Rogers [96] points out, we need
to shift from a model of “technological determinism,” namely that technology itself
should be the impetus for change, to a model of the social construction of technology
where technology is influenced by societal norms and needs.

The success of functional assessment systems or smart homes in general will
depend on the level of compliance with universal design principles that are holistic
and inclusive [97]. Many of the challenges that older adults face, whether func-
tional or cognitive limitations, have been traditionally addressed by the utilization
of mechanical adaptive devices, which allow the user to adequately function in their
environment, but not necessarily actively participate in it. The use of adaptive and
assistive technology that can be installed in the home environment has the potential
to not only support but also enable and empower individual users.
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2.5 End-User Perceptions of Home-Based Technologies
for Functional Assessment

It is axiomatic that end-users’ perceptions of an “elective” home-based technology
for functional assessment are central to whether they accept and adopt it. Such per-
ceptions contribute to, possibly determine, success in both the implementation and
the sustained use of these technologies. Ideally, end-users of such information-based
health-monitoring technologies work in partnership with their health care providers
to “co-produce” the quality of their care and, ultimately, their health [98, 99].
Optimal management of chronic disease and functional decline demands such an
approach. .

Measures of end-user acceptance of, and satisfaction with, informatics technolo-
gies are often focused on an application’s usability or user-friendliness and, for users
with physical or cognitive limitations, its accessibility. Although these factors are
important in other eldercare applications, they do not directly impact end-users of
passive sensor monitoring devices like those at TigerPlace (except in the informa-
tional user reports these devices generate). A broader set of measures is necessary,
especially for user perceptions of these technologies in the home environment.

People have different expectations of the personal space in their home or resi-
dence than of public spaces. We view health care monitoring and assessment tech-
nologies applied to us as a patient in a hospital (e.g., cardiac telemetry) differently
than when they are applied in our home. Negative feelings associated with depen-
dence may be especially strong in the home setting. Ruddick [100] explains how a
person’s “sense of self often changes with place, especially with place of residence
(p- 20).” He goes on to compare the hospital patient’s “‘sick self” to his or her self at
home—*"one’s defining, natural, or ‘telic’ place (p. 20).”

The home telehealth literature, which includes functional assessment appli-
cations, recommends that such technologies be designed and implemented to
minimize their obtrusiveness or intrusiveness to users in their home environments.
However, these terms are not explicitly defined or consistently used [101]. In
response, based on a review of the literature, Hensel et al. [102] proposed a model of
obtrusiveness (Figure 2.2) with eight dimensions and twenty-two sub-categories. In
this model, “obtrusiveness” in home-based technologies for functional assessment
is an umbrella construct inclusive of “intrusiveness” and is defined as “a summary

evaluation by the user based on characteristics or effects associated with the tech-
nology that are perceived as undesirable and physically and/or psychologically
prominent (p. 20).” Although this model still must be validated, it provides a
framework within which to examine older adults’ perceptions of these technologies.

The model was developed to capture potential obtrusiveness across a compre-
hensive range of eldercare technologies, including those used in functional assess-
ment. Some dimensions and categories may be more important to users of a passive
sensor-based assessment system, such as at TigerPlace, than to users of different
types of eldercare technologies. For example, within the physical dimension, users
of a remotely monitored oxygen system may perceive it as obtrusive because they

LY
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Excessive noise
Obstruction or
impediment In space
Aesthetic
incongruence

Additional demands
on time and effort

Physical Dimension Usability Dimension Privacy Function Dimension*
Dimension
» Functionat Lack of user Invasion of personal Malfunction or sub-
dependence friendliness or information optimat parformance
Discomfort or strain accessibility Violation of the inaccurate

personal space of
home

measurement
Restriction in distance
or time away from
home

Parcaption of fack of
usefulness

R !

-

-

User Perception of Obtrusiveness

T

T

1

1

Threat to replace in-
person visits

Lack of human
response in
emergencles
Detrimental effects on
relationships

Symbo! of loss of
independence
Cause of
embarrassment or
stigma

interference with daily
activities

Acquisition of new
rituals

Concem about
affordabliity

Concem about future
needs and abilities

Human Interaction

Seif-concept
Dimension

Routine Dimension

Sustalinability
Dimension

Dimension

Fig. 2.2 Model of Obtrusiveness in Home-Based Technologies for Functional Assessment
(reprinted with permission from the Journal of the American Medical Informatics Association)
*Function dimension refers to function of the technotogy.

are functionally dependent on the technology. Conversely, TigerPlace residents are
not, in a direct sense, functionally dependent on the sensors.

Consistent with this example, no participants of focus groups across two stud-
ies [103,104] prospectively evaluated the TigerPlace sensors as potentially obtrusive
because of physical functional dependence. On the contrary, comments were found
in the focus group transcripts of each study expressing concerns that fit in the phys-
ical dimension subcategories of obstruction or spatial impediment and aesthetic
incongruence. There were two dimensions in which concerns in each of the two
studies included every subcategory: privacy and self-concept. Privacy was generally
viewed in balance with health needs: greater health needs may mean sacrificing
some privacy in terms of personal information and access to the personal space of
home. Concerns expressed within the self-concept dimension reinforced that inde-
pendence in relation to this technology is important not only in physical terms but
also in psychological and even social terms (i.e., What will others think?).

In a third study [105] using focus groups, which broadly explored perceptions
about these types of “smart home” technologies and was held before the selection
of specific TigerPlace sensors, participants similarly voiced concerns about privacy.
Consistent with the other studies, privacy concerns for some were heightened sur-
rounding the use of cameras, although these apprehensions lessened when it was .
explained that video could be “anonymized” such that only gross movements, not
individual features, would be depicted. Also consistent with the other studies, this
earlier study found a focus on the function of technology in emergency response,
especially in detection and response to falls.
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dimension of privacy.

An important qualitative finding across all three focus group studies was a gen-
eral openness and favorability toward technologies that can help older persons
maintain their independence. Moreover, simply because aspects of a technology
are perceived as obtrusive by an individual does not hecessarily mean he or she wil]
not use it. Other factors such as perceived need undoubtedly greatly influence this

ally defined as a “subjective’
number of characteristics or effects associated with the technology or one . . . that is
especially important . . . to the user [ 102] (p. 22).»

Even though it is in an early stage of development, the mode] appears to provide

tively independent and lived within the monitored environment of an independent

To assist in this assessment, a framework is provided to explore end-user perceptions
of obtrusiveness of individual applications of these technologies.

2.6 Challenges for Technology Experts to Implement Functiona]
Assessment Technologies in the Real World

set of sensors to capture all activity. Additionally, correlating activity with multiple
S€nsors may not be sufficient and computational techniques may not adequately
describe the activity nor sufficiently compute it for interpretation,

A major concern is that some technologies may be seen as obtrusive, Clearly,
video technology requires means of assuring the residents that their images will
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he protected. Although video coupled with other imaging modalities have great

uésefulness as monitoring sensing systems, that usefulness must be tempered with

the need to make the technology as unobtrusive as possible. Privacy is an important
issue and one we believe must be controlled by the individual resident. Clearly,

the resident must decide who sees their activity information and who does not.

As long as technology is in the research stage, the institutional review board and

human subject protection policies provide mechanisms to assure privacy. However,
when the technology is released to the public for general use, it must be the elder
resident who determines who gets what data. This concern will become acute as the
resident’s functional and cognitive abilities decline. Advanced planning will need
to consider technologies and information just as treatment decisions are made in
advance for medical care.

Technology has huge potential for the health and function of elders. It must be
used wisely and always from the perspective of improving their independence, dig-
nity, and function. Focus groups and interviews with elder users of technology and
sensitivity to their needs by not only health care providers but also those developing
the technology will go a long way to minimizing obtrusiveness of technology. The
acceptance of technology by both health care providers and elders will help realize
the promise that elders will achieve more independence and higher quality of life,
and providers and loved ones will have more ready, useful, and accurate information

about function and health status.
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