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Preface

In the United States, health care devices, technologies, and care prac-
tices are rapidly moving into the home. This transition, which is likely
to accelerate in the future, has raised a host of issues that have received
insufficient attention in the past. Care recipients and caregivers have partic-
ular capabilities and limitations that can shape home health care processes
and procedures. Very few homes have been designed for the delivery of
health care, yet the aging of the population and changes in medical practice
and health care reimbursement are leading to greater reliance on care at
home. Medical equipment and technologies that are designed for hospitals
and clinics can be ill-suited for use in the home. The community environ-
ment can support or detract from home health care.

As stated earlier, the rapid growth of home health care has raised
many insolved issues and will have consequences that are far too broad
for any one group to analyze in their entirety. Yet a major influence on
the safety, quality, and effectiveness of home health care will be the set of
issues encompassed by the field of human factors research—the discipline
of applying what is known about human capabilities and limitations to the
design of products, processes, systems, and work environments. For that
reason, the Agency for Healthcare Research and Quality (AHRQ) asked
the Committee on Human-Systems Integration of the National Research
Council to conduct a wide-ranging investigation of the role of human fac-
tors in home health care. In response, the multidisciplinary Committee on
the Role of Human Factors in Home Health Care was formed to examine
a diverse range of behavioral and human factors issues resulting from the
increasing migration of medical devices, technologies, and care practices

vii
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viii PREFACE

into the home. Its goal is to lay the groundwork for a thorough integration
of human factors research with the design and implementation of home
health care devices, technologies, and practices.

As part of its work, the committee conducted a workshop on the role of
human factors in home health care on October 1-2, 2009, in Washington,
DC. The workshop and this report represent the culmination of the first
phase of the study. The second phase will culminate in a consensus report
containing the committee’s conclusions and recommendations concerning
the best use of human factors in home health care. In addition, the commit-
tee is overseeing the preparation of a designers’ guide for the use of health
information technologies in home care.

The landmark report To Err Is Human: Building a Safer Health System,
published in 2000 by the Institute of Medicine, found that illness, injuries,
and other adverse health consequences often result from poor interactions
between care recipients and the health care delivery system. By highlight-
ing the importance of human factors in the inpatient hospital setting, that
report led to a broad array of reforms aimed at improving the quality of
health care delivery.

The committee’s hope is that this workshop report and its consensus
report will motivate similar reforms for home health care, even as the
terrain of the health care delivery system is undergoing dramatic changes. In
the future, individuals will play a greater role in managing their own health
care needs and those of their family members at home and in the com-
munity. The extent to which human factors research is incorporated into
home-based devices, technologies, and practices will have a big influence
on whether greater reliance on home health care proves to have beneficial
or detrimental effects on people’s lives.

The committee members identified presenters, organized the agenda,
introduced presentations, and facilitated discussion, although they did not
participate in the writing of this report. This summary reflects their diligent
efforts, the excellent presentations by other experts at the workshop, and
the insightful comments of the many workshop participants.

The planning efforts of the committee were greatly assisted by the
interest and support of Kerm Henriksen, AHRQ human factors advisor
for patient safety, and Teresa Zayas-Caban, senior manager, Health IT at
AHRQ), which are much appreciated. Henriksen also provided some very
helpful introductory remarks and closing comments at the workshop.

The workshop included discussions led by Paul Crawford of Intel,
Margaret Quinn of the University of Massachusetts—Lowell, and Carol
Raphael of the Visiting Nurse Service of New York. Their contributions
are greatly appreciated.

This workshop summary has been reviewed in draft form by individuals
chosen for their diverse perspectives and technical expertise, in accordance
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PREFACE ix

with procedures approved by the Report Review Committee of the National
Research Council. The purpose of this independent review is to provide
candid and critical comments that will assist the institution in making its
published report as sound as possible and to ensure that the report meets
institutional standards for objectivity, evidence, and responsiveness to the
charge. The review comments and draft manuscript remain confidential
to protect the integrity of the process. We thank the following individuals
for their review of this report and the attached papers: Jane Behr-Lehman,
Steinhardt Department of Occupational Therapy, New York University;
Deborah A. Boehm-Davis, Human Factors and Applied Cognition Program,
George Mason University; R. Paul Crawford, Product Research and Inno-
vation, Digital Health Group, Intel Corporation; Steven Landers, Center
for Home Care and Community Rehabilitation, Cleveland Clinic; Suzanne
Mintz, President and Chief Executive Officer, National Family Caregiv-
ers Association, Kensington, MD; Marcia Nusgart, Nusgart Consulting,
Bethesda, MD; Terrance J. O’Shea, Digital Health Group, Intel Corporation;
Denise C. Park, Center for Vital Longevity, University of Texas at Dallas;
Richard W. Pew, BBN Technologies, Cambridge, MA; Eduardo Salas, Insti-
tute for Simulation and Training, University of Central Florida; Susan Stark,
Program of Occupational Therapy, Department of Therapy and Neurology,
Washington University School of Medicine; and Bernadette Wright, The
Lewin Group, Falls Church, VA.

Although the reviewers listed above provided many constructive com-
ments and suggestions, they were not asked to endorse the content of the
report, nor did they see the final draft of the report before its release. The
review of this report was overseen by Matthew Rizzo of the University of
Iowa. Appointed by the National Research Council, he was responsible for
making certain that an independent examination of this report was carried
out in accordance with institutional procedures and that all review com-
ments were carefully considered. Responsibility for the final content of this
report rests entirely with the author and the institution.
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Introduction

On October 1 and 2, 2009, a group of human factors and other experts
met to consider a diverse range of behavioral and human factors issues
associated with the increasing migration of medical devices, technologies,
and care practices into the home. The Committee on the Role of Human
Factors in Home Health Care organized the event to gather information on
a topic on which relatively little has been established empirically, although
it is increasingly clear that more and more health care is being delivered in
homes. Part I of this volume is a summary of the presentations and discus-
sions that took place at the Workshop on the Role of Human Factors in
Home Health Care.

THE ROLE OF HUMAN FACTORS IN HOME HEALTH CARE!

A standard textbook definition characterizes the field of human factors
research as “the discipline that takes into account human strengths and
limitations in the design of interactive systems that involve people, tools
and technology, and environments to ensure their safety, effectiveness, and
ease of use.” This definition can easily be modified to apply to human fac-
tors in home health care said Kerm Henriksen during his opening remarks
at the workshop:

I'This section is based on remarks at the workshop by Kerm Henriksen, human factors advi-
sor for patient safety in the Agency for Healthcare Research and Quality.

3
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4 HUMAN FACTORS IN HOME HEALTH CARE

The field of human factors in home health care takes into account provider
and recipient capabilities in the design of interactive home care systems of
people, devices and technology, and environments to ensure their safety,
effectiveness, and ease of delivering care.

Figure 1-1 provides a more detailed characterization of the role of
human factors in home health care. From the perspective of the care recipi-
ent, the ultimate goal is to ensure the delivery of high-quality care in the
home and to avoid preventable adverse events, as shown at the bottom of
the figure. A host of factors must come together for this objective to be
achieved, Henriksen observed. The factors closest to the recipient that can
cause adverse events are the characteristics of the provider and the recipi-
ent. (These are labeled as “active errors” in the figure.) Factors more distant
from the recipient (labeled “latent conditions™) can also result in deficiencies
in care. These factors include the nature of home health care tasks and the
characteristics of the physical environment, of medical devices and technolo-
gies, and of the social or community environment. Exerting an even broader
influence are factors in the external environment, including demographic,
economic, and political factors. Thus, recipients and providers “inherit the
sins of omission and commission of everybody else who has played a role in
the design of the greater sociotechnical system,” said Henriksen.

Human factors research has a long track record of addressing chal-
lenging issues in demanding environments, particularly when it is able to
address issues in the context of integrated systems. But systems thinking
has not come easily to home health care, Henriksen said. Homes are not
designed for health care, and considerable variation exists in what consti-
tutes a home. Recipients and providers, whether formal or informal, have
considerable variation in knowledge and skills. Many lay providers are
themselves care recipients, as the provider workforce ages. Hazards in the
home are often unrecognized, and home health care providers have limited
experience with medical devices and medical information technologies.
Home and community culture and environments are extremely variable.
And health care reform often tends to mean doing more with less.

A comprehensive study of the role of human factors in home health
care faces a challenging set of goals:

e  Achieve an in-depth understanding of the human factors challenges
underlying safe and high-quality home health care.
Specify critical gaps in understanding.
Develop an integrated framework to guide research across the
major components and disciplines relevant to safe delivery of care
in the home.

Copyright © National Academy of Sciences. All rights reserved.
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FIGURE 1-1 Factors that influence the safety, quality, and effectiveness of home
health care range from the immediate characteristics of recipients and providers
(Tiers 1 and 2) to aspects of home health care tasks, technologies, and environments
(Tiers 3, 4, and 5).

SOURCE: K. Henriksen, Anjali, J., and Zayas-Caban, T. (2009). The human fac-
tors of home health care: A conceptual model for examining safety and quality
concerns. Journal of Patient Safety, 5(4), 229-236. Reprinted with permission of
Wolters Kluwer Health.

<
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6 HUMAN FACTORS IN HOME HEALTH CARE

e Develop guidelines for those involved in the design, development,
and implementation of health information technology in the home.
e Provide a roadmap for needed research.

Given the rapid increases in home health care that have already occurred
and will continue to occur, the overall goal, said Henriksen, must be to
“provide a wake-up call for home health care policy.”

WORKSHOP THEMES

Nine presentations, given in three half-day sessions, summarized the
main conclusions of the background papers prepared for the workshop by
experts in human factors and home health care. The first session covered
the people who receive and provide home health care. The second session
looked at the tools and technologies involved in the delivery of home health
care, and the third session focused on the physical and social environments
in which home health care occurs. At the end of each session, a discussant
highlighted important points, fielded questions, and moderated an exchange
among the presenters, committee members, and workshop participants
on the topics covered during the session. At the end of the workshop, the
committee chair, David Wegman, moderated a final discussion of the most
important observations and conclusions to emerge from the workshop as
a whole.

ORGANIZATION OF THE REPORT

Part T is a summary of the workshop event. This chapter gives the con-
text in which the workshop took place. Chapters 2, 3, and 4 summarize the
presentations and discussions that occurred during each of the three sessions.
Chapter 5 describes the main points made in the final wrap-up session.

Part II contains individually authored papers written for the workshop
and consists of Chapters 6 through 12. The Appendix presents the work-
shop agenda and list of participants.

It is important to be specific about the nature of the workshop sum-
mary (Part I), which documents the information presented in the workshop
presentations and discussions. Its purpose is to lay out the key ideas that
emerged from the workshop, and it should be viewed as an initial step in
examining the research and applying it in specific policy circumstances. The
report is confined to the material presented by the workshop speakers and
participants. Neither the workshop nor this summary is intended as a com-
prehensive review of what is known about human factors in home health
care, although it is a general reflection of the literature. The presentations
and discussions were limited by the time available for the workshop. A

Copyright © National Academy of Sciences. All rights reserved.
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INTRODUCTION 7

more comprehensive review and synthesis of relevant research knowledge
will have to await the committee’s consensus report.

This report was prepared by a rapporteur and does not represent find-
ings or recommendations that can be attributed to the planning committee.
Indeed, the report summarizes views expressed by workshop participants,
and the committee is responsible only for its overall quality and accuracy
as a record of what transpired at the workshop. Also, the workshop was
not designed to generate consensus conclusions or recommendations but
focused instead on the identification of ideas, themes, and considerations
that contribute to understanding of human factors in home health care. The
insights of the presenters and workshop participants constitute extremely
useful input for the committee’s continuing work.

Copyright © National Academy of Sciences. All rights reserved.
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The People Who Receive and
Provide Home Health Care

FITTING PEOPLE TO HEALTH CARE IN
THEIR HOME ENVIRONMENTS!

About one-sixth of the U.S. gross domestic product is currently being
spent on health care—about $7,000 annually per U.S. resident. Almost
90 percent of those expenditures involve people with chronic conditions—
treating either their chronic diseases or acute conditions that they develop,
said Neil Charness. Chronic diseases, according to a definition adopted by
the Centers for Disease Control and Prevention, are “noncommunicable
illnesses that are prolonged in duration, do not resolve spontaneously, and
are rarely cured completely.” The most costly chronic conditions include
heart conditions, cancer, trauma-related disorders, mental disorders, and
asthma plus chronic obstructive pulmonary disease (COPD). The percent-
age of people with chronic conditions increases with age, to the point that
more than 90 percent of people older than 85 have one or more chronic
conditions.?

The bulk of health care expenditures is spent on hospital care and
physician services, Charness observed. “If I were trying to cut costs in this
very costly system, I would try to eliminate as much as possible unnecessary
visits to hospitals and unnecessary visits with physicians, because those are

IThis section is based on the presentation by Neil Charness, William G. Chase professor of
psychology at Florida State University. For more information and for references to the infor-
mation cited in this presentation, see Chapter 6.

2Tables and figures illustrating this and other statistics cited here can be found in the papers
in Part II.
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the two biggest slices of the pie.” Home health care has the potential to
reduce both of those costs.

Assessing Efficacy

The efficacy of much of the current health care that takes place in
homes is unknown. For example, some assistive devices have high abandon-
ment rates. “Something like 30 to 50 percent of people who adopt or are
fitted for a hearing aid will put it in a drawer and not use it at some point,”
said Charness. Yet many people also express a preference to be treated in
their homes. As one measure of this preference, in Canada from 1994 to
2004 the percentage of total deaths that occurred in hospitals declined from
78 to 61 percent.

In analyzing home health care technologies and practices, Charness
and his colleagues often assess the fit of capabilities and demand. Health
care devices, technologies, and practices can make many demands on a
person’s capabilities. A videoconferencing system, for example, might have
a software interface that a care recipient has to understand in order to use
the technology. But users differ greatly along many dimensions, including
their age, their education, their health literacy, their technical experience,
and their perceptual, cognitive, and psychomotor capabilities. These factors
affect outcomes like efficiency, efficacy, and safety. Thus, the outcomes of
home health care depend on the fit between a device, technology, or practice
and a person’s capabilities.

Charness used as an example an older person who has just been diag-
nosed with adult-onset diabetes. Such a person might be told to monitor
blood sugar levels, inject insulin, and modify diet and exercise. All of
these tasks can be difficult for many people. They may not like to use a
glucose meter or inject insulin. They may also have unrealistic expectations,
thinking that changes in diet or exercise will immediately improve their
condition. “If you don’t have appropriate expectations, that can lead to
inappropriate adherence to the routine that you have been asked to engage
in,” Charness said.

The Diversity of Home Health Care Users

Home health care is an extremely diverse enterprise. It encompasses
people with very different illnesses and capabilities, from children with
diabetes to young adults with mental illnesses to middle-aged adults who
might be taking medication for hypertension to older adults with dementia
or renal failure. The home environment also exhibits tremendous diversity.
About 27 percent of all the households in the United States have single
members, rising from a low of 17 percent for adults under age 20 to as
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high as about 57 percent for people over age 75. The proportion of people
with disabilities increases greatly with age as well. However, because the
population of younger people is larger, the absolute numbers of people with
disabilities are higher among people ages 21 to 64 than among those over
age 64. On average, men tend to become disabled earlier in their lives than
do women.

Veterans represent an important subset of the disabled population.
According to the U.S. Department of Veterans Affairs, about 2.6 million
veterans were considered disabled and were being compensated in 2007.
The most prevalent types of disabilities are musculoskeletal and mental
disorders, including posttraumatic stress syndrome. Hearing problems
and diabetes are also fairly common and can have an influence on home
health care.

The U.S. population is itself exceedingly diverse along many dimen-
sions, such as language, financial resources, attitudes, insurance coverage,
Internet access, and media exposure. Minority groups are growing as a
portion of the population, including the elderly population. Many different
languages are spoken at home in the United States—not only English and
Spanish but also Slavic languages, Asian languages, and many others. In
addition, an estimated 11 million U.S. residents have below basic literacy
skills, which limit their ability to perform even relatively simple tasks.

Although access to the Internet has been growing for all populations,
including the elderly, only about 40 percent of people over age 65 had Inter-
net access in 2008. Interestingly, almost 50 percent of them report using a
cell phone. Differing minority groups also have different levels of access to
the Internet and cell phones.

As people get older, their hearing and vision often decline, to the point
that medication instructions that younger people can make out easily are
difficult for many older people to read. Similarly, medical devices, such as
oxygen concentrators, may need both visual and auditory warnings to alert
older users to potential hazards when the equipment is failing.

The learning rate slows with age, so that it can take an older adult
between 50 and 100 percent longer to learn new material. As a result,
device designers, for example, need to take learning time into account so
that people don’t become frustrated and give up on a device.

Finally, attitudes toward health care differ greatly. For example, people
generally have to believe that a medication is going to improve their condi-
tion to stick to a prescription regimen. The opinions of family and friends
can also be an important predictor of someone’s willingness to engage in
a particular behavior. Some people comply with societal norms, and some
do not. People also differ in their beliefs about their own ability to follow
a routine or engage in a behavior.

Copyright © National Academy of Sciences. All rights reserved.
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Privacy Concerns

As home health care expands, increasing amounts of health care infor-
mation will be transmitted to and from the home. For example, vital signs
or activity can be monitored through home-based devices, with reminders
for people to engage in particular activities. “Aware homes” or robots could
serve as health care coaches.

Such developments raise concerns about privacy and confidentiality. For
example, care recipients may have greater concerns for confidentiality with
regard to telemedicine than in face-to-face exchanges with a health care
provider. Internet users also express a strong preference for privacy, although
their online behavior does not always accord with this preference.

More impaired care recipients are more willing to cede some degree of
privacy and confidentiality regarding such issues as toileting, medications,
movement in the home, cognitive abilities, and driving. But they often are
unwilling to share that information with insurance companies or govern-
ment agencies.

Human Factors Tools

Human factors research has produced a number of tools that can be
used in the analysis of home health care, Charness said. Focus groups and
questionnaires, task analysis, usability testing, and modeling and simula-
tion can all contribute to the design and implementation of home health
care devices, technologies, and practices. As an example of how these tools
might be applied to an older adult with newly diagnosed adult-onset dia-
betes, focus groups and questionnaires might uncover a gap in expectations
regarding the results of diet and exercise. Task analysis and usability test-
ing could lead to better equipment design and instructional materials. And
better health instruction earlier in the life span might have led to a lifestyle
that prevented adult-onset diabetes.

Improving the Use of Human Factors Research in Home Health Care

Charness had a number of ideas for furthering the use of human factors
research in home health care:

e Promote usability testing for more home health care devices, includ-
ing smart phones, webcams, cognitive training systems, and even
videogames that could be used in rehabilitation programs.

e Assess home health care efficacy and efficiency through randomized
trials.

e Examine attitudes to such issues as technology adoption and aban-
donment through tools like the Current Population Survey.
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e Conduct research on instructional and training principles, espe-
cially for older users, disabled users, non-English-speaking users,
and users with low health literacy.

Promote secure, high-speed Internet access to all households.
Develop more detailed knowledge about the home, including such
features as electrical wiring and access to wireless and broadband
communications. This is particularly important in the homes of
disadvantaged people, who are less likely to be represented in trials
of home health care systems.

Responses to Questions

Charness was asked how the designers of home health care systems can
accommodate the very broad range of users of such systems. He acknowl-
edged that “the entire U.S. population, from small children to older adults,
are potential home health care users,” which makes the problem of design
very difficult. Part of the solution is to have good data on what the differ-
ences are. For example, in what ways do women differ from men? How
should variations in language or age affect the design of home health care
devices? “Chances are, for certain types of devices, you can define who the
user population is reasonably narrowly,” he said.

Charness also described potential variations in the level of trust that dif-
ferent groups may hold toward home health care providers or technologies.
These levels of trust can vary by age, ethnicity, or other factors. In some cases,
people trust health care devices too much, even when a device is unreliable or
needs to be checked. Similarly, the providers of home health care may trust
or mistrust different categories of care recipients to different extents.

One questioner discussed the use of social networking technologies to
advance home health care, both by providing information to care recipients
and by allowing recipients with conditions such as depression to connect with
each other. Charness pointed out that virtual groups, even if they include large
numbers of people living alone, can be large and geographically extended.

INFORMAL CAREGIVERS: FAMILY, FRIENDS, OTHERS?

Many of the people who provide home health care are not paid profes-
sionals but family members, friends, and other lay providers, said Richard
Schulz. Most people will play this role at one time or another in their life,
but estimating the prevalence of informal caregiving is complicated by the

3This section is based on the presentation by Richard Schulz, professor of psychiatry and
director of the University Center for Social and Urban Research at the University of Pittsburgh.
For more information and for references to the information cited in this presentation, see
Chapter 7.
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absence of a standard definition for either a family or an informal caregiver.
Other countries have formal definitions of what it means to be a family
caregiver, and those definitions are used to shape policy, but no such defini-
tion exists in the United States. “Getting a handle on this problem requires,
to some extent, that we achieve consensus and apply a good definition of
what we mean by family caregiving,” Schulz said.

The largest category of people receiving informal home health care
consists of adults with chronic health problems or disabilities, and their
providers tend to be middle-aged and older parents and spouses. The sec-
ond largest category is children with chronic health problems or disabilities.
An estimated 22 percent of households with children fall into this category,
and their caregivers are typically young to middle-aged parents and some-
times grandparents.

A large group about which relatively little is known is people who are
discharged from hospitals. Roughly 40 million hospital discharges occur
each year, and these individuals generally are cared for by adults of all ages.
This group overlaps with the other two, but they have different kinds of
needs for home health care. After hospitalization, needs tend to be more
acute, and informal caregivers can be required to provide highly specialized
and technical assistance.

There are interesting subgroups within these larger populations, Schulz
observed. For example, about 2.5 million grandparents in the United States
provide care to children. In another reversal of expectations, about 1.5 mil-
lion children provide health-related care to their parents. These two situa-
tions present very different challenges, even though both groups would be
characterized as family caregivers.

Roles and Responsibilities of Caregivers

Given that much caregiving is provided to older individuals, a typical
caregiver is likely to be female, middle-aged, and somewhat more educated
than the population at large, often with at least some college education.
Although they typically spend more than 20 hours per week providing this
care, informal caregivers also may be employed in other jobs full or part time.
They typically have been providing care for about four years, although of
course some caregivers have quite different experiences and characteristics.

Among the adult recipients of care, approximately 80 percent are age
50 or older and have mostly age-related disabilities. Another relatively
large group consists of adults ages 18 to 49, often with mental illness. War
veterans with chronic diseases and disabilities are a smaller group that can
have lifelong and very intensive needs.

The most common disabilities occurring in children are learning dis-
abilities; attention deficit disorders; other mental, emotional, and behavioral
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problems; intellectual disabilities; developmental disabilities; asthma; speech
or language problems; and diseases such as cancer and diabetes. These prob-
lems tend to vary with the age of the child. Speech problems are common
early in life but tend to recede later, and learning disabilities are more likely
to arise later in childhood.

The most common forms of care provided by informal caregivers are
assistance with activities of daily living (ADLs) or instrumental activities
of daily living (IADLs),* medication management, and care coordination,
which involves figuring out what kind of care is needed, where to find
care, and how to arrange for care. Informal caregivers also may need to
negotiate among family members. “This is particularly an issue with elderly
caregiving,” said Schulz, “where adult children may have different opinions
about what should be done, and the primary caregiver plays the role of
negotiating and settling disputes within families.” Informal caregivers pro-
vide companionship and emotional support. In some cases, they perform
very complex medical and nursing tasks, such as infusion therapies or tube
feeding.

Care coordination can be particularly challenging. Even seasoned health
professionals who need to coordinate care for a parent or sibling can find
it extremely difficult to access complex and fragmented health and social
service delivery systems. In response to this difficulty, some systems have
been organized that provide essentially one-stop shopping for caregivers
looking to coordinate care. Schulz cited as examples Child’s Way and the
Program of All-Inclusive Care for the Elderly (PACE).

PACE, a Medicare program for older adults and people over age 55 liv-
ing with disabilities, provides community-based care and services through
local centers to people who otherwise need nursing home level of care. “At
least from my limited perspective, [these systems] have been very success-
ful in achieving that goal.” But these two programs have strict eligibility
criteria and are not widely used.

All of the tasks undertaken by informal caregivers are amenable to
training. A small industry has taken shape in the United States focused
on how to teach caregivers to provide home care services. A variety of
technology-based strategies are also available, such as telehealth—that is,
the delivery of health-related services and information via telecommunica-
tions technologies—or computer-based communication systems, that enable
a caregiver to be in touch with a professional provider who can guide them
through issues that they are facing.

4Activities of daily living are activities performed for self-care, work, or leisure, such as
eating, bathing, or grooming. Instrumental activities of daily living are activities that allow
an individual to live independently in a community, such as preparing meals, shopping, or
using the telephone.
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The Ability to Provide Care

Caregiving can have adverse effects on individual providers and under-
mine their ability to provide care. A large research literature links the stress
of caregiving to a variety of physical and psychological stress conditions.
Physiological indicators, such as stress hormones, neurotransmitters, cardio-
vascular measures, and metabolic measures, all show a worsening on aver-
age for caregivers, although the effects tend to be relatively small. Health
habits, such as sleep, diet, self-care, and medical adherence, also suffer,
although, again, the effects are not large. However, several methodological
issues in these studies may cause the relationship between caregiving and
health effects to be underestimated. For example, recent work suggests that
the effects of caregiving in terms of both health and economic costs may not
show up until later, after a person is no longer in that role.

The evidence of effects on mental health is stronger, according to
Schulz. Depression, anxiety, stress, and other mental conditions are associ-
ated with taking on and moving through the caregiving role. However, it
can be difficult to unravel cause and effect in these studies. What is needed,
said Schulz, are prospective studies in which people are tracked as they
move into and out of the caregiving role.

Caregiving tends to evolve over time, from assistance with instrumental
activities of daily living to more intensive forms of caregiving. For elderly
caregiving, the progression can continue into some kind of institutional
placement and then death. When caregivers are followed prospectively
through this progression, strong evidence emerges that the middle phase,
in which caregiving responsibilities are very intense, produces the most
profound health-related effects. There is some evidence of increased risk of
mortality in this population of caregivers.

Institutional placement does not relieve many of these stressors, in part
because caregivers remain involved in providing care. Death, paradoxically,
does provide relief. Caregivers can recover quite well after the death of
the person that they have been caring for, even if it has been an intensive
caregiving experience.

Laboratory studies have demonstrated that exposure to stress can
reduce executive functioning, prospective memory, working memory, speed
of processing, and other mental capabilities. This raises the question of
how stress in caregivers affects their performance. “I’'m not aware of any
literature that has directly tested this, but my best guess would be that those
effects would be profound, particularly with older individuals where reserve
capacities are limited due to aging,” said Schulz.

Depression, which is highly prevalent among caregivers, can also have
major effects on motivation, performance, and functioning. Depression can
erode informal support and isolate the individual from valuable sources of
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information that is needed for caregiving. There is even some evidence that
severe depression is associated with elder abuse.

Sociodemographic factors also play into the effects of home health care
on caregivers. Informal caregivers tend to have lower socioeconomic status,
and this status might be affected by the caregiving experience itself. Evi-
dence indicates that some caregivers leave the workforce in order to provide
care, which may have long-term consequences with respect to pensions and
other kinds of economic indicators, particularly for women.

Older caregivers are more subject to developmental declines, such as
hearing loss, visual impairment, and decreasing strength and mobility.
“Lifting an individual who weighs 200 pounds out of a bed or out of a
chair, when you weigh 90 pounds, is a potentially formidable task,” said
Schulz. Declines in cognitive function also affect the ability to acquire skills
and provide complex care. Assessments of family members caring for some-
one at home often uncover disability and cognitive declines in the person
providing the care. Furthermore, these declines tend to be more similar than
dissimilar in the providers and the recipients of care. People tend to select
each other based on disability, Schulz observed. They also have similar life-
style and environmental exposures. “If they have been married for 40 years,
they have been doing the same things, eating the same foods, so they end
up with the same disabilities.”

The Mismatch Between Demand and Capability

The need and demand for home health care are going to increase dra-
matically in the future. The aging of the baby boom generation, increased
survival of infants and children with disabilities, an increase in such dis-
abling health conditions as obesity and diabetes, and new populations of
disabled people, such as veterans of recent wars, are all going to increase
the need for home health care. Meanwhile, fewer children of baby boomers
to provide care, fragmented and geographically dispersed families, the high
costs of formal care, and a lack of appropriately prepared health care pro-
viders create a dire picture on the supply side.

Schulz had several ideas for easing the mismatch between demand and
capability:

e Identify the stressors in the caregiving experience. Studies should
differentiate among such factors as the functional disability of
the care recipient, the care demands, the coordination of care,
and the suffering of the care recipient. Policy should then be based
on an in-depth understanding of the caregiving experience.

e Coordinate formal and informal health care. The task demands of
informal care should be known in order to assess the capacity
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of caregivers. Caregiver performance and recipient status should
be monitored, and training and tools should be provided to health
and social service providers.

e Adopt a standard definition of caregiving. This definition could
be used to assess the prevalence of informal caregiving and its
public health burden in terms of what kinds of care are being
provided, for how long, and at what cost. This definition should
be applied consistently in national surveys, such as the decennial
census, Schulz said.

e  Fast-track technology options. Emerging technologies could be very
useful in training care providers, monitoring caregivers and recipi-
ents, and enhancing functioning and autonomy. More emphasis
needs to be placed on implementation as opposed to developmental
research, and privacy concerns need to be addressed.

Many people in America today are unprepared to provide or to receive
care, said Schulz. Two-thirds of U.S. adults expect to be a caregiver in the
future, but most admit to being unprepared. “We need campaigns to educate
adults about the likelihood of their becoming caregivers, the likelihood of their
being care recipients, and how to plan for those eventualities,” said Schulz.

Responses to Questions

Schulz observed that assessing the need for home health care should
be a factor in the ongoing debate over health care reforms. Many medical
societies have advocated that when a person comes to a clinic for treatment,
health care providers should assess the family members who are involved
with care of that individual in the home. But these efforts are currently
splintered, poorly funded, and in need of coordination.

A person’s needs for home health care also vary over time. In the early
stages of a disability or disease, preventive activities may be important.
Later in a caregiving experience, technologies that make individuals more
independent can have a big impact. Today, human factors research tends
to focus on the later and more intensive caregiving period and slight the
early-stage opportunities for prevention, along with the transitions that
occur toward the end of the caregiving experience.

In response to a question about remote caregiving, Schulz observed
that this is likely to become more important given the geographic dispersal
of families. A large private-sector market is emerging to facilitate remote
caregiving—for example, by facilitating communication via computer and
video. These activities are likely to increase, which will raise questions
about how to do them best. For example, an ideal system might be triangu-
lar among the care recipient, the family, and the health care team.
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When asked about the motivations of caregivers, Schulz replied that
many caregivers provide care not because they want to but because they
have to. Their reasons for providing care may vary, and data show that
these reasons can make a difference. For example, people who are forced
into the role tend to do worse than people who perform it voluntarily.

New technologies offer considerable potential for enhancing the func-
tioning and capabilities of older persons. Many such technologies are ready
to be deployed but have not yet been implemented on a large scale. Federal
agencies need to devote more attention to the translation of technologies
into the community and into homes.

One-stop care coordination can make a huge difference to care pro-
viders and recipients. But services and care providers tend to be fragmented,
making it difficult to achieve such coordination. The basic problem, said
Schulz, is cost. Programs like PACE do a good job, but they are expensive
to implement on a wide scale. “There must be a middle ground somewhere.
Maybe it requires a radical reorganization of the health care system in order
to achieve. But the current system is clearly not sustainable.”

FORMAL CAREGIVERS?®

Paula Milone-Nuzzo defined formal caregivers as clinicians and trained
individuals who receive compensation to provide intermittent or continu-
ous in-home services. These services can be provided by a traditional home
care agency, a community or social service agency, or for-profit providers.
The vast majority of in-home formal caregiving is provided by person-
nel from traditional home-visiting programs, such as home care, hospice,
and maternal/child health services. The remainder is provided by diverse
community-based organizations, such as PACE, area aging programs, and
organizations that support independent living by persons with physical,
cognitive, psychiatric, and developmental disabilities.

Even though formal caregivers are paid employees, they can develop
deep and significant relationships with care recipients, Milone-Nuzzo said.
As a result, they can experience the same psychological and physical impact
of caregiving as informal caregivers.

It is impossible to discuss formal home health care deliverers without
also discussing Medicare and Medicaid, said Milone-Nuzzo. Together,
Medicare and Medicaid represent by far the largest funder of home
care services, and they influence how other organizations pay for them.

SThis section is based on the presentations by Paula Milone-Nuzzo, dean of the School of
Nursing at the Pennsylvania State University, and Carolyn Humphrey, an independent con-
sultant specializing in administrative and management operations, regulatory compliance, and
education for home health care nurses.
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Reimbursement rules, set by both government agencies and insurance
companies, dictate the parameters of care. Similarly, the paperwork bur-
den that accompanies something as simple as an admission to a home care
agency strongly affects professional caregivers.

The Centers for Medicare & Medicaid Services, the federal agency that
administers Medicare and Medicaid, has many new and ongoing initiatives
under way that support best practices in the provision of Medicare services.
It also has initiated a new focus on comparative effectiveness research.

Characteristics of Formal Caregivers

Formal caregivers can be divided into two categories: (1) professionals
include nurses, physicians, therapists (including physical therapists, speech
and language therapists, and occupational therapists), dieticians, and social
workers; and (2) direct-care workers include home health aides, home-
makers, companions, and patient care attendants. Typically, formal pro-
viders work in interdisciplinary teams of professionals and direct-care
workers to assist care recipients to achieve their health and daily living
goals. While physicians generally have the formal responsibility for ordering
home care services, home care nurses or physical therapists often develop
the plan of care, based on their knowledge and expertise, and send it
to the physician for approval. Other professional caregivers and direct-care
workers become part of the team as needed.

Other providers that are important to the home care delivery system
include medical equipment providers, oxygen providers, and organizations
that provide medical supplies; for-profit organizations that provide house-
keeping, personal care, rehabilitation, and companion care; and community-
based programs such as Meals on Wheels, care management programs, and
well-baby care. The organizations that provide these kinds of services often
offer a discrete service to particular age groups. For example, oxygen pro-
viders very often offer just oxygen. For-profit care tends to be focused on
meeting unmet needs for care recipients who can afford to pay privately.

The largest group of professional home care employees is made up
of registered nurses and licensed practical nurses, representing 21 percent
of all home care employees and more than 80 percent of professional
home care workers. In contrast, speech and language therapists, physical
therapists, occupational therapists, social workers, and dieticians together
represent just 5 percent of all home care employees.

Physicians should also be included in a list of professional home
caregivers, although the number of people who provide these services is
unknown. Fewer than 1,000 physicians belong to the National Association
for Physicians in Home Care, and only about 1,500 are in the American
Academy of Physicians in Home Care. Furthermore, these proxy measures

Copyright © National Academy of Sciences. All rights reserved.



The Role of Human Factors in Home Health Care: Workshop Summary

THE PEOPLE WHO RECEIVE AND PROVIDE HOME HEALTH CARE 21

of physicians who provide home care also include physician assistants,
nurse practitioners, and home care administrators, “so we really didn’t get
a good number for the number of physicians who are practicing in home
care,” said Milone-Nuzzo.

The competencies of professional home care workers are defined both
by the scope of practice, which varies from state to state and from one pro-
fessional discipline to another, and by health care regulations. For example,
the responsibilities of a licensed practical nurse differ from the responsibili-
ties of a registered nurse in home care.

While the complexity of care has increased over the years, the educa-
tional preparation of professional nurses has remained relatively stable. In
2000, 60 percent of the nurses practicing in home care had either a bacca-
laureate or an associate’s degree. Nursing has multiple entries into practice,
and home care is the most autonomous setting for practice. These factors
lead to a lower level of education and professional development among
home care providers than in most clinical care settings. “There may be an
impact on patient outcomes,” Milone-Nuzzo said.

The use of advanced-practice nurses® in home care has lagged behind
their involvement in other practice settings. The reasons for this disparity
include a lack of well-defined roles for them in home care, restrictive
reimbursement mechanisms, and regulatory challenges pertaining to the
scope of practice. In addition, only a few research programs have looked
at the use of advanced-practice nurses in home care.

Direct-care workers, who represent a large proportion of the home
care workforce, include home health aides, companions, homemakers,
and personal-care attendants. Their responsibilities include personal care,
housekeeping, companionship, and assistance with activities of daily living.
In 2006, approximately 42 percent of the estimated 3 million direct-care
workers in the United States cared for individuals in their homes. “Being
knowledgeable, skilled, and culturally competent is just as important for the
direct-care worker group as it is for the professional care worker group.”

In traditional home care systems, direct-care workers are supervised by
professional caregivers in the home setting. A plan of care is defined by the
professional, and regular supervisory sessions provide a way to determine
the quality of care that is being provided. But consumer-driven models of
care are also common in the direct-care workforce. These models, often
supported by states, use direct-care workers who are employed by the recipi-
ent of care, with payment to the worker made directly by the program or
through reimbursement of the care recipient. While these direct-care workers

6Advanced-practice nurses are nurses with master’s degrees who are qualified, and often
licensed or certified, to practice in such roles as nurse practitioner, nurse anesthetist, nurse
midwife, and other specialties.
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may have some supervision and direction from a home care professional,
they typically do not have the amount of supervision or regular contact with
a health care professional required by traditional home care agencies.

A third group of home care providers consists of people hired by
individuals in the home to do health care. They are the least supervised
of all the direct-care workers. Sometimes referred to as occupants of the
gray zone of direct-care workers, they often work off the books, are hired
without background checks, and arrive with unknown skill levels. They
are not eligible for workers’ compensation if they should get hurt and very
often do not pay Social Security. “It’s a market that is highly unregulated,”
said Milone-Nuzzo.

Direct-care workers, even those in formal home care agencies, often
receive little formal training before beginning employment. Home health
aides who work in Medicare- and Medicaid-certified home care agencies
are required to have a minimum of 75 hours of training, including class-
room content and clinical experience, and they are required to pass a test.
Aides are allowed to work up to four months before getting that training.
Subject areas covered in the training include communication skills, reading
and recording vital signs, infection control, assistance with bodily functions
and changes in bodily functions, mobility transfers, and basic nutrition.
Homemakers and companions require no formal training.

As the overall population ages, so do the populations of nurses and
other professional caregivers. Approximately 50 percent of the registered
nurse workforce will reach retirement age in the next 15 years. At the same
time, the number of physical therapists and occupational therapists who
graduated in 2003 and 2004 was significantly smaller than the number
who graduated in 1998 and 1999. Primary care physicians are another
group of providers currently experiencing shortages that are expected to
become more severe in the future.

Cultural values can have an impact on the quality of care provided.
Income and socioeconomic status are variables that affect how professional
caregivers interact with care recipients. The caregiver and the care recipi-
ent are often not of the same culture or socioeconomic status. Direct-care
workers tend to have a high school diploma or less education. Half are
nonwhite, and most are married with children; 20 percent live below the
poverty line; and almost half are on public assistance. Potential differences
in culture and socioeconomic status require cultural competence of both the
provider and the recipient of care.

Challenges for Formal Caregivers

Carolyn Humphrey elaborated on the challenges facing formal care-
givers, who have great responsibility and great autonomy in their work.
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They generally work alone and cannot easily consult with colleagues. They
may be the only person who sees a care recipient. Or, in other situations,
such as a newborn coming home with complex needs, they may be part of
a team of nurses, physicians, therapists, and aides working together.

Formal home care providers experience several issues associated with
reimbursement policies. Most reimbursement structures pay either by the
visit or by the hour but do not pay for interactions with other professionals,
which can further increase the isolation of home care providers. Also, if a
medical device is not approved by Medicare, then it will not be reimbursed
by either the government or insurance companies. This can also be an issue
when a device needs to be tailored to an individual. If the needed device is
not reimbursed, then recipients often just do without. “They will get the
one that maybe doesn’t fit them best,” said Humphrey. “That’s a very big
human factors issue.”

Professional organizations serving home care providers are minuscule.
The nurses’ association under the National Association for Home Care has
only about 100 members. Home health care recently lost its ability to be
certified by the American Nurses Credentialing Center because not enough
people were being encouraged to be credentialed. According to Humphrey,
“There is no financial incentive, surely not by insurance companies and not
by the federal government, to have that kind of qualification.” Likewise,
the American Physical Therapy Association and the Occupational Therapy
Association have special interest groups for home care, but they are small
work committees that look at specific home care issues. The American
Speech-Language-Hearing Association does not have such a group.

Education in home health care is lacking in most of the curricula of pro-
fessional disciplines. As a result, such care providers as doctors or discharge
planners often have little idea of what it is like to provide care in the home.
“That can result in some unrealistic expectations, unrealistic orders for treat-
ments, [or] things that aren’t applicable to the home environment.”

There are no federal ergonomic guidelines for home care. Yet the trans-
port of equipment and supplies is a responsibility that causes many injuries
for home care providers. About two-thirds of U.S. adults are overweight
or obese, yet home care providers often need to move these individuals by
themselves. Assistive devices are often recommended, but their use is usu-
ally assessed relative to the needs of the recipient, not the care provider.

Professional care providers often have a mobile office, performing
clinical documentation in the home, the employee’s car, or the employee’s
home. Human factors issues, such as noise, distractions, and poor light can
be critical in such settings.

Formal home providers also encounter violence in neighborhoods and
homes. Caregivers can be targets of attack, or they can be bystanders during
other instances of violence.
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Many technologies, such as clinical documentation systems, affect for-
mal caregivers directly. For example, many home care providers have point-
of-care devices, such as laptops or tablet devices, that they use in their care
and their documentation of care. But many times these devices have been
created by simply putting traditional paperwork in electronic format, so
the care provider is just checking off forms and doing repetitive work. The
same can be true for various medical devices, including both new devices
and older ones that a provider or recipient already owns.

In addition, every device has environmental parameters that must be
considered. For example, Humphrey pointed out that temperatures in indi-
vidual homes may vary from 60 to 120 degrees. This can be an issue not
only for the operation of devices but also for the caregivers themselves.

Telemedicine and remote monitoring of care recipients in their homes
similarly raise many human factors issues. Many home care providers say
that they left jobs in institutions because they did not have enough manual
dexterity to perform particular tasks. Care providers both in institutions
and in homes can also be very anxious that they will lose their jobs if tech-
nology becomes too efficient. “There are some built-in issues about not
wanting the devices to work.”

Humphrey offered some suggestions related to formal home care pro-
viders. In the area of policy, she suggested the following:

e Better entries into practice for nurses at the baccalaureate level.

e An improved role for direct-care workers.

e Involvement by the Food and Drug Administration with manufac-
turers and formal caregivers on medical devices used in the home.

e Involvement by the Occupational Safety and Health Administra-
tion in issuing home care guidelines.

e Raising consciousness of human factors issues in the home health
care community and among the recipients of care.

e Exploring formal relationships between home health care providers
and nursing education.

e  Communication between home health care technology manufacturers
and human factors engineers.

In the area of research, she suggested the following:

e Effective strategies to educate formal caregivers on ways to improve
care delivery and outcomes.

e  Human factors and home health care research in the field to opti-
mize shared goals.

e Human factors approaches for vulnerable care recipients and
formal caregivers.
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Responses to Questions

Humphrey identified the technologies used by home care providers as
the number-one issue needing attention. “The point-of-care devices that
they use are very unfriendly to the user.” For example, six different glucose
monitors can have six different plugs, she observed. Improving such tech-
nologies would save time, improve the accuracy of the data gathered,
improve the care plans developed from those data, and enhance the moni-
toring and reporting of home health care.

When asked what she saw as the most important issue affecting formal
home care providers, Milone-Nuzzo replied that it is the amount of educa-
tion required for nurses in home care. Humphrey added that web-based
education models hold considerable promise for delivering ongoing profes-
sional education for working providers. In addition, continuing education
done online and/or on demand could provide home care workers with
information that they need when they need it.

Care coordination is another critical factor, said Humphrey. Home
care providers have often done this coordination, even when they were not
reimbursed for it. But it can be very difficult to find enough time, given
today’s reimbursement policies, to perform coordination tasks.

DISCUSSION

Margaret Quinn, professor in the Department of Work Environment
at the University of Massachusetts—Lowell, began the discussion by review-
ing some of the most important points to emerge from the session and
the connections among those points. Many factors are contributing to
rapid increases in the provision of home health care. Elderly populations
in the United States are increasing rapidly, although the populations that
traditionally have provided care are undergoing almost no increase. The
30 percent of people who need home care but are not elders have important
needs that can differ from those of the elderly population. The home is not
consistently or systematically considered as a care or work environment,
which can have important human factors implications. Meanwhile, public
opinion is disconnected from this confluence of factors, with many adults
unprepared to deliver care and believing that they will not need care.

Quinn noted that informal caregivers are often limited in their ability to
provide care, partly because of a lack of training and social support. Home
caregiving disproportionately affects women, racial and ethnic minorities,
and those with low incomes, often at the peak of their own ability to earn
wages outside the home. There also are significant psychological and health
impacts on informal caregivers, such as musculoskeletal strains caused
by lifting and ambulation. “I heard a nurse recently highlight that if in
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[another industry] a worker is asked to lift a 200-pound object, they say,
‘Sure, I'll go do that right away.” They go get a forklift, and they drive it
over and they move it.” The health and well-being of the informal caregiver
and the care recipient are linked, Quinn said.

With regard to formal caregivers, home health care is the fastest grow-
ing segment of health care and one of the fastest growing industries in the
United States. Personal and home care aides and home health aides are
among the top 10 fastest growing jobs in the United States. However, short-
ages and high turnover in the workforce, especially among aides, are creat-
ing a crisis of care, leading to reduced care quality and increased costs.

The heterogeneity of the home health care workforce has several human
factors consequences. The direct-care workforce in home health care is rela-
tively invisible. Many formal caregivers are not prepared for health care
crises, such as pandemic flu, and many do not have health insurance. Little
formal research has been done on formal caregivers and the human factors
involved in their health and safety. Although many human factors issues
are similar for formal and informal caregivers, there are differences that are
not well understood.

Quinn offered some suggestions in the areas of practice, research,
policy, and education and training. In the area of practice, she suggested
the following:

e Create systems to coordinate formal and informal caregiving.

e Expand and update the availability and quality of training to
account for new technologies, procedures, and complexity.

e Broaden the skill base of paraprofessionals.

e Adopt a standard definition of home caregivers, especially for
informal caregiving.

Regarding research, she suggested the following;:

e Identify the full range of human factors stressors for care recipients
and informal and formal caregivers.

e Identify the extent to which the health and safety of care recipients
and of caregivers are linked in order to develop comprehensive
solutions for quality care.

Evaluate human factors risks and prioritize interventions.
Identify, develop, implement, and evaluate interventions with the
input of care recipients and caregivers, including studies that com-
pare home settings with institutional ones.

e Fast-track technology options emphasizing usability for care recipi-
ents and caregivers.
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e Identify effective methods to recruit and retain the home health
care workforce.

In the area of policy, she suggested the following:

e Evaluate federal and state programs that affect home health care
and identify the role that human factors play in supporting agen-
cies’ programs related to home health care.

e Coordinate programs across jurisdictions and settings.

Provide health care services for caregivers as well as care recipients.
Encourage efforts to provide improved social support for informal
caregivers.

e DPreserve and enhance meaningful, dignified, caring relationships.

In the areas of education and training, she suggested the following:

e Improve the education and training of formal caregivers, including
nurses, physicians, other clinicians, paraprofessionals in agencies,
and paraprofessionals hired privately.

e Improve training for informal caregivers.

e Prepare all of society for caregiving, including young people.

In the discussion that followed Quinn’s remarks, Humphrey elaborated
on the difficulties involved in point-of-care documentation systems. There
has been a lack of clinical input into the design and deployment of these
technologies, she said. Many decisions are framed by reimbursement poli-
cies rather than focusing on the needs of caregivers. From her perspective,
the findings of human factors research have not had much of an influence
on these systems. For example, the systems are not “smart,” in that they do
not cue the user easily, point out things that were missed, or notify the user
of conflicts. As a result, other people laboriously need to check a caregiver’s
documentation to make sure nothing has been missed.

Several presenters described issues involving the coordination of care.
Schulz observed that the Department of Veterans Affairs has conducted
several experiments to coordinate care but that they have mostly been on
a small scale. Milone-Nuzzo pointed out that health care reform could
lead to new policies on care coordination and that the National Academies
of Practice are preparing a paper on the subject. Humphrey said that the
Centers for Medicare & Medicaid Services are also working on the issue
and is developing a communication system to be used during transitions
in care.

Milone-Nuzzo observed that caregivers who are in a home on a day-
to-day basis are in the best position to identify threats to a care recipient’s
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safety. She has been involved in research on smart homes (discussed in
Chapter 3), and this research needs to take into account the experiences
of direct-care workers, and especially paraprofessionals like home health
aides, companions, and homemakers who are in homes for longer periods
of time than are nurses, therapists, or dieticians.

As part of an exchange on the educational requirements for nurses,
Milone-Nuzzo observed that research has demonstrated that health out-
comes improve as the education of nurses increases. “I say this in the most
kind and gentle way: we need to increase the education [level] of nurses,”
she remarked. Humphrey pointed out that other caregiver disciplines, such
as physical therapists, are increasing their educational requirements. A lack
of attention to both education and certification will have a negative impact
on home health care, she said.

In response to a question about whether human factors research con-
siders the positive aspects of systems, Charness observed that this research
looks to optimize not only efficiency and safety but also comfort. Schulz
added that there is a positive side to informal family caregiving “in that
individuals do report positive benefits.” Quinn reported on a survey with
which she has been involved of 1,200 home health care nurses working
with AIDS patients, in which a majority responded that they are satisfied
with their work. The nurses particularly cited the autonomy of their work
and the relationships they formed. “When they can have meaningful ongo-
ing relationships, . . . that is the most rewarding to them, and that’s why
they are doing it.”

Committee chair David Wegman asked whether distinguishing between
formal and informal caregivers is the proper frame of reference or whether
a distinction between more and less intense levels of involvement may
be preferable. Milone-Nuzzo agreed that there is a great deal of overlap
between formal and informal caregivers, especially in terms of the rela-
tionships that develop, the physical tasks involved, and the use of medical
equipment. Yet distinguishing between these two groups does offer a “lens
to begin the conversation.” Schulz added that informal caregivers also
rely on formal caregivers for various services, creating a back-and-forth
dynamic between the two groups. Humphrey pointed to some of the com-
plications in the distinction. For example, a home health aide could work
for a Medicare-certified agency during the week and for a private-duty
agency on the weekends, providing care in different environments to dif-
ferent individuals.
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Home Health Care Tasks and Tools

HOME CAREGIVING TASKS!

Home caregiving tasks are extremely diverse, including help with activi-
ties of daily living, transportation, interaction with medical personnel and
a care recipient’s family or social group, use of medical devices, negotia-
tion with insurance carriers, and use of the Internet and other information
sources, said Colin Drury. These tasks call on the physical, cognitive, social,
and emotional abilities of caregivers. Relating these task-derived demands
to actual caregiver capabilities is one aspect of the discipline known as task
analysis.

The errors committed during the delivery of home health care can range
from the trivial to the deadly, said Drury. Because the task demands made
of home caregivers can exceed human capabilities, these tasks need to be
carefully analyzed.

Care recipients and care providers are extremely diverse, and all are
under more stresses than in the past. Many people, including home care
providers, are working harder than they have in the past, Drury said.
“There are more people doing a lot of small part-time jobs, and there are
people working large hours of overtime on one job. The good old 40-hour
week . . . is disappearing.”

A standard finding from human factors research is that, as task demands
exceed human capabilities, error rates increase. Errors may occur occasion-

1This section is based on the presentation by Colin Drury, distinguished professor emeritus
of industrial and systems engineering and director of the Research Institute for Safety and
Security in Transportation at the State University of New York, Buffalo.
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ally when a caregiver is distracted, sick, or otherwise incapacitated. But as
the diversity of tasks and the diversity of people increase, the potential for
Errors grows.

To bring task demands in line with capabilities, there are five things
that can be changed:

the task,

the person providing or receiving care,

the technology being used,

the environment surrounding the task, and
the social system surrounding the task.

Sk whhe

Making changes in these five areas implies better procedures, better
training, better equipment design, better home environment design, and
better social interactions. In this context, “better” means fitting tasks to
people, Drury said.

Task Analysis

Task analysis has two parts. First, assessing the demands of a task
requires a task description—a detailed and hierarchical breakdown of every
step involved in the task. Second, assessing human capabilities draws on the
literature on human factors plus contributions from other disciplines, such as
psychology and biomechanics, supplemented with professional judgment.

In addition, there are two methods of understanding tasks, and both
are needed for error-proof designs. The first is to analyze errors or system
failures in existing systems, as was done in the 2000 report on medical
errors by the Institute of Medicine, To Err Is Human: Building a Safer
Health System, National Academy Press, Washington, DC. The second is
to analyze the functioning of a system, starting with its objectives and then
focusing on the task elements for existing and proposed systems.

A common pitfall of task analysis is to assume that everyone looks like
you, Drury said. Avoiding this false assumption requires that the people
performing the task be involved along with someone who can integrate
the various tasks being analyzed. As an example, Drury cited the transport
of a care recipient, whether from the bed to a chair, from the home to a
hospital, or from the hospital to a care facility. Each of these overall tasks
requires planning to tie its constituent tasks together. The job is simple if
the constituent tasks are lined up in a logical and linear order. “You just
go down the checklist and you do them. But lots of them have branches.
If it says this, you do this. It may not be that. This may be blocked. You
may have to do something else.” Because of this complexity, task analyses
generally involve multiple levels of detail.
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Drury also drew an analogy with task analysis in aviation, in which he
has done considerable work. The task of inspecting the safety of airplanes
has many built-in safeguards, Drury said. It often involves both humans
and technologies. It is designed to discover possible errors and identify good
practices that lead to error reduction. It leads to advice for the people run-
ning the systems—something that “adds to your knowledge, not just your
rule base.”

Drury listed some important components of task analysis.

First, task analyses begin by specifying what has to be done rather than
focusing on specifically who does what, since different parts of a task can
be done by different individuals or even by technology. Once tasks have
been identified, the appropriate person or technology to do each part of a
task can be identified (task allocation).

Task analyses are the basis for design recommendations in the form
of good practices for general use and specific design changes for specific
tasks. There is a well-developed methodology for task analysis that can be
adapted for home caregiving, and other domains also demonstrate how
to format the results for maximum impact and how to use the results in a
design or redesign context.

Task analysis needs both human factors practitioners and subject matter
experts to be successful. “You need people who have been doing the job.
You need the potential users and the real users.”

Finally, for any new equipment or procedure, a task analysis is the start
of the design to reduce future user errors. These analyses are best performed
by a team with knowledge of both human factors and the subject matter.

Responses to Questions

In response to a question about how to make task analysis a more
standard practice in home health care, Drury replied that the practitioners
of task analysis need to describe its benefits to the individuals who are in
a position to use it. Technology manufacturers and designers of the built
environment in particular can be approached, as well as the professional
organizations that support home health care. “You need to go to those
communities and say that this ought to be done.”

Task analysis in health care is somewhat different than in many other
areas because of the communications, social, and emotional issues involved.
Greater understanding of the dimensions of human capabilities is needed,
such as the human subsystems likely to be overstressed by caregiving.

In response to a question about the kinds of tasks involved in home
health care, Drury cited the high-level division of physical/cognitive needs,
psychological/emotional needs, and social needs. “That may not be an
exhaustive list. . . . But that struck me, from what I have read, as an appro-
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priate starting point.” Drury also observed that a taxonomy of the kinds
of errors that occur in home health care could be a useful precursor to a
more generic task analysis.

MEDICAL DEVICES AND EQUIPMENT?

According to the Center for Devices and Radiological Health of the
Food and Drug Administration (FDA), a medical device is “an instrument,
apparatus, implement, machine, contrivance, implant, or iz vitro reagent or
other similar article that is . . . intended for use in the diagnosis of disease
or other conditions, or in the care, mitigation, treatment, or prevention of dis-
ease.” Similarly, the Home Health Committee of the center has defined a home
medical device as “a device intended for use in a nonclinical or transitory
environment [that] is managed partly or wholly by the user, requires adequate
labeling for the user, and may require training for the user by a health care
professional in order to be used safely and effectively.”

These definitions lay out the three dimensions that must be considered
in applying human factors research to the design of home medical devices:
(1) the device itself, (2) the people who use it, and (3) the environment in
which it is used, said Molly Story. These dimensions, in turn, become more
complex as the complexity of medical devices used in the home increases.
Today, such devices as ventilators, infusion pumps, and dialysis machines
are frequently being used outside the hospital or clinic, often by lay users,
even though many of these devices were not designed for and were not
specifically labeled for this use, Story said.

Devices used in the home are not always the same models used in
health care facilities. They may be older or lower in quality. Professionals
who encounter them in the home or in a clinic may not be familiar with
their operation. Consumers are giving these devices to each other and are
selling and buying them on the Internet. Such devices are less likely to be
appropriate, to be properly operated or maintained, or even to come with
complete instructions.

Many different people use medical devices in the home, including
physicians, nurses, nurse practitioners, various therapists, workers, home
care aides, independent contractors, family members, friends, neighbors,
care recipients, or even someone who gets pulled in from the street in an
emergency. These users may be of any age, may have various kinds of dis-
abilities, or may be sick themselves. A person’s ability to use a home health
device depends on many factors, including

2This section is based on the presentation by Molly Story, president of Human Spectrum
Design. For more information and for references to the information cited in this presentation,
see Chapter 8.
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e physical capabilities, such as their size, strength, stamina, dexterity,
flexibility, and coordination;

e sensory capabilities, including not only vision and hearing but also
sometimes touch;

e cognitive abilities, including their memory, literacy, language skills,

knowledge, and experience base;

general health;

mental and emotional state;

cultural background;

personal history and experience with home health care and medical

care in general; and

e ability and willingness to learn how to use new devices and adapt
to having new devices in the home.

Many environmental factors also affect a person’s ability to use a
medical device. Space issues can be very important, especially if there are
obstacles in a home or if the device needs to be moved. Floor surfaces can
make a difference, such as wood versus carpeting. Lighting, noise levels,
temperature, and humidity can be very high or very low. “All of these can
make devices misbehave,” Story said.

The activity level in the environment can be confusing and can con-
flict with the operation of a device. The environment may not be clean.
Animals—pets, service animals, vermin—can affect devices. Electromagnetic
interference can come from other devices in the environment, such as com-
puter gear or videogames. “You have heard that beeping that your cell
phone makes on the radio when you are in the car? It does the same to your
medical devices in the home.” In addition, the electrical power may go out
for a variety of reasons and an emergency backup system may be needed,
especially if a device is keeping a person alive.

If a device needs to move into and out of a home, other questions arise.
How portable is the device? What does it weigh? Does it have wheels? Does
it have a handle? Is it discreet? If someone sees it fall out of your pocket,
will you be embarrassed? How long is the battery going to last? Device
durability and ruggedness are also factors when a device is taken out of a
home or clinic.

Taxonomy of Home Medical Devices

Story has developed a 12-category taxonomy of home health care
devices:

1. Medication administration equipment, such as syringes, cups, eye-
droppers, sprays, patches, and syringes.
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2. Test kits, from pregnancy and allergy kits to cholesterol and hor-
mone tests.

3. First aid equipment, such as bandages, traction equipment, ostomy
care, and defibrillators.

4. Assistive technologies, such as glasses, hearing aids, prostheses,
orthotics, crutches, wheelchairs, and mobility aids.

5. Durable medical equipment, including beds, specialized mattresses,
specialized chairs, lift equipment that may be either ceiling-mounted
or portable, commodes, urinals, and bedpans.

6. Meters and monitors, such as thermometers, blood glucose meters,
electrocardiogram monitors, and fetal monitors.

7. Treatment and therapy equipment, such as infusion pumps, dialysis
equipment, transcutaneous electrical nerve stimulation equipment,
and intravenous equipment.

8. Respiratory equipment, such as ventilators, forced airway devices,
oxygen, masks, and suction.

9. Feeding equipment, such as feeding tubes and food pumps.

10. Voiding equipment, catheters, and colostomy gear.

11. Infant care equipment, such as incubators, warmers, bilirubin lights,
and apnea monitors.

12. Telehealth equipment, such as cameras, sensors, and computers.

More technologies will move into the home in the future. Telehealth, in
particular, is expected to grow vigorously in the coming years. For example,
wireless technologies offer continuous monitoring and a greater range
of mobility for care recipients. Remote monitoring allows for long-term
monitoring, encourages adherence to treatment regimens, and provides
for reminder alerts to perform certain acts, such as taking medication or
scheduling an appointment.

Future technological advances will bring new types of medical devices
into the home, like improved pacemakers, cochlear implants, corneal
implants, and artificial retinas. Nanotechnology will be embedded into
devices, allowing for much more sophisticated biosensing. Smart fabrics
will detect events happening in the body. Heads-up displays with pattern
recognition software will help people with vision impairments or cognitive
impairments recognize objects and faces. Skin surface mapping can keep
track of things like moles on the skin to see if they are changing. Other
types of biosensors will be embedded in all kinds of familiar objects, such
as toothbrushes. And many other kinds of devices are on the way, including
“things that we can’t yet imagine,” said Story.
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Design Considerations

Good designers of medical devices understand the needs of both aver-
age users and users who have capabilities far from the average. Device
designers also need to give attention to the positive or negative aspects of
using the device and the potential individualization of the device. “Once
people’s needs for safety, functionality, and usability are satisfied, designers
should address their needs for pleasure and self-actualization.”

These considerations are factors in the concept known as universal
design, which has seven basic principles:

1. Equitable use, so that everyone can use the same device. “Just as we
are not going to have the accessible MRI machine and the regular
MRI machine, the same should hold true for all home health care
devices as well.”

2. Flexibility in use, so that the design accommodates the full range
of individual preferences and abilities. “We need to accommodate
individual operational styles, as well as learning styles, such as
using things left-handed.”

3. Simple and intuitive use, so that the design is easy to understand
regardless of the user’s experience, knowledge, language skills, or
current concentration level. “Keep it simple. Remember that not
everyone reads or understands English.”

4. Perceptible information, so that the design communicates necessary
information effectively to the user, regardless of ambient conditions
or the user’s sensory abilities. “Everything that is visible on the
device also should be auditory—and vice versa.”

5. Tolerance for error, so that the design minimizes hazards and the
adverse consequences of accidental or unintended actions. “We need
to minimize the risk of injury to both the user and the device.”

6. Low physical effort, so that the device can be used efficiently, com-
fortably, and with a minimum of fatigue. “It needs not to wear you
out just to turn it on.”

7. Size and space for approach and use, regardless of the user’s body
size, posture, or mobility. “There has to be sufficient space avail-
able for whatever body parts may be involved, as well as whatever
assistive technologies—wheelchairs, crutches, service dogs, or per-
sonal assistants—may be present.”

Less tangible factors may also come into play. Users may have powerful

emotions knowing that they or their loved ones are seriously ill. They may
be overwhelmed by the critical new responsibilities they have had to take
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on. They may be acutely aware of the potential for harm to the equipment,
to their loved ones, or to themselves. They may be confused by the new
terminology that they have to master in a hurry. They may be confused by
the care instructions and the device instructions. They may not have the
personal or institutional support that they need.

Standards

National and international standards play an important role in medical
device development. A U.S. human factors engineering process standard,
referred to as ANSI/AAMI HE74 and published in 2001, is for use in
fulfilling user interface design requirements in the development of medical
devices and systems, including hardware, software, and documentation. An
international human factors engineering process standard, referred to as
ISO/IEC 62366 and published in 2007, specifies a process for a manufac-
turer to analyze, specify, design, verify, and validate usability as it relates
to the safety of a medical device.

In addition, a guidance document published by the FDA in 2000, Medi-
cal Device Use-Safety: Incorporating Human Factors Engineering into Risk
Management (see http://www.fda.gov/downloads/MedicalDevices/Device-
RegulationandGuidance/GuidanceDocuments/ucm094461.pdf [accessed
August 2010]), describes how the agency wants hazards related to medical
device use to be addressed during device development, noting that they
should be addressed in the context of a thorough understanding of how a
device will be used.

Finally, a committee with which Story has been involved is working on
the standard ANSI/AAMI HE7S5, scheduled to be released in 2010, which
provides detailed human factors engineering design guidance to those who
are responsible for human factors engineering work in medical device
companies.

These documents provide information, guidance, and models of best
practices to designers and manufacturers. They also enable manufacturers
to show that they are aware of the processes in the guidance and that they
have followed them. “Standards are helpful,” said Story, “but you still have
to know what you are doing with them.”

Instructions and Training

Device labeling and user instructions are important for home health
care, and Story said they get too little attention. These resources for users
include the packaging, the graphics and text on the box, the printed instruc-
tions, user manuals, quick-start guides, user brochures, leaflets, advertise-
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ments, and all other forms of information, including video and audio files
that may be offered on DVD or on Internet websites. “These things have to
be written for lay users,” said Story. “They are too often written for health
care professionals—that is, to the education and knowledge levels of people
who know about medical technology in general and the subject device in
particular.” Written procedures and diagrams need to be user-tested and
offered in alternative modes and formats, not just print, because not every-
body can read print. “Put it on a disk. Put it on the Internet. Even if the
person doesn’t have Internet access themselves, they may know someone
who can get it for them.”

Training for home users may have deficiencies, including being pre-
sented too quickly, using jargon, not providing enough practice for the user,
or not providing enough explanation of the problems that may arise if the
required steps are not done correctly. Training has to be designed for lay
users and needs to be available in multiple modes. “Hands-on training is far
and away the best way to do this. Have people practice using the device—
there is no substitute.” A lot of people may use a device just occasionally,
so designers need to minimize the need for long-term memory.

Information needs to be provided where and when it is needed. “Stick
it to the device itself. Embed it in the user interface. Don’t make me go find
the manual. T have no idea where it is.” And some form of user support
should be available 24 hours a day, 365 days a year.

Voice output in a device offers many benefits. It reinforces the visual
messages. It reduces misinterpretation of visual information. It is especially
helpful for infrequent users. It improves user confidence and trust in the
device. It reduces the burden of customer support for health care profes-
sionals. And it is vitally important for people with vision impairments.

Many different human factors methods can be used to assess device
safety, functionality, and usability, including task analysis, risk assessment
of potential errors and their consequences, evaluation by a group of testers
against a set of heuristics or general principles, expert review, and forma-
tive and summative user testing. “It’s really important to identify the people
who are at highest risk. Those are the people you need to be testing on the
risk-critical tasks that are identified through your task analysis. By doing
that, you can identify the sources and the nature of difficulties that they are
having and develop design solutions to mitigate the risks.”

Improving the Use of Human Factors Research
in Medical Devices and Equipment

Story had a number of ideas for action, research, and development. In
the area of action, she suggested the following:
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e DProfessional caregivers, lay caregivers, and home care recipients
need better mechanisms to provide feedback about a device to
designers.

In the area of research, Story highlighted some questions to be

addressed:

e For users, what factors influence people’s ability and willingness
to follow their doctors’ recommendations and adhere to treatment
regimens?

e For manufacturers, what factors influence their ability and will-
ingness to address the human factors needs of their users and
customers?

e For purchasers, what factors influence the medical device pur-
chasers and what factors influence prescribers to consider the needs
of their end-users when they choose a device?

In the area of development, she suggested the following:

e For users, tools are needed to improve people’s ability and willing-
ness to follow doctor’s orders and adhere to treatment regimens.

e For health care providers, assessment tools and mechanisms are
needed to gauge whether a medical device is appropriate for a
specific user.

e For manufacturers, higher standards are needed for home health
devices in such areas as safety, accuracy, and ease of use for more
diverse user populations.

Users need to be more demanding of the devices they use to provide
care in the home, Story concluded. “People seem reluctant to blame the
devices. . . . Lay users tend to blame themselves when they have trouble. T
think we need to turn that around and blame the device.”

Responses to Questions

Committee member Mary Weick-Brady added that the availability of
clean water is an environmental factor that can affect the use of a home
medical device. She also urged designers to design the errors out of a device
rather than just adding warnings to a flawed one. And she noted that users
often are being required to purchase rather than rent some of the devices
they use, even though they then become responsible for maintenance and
upgrades.

Committee member Jon Pynoos reminded the workshop participants of
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one of the most feared phrases in the English language: Assembly required.
“If you can’t even get it together, you can’t use it.”

In response to a question about the difficulty of using some devices,
Story speculated that some engineers may design devices for themselves.
“They think, if T can use it, then anybody can.” User testing is essential
to discover the problems in a design. “I have been doing user testing for
16 years, and real people always teach me things I didn’t expect.”

There was some discussion of how considerations of good design can
be integrated into the education of students, including the possibility of
infusing human factors education into the basic engineering curriculum.
Story agreed that such education is critically needed, and not just for engi-
neers. “In medicine it’s critical, [and] you certainly need it in lots of other
professions, too. . .. The question is, where is it, who does it, how do you
do it? It is a complicated project.”

Story also noted that many of the technologies used for home health
care would not necessarily be defined as medical devices by the FDA. For
example, software used in various contexts is not necessarily a device but
can make a critical difference in home health care applications.

INFORMATION TECHNOLOGY?

Several factors have greatly increased interest in the use of information
technology in home health care, including the need to reach people in rural
and underserved areas, a clinical workforce shortage, and technological
advances, such as social networking. In addition, said George Demiris,
there is great potential for new technologies to empower care recipients and
involve them more actively in health care delivery.

Active Monitoring and Management

Demiris divided the use of information technology into two categories:
(1) active monitoring and management and (2) passive monitoring.

Active monitoring implies that the end user is involved with and, in
most cases, operates the equipment. Technologies falling into this category
include telehealth applications, social networking systems, and personal
health record systems.

Telehealth technologies are a diverse set of devices that collect and
transmit data over phone lines or other communications media, so that
care providers or others can access data remotely. These technologies also

3This section is based on the presentation by George Demiris, associate professor of bio-
behavioral nursing and health systems at the University of Washington. For more information
and for references to the information cited in this presentation, see Chapter 9.
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include video devices, including low-cost videoconferencing solutions and
videophones that are currently available. These can enable home care recip-
ients and their families to communicate with care providers remotely. Video
technologies can also link home care recipients with distant caregivers, such
as family members, friends, or other parts of a social network.

Some systems integrate video with monitoring devices or have other
components to allow for self-report. For example, they might have built-in
screens on which people can respond to predetermined questions. Kiosks that
are publicly accessible can be used by multiple users, with each user entering
a password or swiping a card so that the system knows who the person is.

Research on telehealth applications has focused on care recipients
with chronic conditions, including asthma, diabetes, chronic obstructive
pulmonary disease, congestive heart failure, stroke rehabilitation, wound
care, oncology, and post-transplant care. This research has produced several
important findings with human factors implications:

e In most cases a significant component of end-user training is
involved. The end-user may be the care recipient or, in many cases,
the family caregiver, the spouse, or other caregivers who are enter-
ing the data or learning how to use the equipment.

e The residential infrastructure can be critical. Technologies that
rely on phone lines are becoming less usable as people give up
their landlines. Technologies that rely on broadband Internet ser-
vice cannot be used in regions, or individual homes, without such
access.

e Storing and managing data raises issues associated with security
and privacy. These issues also come up in considering how to allow
health care providers to process new large data sets gathered from
telehealth applications.

e Users have to accept and be comfortable with the use of such sys-
tems or devices in their homes.

e A growing body of literature deals with the effectiveness of those
systems on clinical outcomes. However, most of the studies have
had small sample sizes and have been focused on feasibility. “We
don’t have a very solid evidence base as of yet in terms of these
types of telehealth systems reducing rehospitalization rates or
improving other specific clinical outcomes,” Demiris said.

Web-based communities, often referred to as virtual communities, are
groups of people with a common purpose and common interests who com-
municate without meeting face to face. They use telecommunications, the
Internet, or other technologies to bridge geographic distances. For example,
they may use web applications to link care recipients remotely with family
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members, with health care providers, or with peer-to-peer communities. In
other cases, virtual communities may link health care teams to each other
or to groups of domain experts.

Again, not enough evidence exists to demonstrate that these communi-
ties improve clinical outcomes. Some individual applications do seem to
improve specific clinical outcomes. However, peer-to-peer or web-based
communities generally are parts of larger interventions that may include
other aspects, such as education or cognitive therapy, making it difficult to
attribute positive outcomes solely to the use of peer-to-peer communities.

A relatively new use of web technologies is to create social networks
that do not require registering with a website but instead use readily avail-
able social networking systems. Early studies have looked at Facebook, for
example, in which people link to peers and seek feedback on their progress.
Some web-based applications use synchronous communications in which
people have to be present virtually at the same time, such as a chat room.
Others rely on asynchronous communications, in which people can use
discussion boards or other tools to communicate at their discretion. Some
of these applications are moderated to control communications and make
sure that rules are followed. Other applications do not have a moderator.

Finally, a personal health record is an individual’s electronic medical
record that is managed, shared, and controlled by the individual. People
own their own data and decide who will have access to them, creating care
that is more patient- than institution-centered. Many vendors have shown
an interest in personal health records. The Department of Veterans Affairs
has implemented an early prototype of a personal health record, called
MyHealtheVet, which allows patients to log in and access health-related
information, notes and comments about their well-being, and records of
health care transactions. Google has been investing in a platform called
Google Health that allows users to store health-related data and choose
to export data from the application to health care providers or other third
parties. In addition, Microsoft has introduced Health Vault as a personal
health record platform, with an emphasis on chronic conditions and people
who frequently use multiple health care providers.

Although much effort has been invested in the design of personal health
records, they have not been tested extensively to see how they affect the
quality of home health care, Demiris said.

Passive Monitoring

With passive monitoring, the end-user does not have to operate any
equipment and continues with daily activities. Technologies in the environ-
ment collect information and direct it to health care providers and other
recipients.
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“Smart homes” are equipped with an infrastructure allowing passive
monitoring of residents to improve their quality of life. For example, the
Aware Home developed by the Georgia Institute of Technology provides a
display of a resident’s well-being that can be accessed remotely by family
members. Another smart home developed in Florida, GatorTech, includes
technologies like a smart mirror that provides reminders to residents.
TigerPlace, a smart home designed for an independent retirement com-
munity, has motion sensors, heat sensors, stove sensors, and bed sensors
to track such things as sleep quality, activity in the home, and time outside
the home.

Smart homes are a relatively new technology and for the most part have
not been systematically evaluated. Existing studies have looked mostly at
safety monitoring and assistance, cognitive and sensory assistance, cogni-
tive aids, and overall wellness. As with other technologies, an extensive
body of evidence on clinical effectiveness is lacking. Furthermore, clinical
trials of smart homes are even more costly than for traditional telehealth
or virtual communities.

Privacy and Confidentiality

With any technology involving the collection and movement of infor-
mation, privacy and confidentiality are concerns.

The Health Insurance Portability and Accountability Act (HIPAA) plays
a major role in telehealth applications and web-based applications in which
individuals transmit personal health information over the Internet. How-
ever, HIPAA cannot address some of the new and emerging trends in health
information technology. For example, many of the vendors introducing per-
sonal health records are not covered entities according to HIPAA. “There is
a debate about whether we need to actually rethink what it means to be a
covered entity and how we would deal with a vendor who collects personal
health record information for other purposes,” said Demiris.

Interoperability is a major consideration for different information sys-
tems that can be employed in the home setting. An infrastructure needs
to be in place that will enable data sets to be transmitted among different
systems, such as a remote monitoring system and a personal health record.
Vocabulary and workflow standards, along with provisions to address secu-
rity issues, will be needed to make interoperability possible.

Information technologies need to be accessible for people with diverse
physical or cognitive limitations. This will require usability testing among
users with various limitations. A major problem with information technol-
ogy systems in the past is that end-users have not been involved in their
design and development. Device development often has been driven by
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what a technology can do rather than by clinical needs. Human factors
research offers a variety of methods, such as prototyping, sketching, or
cognitive walkthroughs, to solicit end-user feedback and assess how users
interact with a technology.

Policy Considerations

Several important policy issues will influence the future use of informa-
tion technologies in home health care.

Technologies can improve access to care, yet they can also be associated
with barriers to access. For example, they may be too expensive for some
people to afford, the infrastructure may be missing to access a technology
in all locations, or some people may lack the education and training to use
a technology.

Reimbursement for health information technologies will heavily influ-
ence their use. “Who is going to pay for those types of systems, and how are
health care providers going to be reimbursed for their time to use the systems
or to process data that are resulting from these systems?” asked Demiris.

Data streams may include large quantities of information that are dif-
ficult to interpret. “We don’t want to burden health care providers with too
much information that may not even be significant, but rather find the right
ways to display the data in aggregate form to allow them to identify trends
or patterns and detect emergencies in an effective and efficient way.”

Ensuring the safety and efficacy of information technology devices
becomes especially complex when additional software or hardware can be
added to a system to enhance functionality but is perhaps not subjected
to the same scrutiny as the earlier system. In addition, telehealth often
will involve delivering care across state borders, raising issues bearing on
liability and accreditation.

Finally, introducing information technology in the home environment
can have ethical impacts, such as creating dependence on automation,
dehumanizing interpersonal relationships, reducing social interaction,
generating stigma associated with the use of technology, or being overly
intrusive.

Demiris made several suggestions:

e Integrate usability, interoperability, and human factors consider-
ations in all phases of the design, implementation, and evaluation
of information technology systems.

e Explore technical and clinical guidelines proposed by different
groups that inform the reimbursement debate.
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In the area of research, he suggested the following;:

e Move away from small pilot studies of technical feasibility toward
wide-scale implementation of technologies with clinical studies to
assess their effectiveness.

e Focus on clinical outcomes and on current gaps in the literature.

e Define and assess the empowerment of care recipients and shared
decision making.

e Enlist the expertise of an interdisciplinary group to conduct trans-
lational research that will inform users.

e Examine both processes and outcomes.

Responses to Questions

When asked about the human factors issues involved in the use of
personal medical records, Demiris observed that commercial vendors claim
that their systems will be intuitive to most end-users who are familiar with
their other products. Vendors also claim that work focused on human fac-
tors has been done on their systems because they are patient-centered sys-
tems, not electronic medical records that are focused on clinical encounters.
“People are recognizing that human-factors considerations need to inform
the design. But it remains to be seen if indeed it will become the case.” An
additional challenge will be interactions between personal health records
and electronic medical records, especially if multiple entities desire access
to those records.

Demiris also said that the category of applications with the best evi-
dence for efficiency and efficacy is telehealth technologies, with clinical
trials of web-based virtual communities also showing some effects. Studies
tend to be difficult to do because people in a test group cannot be deprived
of a standard of care, so they often receive standard care plus additional
virtual visits. “The argument there is that you are obviously increasing the
attention you are paying to your patients, and it’s not necessarily the tech-
nology that is doing great things; it’s just that they get to talk to the health
care provider more frequently.” Even if a test group forgoes some in-person
visits, the equipment being used may greatly increase their contact with
care providers.

In response to a question about the ethical effects of information
technologies, Demiris observed that no evidence is yet available showing a
detrimental effect on human relationships. However, he pointed to people
who sometimes refuse to carry wearable devices when they interact with
each other. Making devices less visible, such as making them part of jewelry,
might lessen such stigma. In some cases, technologies will have the posi-
tive effects of increasing communication and a sense of community. But
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designers must also try to anticipate unexpected reactions to new technolo-
gies. For example, he cited the case of an elderly resident of a smart home
who mistakenly believed that sensors were capturing images of residents.

A discussion began that continued during the session wrap-up about
the value of the information being collected by information technologies.
Demiris stated that “the verdict is still out in terms of whether it’s really
useful to know all the things we are now capturing with sensors.” Case
studies have demonstrated successful applications, such as sensors that
detect large amounts of wandering, falls, or long periods of inactivity. “The
challenge is to have the right infrastructure to respond to [emergencies],
because we can detect an emergency, but if there is no plan in terms of how
to address it or who would go and check that somebody has indeed fallen,
then the system won’t really work.”

DISCUSSION

Paul Crawford, director of research in the Digital Health Group at the
Intel Corporation, led a discussion of some of the most important points
and missing elements in the session. In the area of task analysis, risk-based
systems engineering approaches have not been widely adopted in health
care, he said. Also, a larger research infrastructure than currently exists will
allow people to build on each other’s work.

The regulation and surveillance of home-based medical devices need
to be reexamined. “We can’t just force-fit what we have been using in the
institutional-care setting into the home health care setting.” For example,
different standards may be needed for regulatory clearance of home health
care devices. Such devices are subject to different demands and expectations
and move from person to person in different ways. As a specific example,
should medical devices controlled by mobile phones be subject to the same
regulatory standards as other devices?

Finally, information technology offers “game-changing possibilities,”
but its effects must be better understood and its benefits clinically validated
for usage to increase. “How can you identify effectively those characteris-
tics and attitudes that will allow your [technology] solution to flourish as
opposed to fail?” Crawford asked. Executives of the companies developing
these technologies want to see returns on investments, while regulatory
agencies want to see proof of efficacy.

In all three areas, said Crawford, an important step will be to establish
priorities. It also is important to determine what legacies of the existing
health care system will extend into the future and which can be discarded
and reimagined. For example, “Do we need to build a whole separate
workforce and education system . . . as home health care grows at the
expense of institutional health care?” A cohesive community and leading
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journal—equivalent to the New England Journal of Medicine, but for home
health care—“would obviously be productive.”

Committee member Christopher Gibbons said that reimagining the
delivery of health care requires asking what recipients want and need, not
just doing what others think they want or need. Crawford agreed, saying
“there is certainly a lot of interesting feedback out there that is not obvi-
ous.” Taking such steps requires a sound infrastructure for regulation, tech-
nology development, and reimbursement, said committee member Laura
Gitlin. “It’s not developing the same infrastructure we have for [institu-
tional] settings but what a new infrastructure is going to look like.”

In response to a question about incompatibilities caused by technology
upgrades, Crawford said that Intel has emphasized backward compatibility,
so that capabilities are not lost when a system is upgraded. The issue also
arose of incorrect data entry into home health care technologies by users,
whether a care recipient or a formal or informal provider. The possibility
of erroneous data entry requires both user testing and safeguards built into
technologies that could cross-check entries. But full capabilities in this area
will require that systems be integrated across different devices and technolo-
gies, which will require even greater attention to human factors issues.

Committee member Judith Matthews raised the issue of trust. “Does
the system do what it’s intended to do?” Airplanes rely on redundant sys-
tems, which increase the level of trust among fliers. “It’s not just a matter of
the information being put in or the output at the other end to the recipient
of that information. It’s also knowing that the system is working, that it’s
calibrated, that it’s good to go.”

Carolyn Humphrey observed that a large number of formal caregivers
have had extensive experience with home health care devices and tech-
nologies. These individuals could inform discussions about user needs and
trust. She also mentioned that current reimbursement structures do not
necessarily lend themselves to the widespread adoption of particular medi-
cal devices, including telehealth applications. “If we do get telehealth for
a patient while they are on formal home care, we most of the time don’t
have a way to get it continued after their discharge from home care.” And
the removal of equipment can be traumatic for people who have learned to
trust it. “We had people crying, literally, when their systems were leaving,”
said Crawford.

Several physician participants at the workshop questioned the value of
at least some of the data generated by new technologies. Much of this infor-
mation is simply discarded by physicians too busy to consult or use it. The
data need to be filtered and analyzed. Gibbons said, “This is why health
care has to change. There are some things we do now that we shouldn’t do,
that we don’t need to do. But there are some things that we are not doing
that we should do.”
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The Environments of Home Health Care

THE PHYSICAL ENVIRONMENT AND HOME HEALTH CARE!

The physical environment can create demands on people’s abilities,
said Jon Sanford. If environmental demands are either too strong or too
weak, maladaptive behavior can result. “We want to find the zone where
the demands equal our abilities.”

In its International Classification of Functioning, the World Health
Organization made the environment an integral part of the domain of
health. The environment helps determine what people can do—based on
their body function and structure—and what they do do—their activities
and participation. However, the classification does not emphasize that the
environment also affects health, Sanford observed. “They talk about it, but
they don’t really have it in the model.”

Environmental Modifications to Improve Activity and Health Outcomes

To make environmental modifications that improve the ability to carry
out activities and tasks, assessments need to be made of the fit among a
person’s abilities, the demands of activities and tasks, and the attributes of
the environment. This information about abilities, activities, and attributes
then needs to be analyzed and translated into appropriate interventions.

IThis section is based on the presentation by Jon Sanford, director and senior research
scientist in the Center for Assistive Technology and Environmental Access at the Georgia
Institute of Technology. For more information and for references to the information cited in
this presentation, see Chapter 10.
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Not all assessments are the same, said Sanford. Some look at the
expected performance of an individual, and others look at actual perfor-
mance. Assessments of expected performance look at the anticipated per-
formance of activities based on ability and environmental attributes. They
do not accurately reflect differences between what individuals can do and
what they actually do.

Assessments of actual performance focus on activities rather than abili-
ties or attributes of the environment. These kinds of assessments then
require additional assessments of the environment to determine what needs
to be modified and how. For example, one assessment asks people if they
are satisfied with what they are able to do in terms of dressing, bathing,
feeding, and so on. If they are not satisfied, the next question is how the
situation can be modified to allow them to do what they want to do.

By linking assessments of abilities, activities, and attributes, designers
of the physical environment can develop best-fit solutions. These solutions
should be individualized, customized, and personalized, Sanford said, to fit
the functional needs of the individual. Still, best-fit solutions are situational.
A number of confounding factors can mediate and influence decisions about
modifications. Examples of these factors include the personal tastes or
preferences of individuals in the home, the social constraints of the living
situation, the structure of the home, building and zoning codes, and cost.

The majority of the modifications that are typically made relate to get-
ting into and out of the home, safe movement within the home, and safe
transfers and greater independence in self-care activities. For getting into
and out of a home, ramps and lifts can obviate the need for stairs. Chair
lifts and architectural modifications, such as wider doors, can facilitate
movement within the home. And safe transfers and greater independence
can involve modified toilets, sinks, and baths; grab bars and other devices
in bathrooms and kitchens; and other modifications designed to facilitate
daily activities.

A wide variety of organizations and individuals support and provide
these modifications, including government agencies, nongovernmental orga-
nizations, private contractors, remodelers, builders, occupational therapists,
home health nurses, and social service providers, some of whom are trained
and certified for their jobs and others of whom are not. Overall, the system
is complex and fragmented, said Sanford. “Imagine people trying to get into
the system and figure it out.”

Most home modifications are paid for by the recipient of care or some-
one associated with the recipient. From one perspective, this makes sense,
since disability can be seen as a life-cycle event comparable to having a baby
or building a home office. But modifications could also be seen as part of
the health care system. In some countries, the government subsidizes home
modifications throughout the life span. “Whatever you need you get, and
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if you need it again or if your situation changes, you can get the house
remodified or new modifications brought in.”

In those cases in which government does pay for home modifications in
the United States, many different agencies and organizations can be involved,
including state agencies, private insurers, social service organizations, and
volunteer organizations. “Again, it’s a patchwork, and it’s fragmented,”
Sanford commented.

Products and Technologies to Improve Health
Management and Treatment

Products and technologies can facilitate both caregiver tasks and access
to caregivers. For example, a wide variety of products can aid in mobility
and transfer, such as ceiling track lifts, portable lifts, wall boom lifts, and
rolling lifts. However, some lifts can require major modifications to a home,
which can lessen their appeal to homeowners. They can also be expensive.
A regular bathtub costs a few hundred dollars, whereas a walk-in tub can
cost about $3,000, plus installation.

Within a bathroom, devices for transfer include tub seats, transfer
benches, lifts, raised toilet seats, and grab bars. All can be very useful,
although some products can create obstacles and clutter for people who
do not need them.

Various products and technologies can reduce safety hazards by turning
off stove burners, maintaining water temperatures, adjusting lighting levels,
detecting smoke, or setting off an alarm if an individual wanders. Monitors
and communication devices can connect individuals with broader networks
of formal and informal caregivers and peer communities.

One problem, Sanford pointed out, is “Where do we put all this stuff?”
Homes can get “obese” if too many products and technologies are crammed
into them. Also, builders are very reluctant to build larger houses to accom-
modate these devices. Builders have even resisted building stair steps that
are seven inches high and have eleven inches of run because steeper but
more dangerous stairs take up less room.

To integrate health care products and technologies into the environment
in a better way, devices can be combined so they take up less room. Another
option is to rethink where and how activities take place in the home.

Another approach is to adopt the principles of universal design (see the
section on medical devices and equipment in Chapter 3). Universal design
differs from either accessible design or assistive technology. Assistive tech-
nology consists of add-on devices and specialized equipment to improve
accessibility for an individual or small cohort of people with specific needs.
Accessible design is added to everyday design to reduce demands on groups
of people with similar types of impairments.
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Universal design is everyday design, Sanford said, not specialized or
add-on design. It reduces the demands of the environment on everyone, not
just people with functional limitations, reflecting the fact that everyone has
different degrees of ability. Universal design makes access the norm rather
than the exception. It is part of the environment so that it is not obtrusive
or obvious. Design features are easier to use and learn by both health care
recipients and providers. Universal design can also eliminate the need for
many assistive technologies and home modifications.

Barriers to Housing Innovations

There are numerous barriers to the adoption of housing innovations,
on both the supply side and the demand side. Providers with expertise in
environmental interventions are few. Certification programs are weak and
are specific to only certain of the professions that provide modifications.
A few universities and occupational therapy schools have classes and pro-
grams in environmental intervention, but they usually depend more on
individual faculty members who are interested in the topic rather than a
group that supports them.

Although the principles of universal design have been widely dissemi-
nated, they have not been tested or validated. Some specific policies also
create disincentives for universal design. For example, assistive technology
may be eligible for reimbursement, but universal design is very unlikely to
be reimbursed precisely because it is for everyone rather than for a specific
person. “Our system cannot reimburse something that is basically usable
by everyone because it is a system that is geared toward disability, not
ability.”

On the demand side, consumers are generally unaware of universal
design and of many potential interventions. Modifications can look indus-
trial and institutional rather than residential. Consumers see devices and
technologies in homes and react negatively to them. “It’s a vicious cycle.
Instead of coming up with new ideas, we just keep using the old ideas and
recycling them over and over again.”

Universal design does not have to be more expensive than other
designs, Sanford said, especially if it is built into a home from the begin-
ning. Wider hallways and doors do not add greatly to the cost. Appliances
and other products can be more expensive, but that is usually because
they are higher quality devices, which is a manufacturing and marketing
issue.
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Improving the Use of Human Factors Research in the
Physical Environment of Home Health Care

Sanford described several policy changes that might increase the adop-
tion of housing innovations:

e Overcoming policy barriers to interventions in housing. Both
governments and private insurers are reluctant to put money into
people’s homes because they have no control over those homes. But
modifications to local building and zoning codes could help modify
the environment. For example, the zoning codes in single-family
neighborhoods often dictate how many people who are not related
can live in a house. This can make it hard to bring in care providers
who may need to be in a home continuously. Similarly, by regu-
lating other aspects of the physical environment, codes can assist
individuals who provide health care in a home environment.

e Creating incentives for universal design by recognizing it as a health
care intervention. In part, this can be done by “medicalizing” envi-
ronmental interventions. Physicians, nurse practitioners, and the
many professionals who see people with health care needs can be
educated about the importance of these interventions. “Prescrib-
ing medications or prescribing a medical device is great, but what
about prescribing how those medications are going to be taken in
the home if you don’t have lights to read the labels or you don’t
have a place for the medical device in the home? The home has to
support all of the other health care interventions that we do.”

e Certifying environmental service providers in the same way that
other professionals are certified. To affect legislation and regula-
tory policy, the efficacy and effectiveness of interventions need to
be demonstrated for care recipients, for providers, and for society
as a whole. Today, thinking about environmental interventions
and universal design is based more on practice-based evidence
than evidence-based practice. “If we cannot even define universal
design and validate what designs will work, then it is all based on
our practice.”

Sanford also had ideas regarding a research agenda:

e Quasi-experimental pre-/post-modification designs can be used to
compare the effects of interventions with the effects of not having
them.

e Naturally occurring situations can be used in cases in which funders
already have programs that are making modifications.
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e Good outcomes are defined so as to be relevant to individuals,
programs, and agencies on both the supply and demand sides of
the equation.

e  Experts in the physical environment are essential to research studies
and review panels.

The high initial cost of environmental interventions makes randomized
controlled trials very difficult. Crossover designs are less expensive, but the
disruption of installing interventions is burdensome to the subjects. Epide-
miological studies often lack a basic understanding of environmental fac-
tors. And there is a lack of mutually agreed-upon outcomes and measures.
Clinical significance may be more important than statistical significance,
and small changes may equate to big gains in the quality of people’s lives.

Responses to Questions

Sanford observed that he does not draw a sharp distinction between
devices to overcome environment obstacles and modifications of the envi-
ronment itself. “It is not an either/or. If the environment were designed
more appropriately in the first place, we would need fewer devices. Given
that the environment is never going to obviate the need for all devices, then
we need to better design the devices that will then fit within the environ-
ments we have.” The interchangeability between the two categories makes
trade-offs inevitable. Devices may be so expensive as to be equivalent in
cost to extensive environmental changes.

In response to a question about whether houses with environmental
modifications are harder to sell, Sanford labeled such an idea a mispercep-
tion. The actual effect depends on the attributes of the modification. “I can
show you ramps that the only way that house would be bought is if it was
the right price and somebody just needed to get in there. I can show you
other houses where the ramps are lovely, and it looks like part of the house,
even if it isn’t a sloping lot.” The crucial determinant is how a feature looks
and fits in with the rest of the house.

Because subsidized and public housing often have higher percentages of
disabled individuals than in the general population, the U.S. Department of
Housing and Urban Development has an interest in environmental modifica-
tion, Sanford said. The building and zoning codes governing the construction
of such housing have important effects on accessibility and usability. As Jon
Pynoos observed, the Section 202 Supportive Housing for the Elderly Pro-
gram requires 5 to 10 percent of units to be basically accessible with walk-in
showers. “But the most future-looking developers of that housing are put-
ting walk-in showers in all their units and finding that it works much better
and gives people many more choices of where to stay in the buildings. So
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there is some response from the market end.” Sanford added that modifica-
tions to existing housing provide opportunities to do pre-/post-modification
studies in which people can act as their own controls.

In response to a question about the best outcome measures for such
studies, Sanford said that defining and agreeing on appropriate measures
is a difficult task. Outcomes that might be dismissed as statistically insig-
nificant could actually be making a major difference in people’s lives. “We
don’t have a really good measure of what it means to the individuals who
are getting these modifications.”

Accessibility in the physical environment surrounding a house or apart-
ment can be just as important as accessibility to and within it, Sanford said.
Without an accessible environment, such as navigable sidewalks, people are
“imprisoned in their homes, and that just doesn’t work. You can’t get to
work, you can’t get to a place of worship, you can’t get to the market, you
can’t get to the doctor, you can’t get anywhere. Our community environ-
ments are less than accessible.” Furthermore, the Americans with Disabili-
ties Act exerts little control over the community environment.

Many of the issues affecting people with physical disabilities apply with
even greater force to people with cognitive disabilities. As people enter into
a cognitive decline, more caregiver assistance is necessary and independence
diminishes. The need for assistance then shifts as much to the caregiver as
to the care recipient.

Sanford also pointed out that builders tend to be extremely conserva-
tive and have few incentives to change. “Before the bust, they sold every-
thing that they had. They sold it no matter how bad it was. They sold it as
fast as they could build it. What is the incentive to do anything different?
There was none.” As a result, making changes to support universal design
or health and wellness is “a difficult sell.”

Finally, incorporating design changes from hospitals and other institu-
tional settings can be a good idea. “But it has to be residential in scale. It
cannot just be translated from hospital to home.”

THE IMPACT OF CULTURAL, SOCIAL, AND COMMUNITY
ENVIRONMENTS ON HOME HEALTH CARE?

Steven Albert began his talk by describing two care settings that he
encountered in his first job, at the Philadelphia Geriatric Center. In the
first, a middle-aged African American woman was caring for her mother,

2This section is based on the presentation by Steven Albert, professor and associate chair
for research and science in the Department of Behavioral and Community Health Sciences of
the University of Pittsburgh. For more information and for references to the information cited
in this presentation, see Chapter 11.
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who had Alzheimer’s disease, in a northern Philadelphia home. She had
placed the hospital bed in the living room right by the front door, where
everyone who came into the home had to see and interact with her mother.
Over the hospital bed hung a mobile with photos and family keepsakes
attached to help orient her mother. The shelves around the living room
held supplies, including adult diapers, wipes, and everything else needed
for Alzheimer’s care, and there was a commode right next to the bed. The
daughter said to him, ““This is the best-looking lady with Alzheimer’s dis-
ease in Philadelphia. Touch her skin. Touch her hair.” That, as a very young
man, left a very good impression on me.”

That same week he went to another home where a person with simi-
larly profound Alzheimer’s disease, mostly confined to a hospital bed, lived
upstairs in an isolated, poorly maintained room that few people entered.
“What is involved in this sort of contrast?” asked Albert. “Is it a cultural
factor? Is it social or family factors? Is it community factors, since these
were different communities? . . . Many, many things go into what kind of
adaptation families think is reasonable in the case of severe chronic dis-
ease care.”

The Social-Ecological Model

One approach Albert uses to analyze these issues is a social-ecological
model that places the individual in successively broader family, community,
and policy contexts. This model makes it possible to see how definitions
of challenges and resources at each level may be linked or depend on pro-
cesses at a different level. For example, a home care challenge may require
disruption of home routines and the home environment. This decision may
be informed by a strong filial obligation, social traditions of home care, or
an expansive cultural definition of “home.” All of these factors can affect
the choice to adapt the home for intensive medical care.

Similarly, a family decision to disrupt family relations may depend on
a supportive division of labor within the family, family networks that allow
appropriate information gathering, the willingness to include home health
care staff as family, or perhaps modification of a home. At the level of the
community or neighborhood, the challenge might be the availability of
home health care providers, and relevant resources might include neighbor-
hood support of medical technology in the home, reliable services, and an
appropriate infrastructure for home medical equipment. And at the policy
level, eligibility for services might depend on linkages between providers,
the quality of home technology, the reputation of providers, and waiting
times. “The basic idea in social ecology is that what happens at one level
may be relevant for decisions at another level. . . . We can go up and down
levels and see additional layers of complexity.”
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Home Care Culture

A model used to analyze the culture of home health care defines culture
as shared beliefs, knowledge, feelings, and expectations that carry motiva-
tional force. Albert draws on ideas from cognitive anthropology to elicit
cultural expectations about home care that are relevant for decisions about
the use of services. In particular, he has used cultural consensus theory to
determine the degree to which ideas are shared and the extent to which
individual expectations are consonant with a group consensus.

An example would be asking family members and caregivers to con-
sider what changes in a home would be appropriate when a family member
is seriously ill and may die. People would then generate lists of changes to
their homes or their own behaviors that they think would be appropriate.
Another question might be: What changes in your household would you
need to make in order to provide quality care for a family member receiving
home health care services? Not much research has been done in this area,
but Albert speculated that studies of family caregivers would show differ-
ing preferences for such interventions as home hospice services, infusion
technologies, hospital beds, the placement of commodes, telemonitoring,
places to store supplies, or more reliable utilities. By generating lists of this
type, researchers could calculate the extent to which lists overlap and the
degree of consensus surrounding any given intervention.

It may be possible, Albert said, to identify subcultures of people based
on lists of what is appropriate and correlate those subcultures with care-
giving choices. For example, a list may demonstrate a commitment to
family care originating in filial piety. This in turn may be linked to choices
about the use of formal providers or receptivity to an in-home medical
technology. These kinds of decisions could be linked to caregiver training,
communication with health care providers, exposure to health information,
and perceptions of stigma associated with disability.

Social and Family Relationships

Familism—the subordination of individual interests to family concerns—
can affect decisions about home health care in many different ways. It may
reinforce individual cultural expectations for home care. It may also place
such great stress on families to provide this care that it interferes with the
care. Families “differ in their consensus about care and their willingness to
divide the labors of care,” said Albert.

Preferences for dignity, privacy, comfort, choice, and autonomy may
not take precedence over more basic decisions about care. “Once someone
achieves a certain level of chronic care need, families seem to be more will-
ing to compromise on these.” An interesting natural experiment related to
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these issues is the Cash and Counseling Demonstration Project conducted by
the Centers for Medicare & Medicaid Services in Alabama, Arkansas, and
New Jersey.? It allowed people who qualify for home care to hire their own
caregivers, work out scheduling, and influence the training of a caregiver
rather than being assigned a home care paraprofessional and a package of
services. Results suggested some positive outcomes.* “This [was] a very nice
experiment, because we can see whether greater consumer direction leads to
different outcomes.” For example, will people use their funds to purchase
medical assistive equipment? How will they use home paraprofessionals?
“One of my hypotheses might be that with greater consumer direction we
might see more effective use of home care technologies,” said Albert.

Community and Neighborhood Factors

At the community and neighborhood levels, safety, access, the infra-
structure of neighborhoods, the physical features of homes, social net-
works, and the degree of linkage between home care agencies servicing a
community all need to be considered. For example, neighborhoods with
greater linkages among home care providers diffuse innovations and share
information better, which benefits consumers who need such help. “We
don’t normally think about that as being a health resource, but it most
likely is.”

Social networks can also have properties that are protective of health.
Many studies have shown that neighbors checking on each other or com-
mon spaces in a neighborhood where people can go can be important health
resources.

Improving the Use of Human Factors Research in
Cultural, Social, and Community Environments

Albert had several ideas for action:

e Expanding consumer direction—type demonstrations (like Cash and
Counseling) to include not only greater control over hiring and sched-
uling but also greater control over the adoption of in-home medical
technologies.

e Establishing cultural competence training and certification for
allied health home care providers. In New York City, some agen-
cies have reported that the racial/ethnic cultures of the home care

3The Cash and Counseling Demonstration Project has ended, and similar programs have
since been implemented in multiple states.
4See Chapter 12 for a description of these outcomes.
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paraprofessional and the care recipient are different 80 percent of
the time, and in a third of those cases the care provider and the
recipient do not even speak the same language.

In the area of research, he suggested the following;:

e Studies of home care culture to assess intracultural variation and
cross-cultural differences. Such studies may lead to better tools for
assessment of cultural expectations for home care.

e Cross-level investigations of the choices people make to modify
homes, use home care paraprofessionals, adopt advanced home
care technologies, or some combination of the three. Such studies
could help clarify the results of inconsistent studies that have
focused on a single level.

Albert also presented several research hypotheses that could be inves-
tigated. One is that familism probably will be a poor predictor of home
adaptation unless a broader perspective and a more sophisticated approach
are adopted. Another is that greater consumer direction in home care may
lead to better use of home care technologies. And a third is that families in
areas with fewer resources, who often are forced to accept greater standard-
ization of services, experience greater conflict and poorer outcomes.

Responses to Questions

Albert observed that the model he described applied to the decision to
let a care provider into the home or make environmental modifications.
But the model can also be applied to the relationship between a care pro-
vider and a care recipient. Many care providers are appalled, Albert said,
at the lack of concern families show to a person who needs help. This is
an example of a culture clash that can be exacerbated, for example, by the
personalities of the people attracted to work in the field of home health
care. “[Professionals] think care to a frail person or a disabled person is the
most important thing in the world,” Albert remarked. Lessening this clash
requires that families be educated, but it also requires that care providers
learn to maintain a proper professional distance. “They often feel they have
to buy food for a person, for example, or they get in the middle of conflicts
between family and the disabled person who needs help.” These kinds of
conflicting expectations can produce very difficult situations.

In response to a question about training and certification of home care
providers from cultures different from that of a care recipient, Albert called
attention to the boredom that such jobs can entail. “They get very good
at what they’re doing. They can cook, clean, do the personal assistance
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care in 45 minutes, and then they have another three hours in the home,
and they end up watching television with the elder. We have squandered a
wonderful opportunity for activity programming and other sorts of things
that these paraprofessionals could learn and enhance their skills.” The same
observation applies to many other kinds of caregivers, whether formal or
informal.

An important issue is deciding which types of care are done better by a
human and which are more appropriate for technologies. Home caregivers
provide social support and forms of monitoring that cannot be achieved
with technology. Many of these forms of support and monitoring may not
appear on a task analysis, but human support can be extremely flexible
and valuable.

In response to a question about ethnic and racial differences in per-
ceptions of home health care, Albert acknowledged that there are broad
differences among groups. Minorities are less likely to use nursing homes,
for example. African Americans, however, are more likely to prefer hospital
care and more aggressive care at the end of life rather than hospice care.
Hispanics are more reluctant to have paraprofessional caregivers in the
home. These differences are not well understood. They could come from
familism or from some other factors. It also is difficult to determine how
much is due to a cultural orientation or expectation and how much is due
to lack of knowledge. These questions need to be studied rather than pre-
suming causes for such differences.

FINANCE, REGULATION, AND CLINICAL MODELS?®

The current system of delivering health care to the elderly is not sustain-
able, said Peter Boling. The Medicare Trust Fund, which pays for hospitals,
nursing homes, and home health care, will run out of money in 2018, with
obligations for publicly funded health care continuing to grow dramatically
after that point. “We’re sailing on a massive ship,” said Boling. “It has hit
an iceberg, and we have to do something or it is going to sink.”

Spending on individual Medicare beneficiaries varies greatly across
states, from a maximum of $16,000 in 2006 to a minimum of $5,000. Yet
spending is not associated with quality of care. “People are looking at these
numbers and saying we need to really change what we’re doing.”

According to the National Health Interview Survey, 2 to 3 percent of
people age 65 and older say they cannot walk, stand, or sit by themselves,

SThis section is based on the presentation by Peter Boling, director of long-term care and
geriatrics in the Medical College of Virginia Hospital at Virginia Commonwealth University.
For more information and for references to the information cited in this presentation, see
Chapter 12.
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and about 15 percent of this population cannot stand or walk without help.
The survey also shows that about 2 million people in the United States have
deficits in three or more activities of daily living, including about 1.1 million
people age 65 and older. These numbers are expected to grow dramatically
as the baby boom generation starts to reach retirement age.

Home Care Silos

Home health care, which represented about 4 percent of the $484 billion
Medicare budget in fiscal year 2009, is broken into a variety of separately
funded categories—called “silos” in the field of health care financing—based
partly on payment sources and regulations. (“Silo” is a metaphorical term
often used to describe artificial boundaries among domains of expertise,
services, jurisdiction, or interest that serve to discourage communication,
interaction, or cooperation.) Medical equipment and supplies are paid for
largely by Medicare Part B and Medicaid. Home health agency care is paid
mostly by Medicare Part A, by Medicaid, and privately. Personal care is
paid mostly by Medicaid and out of pocket but not at all by Medicare.
Pharmacy benefits are paid by “an enormous, complex panoply of orga-
nizations” under Medicare Part D, private coinsurance, and Medicaid.
Medical care is paid for mostly by Medicare Part B and Medicaid.

These silos are not coordinated with each other, and hospitals and
physicians often work in their own separate silos. The system does not have
a way of considering care across time or institutions. “This is not patient-
centered care in any way, shape, or form,” said Boling. “And we have good
evidence that it’s dangerous.”

About 5 percent of Medicare beneficiaries account for 43 percent of
the Medicare budget, with the next 5 percent using 18 percent. The top
5 percent of beneficiaries consumed an average of $63,000 in 2005, the
next 5 percent consumed $27,000, and the bottom 50 percent just $550.
Thus, three-fifths of the Medicare budget is consumed by 10 percent of the
population, whereas the bottom half uses only 4 percent of the budget.

This concentration of resources in a small portion of the Medicare
population presents a great opportunity, said Boling, if much better care
management can be targeted to this group. This group is typically chroni-
cally ill. Among members of this group followed for 60 months from 1997
through 2001, health care expenditures were high in 22 of those months.
“That’s a person who is intermittently chronically ill. No one can stay criti-
cally ill for 22 months in the hospital. These are people who go in and out
of the hospital, in and out of health care, using the system a lot, and don’t
die, and we do a terrible job of taking care of them.”
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Categories of Care

Boling divided the general population into six categories requiring dif-
ferent levels of care:

A. No illness (acute or chronic).

B. Ambulatory, independent; some chronic conditions.

C. Function limited, need support for activities of daily living (ADLs);
younger, not in ill health.

D. Older, cognitive or functional impairment; not acutely ill very
often.

E. Postacute rehabilitation; returning to independence.

F. High comorbidity and illness burden.

Groups A and B are essentially healthy. They need public health infor-
mation, prevention, episodic care, and self-care. Some of them have chronic
diseases, such as hypertension, diabetes, or asthma, for which they can be
tested and monitored. They are mobile and can use a doctor’s office.

Groups C and D are function limited for various reasons that can vary
by age. They are not medically ill often, but they need considerable long-
term care support.

Groups E and F are chronically sick and are often in the health care
system. Many, particularly in Group F, need lifelong care and highly indi-
vidualized health care plans that change according to their needs.

Long-Term Care

The U.S. health care system needs reform both in the area of community-
based long-term care and in the area of chronic illness care for seriously ill
people, said Boling.

In the first category, many people in Groups C and D need personal
care for ADL support, which can be provided by home health aides, family,
or friends. Many also need assistive technology, ranging from supplies to
the wide range of technologies being tested in smart homes. If these indi-
viduals have access to Medicaid, they have access to much more assistance.
But that depends on their income and where they live. The federal poverty
level in 2009, often used as a qualifier for Medicaid, was just $10,830 for a
family of one, $14,570 for a couple, and $22,050 for a family of four. State
funding of Medicaid as a percentage of gross state product ranges from less
than 1 percent in three states to over 4 percent in two states. “That is a big
range, and that is a problem. That is going to influence whether people stay
in the state where they’ve been living or . . . move to a state where their
family members are.”
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Paying privately can be done through an agency, which extracts over-
head from the payment, or through an individual care provider. Direct
employment can be highly beneficial, but it is not easy to arrange and is
not the prevalent mode of home health care (see discussions above of the
variety of home care arrangements).

A variety of new models have been tested for the delivery of long-term
care. For example, the Centers for Medicare & Medicaid Services Cash and
Counseling demonstration project has shown improvement in caregiver
satisfaction and decreases in measures of caregiver strains. A recent survey,
the Consumer Assessment of Health Care Providers and Systems, has also
been evaluating the quality of care from a consumer perspective.

Chronic Illness Care

For the seriously ill people in Groups E and F, programs of postacute
care paid for by Medicare Part A work reasonably well for at least a por-
tion of the population. But weaknesses are common in transitional care, in
which people are moving between care environments.

Largely missing from health care services for seriously ill people is
long-term ADL support, unless a recipient is poor, on Medicaid, or has
an advanced chronic illness. ADL care may be provided only for short,
predetermined periods. In the Medicare model, prospective payments have
been available since 2008 for 60-day episodes with case mix adjustments.
This has resulted in a decrease in the frequency of visits and a more focused
care model. However, 29 percent of the recipients are hospitalized within
60 days, and one in seven is hospitalized within 2 weeks of the end of the
care period. “Most folks would say that this is really a mediocre track
record,” said Boling. Several recent attempts to reform long-term care for
the chronically ill have failed. The Medicare Coordinated Care demonstra-
tion, which basically assigned nurses to talk with patients, had an average
net increase in costs and was marginally effective in only 2 of 13 sites. The
Medicare Advantage plans have had a 13 percent net increase in cost, with
a decrease in service and a decrease in perceived quality by enrolled indi-
viduals. Interim results from the Medicare Disease Management program
indicate that commercial disease management does not deliver short-term
medical cost savings.

Other programs have had more success. A program based on having
nurses serve as health coaches, along with an enhanced health record,
helped individuals become their own advocates as they moved through the
posthospital period, and it saved about $500 per person. Another program
has suggested that cost savings may result by putting a nurse in the doctor’s
office and having that nurse coordinate care. In a third program, nurses
saw patients in the hospital, got to know them, and then followed them for
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a month to 6 weeks at home. The nurses coordinated care, changed care
plans, and interacted with the doctors, with a net savings of about $3,000
to $5,000 per patient. And the Department of Veterans Affairs has found
that putting a comprehensive home-based primary care model in place
produced a 24 percent reduction in overall cost and a 60 percent reduction
in hospital use.

Home Visits

When people are concerned about their health or the health of a family
member or friend, they want access to a team led by somebody who is able
to make medical decisions, provide good advice about complex problems,
and be accessible and available. “This is not what we have for this popula-
tion,” said Boling. One solution to this problem is “old-fashioned medicine
with a new twist” based on house calls. To take good care of chronically ill
people, providers need to go to their homes. New technologies and devices
make it possible to do timely diagnoses and direct treatment in homes. “In
the past you had to be kind of a wizard and intuit what was wrong with
the patient. [Now] we can measure most of the stuff that you need to know
right there on the spot.”

A few such programs supported by Medicare Part B exist across the
United States, although on very thin margins. “We built our health care
system around a model that was dependent on bricks and mortar and fixed
overhead that is very expensive. It was done for good reasons. It wasn’t
a bad idea. It works quite well for certain types of people. [But] for some
other people, who happen to be the ones who cost most of the money, it
really doesn’t work very well.”

The costs of drugs, hospitalization, and nursing homes are exorbitant
and could cover a large number of home visits and the involvement of a
team of health care providers. Based on this observation, Boling has been
working on a piece of health care legislation, called Independence at Home,°
that calls for interdisciplinary teams that would use house calls, electronic
health records, other forms of technology, and their own expertise to deliver
care where and when people need it. Any net savings would flow both to
Medicare and to the Independence at Home program. Candidates for the
program would be people with multiple chronic diseases or functional defi-
cits. “We want high-cost patients, the higher the better, the sicker the better.
That’s what we do best. . . . This is really what patient-centered health care
is supposed to be.” Estimated savings from the program could be as high
as $50 billion per year.

¢The 2010 health care reform act includes provisions for an Independence at Home dem-
onstration project.
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Boling closed by emphasizing two points. A national policy is needed for
long-term care that does not impoverish people and encourages community-
based care. And there is a great need for interdisciplinary, comprehensive,
in-home health care for people with multiple frailties.

Responses to Questions

In response to a question about how much of health care expenditures
go to bureaucratic, regulatory, and legal paperwork, Boling agreed that
doing paperwork is “what we all remember the least favorably of our experi-
ences as providers.” But he added that it is necessary to document how care
is being delivered and how it affects the care recipient. Much paperwork has
been created to make sure that value is provided in exchange for dollars.
“There has to be some mechanism of documenting the impact, . . . because
funds are not unlimited.”

Boling was also asked whether the states, which have different popula-
tions with differing needs, should be allowed to have more control over
how they use their health care monies. A good case can be made for states
having control over services that are a public good, he replied, but too
many differences between states can have serious negative effects. People
cannot move from one state to another without major disruptions in ser-
vices and funding, which may restrict freedom of movement or how people
and families organize their lives. “We have to strike a balance there as well.
That’s one of the reasons why the [health care reform] process has been so
enormously complicated.”

The parts of the Independence at Home legislation that he views as
most important are attracting talented people to the field, creating teams
that can go to care recipients, and aligning financial incentives with objec-
tives. “If the objective is comprehensive care with less dependence on hos-
pitals and nursing homes, you need to structure the financial parameters
in such a way that you are paying to obtain those results.” In addition,
research has shown that home visits yield marked improvements in detec-
tion of and intervention in significant health problems. People who make
home visits are also more adept at obtaining the resources needed and
making appropriate referrals.

DISCUSSION

Discussant Carol Raphael, president and chief executive officer of the
Visiting Nurse Service of New York, began the discussion by articulating
three messages:

Copyright © National Academy of Sciences. All rights reserved.



The Role of Human Factors in Home Health Care: Workshop Summary

64 HUMAN FACTORS IN HOME HEALTH CARE

1. The physical environment, including the philosophy behind hous-
ing design, can enable or diminish the ability to live independently,
perform ADLs, and manage health.

2. An individual’s cultural expectations, social supports, neighbor-
hood, and community all have effects on openness to home health
care, interaction with caregivers, and subsequent outcomes.

3. The current state of financing, regulation, and delivery of home
health care limits its potential contribution to making the health
care system more effective and efficient.

She also pointed out a number of common themes that emerged from
the discussion, including the issues of silos versus integration, downstream
versus upstream interventions, misalignment or lack of incentives, the need
for engagement of care recipients, and the potential of technology as a
virtual integrator and enabler of health care.

Many of these themes are apparent in the work of the Visiting Nurse
Service, which sees 30,000 people a day in home settings. “When you walk
into a home, you never know what you are going to find,” said Raphael.
“It ranges from no heat, no food in the refrigerator, a very poorly kept
apartment, pets (the second-largest cause of workers’ compensation in my
organization is dog bites), and a remarkable range of family constellations,
from very, very supportive families to families who have ‘checked out.” So
it is not at all a monolithic picture.”

The home care population is remarkably diverse, not only in age and
background but also in the capacity to lead independent, autonomous
lives. Most people want to hold on to their privacy and independence
to the greatest extent possible. People can also vary along a continuum
of needs over time, which highlights the need for fluidity and flexibility
in home care.

One way to achieve these objectives is to incorporate family caregivers
into the home care community. For example, in its hospice and palliative
care programs, the Visiting Nurse Service defines the client as not only the
care recipient but also the recipient’s family. Families are trained as part of
the care team, they receive satisfaction surveys, and the nurse service con-
tinues to work with the family for more than a year after a death.

The Visiting Nurse Service has also done considerable work on aging in
place programs to help residents stay in their homes and communities. The
service becomes part of the fabric of communities, performing screenings,
assessments, and group health education and providing certified home care
services if needed. It also works in 31 of the 44 naturally occurring retire-
ment communities in New York, including a new one in Chinatown that
extends over a large area. “We’re looking at that as a model for suburban
communities where we have to [work] across many blocks.”
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Some models used by the program incorporate medical management.
The Visiting Nurse Service of New York is licensed as a health mainte-
nance organization in New York state and has a Medicare Advantage
Special Needs Plan. In addition, a new program imported from the United
Kingdom, called the Community Connections TimeBank, matches the skills
and assets of individuals in the community with the needs of community
members. “We have had an enormous response in terms of the number of
people, often living alone, who have been able to feel comfortable taking a
service because they feel they are also making a contribution.”

Finally, Raphael noted that she is the head of the Health Information
Technology Board in New York state and is very interested in how tech-
nology can be an integrator in health care. “The promise here is enormous
[and] untapped. We can do a lot more to share information at point of care
as well as to transform environments.”

In response to a question about the lack of geriatricians in health care,
Boling pointed out that the rewards for physicians and nurse practitioners
in geriatrics are modest when compared with specialties with similar levels
of professional development. Yet geriatricians provide care for people with
complex problems and should be paid well. The Independence at Home
program would create an incentive structure to pay geriatricians what they
are worth. “We need more people who have that as a focus, and we have
to create an incentive structure that rewards it.”

Boling also agreed with a comment made about providing care in a
variety of settings, such as schools, community centers, and senior centers.
“I am not at all a fan of people having to come to a hospital or to a medical
center for chronic illness care, because I don’t think that for the majority of
those folks we are doing them any good by making them do that.”

David Wegman emphasized the importance of human factors research
in the discussion, to which Sanford responded that occupational therapists
could be trained and encouraged to be part of home health care teams. They
could bring new attention to the influence of the built environment, even as
physicians, nurse practitioners, and other clinicians are trained to be more
observant of that environment.

In response to a question about passive monitoring, Raphael described
a test in which 400 people with congestive heart failure were telemoni-
tored while 400 comparable people were not. After one year, the tele-
monitored group had reduced emergency room visits and hospitalizations
and other positive indicators. “It is definitely something that needs to be
looked at very seriously. We had much better patient acceptance than we
thought we would.”

Albert observed that the responsibility for accessing medical devices in
the home is not always clear. In some cases, families are expected to research
and purchase equipment. In other cases, physicians are expected to prescribe
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it. Or allied health professionals or vendors may introduce devices into the
home and train families in how to use them. This issue, he said, “needs to be
explored more carefully.”

In response to a question about the logistics of home visits, Boling
observed that traveling to care recipients has advantages over recipients
traveling to care providers because most recipients are always at home, so
people can be added to a schedule at the last minute. “I could see them
within hours of the time that they need to be seen, not days or weeks. They
don’t have to make an appointment. I go. If I can’t go, somebody else on
my team goes.” With a good dispatch office and communications network,
logistical problems are less severe than with traditional health care, and
recipients are more satisfied. “You don’t see as many patients per day,”
Boling admitted. But “those who are counting widgets and thinking in that
way need to think differently about how this whole things works, because
how many patients you see per day [is] really not the sole agenda.”

Sanford added that the use of interactive teleconferencing can bring
health care providers into the home virtually. In that way, providers can see
someone engaged in an activity in the place where they actually perform
that activity.
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Concluding Discussion

In the final session of the workshop, David Wegman led a general dis-
cussion of the core concepts and concerns raised by the speakers and invited
participants to comment on issues not yet discussed.

Paula Milone-Nuzzo raised the issue of violence associated with home
health care and the problems it creates for providers to get to people’s
homes. It may not be possible to go into certain communities at particular
times or without a police escort.

Mary Weick-Brady observed that coordination of regulations is needed
in addition to coordination of care. Medical devices, reimbursement issues,
transportation, housing, and even the bandwidths used for medical moni-
toring are all important factors in home health care, and in an ideal world
the regulations governing these domains would work together rather than
at cross purposes. George Demiris added that software platforms for dis-
ease management or telemonitoring need to be coordinated to avoid prob-
lems with interoperability, vocabulary, and communications. Christopher
Gibbons made the same point for medical information that directly targets
consumers. Jon Sanford observed that a similar situation exists with regard
to building regulations. Although a national standard exists, it is model
code that is not enforceable, and many thousands of municipalities adopt
their own codes. The original intent of the codes was for public health,
safety, and welfare, but that is not necessarily the principal concern today.

Molly Story observed that the principal message she took away from
the workshop was that “it’s a mistake to . . . take the medical care of health
care and try to cram it into the house.” Health care needs to understand
the home much better and make changes based on that understanding.

67
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Changes in the education of health care professionals can help establish
this new empbhasis, said Judith Matthews. The focus of education in the
past has been acute care, but that does not equip people to practice in a
community setting.

Neil Charness called attention to the challenge very low population
densities pose to home health care. Technology may provide a way to do
virtual visits in such settings, but technology does not necessarily offer full
access to a person’s home.

More than half of the older population lives alone, which highlights
the need for supportive technologies that can help these individuals remain
independent in their communities. In many cases, family members do not
live nearby, exacerbating the problem of providing effective health care.

For caregivers who visit homes, these homes are their workplace, said
Margaret Quinn. In addition, for many paraprofessionals, who are pre-
dominantly female and members of minority groups, their work and social
positions are largely invisible in the larger society. Effective models of care
recognize that home care is patient- and home-centered while simultane-
ously acknowledging the home as a workplace.

Committee member Daryle Jean Gardner-Bonneau observed that care
recipients and care providers are part of a single system. Both groups will
have a major effect on the way the system is designed and structured. The
system needs to be flexible enough to enable a wide variety of choices by
both care recipients and providers, and, she said, “I am not sure we always
do that.”

COMMITTEE PERSPECTIVE

Wegman summarized some of the messages he heard at the workshop.

e Better definitions can inform interdisciplinary analyses of home
health care.

e Funding practitioners and knowledge in separate silos restricts the
construction of more comprehensive and coherent systems for
the delivery of home health care.

e Thinking longitudinally over the life course can help to meet the
needs of care recipients in a home or community.

e New approaches can improve education and training, ranging from
specific training in the use of a device to general interdisciplinary
professional education.

e Care providers and care recipients always operate together as a
dyad, and productive policy discussions will consider this dyad as
a unit.
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e Models from abroad can inform future discussions and work in
home health care.

e Devices can be designed for the full range of the population, not
just for the median of the population.

e Formal and informal markets for home health care devices can be
a powerful influence on how these devices are used.

e Implementation of new programs and approaches ideally will be
accompanied by studies of their efficacy and effectiveness.

e The principles of universal design can provide a foundation for
thinking comprehensively about home health care.

e Reimbursement is “a glorious mess” in need of concerted attention.

e Good care management emphasizes teams of care providers.

e Existing models of effective home care can be implemented else-
where and studied.

SPONSOR PERSPECTIVE

Kerm Henriksen commented on some of the main messages he absorbed
from the discussion.

e The knowledge in people’s heads can be translated into knowledge
in the world to address such issues as the personnel shortage in
home health care.

e Examples of very effective home health care can be studied to draw
lessons from experience and existing expertise.

e Assessment methods used in inpatient care could have beneficial
applications in home health care.

e Human factors techniques, such as root cause analyses or failure
modes and effects analyses, could provide useful insights in the
home health care setting.

e Quasi-experimental designs and evaluation techniques could be
used to spur interest in research and applications.

e Aesthetics in design can play an important role with respect to
home assistive technologies.

e Home health care has a dark side, as evidenced by violence in
the community, abuse in the home, and frustration because of
dementia.

e The problems of transitional care are ripe for human factors
research.

e Training in silos is antithetical to working in teams, yet teamwork
is essential in home health care.
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e Health care may not be a unified system, but systems analysis can
be applied to the role that health care plays in people’s lives.

e Health care needs change over time, and human factors research
can consider the ways in which these changes affect the delivery
of health care.
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The Health Care Challenge:
Matching Care to People in
Their Home Environments

Neil Charness

My tasks in this chapter are to (1) review the demographics concern-
ing current and future home health care users; (2) examine data on their
capabilities; (3) assess their attitudes and how these might be expected to
impact successful interaction with current and future home health care tech-
nology; (4) provide some examples of how user characteristics may influ-
ence the ability to perform home health care tasks, particularly involving
technology; and (5) identify important gaps in the understanding of these
relationships and make some recommendations. I stress a human factors
perspective in attempting to address these issues.

THE SHIFT TO HOME HEALTH CARE

Justification for concern with these issues lies in the remarkable shift in
the way in which health care has been delivered to individuals in the past
century in the United States. The major changes include the diversity in the
population being treated and in their attitudes about health care, who pays
for treatment, what type of health conditions are treated, where people
are treated, and the demands made on those who are treated by current
technology products. As one example of change in treatment locale, today
about 99 percent of children in the United States are born in hospitals or
clinics (DeClercq, Paine, and Winter, 1995), whereas home births probably
predominated before 1900. In contrast, place of death has begun to shift
away from hospital settings (dropping from 78 to 61 percent from 1994
to 2004 in a Canadian study; Wilson et al., 2009) to homes and hospice
facilities. Finally, except for occasional programs that cater to housebound
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older adults (e.g., Beck et al., 2009), one travels to an office or clinic to
see a health care professional today or is taken by ambulance to a hospital
in an emergency. (The author can remember a childhood visit by a physi-
cian to diagnose and schedule an emergency appendectomy.) Perhaps the
greatest change is the treatment of patients with serious health conditions
at home instead of in hospitals, a trend being driven in part by treatment
cost considerations.

A motivator for such treatment locale changes is the rapidly rising
cost of health care coupled with a shift in the burden of payment. Indi-
viduals now pay directly for less than half their medical care expenses,
with public and private insurance entities picking up the bulk of the pay-
ment, whereas as few as 50 years ago these relationships were reversed.
Finally, people a century ago came in contact (sparingly) with medical care
providers to address acute health concerns, such as communicable illnesses
and injuries. In contrast, it was estimated that about 78 percent of health
care expenditures in the United States in 1996 were made to treat people
with chronic conditions (Anderson and Horvath, 2002). By 2005 that
figure had risen to 90 percent (Machlin, Cohen, and Beauregard, 2008),
in part because of the high prevalence of these conditions in the popula-
tion. About 60 percent of adult civilian noninstitutionalized people have
at least one chronic condition, although only about half of total medical
care expenditures were for treatment of them. (Those with chronic condi-
tions also experience disproportionate treatment for acute conditions.)
The definition of chronic diseases by the Centers for Disease Control and
Prevention is that they are “noncommunicable illnesses that are prolonged
in duration, do not resolve spontaneously, and are rarely cured completely.”
The five most costly ones in 2006 were (1) heart conditions, (2) cancer,
(3) trauma-related disorders, (4) mental disorders, and (5) asthma that
includes chronic obstructive pulmonary disease (Soni, 2009). Many of these
disorders are experienced throughout the life course (trauma-related, such
as auto accidents), although some are more strongly associated with child-
hood (asthma), some are associated more with young adulthood (mental
disorders, such as schizophrenia), and some are most associated with old
age (heart disease, cancer, Alzheimer’s disease). I focus primarily on older
adult health care examples because that part of the population bears the
greatest burden from chronic diseases.

Given the aging of the population, the percentage of health care cost
expended to treat chronic diseases will undoubtedly rise because of the
strong relation between age and chronic disease prevalence (see Figure 6-1).
The Government Accountability Office projected a quadrupling of spending
on older adult long-term care alone between 2000 and 2050 (Allen, 2005).
There is also concern that other trends, such as increased prevalence of
diabetes, which is variously projected to increase from 11 million in 2000
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FIGURE 6-1 Relation between age and prevalence of a chronic condition.
SOURCE: Based on data from Machlin, Cohen, and Beauregard (2008).

to 29 million in 2050 (Boyle et al., 2001) or to 38 million in 2031 (Mainous
et al., 2007), coupled with improved survival from traumas that used to
lead to death (e.g., traffic crashes and battlefield injuries), will also increase
demands on the health care system.

The future population of home health care users is already in place: it
is the current U.S. population ranging from young to old and living with a
variety of ailments whose treatment regimen makes a variety of demands
on themselves and their caregivers. Examples are prematurely born infants
on ventilators, children with diabetes requiring insulin injections, young
adults with AIDS who must adhere to complicated medication regimens,
middle-aged adults with “silent” hypertension that requires medication
with unpleasant side effects, older adults with sleep apnea who must use
uncomfortable equipment to maintain continuous positive airway pressure,
and people with renal failure who use home dialysis to avoid costly kidney
transplants (with comparable outcomes; Pauly et al., 2009). As well, chil-
dren and adults also experience acute conditions, such as infections (influ-
enza) and injuries (broken bones), that make demands of shorter duration
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on their capabilities and those of their caregivers but are typically treated
mostly at home.

What will change is that today’s relatively healthy children and young
adults will, as they age, develop chronic conditions in addition to the acute
conditions that affect health for shorter periods of time. In addition, many
of those who have chronic conditions now (e.g., spinal cord injuries, dia-
betes) will continue to consume home health care services as their general
health deteriorates and as comorbidities develop. The changing ethnic com-
position of the population, coupled with differential susceptibility to some
diseases, means that one can also anticipate a change in the mix of mor-
bidities, such as diabetes, whose incidence tends to be greater in minority
groups (Mainous et al., 2007).

Given the enormous expenditures made on health care in the United
States (discussed below), the model of providing continuing care through
the traditional hospital and physician system is being questioned. One can
expect to see more and more health care migrating into the home, with
increased monitoring of health status being accomplished through tech-
nological systems, such as remote vital sign monitoring equipment. The
goal is that such systems will provide more efficient health care delivery.
However, designers of technology systems need to consider human factors
in their design and deployment, because a badly designed system may fail
to accomplish the goal of efficient delivery of health care and can even lead
to fatal errors (e.g., Leveson and Turner, 1993; Institute of Medicine, 2000).
Another example is assistive devices such as hearing aids, which have a high
rate of abandonment (e.g., 30-50 percent) despite their potential benefit to
users (Fuhrer, 2001). Some of the problems that arise may be the result of
a poor fit between a device and the abilities and expectations of a specific
user. Human factors and ergonomics specialists can offer insights into how
best to design better health self-care systems.

THE HEALTH CARE ENVIRONMENT

People in the United States consumed $2.1 trillion of health care in
2006, that is, $7,026 per capita, representing 16 percent of gross domestic
product (National Center for Health Statistics, 2008). About 84 percent of
the expenditures were on personal health care and about 16 percent were on
administrative costs, government public health activities, research, structures,
and equipment. The highest percentage of those personal expenditures was
for in-hospital care, followed by physician services (see Figure 6-2).

As many have noted (e.g., Schoen et al., 2006), Americans pay more
than citizens of most other developed countries for their health care, yet by
most health outcome measures, they fail to obtain benefits commensurate
with these expenditures. Thus, using the figure above as a guide, in order
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FIGURE 6-2 U.S. health care expenditures, 2006.
SOURCE: National Center for Health Statistics (2008).

to cut health care costs, the most likely candidates would be to dimin-
ish unnecessary contacts with hospitals and physicians and to consume
fewer unnecessary over-the-counter and prescription drugs. Deployment
of home health care technologies may reduce some of these expenditures
by enabling people to be monitored from home by less skilled health care
workers (in some cases, the user and family members) and by identifying
health care problems before they require expensive treatments.

THE PERSON-ENVIRONMENT FIT FRAMEWORK

I consider health care somewhat broadly to include not only treatment
of acute or chronic disorders but also such processes as information seek-
ing and advice provision for health-related activities (e.g., exercise and diet)
that might occur through a search of the Internet.! A useful framework for
envisioning how best to match care to people in their home environments
is that of capability-demand fit. A sample framework, based on Czaja et
al. (2001), is presented in Figure 6-3, one that exemplifies demands for a
telehealth tool, such as a videoconferencing system used in telemedicine
interventions. The person would be asked to use this device at home (e.g., to
receive therapy for a mental health disorder). The device presents challenges

1A 2008 Pew study indicated that 61 percent of adults in the United States had sought health
information from the Internet (Fox and Jones, 2009).
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FIGURE 6-3 Capability-demand fit framework.
SOURCE: Adapted from Czaja et al. (2001).

in the form of its hardware interface, software interface, and instructional
support. The user brings a range of abilities to bear, including perceptual,
cognitive, and psychomotor capabilities. In short, systems make demands
on users and the capabilities of the users will determine whether there is an
adequate fit, which can affect acceptance and use of the system. Use of the
(health care) system may in turn determine whether someone has a positive
or negative health outcome.

As another example, think of some of the demands made by newer
mobile vital sign monitoring devices now entering the home health care
market. Consider a wristwatch-like device that, in the presence of a wireless
network in the home, streams information, such as the user’s temperature,
location, and potential falls (via an embedded accelerometer), to a remote
server. The information is aggregated, filtered through an intelligent pro-
gram that tests for out-of-bounds values for vital sign parameters, and
is presented to a health care provider via a password-protected website.
However, the watch is battery-operated and needs to be recharged once a
week on a charging station. If the user is somewhat cognitively impaired
or simply forgetful, it is possible for the watch to fail based on a too-low
battery state. Worse yet, the charging station may require precise placement
of the watch within the station for effective charging to take place. If the
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older adult has a tremor, he or she may fail to align the watch with the
charging contacts. Although the watch can signal its low-battery state to
the server and present an alarm (via the web-based interface, or with an
alert sent through the cellular phone system), unless someone is monitoring
for the low-battery alarm, a fall could be missed before the user is alerted
and reminded to recharge the watch (or the fall could occur while the watch
is being charged). Even if the watch puts out a low-battery warning on the
watch face, unless the user is carefully monitoring the watch and remem-
bers what the low-battery icon means, that signal could be missed. Thus,
user perceptual, cognitive, and psychomotor capabilities set a limit on how
effectively the tool can function, despite the presence of a sophisticated
hardware and software interface and instructional support.

As an example of how user characteristics, such as attitudes, can affect
degree of fit for technology, consider a newly diagnosed older adult diabetic
who is told to monitor blood sugar levels and inject insulin accordingly,?
as well as to change diet and exercise levels. Blood glucose meters are rela-
tively easy (although somewhat painful) to use with appropriate instruc-
tion (e.g., Mykityshyn, Fisk, and Rogers, 2002), but they may come with
inadequate instructions, hobbling both cognitively fit young adults and less
fit older adults (Rogers et al., 2001). Similarly, advice to change diet and
to increase exercise levels may not yield adherence if the senior sees little
linkage between glucose meter readings and short-term diet or exercise
changes. The user may have unrealistic expectations and attitudes at the
outset, which are reinforced by difficulties and unpleasantness associated
with glucose meter use and the injection of insulin. All these difficulties may
lead to poor adherence to diet, exercise, and monitoring/injection schedules.
Better instructional materials, the training of expectations, quick access
to skilled health care professionals for troubleshooting with equipment
(e.g., through videoconferencing), and better designed equipment (e.g.,
noninvasive glucose measurement, automated insulin pumps) could lead
to superior outcomes by making the treatment demands better match user
capabilities and attitudes. One could also argue that having better health
instruction earlier in the life span might have led to a lifestyle that would
have avoided adult-onset diabetes.

For most health self-care, the proximal environment includes the home,
its residents, and health care devices. In the United States, some relevant
characteristics of households for the noninstitutionalized civilian population
are shown in Table 6-1 and Figure 6-4. Of the roughly 117 million house-
holds in 2008, about two-thirds are family households, although composi-
tion varies with age of householder. For those ages 20-24, about half dwell

2This is admittedly an extreme case, as most forms of Type 2 diabetes are managed through
diet and exercise changes and typically don’t require insulin injections.
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TABLE 6-1 U.S. Households by Type and Age, 2008 (numbers in

thousands)
Age of Householder
Under 20  20-24 25-29 30-34
U.S. Households Total Years Years Years Years
Total all households 116,783 862 5,691 9,400 9,825
Family households
Total 77,873 535 2,824 5,869 7,384
Married couple 58,370 58 1,166 3,753 5,240
Male householder 22,972 361 2,124 2,724 2,140
Female householder 35,442 443 2,401 2,923 2,444
Proportion family 0.67 0.62 0.50 0.62 0.75
households
Nonfamily households
Total 38,910 327 2,867 3,531 2,440
Male householder 17,872 147 1,521 2,074 1,595
Female householder 21,038 180 1,346 1,457 845
Size of household
One member 32,167 143 1,507 2,167 1,764
Two members 38,737 269 1,992 2,966 2,340
Three members 18,522 215 1,230 1,934 1,988
Four members 15,865 121 611 1,394 2,133
Five members 7,332 63 222 597 1,062
Six members 2,694 29 80 222 383
Seven+ members 1,467 22 50 120 155
Proportion one- 0.28 0.17 0.26 0.23 0.18

member households

SOURCE: Based on data from U.S. Census Bureau (2009).

with family members, and that percentage increases to a high of 78 percent
by ages 35-39 and then declines to a low of 42 percent by age 75+.
Household composition is likely to affect the willingness (and ability)
of another household member to provide help with activities of daily living
(ADLs) and instrumental activities of daily living (IADLs) and, more spe-
cifically, with health technology products. Research on problem solving
suggests that two heads are sometimes better than one (Hinsz, Tindale, and
Volrath, 1997), although 28 percent of all households have single members,
and the proportion by age rises from 17 percent for those under age 20 to
56 percent for those over age 75. Also, as seen in Figure 6-4, women are
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35-39 40-44 45-49 50-54 55-64 65-74 75+
Years Years Years Years Years Years Years
10,900 11,548 12,685 11,851 19,909 12,284 11,829
8,605 8,996 9,438 8,511 13,218 7,503 4,990
6,406 6,583 7,105 6,737 11,144 6,365 3,813
1,956 2,113 2,363 2,163 3,457 1,765 1,804
2,537 2,852 3,217 2,951 5,308 4,153 6,213
0.79 0.78 0.74 0.72 0.66 0.61 0.42
2,295 2,552 3,247 3,340 6,690 4,781 6,839
1,442 1,567 1,766 1,696 2,944 1,568 1,552
853 985 1,481 1,644 3,746 3,213 5,287
1,760 2,040 2,702 2,877 5,995 4,542 6,671
1,974 2,152 3,183 3,954 9,307 6,243 4,358
2,060 2,280 2,494 2,350 2,535 915 521
2,803 2,790 2,593 1,707 1,248 310 156
1,465 1,503 1,102 645 473 129 70
557 522 406 187 210 68 29
281 262 205 131 140 76 24
0.16 0.18 0.21 0.24 0.30 0.37 0.56

much less likely to be living in family households than are men at advanced
ages. By age 85+, of those not institutionalized, about 64 percent of men
compared with 39 percent of women live in family households. Particularly
when it comes to managing and maintaining complex technology, having
help accessible may be the difference between succeeding or failing with a
task. Technology can provide access to such support when it does not reside
in the household.

A more inclusive definition of the health care environment would con-
sider other providers outside the home (physicians, nurses, formal and infor-
mal caregivers), including health care staff or advisors associated with schools
and workplaces as well as other service providers who enter the home (e.g.,
to prepare meals, help with bathing). Thus, it is also likely that home health
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FIGURE 6-4 Male and female percentages for living with a family member, by age
and sex.
SOURCE: U.S. Census Bureau (2009).

care will resemble a team environment, one in which team members will vary
widely in their skills. Communication skills are central to expert team perfor-
mance. Team environments also place a high premium on training members
for their roles (Salas and Cannon-Bowers, 2001), a usually neglected aspect
of home health care settings. I restrict consideration mainly to noninstitution-
alized dwellings (apartments, detached and semidetached houses) rather than
congregate housing (e.g., assisted living and chronic care institutions), pri-
marily because the vast majority of Americans live in such dwellings for most
of their lives, spending only a few years in assisted living or other chronic
care residences. For example, for people ages 65+, only about 5 percent live
in congregate housing settings, although percentages rise steeply with age.

DEMOGRAPHICS OF HEALTH CARE USERS

Every member of the population is a potential home health care user. So,
for example, knowing the palm-down press and twist strength of children,
young adults, and older adults is helpful for designing the cap mechanisms
on prescription drug containers. One needs to ensure that opening require-
ments are too great for toddlers but not for older adults with arthritic
hands. There are good sources of ergonomic information for different
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subsets of the population (e.g., Kroemer, 2005), although chronicling user
capabilities for the entire population (e.g., some disabled veterans have lost
limbs and use prostheses) is beyond the scope of this chapter. However,
given that those with chronic conditions incur about 90 percent of the
health care expenditures, they are the primary focus of this review.

Although it is difficult to predict trends for home health care utilization
(or cost; Manton, Lamb, and Gu, 2007), given current promising trends
of increasing disability-free longevity (e.g., Manton, Gu, and Lowrimore,
2008), one relatively safe prediction is that those already suffering from
impairments are candidates to reach old age with fewer financial resources
and with disabilities that will complicate treatment of other chronic con-
ditions likely to arise. Those with disabilities are much less likely to be
employed full time. For example, the unemployment rate in May 2009
for those ages 16 and over who were not institutionalized in the United
States was 8.9 percent for persons without a disability and 13.7 percent for
those with one (see http://www.bls.gov/cps/cpsdisability.htm [accessed June
2010]). Thus, at least for expected income levels, which strongly influence
health care consumption, the life chances for those with a disability are
likely to be poorer. There are two obvious subgroups for disability: civilians
and wounded veterans who are classified as disabled.

Disability

According to the American Community Survey (ACS), in 2006 there
were approximately 41.3 million people in the United States who reported
some form of disability. Disability rises with age, particularly after age 65.
Figure 6-5 shows percentage data for men and women derived from the
2006 ACS. (Data were downloaded as an Excel spreadsheet for a Factfinder
query based on the U.S. population.) Disability is defined in that survey
as “a long-lasting sensory, physical, mental, or emotional condition or
conditions that make it difficult for a person to do functional or participa-
tory activities such as seeing, hearing, walking, climbing stairs, learning,
remembering, concentrating, dressing, bathing, going outside the home, or
working at a job.”

Percentages can be misleading, so Figure 6-6 shows the numbers in mil-
lions from the ACS. Although percentage of disability rises with age past 65,
the majority of disabled individuals are in their working years. Assuming
that a moderate percentage of them reach old age (mortality can be expected
to be higher than in the general population, e.g., three times higher for those
with an intellectual disability; Tyrer, Smith, and McGorther, 2007), they will
constitute a very large cohort that will need significant assistance with self-
care activities, and many others in the nondisabled segments of the popula-
tion can be expected to transition into their ranks as they age.
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FIGURE 6-5 Percentage of the U.S. civilian noninstitutionalized population report-
ing any disability, 2006.
SOURCE: Based on data from U.S. Census Bureau (2010).

Veterans

According to a recent report sponsored by the Veterans Administration
(VA), approximately 2.6 million veterans were receiving disability compen-
sation benefits in September 2007 (Economic Systems Inc., 2008). Disabled
veterans include those from World War II onward, including Korea, Viet-
nam, and more recent conflicts in Iraq and Afghanistan.

The types of service-connected disability classifications that are most
prevalent are musculoskeletal (45 percent) and mental disorders, including
posttraumatic stress disorder (PTSD) (15 percent), with other categories
comprising less than 10 percent each. For recent disability compensation
enrollees in the period 2001-2007 (approximately 776,500 individuals), the
most common disorders reported were tinnitus (215,000 cases, 8.3 percent)
and defective hearing (171,000 cases), followed by diabetes (143,000 cases)
and PTSD (113,000 cases).

Note that not all veterans with impairments apply for and receive
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FIGURE 6-6 Numbers of the U.S. civilian noninstitutionalized population reporting
any disability, 2006.
SOURCE: Based on data from U.S. Census Bureau (2010).

disability compensation from the VA, so the number of uncompensated
cases in the general population could be significant (although presumably
they would be captured in ACS data sets). Also, one article (http:/www.
nytimes.com/2009/07/13/us/13backlog.htmI?hpw [accessed July 2009]) sug-
gests that there is a significant backlog for processing VA disability claims
of about 400,000 cases. Nonetheless, even if one assumed that a significant
proportion of disabled veterans are in institutional settings not counted in
the ACS survey, disabled veterans represent about 6 percent of the total
disabled population in the United States. However, one should note that
the VA definition of disability and the definition in surveys such as the ACS
are quite different.

Finally, the types of disability in veteran populations are likely to differ
from those in the civilian population and have implications for home health
care system design. Given the very high prevalence of musculoskeletal and
hearing problems, health care device manufacturers need to pay heed to ease
of manipulation (for example, permit one-handed operation of devices similar
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to requirements for keyboard use in Section 508 of the Rehabilitation Act)
and provision of instruction through text rather than through voice. Similarly,
for these veteran populations, vision rather than audition should be the pre-
ferred channel for providing information about system states and warnings.

Diversity in Users of Home Health Care

The U.S. population, like that of many other nations, is changing. And
the changes encompass characteristics that relate to health status, such as
age, gender, education level, and ethnicity. I briefly review some of those
changes, at the general population level, as they pertain to health care uti-
lization and, when information is available, to health technology use. What
becomes obvious for each category is that there is enormous diversity in the
United States, making the tasks of designing home health care devices and
training challenging ones.

Age

The U.S. population continues to age because of its relatively low birth
rates coupled with declining death rates. The population pyramid is also
“lumpy” because of the very large cohort of babies (baby boom genera-
tion) born between 1946 and 1964, although it is expected to become more
rectangular by 2050.

Assuming that war or natural disasters (such as epidemics) do not sud-
denly increase mortality rates in the United States, the projected population
pyramids indicate that there will be greater than a doubling in the size of
the group ages 65 and older (from about 35 million in 2000 to 80 million
in 2050) and a quadrupling in the size of the group ages 85 and older
(from about 5 to 20 million). These age ranges are associated with high
consumption of health care, in part because chronic conditions show strong
age-related increases, and some dementing diseases, such as Alzheimer’s,
occur very rarely before the age of 50. An example of age-related increases
in serious health conditions can be seen in Figure 6-7, showing moderate or
severe memory impairment. Advanced age is a strong negative predictor of
information technology use for current elders (Czaja and Lee, 2008). This
trend of lower use with age goes back at least a quarter of a century (e.g.,
the 1981 survey of technology use reported in Brickfield, 1984) and can be
expected to hold in future older cohorts.

Gender

The older population, now and somewhat less so in the future, is likely
to be predominantly female, and hence women living alone are likely targets
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FIGURE 6-7 Percentage of the elderly with moderate or severe memory impair-
ment, 2006.

NOTE: The definition of “moderate or severe memory impairment” is four or fewer
words recalled (out of 20) on combined immediate and delayed recall tests.
SOURCE: National Institute on Aging, National Institutes of Health, and U.S.
Department of Health and Human Services (2007).

of home health care in old age. Although there were early indications that
women were less likely than men to be technology adopters (particularly
computer and Internet users), this has changed (Cooper and Kugler, 2008).
There are still gender-related differences in types of use, however. As an
example, the author’s 84-year-old mother uses e-mail and instant messaging
as well as some web browsing, and his 86-year-old father primarily uses
stock market software and a fax machine, relying on a telephone to com-
municate with relatives and friends. However, as discussed below, use of
such technology is sharply lower in today’s elders.

Education

In general, there has been a remarkable increase in educational achieve-
ment over the past 70 years in the United States. The percentage of the
population ages 25 and older with four years of high school has risen from
less than 40 percent in 1940 to nearly 90 percent in 2008. For four or more
years of college, there was a sixfold increase, from 5 to over 30 percent.
Part of the increase in attainment may be attributed to a concomitant
increase in cognitive ability worldwide (measured with intelligence tests,
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such as the Army Alpha administered to military draftees), known as the
Flynn effect (Flynn, 1987). Higher educational attainment is associated
with higher income, better health, and greater longevity. These education
and cognitive increases bode well for the ability of future generations to
cope with complex health care equipment, with the caveat that as people
age, such “fluid” abilities can show dramatic declines (Salthouse, 2010).

Ethnicity

There are also going to be marked changes in the ethnic composition
of the United States over the coming decades, particularly in the older
population (see Figure 6-8). The non-Hispanic white population of seniors
is expected to increase about 80 percent, whereas blacks will increase about
threefold, and Hispanics, Asians, and American Indians will increase nearly
sevenfold in total. There are health status disparities across ethnic groups.
Also, with respect to technology generally, such as computer and Internet
use, nonwhites currently show less use than whites. Also, as discussed
below, attitudes toward health care issues vary with ethnicity.

Language Use

A critical issue for providing instructions to home health care technology
users is determining people’s language comprehension abilities, particularly
in English. Data from the American Community Survey for 2005-2007 show
that, of those who report that they do not speak English at home, about
37 percent report that they speak English less than “very well.” For the
largest language group, Spanish, 16 million speak English less than “very
well.” An earlier (2003) assessment of adult basic English reading skills
(Baer, Kutner, and Sabatini, 2009) yielded similar findings, showing about
11 million Americans with below basic literacy skills (reading letters, num-
bers, words, and comprehending simple texts, such as one from a medicine
container). So, for example, when meeting with a health care professional,
Spanish-speaking Americans may not easily express themselves (speaking
skills), comprehend complex instructions when given in English (listening
comprehension skills), or be able to use a health care device like a glucose
meter when provided with written English instructions (reading compre-
hension skills). Translators (human or computer) may be needed in some
instances, although current language translation software cannot compete
with skilled human translators. However, the Internet does provide free and
convenient access to short-passage written language translation in many
common languages (e.g., http://babelfish.yahoo.com/ [accessed May 2010]).

Thus, it is obvious that for a significant number of people their English
language skills will be weak (and their education level is likely to be low),
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FIGURE 6-8 Ethnic composition of the U.S. population ages 65+ in 2000 and
projections for 2050.

SOURCE: U.S. Census Bureau, Population Projections of the United States by Age,
Sex, Race, Hispanic Origin, and Nativity: 1999 to 2100. Available: http://www.
census.gov/population/www/projections/natproj.html and http://www.census.gov/
population/projections/nation/detail/np-d2.txt [accessed August 2010].
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and English-only instructions will not be adequate to ensure accurate com-
prehension. Whether such barriers as weak language or cognitive skills
can be surmounted by having instructional materials that make greater use
of symbols, diagrams, or video is not yet well understood (e.g., Morrell
and Park, 1993) although video demonstrations of the use of some health
care devices are already available on the Internet in languages other than
English (e.g., a glucose meter with Spanish instructions on YouTube). At
present, people with weak comprehension skills are likely to have lower
socioeconomic status and hence be less likely to have fast, convenient access
to the Internet.

Home Health Care Use

There are few good sources for assessing home health care use, sim-
ply because people do not typically provide records of minor injuries or
short-term illnesses that are typically treated at home. As an example, the
author’s spouse broke her ankle in 2008 and became quite disabled while
confined for a month in a nonwalking cast, having significant initial diffi-
culty performing ADLs. There are few if any public records of this incident,
aside from an application filed with the state of Florida for a handicapped
parking sticker. However, once people (older or low income) use public
funding for medical care, such as the Medicare/Medicaid system, records
are available to track such incidents.

Medicare tracks home health expenditures through the Medical Expen-
ditures Panel. The cost of such usage is increasing, although policy changes
implemented in 1997 reduced expenditures from 1997 to 1999, more so for
the lowest income groups and the frailest patients (Zhu, 2004). Expendi-
tures for home health care since 1999 have continued to increase, although
not as fast as for nursing home care (see Figure 6-9). Such patterns suggest
that if health care could be delivered more effectively in the home, chronic
care treatment costs for older adults could be significantly curtailed. There
is evidence through meta-analysis that home care modestly reduces hospital
use/cost (Hughes et al., 1997). There is considerable interest in updating
technology in the home to produce so-called smart homes or aware homes;
however, a recent report looking at smart home technology failed to find
a single study suitable for inclusion in the analysis of the efficacy of such
homes (Martin et al., 2008).

There is no lack of imagination for how to supply home health care
devices and systems (e.g., Dishman, Matthews, and Dunbar-Jacob, 2004;
Horgas and Abowd, 2004). However, there is reason to be cautious about
seeing this brave new world any time soon, in part because those who
would provide and use such systems have not been fully involved in their
design and sometimes have unrealistic expectations about ease of use or
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FIGURE 6-9 Expenditures (in constant dollars) on nursing home care and home
health care.

SOURCE: Centers for Medicare & Medicaid Services, Office of the Actuary, National
Health Statistics Group. Available: http://www.cms.gov/NationalHealthExpend-
Data/downloads/tables.pdf [accessed August 2010].

cost. Thus, one must consider the person-environment fit for any home
health care device and system, and this leads to the first commandment of
human factors and ergonomics, sometimes phrased as “Honor thy user”
or “Know thy user.”

PERCEPTUAL, COGNITIVE, AND PSYCHOMOTOR
CAPABILITIES OF USERS

I now briefly review some of the normative changes with age (and dis-
ability) that can affect interactions with home health care technology, giving
some examples for such abilities as perception, cognition, and psychomotor
ability, and anthropometrics.

Perception

In order for a user to interact with a home health care device, it must
be perceived in some way. That information channel could be visual, haptic
(touch), aural (smell or taste is less likely), or some combination of these
modalities. The disabled population and the older population typically have
impairments in some or all of these sensory and perceptual systems. Even

Copyright © National Academy of Sciences. All rights reserved.



The Role of Human Factors in Home Health Care: Workshop Summary

92 HUMAN FACTORS IN HOME HEALTH CARE

the general population above the age of 45-50 is highly unlikely to be able
to focus the lens of the eye on fine visual details without corrective lenses.

Thus, text should minimally be about 12 points (x-height) and shown
with high contrast (e.g., black on white), and diagrams with fine visual
details should be magnified in any materials provided to instruct or train
the user. Such guidelines are often violated with printed medication infor-
mation, as seen in Figure 6-10, in part due to constraints of packaging.
Prescription drug containers are now often accompanied by page-sized
instruction sheets that do use larger print (although that information may
easily become separated from the pill container). As well, lighting in homes
generally needs to be increased, although glare should be avoided, given
changes to the eye that result in less effective transmission of light through
to the retina. There is also some loss of color sensitivity at short wave-
lengths, making violet-blue-green discrimination more difficult. Given that
a significant percent of males in the general population have defective color
vision (about 5-8 percent), signaling important information solely through
color cues (e.g., red versus green) should be avoided.

Furthermore, particularly for aging men, audition is likely to be
impaired, meaning that sounds need to be more intense and environmental
noise needs to be minimized to permit adequate comprehension of speech or
perception of auditory warnings. For example, alarms on home health care
equipment, such as oxygen concentrators, follow standards set by the U.S.
Food and Drug Administration and international bodies (e.g., ISO standard
IEC 60601-1-8) that specify details, such as the number of frequencies pres-

Drug Facts
Active ingredient (in each tablet) Purpose
ASPIFN 325 M...ccourvvverrreirmnnnsisssssssnsssnned Pain reliever/fever reducer

Uses  mtemporarily relieves:
mheadache mpainofcolds mtoothache pain M menstrual pain
m muscle aches and pains m minor aches and pains of arthritis
m temporarily reduces fever

Warnings

Reye’s syndi Children and teenagers should not use this drug
for chicken pox or flu symptoms before a doctor is consulted about
Reye's syndrome, a rare but serious illness reported to be associated
with aspirin.

Allergy alert: Aspirin may cause a severe allergic reaction which
may include: mhives M facial swelling

m asthma (wheezing) m shock

Alcohol warning: If you consume 3 or more alcoholic drinks every
day, ask your doctor if you should take aspirin or other pain relievers/
fever reducers. Aspirin may cause stomach bleeding.

Do not use mif you have ever had an allergic reaction to any
other pain reliever/fever reducer  mif you are allergictoaspirin =~

FIGURE 6-10 Scanned image (actual size) of medication information for an aspirin
bottle. Print size is too small for older adults with presbyopia and those with visual
impairments.
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ent in the warning sound, but apparently not the decibel level for the alarm,
relying on “the experience of medical equipment designers.” For users who
are hard of hearing, such audible alarms may not be very audible, although
the devices also use flashing light indicators. See Fisk et al. (2009) for a
review of older adult capabilities and a guide to design.

Cognition

Some aspects of cognition improve with age, particularly the accumula-
tion of knowledge tapped by tests of certain aspects of intelligence and, in
young children, the ability to hold and manipulate information in working
memory (e.g., as indexed with memory span measures; Dempster, 1981).
Thus, particularly when considering adherence to routines that require
prospective memory (i.e., remembering to carry out future actions), young
children are likely to be disadvantaged. An example might be medication
adherence, for which a caregiver would be required to assist the child in
taking prescription drugs. Another case would be remembering to carry
an inhaler to school to treat potential asthma attacks (see American Acad-
emy of Pediatrics, 2009, for general advice about home health care for
children).3

In adulthood, the usual pattern is for abstract problem-solving skills
(fluid abilities) to decline sharply, with a drop of about 1.5 to 2 standard
deviations between the 20s and the 80s (Salthouse, 2010). Such declines are
likely to have an impact on the ability to troubleshoot new malfunctioning
health care devices. A particularly striking change in cognition is slowing
in the learning rate. An older adult may require twice as much time as
younger adults to learn to use software (e.g., Charness et al., 2001). Thus,
when needing to learn to use a new home health care device from instruc-
tional materials, both very young children and older adults are likely to be
disadvantaged, as will be those with poor English comprehension skills and
veterans with closed head injuries (increasingly common for recent veterans
because of roadside bomb incidents). Maximizing ease of comprehension
by ensuring that instructional prose is at a grade 8 or lower level, coupled
with providing some indication of training time needed (to provide realistic
expectations), could help less cognitively able users. See Charness and Czaja
(2006) for an overview of issues in training older workers that has relevance
to the use of health care devices.

Normal aging is likely to impair working memory capacity (ability

3Although the guidelines are aimed primarily at pediatricians, much of the advice revolves
around ensuring that caregiver teams be properly trained to administer treatment for the
specific condition, with little concrete advice on how to conduct the training or how to assess
its efficacy and cost-effectiveness.
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to store and manipulate cognitive representations) and speed of process-
ing generally—and even more so for abnormal aging or dementia (see
Jastrzembski and Charness, 2007, for information processing parameters
for younger and older adults). Such cognitive changes could, for example,
make it difficult to learn and remember the step-by-step procedure needed
for blood glucose monitoring (which might be 50-60 steps long; Rogers et
al., 2001). Thus, users need better “environmental support” (Morrow and
Rogers, 2008), by having relevant cues to procedures out in the environ-
ment (e.g., having the device provide prompts to the user for tasks), rather
than stressing working memory capacity by requiring memory for a long
procedure.

Although knowledge tends to increase with age, there are major indi-
vidual differences in knowledge in the population (e.g., as a function of
education) and particularly in knowledge about health, termed health lit-
eracy (e.g., in the ability to comprehend written health instructions, see
Benson and Forman, 2002; measured in national surveys, see National
Center for Education Statistics, 2006). However, this construct may overlap
substantially with general cognitive ability (Morrow et al., 2006; Levinthal
et al., 2008).

Cognitive changes associated with normal aging, with a dementing
illness, and with closed head injuries may also have effects on health
care decision making. In some cases—for example, for breast cancer and
prostate cancer treatment—there can be considerable uncertainty about
the best course of action (e.g., see decision making by younger and older
adults in Meyer, Talbot, and Ranalli, 2007). For a review of the heuristics
involved in decision making under uncertainty, see Kahneman and Tversky
(1979) and Gigerenzer and Goldstein (1996). A recent meta-synthesis out-
lines some of the factors involved in shared decision-making processes
among patients and health care providers (Edwards, Davies, and Edwards,
2008). Factors involved in the information exchange process during health
consultations were broken into practitioner influences, patient influences,
and joint influences. Practitioner factors included receptiveness to informed
patients and patient choice, knowledge of cultural differences, and degree
of patient centeredness or stereotyping. Patient factors included motivation
to seek information, appraisal of information (particularly before the inter-
view), cultural identity, and how risk was managed for poor information.
Joint influences included differing illness notions, role expectations, and
language. Health literacy was identified as an important mediator. Dimin-
ished cognition in a health care recipient will obviously affect most facets
of joint decision making.
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Psychomotor Ability

The slowing in basic information processing speed in middle adulthood
mentioned above is also accompanied by less precision in physical move-
ments, such as moving a cursor with a mouse or moving from one key to
another on an input device. Accurate movement involves making micro-
corrections at the end of movement trajectories, as people undershoot or
overshoot on their approach to a target, and general slowing will impact
such corrections. Older adults need larger targets (e.g., large, well-spaced
keys on keyboard devices) or shorter distances to move to ensure fast, accu-
rate movement. Good design of input devices for home health care systems
becomes even more important when considering those with limb tremor or
movement initiation disorders (e.g., Parkinson’s disease).

Older adults often also have slower walking speeds and experience
negative changes to the vestibular system that make balance less stable,
increasing the risk of injury when performing caregiver tasks, such as help-
ing a spouse with transfers from bed or toilet, although help is coming from
robotics advances.

Anthropometrics

The size, shape, and flexibility of the human body set important con-
straints on the way that people interact with tools and environments. One
important variation in anthropometric capabilities involves gender. Women
are about five inches shorter and two-thirds as strong, on average, as men
(for age-related values for anthropometric capabilities, see Steenbekkers
and van Beijsterveldt, 1998; Kroemer, 2005). This can affect IADLs, such
as cooking (e.g., retrieving and opening jars), caregiver activities, such as
assisting a mobility-impaired spouse, and even opening a childproof pre-
scription drug container. As well, there are normative changes in height
(people shrink in size) as well as in strength (which diminishes) as people
age. However, one of the concerns with population-based approaches to
design is that the average capability may describe no member of the sample
particularly well. For example, a classic guideline is to design for the 85th
percentile capability of a population, but this tends to have an adverse
impact on important population subgroups, such as women and children.

USER AND PROVIDER ATTITUDES TOWARD
HEALTH CARE AND HEALTH CARE TECHNOLOGY

Attitudes are frequently invoked as an important factor in health care
utilization, although most studies provide associations. General attitudes
toward health and health care may constrain utilization and treatment
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adherence no matter what a person’s cognitive, perceptual, or psychomotor
capabilities. An individual’s social network may also play an important role
in the process. As an example, a national survey of health care professionals
treating child and adolescent obesity found that health care providers cited
as barriers to successful treatment both parental involvement and patient
motivation (Story et al., 2002).

The well-known observation that men consume less health care than
women has prompted considerable speculation about whether attitudes
may play a role, such as greater reluctance on the part of men to seek help
for health conditions. However, after adjusting for reproductive-related
care and age-specific mortality rate differences, there are no sex differences
in per capita expenditures when universal health care coverage is available
(Mustard et al., 1998). There is evidence consistent with the view that
cultural differences in attitudes toward seeking help might underlie ethnic
differences in health care utilization (e.g., underutilization by Vietnamese
Americans; Thang, Patrick, and Nash, 2009).

Attitudes That Influence Use of Home Health Care Technology

There is not enough space to describe the vast literature on the role of
attitudes in health behavior.* Chapter 11, on social and cultural environ-
ments, addresses some key issues; see Cameron (2009) for an overview of
major models of persuasion that involve attitude effects. Probably the most
popular framework is the theory of planned behavior (Ajzen, 1991), which
postulates that behavioral intentions (e.g., for health this might involve
diet, exercise, medication adherence, safe sex practices) are best predicted
from attitudes toward the behavior, subjective norms about the behavior
(e.g., family and friend opinions), willingness to comply with those norms,
as well as beliefs about one’s ability to engage in the behavior (control
beliefs, such as self-efficacy). Here I focus primarily on the narrower case
of attitudes that may influence home health care technology use. Both user
and prescriber attitudes are potential barriers to adoption. Attitudes can be
differentiated as general (e.g., feelings of self-efficacy approaching any new
device) or specific (e.g., feeling inadequate about computer troubleshooting,
trusting that a device will work safely or reliably).

As noted in an Institute of Medicine report (1996), demands on health
care personnel to learn and deploy telemedicine systems (which are increas-
ingly being used for home health care) are a sticking point for adoption.
Similarly, unfamiliarity with technology may be a barrier to adoption. Tech-
nology adoption in the United States has accelerated over the past century

4A search in PsycINFO for “attitudes” and “health” as keywords turned up nearly 40,000
references.
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(Charness, 2008a) in part because of falling prices, the presence of infra-
structure to support deployment, and the exponential increase in wealth.
To take the iconic case of the digital computer, there has been a major shift
in the public’s perceptions and attitudes toward the computer (e.g., from
being seen as scary or threatening; Lee, 1970) as it downsized from a huge,
vacuum-tube-laden mass of hardware to a compact consumer product. Still,
a Pew Internet and American Life survey (Charness, 2008b) showed that
older adults and those with less education were less likely to endorse an item
that “technology provides more control over life” and that this control belief
was a significant predictor of technology use.

One barrier to widespread delivery of health care information and tele-
health services to the home is lack of access to high-speed communication
channels, and particularly the Internet, for older adults and low-income
users. As Figure 6-11 shows for a recent data set, although Internet access
has nearly quadrupled in the past decade for those ages 65 and older, this
age group (with chronic health conditions) was still at very low levels
of Internet use, 40 percent. Use dropped strikingly with age if this age
group was divided into more typical young-old, middle-old, and old-old
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FIGURE 6-11 Percentage of Internet use by age group from March 2000-December
2008.

SOURCE: Pew Internet and American Life Project trend data for “usage over time.”
Available: http://www.pewinternet.org/Trend-Data/Usage-Over-Time.aspx [accessed
August 2010].
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age categories (39, 24, and 8 percent, respectively, for March 2007 data;
Charness and Boot, 2009). Furthermore, a significant predictor of com-
puter and Internet use is education and income (Kaiser Family Founda-
tion, 2005); economically disadvantaged groups, who are also the most
likely to be in poorer health (e.g., Marmot and Shipley, 1996; Crimmins,
Kim, and Seeman, 2009), are the least able to access health care informa-
tion and services in this way.’

Survey research suggests that attitudes toward health care and health
care technology are related to a number of factors, including age, gender,
and ethnicity. Katz and Rice (2009) gathered survey data (n = 1,106) that
was representative of the U.S. population on interest in getting new or
existing services on mobile devices, and particularly radio-frequency iden-
tification (RFID) devices attached to the arm or mobile phone. Medical
information, such as a hotline to a doctor or notices about health informa-
tion on mobile devices, was rated less highly on a 1-5 scale (2.2-2.3) than
having those devices provide television programs or ads about services
(3.7-3.8). There was more interest in monitoring health on the mobile
phone (3.1 rating) and very little concern about privacy threat (ratings
2.0-2.5) or privacy rights (rating of 1.5).

In a qualitative analysis of focus groups with congestive heart failure
and chronic obstructive pulmonary disease (Rahimpour et al., 2008), low
self-efficacy and anxiety were factors identified as affecting perceptions and
potential acceptance of a home telecare system (shown in a video). Those
with lower self-efficacy and greater anxiety about the video expressed more
negative attitudes about intention to use the system.

Blackhall and colleagues (1999) examined general and personal atti-
tudes toward the use of life-sustaining technology (with such questionnaire
items as “If life prolonging technology exists, it should always be used”)
in a diverse sample of 200 older adults in Los Angeles County. They found
greater acceptability of such technology use in Korean American than in
African American and Mexican American, and least in European American
groups. Men were more accepting than women. Income (less acceptable for
higher income than lower) and personal experience with illness (those with
more experience about withholding care were less accepting) also played a
role in acceptability.

When the question was, “If you were in a coma, and your physicians
felt that there was a small but uncertain chance of regaining full awareness
and function but a greater chance of surviving with severe mental dis-

SAlthough current young cohorts will be more computer and Internet literate when they
reach old age, technology will continue to advance, and they too can expect to fall behind
the technology curve because of slowing in the learning rate with aging (Charness and Boot,
2009).
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abilities, would you want: (a) cardiopulmonary resuscitation; (b) mechani-
cal ventilation?”—the significant factors associated with acceptance were
ethnicity, gender, and access to health care, all operating in the same direc-
tion as above. In general, people tended to be more accepting of the use
of life support technology on others than on themselves. This fits with
models of attitudes being differentiable so that general tendencies are less
associated with actions to be taken than are specific attitudes (Ajzen and
Fishbein, 1977).

A sparsely researched topic in attitudes is the role of religion or religios-
ity in health care practice. The research literature has found that religiosity
is associated with better health (e.g., Krause, 2008), perhaps through the
mediating effects of belonging to a close-knit social group and the sense of
meaning in life that religious beliefs support. Religiosity can play a major
role in home health care when congregants of a religious organization pro-
vide services to people who are ill at home. Although some religious beliefs
directly affect willingness to accept certain treatments—for example, blood
transfusions, or to permit autopsies to be carried out to diagnose causes of
death—there are undoubtedly also subtle influences from beliefs, such as
what constitutes God’s will, that will affect willingness to seek or to accept
home health care treatment. There are also not so subtle effects of reli-
gious/political attitudes when political authorities such as a state intervene
to enforce medical treatment.®

Another sparsely investigated area of research is individual differences
in trust about home health care. For example, trust may play a role in
whether someone will seek or accept (care recipient) or offer (provider)
help. General trust in medical advice may vary with ethnicity (Krakauer,
Crenner, and Fox, 2002).

With respect to attitudes toward technology and computer anxiety,
the older adult literature has shown that rather than attitudes predicting
people’s performance when trained with that technology, their attitudes
change as a function of success with training (e.g., Czaja and Lee, 2008).
So there is reason to be optimistic that those with negative attitudes toward
health care technology might change in a positive direction if the equipment
is well designed and well supported.

Privacy and Confidentiality

Privacy and confidentiality are often cited as concerns for those hop-
ing to provide remote monitoring in homes (or even just for entry of
home health care workers), and several frameworks for distinguishing and

6Perhaps the most famous recent case of state and federal religiously motivated intervention
was the Terry Schiavo case concerning removal of a feeding tube (Quill, 2005).
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understanding these concerns have been advanced (Caine, Fisk, and Rogers,
2006; Hensel, Demiris, and Courtney, 2006). However, data are scarce,
with early studies being based on very small focus group samples (Demiris
et al., 2004; Mynatt et al., 2004). Fox (2000) looked at a large (n = 2,117)
representative sample of Americans in the Pew Internet and American
Life Project and found that, although Internet users have a strong stated
preference for privacy when they go online, their risky behavior online
does not match their stated concerns (19 percent reported credit card or
identity theft, although only 8 percent of those cases involved online theft).
If anything, older Americans were more concerned than younger ones with
privacy (concern was reported as “notably higher” in Fox’s report). One
randomized controlled study found greater concern with confidentiality
(item was “I was worried that others were listening or watching”) between
patients in a telemedicine intervention compared with face-to-face treat-
ment (Chua et al., 2001).

Aside from the Katz and Rice (2009) study mentioned above, which did
not have privacy as the sole focus, one large-sample privacy study, Beach
et al. (2009), used a web-based survey (hence unlikely to be representative
of the older adult population) and was unique in its focus on both older
and disabled populations. The critical finding in that study was that more
impaired people (older, more disabled) were more willing to share health
information (about toileting, medications, movement in the home, cognitive
ability, driving behavior) with family members and health care workers,
although not with insurance companies or government entities, for the
expectation of better care. Curiously, there were few age differences in
privacy concerns in this sample, with older adults slightly more willing to
share (age ranges: 45-64, 65+). It appears that privacy issues (that is, who
has access to what information) are not a strong barrier to home monitor-
ing or mobile monitoring, any more than they have been to electronic com-
merce.” As long as perceived usefulness and ease of use (benefits) outweigh
perceived costs, people, including older adults (Melehnorst, Rogers, and
Bouwhuis, 2006), are willing to adopt technology (e.g., the technology
acceptance model of Venkatesh and Davis, 2000).

Nonetheless, it is apparent that different user subgroups exist in the gen-
eral population with respect to familiarity with, positive attitudes toward,
and ability to use home health care technology, and the design community
needs to keep this in mind.

7Two purveyors of database systems for industry and government were perhaps prescient
a decade ago in their comments. Larry Ellison, chief executive officer of Oracle, said “The
privacy you are concerned about is largely an illusion.” (http://valleywag.gawker.com/152187/
larry-ellisons-privacy-is-largely-an-illusion [accessed May 2010]). And Scott McNealy, chief
executive officer of Sun Microsystems, said “You have zero privacy. Get over it.” (http://www.
wired.com/politics/law/news/1999/01/17538 [accessed May 2010]).
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Joint Influences on Technology Adoption

Although it is challenging enough to study the simple effects of cogni-
tion, perception, and attitudes on home health care use, it is even more chal-
lenging to look at joint effects. A salient study that looked at how attitudes,
age, and cognitive factors affected technology use, including computer and
Internet use, is Czaja et al. (2006). They found that measures of cognitive
ability, either fluid or crystallized ones, were strong independent predic-
tors of technology use, including computer and Internet use. Other pre-
dictors were attitudes toward technology (computer anxiety, computer self-
efficacy) and age.

Thus, it is not surprising that technology use clearly declines with age
in nationally representative samples (e.g., Pew Internet and American Life
studies of computer and Internet use; Mobilate study in Europe: Tacken et
al., 2005). Although this is discouraging from the perspective that older
adults (who have chronic conditions) are the most likely to be in need
of health care information and access to the Internet might help, it is not
the case that they are averse to adopting all health-related technology. As
Figure 6-12 illustrates, in contrast to Internet and computer use, mobile
phone adoption is relatively high, even in older age categories (50 percent
at ages 75-84). Thus, use of mobile phones in telemedicine interventions
(e.g., Quinn et al., 2009) is feasible for that group, assuming that people
can be convinced to adopt smart phone technology and adopt data plans
that provide Internet access from the phone. However, at present, such
devices represent a small percentage of overall mobile phone use in the
United States (about 25 percent of mobile phone users; see http:/news.cnet.
com/8301-10787_3-10157264-60.html [accessed May 2010]). Communi-
cation devices are central to remote delivery of health care, the burgeoning

field of telehealth.

Telehealth Technology

Some of the most promising approaches to supplying home health care
come from the field of telemedicine or, as it is also known, telehealth (or
e-health). Human factors aspects of telehealth are discussed in Demiris et al.
(in press). The practice of supplying health care advice at a distance dates
back at least to the 17th century, when plague-stricken English villages
would post warning signs at the village entrance (Darkins and Cary, 2000).
The next big source of remote health care advice and delivery was the
wired line telephone. There is evidence that offering advice through phone
conversations leads to better mortality outcomes for Medicare-managed
settings (e.g., Alkema et al., 2007). Today we take for granted such ser-
vices as the ubiquitous 9-1-1 emergency number in the United States and
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FIGURE 6-12 Mobile phone use by age group.

SOURCE: Pew Internet and American Life Project data for “usage over time.”
Available: http://www.pewinternet.org/Trend-Data/Usage-Over-Time.aspx [accessed
August 2010].

elsewhere, except for controversies over how to access such services with
mobile phone technology. Today, websites on the Internet are a potentially
important source of health information for those with Internet access,
despite expressed concerns with the accuracy of information on some sites.
However, even reputable sites are not necessarily easy to navigate to find
relevant information (e.g., the Medicare website; Czaja, Sharit, and Nair,
2008).

An important area for home health care is the monitoring of chronic
conditions. Many telehomecare (remote home care) interventions attempt
to monitor and treat such conditions as diabetes, congestive heart fail-
ure, and hypertension. Monitoring can take many forms, from question-
administering devices that report back daily over telephone lines, to sensor
sets deployed through the home to track activity and communicate over
Internet connections, to complex wearable devices that monitor pulse,
temperature, blood oxygen, location, and falls and can report back over
wireless channels. In some cases, an instrumented (“aware”) home (Mynatt
et al., 2004) can become a coach.

As an Institute of Medicine (1996) report indicated, it is difficult to
evaluate clinical applications of telemedicine for a number of reasons,
including rapid advances that render some technologies obsolete, infra-
structure that is not user-friendly and distracts from practical projects, and
high demands on reluctant health care providers. Field and Grigsby (2002)
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noted that advances in remote monitoring seem to be driven by work
with astronauts and elite athletes. Also, better technology was beginning
to lower costs for transmitting information. These trends have continued
with deployment of cellular (mobile phone) technologies that are increas-
ing bandwidth, so-called third- and fourth-generation (3G, 4G) networks,
although monthly bandwidth caps by providers make them impossible
to use for videoconferencing at the moment (author’s 2009 inquiry in
Tallahassee, Florida). Together with changes in the subscription to high-
speed wired connections in homes (copper wire for DSL, coaxial and fiber
optic cable), there is now a better opportunity to transmit data to and from
homes.

One can evaluate the impact of an intervention from such perspectives
as clinical benefit and cost.® I use the term “efficacy” to refer to whether
the treatment or intervention is better than no treatment or a placebo in a
typical clinical trial. A more rigorous test of the intervention would be com-
parative clinical effectiveness: whether the new intervention is better than
the current best clinical practice, also assessed with a clinical trial. However,
clinical trials are typically carefully planned interventions with select popu-
lations and blinding, and some have argued that regular clinical practice
situations may vary in important ways, suggesting the need for “pragmatic
trials” (Macpherson, 2004) that use normal clinical settings without blind-
ing. One could argue that human factors approaches can play an important
role in ensuring that ideal interventions be implemented successfully in typi-
cal clinical settings. Finally, cost-effectiveness refers to the clinical benefit in
the context of its cost. For example, if a telemedicine intervention has the
same clinical benefit (efficacy or comparative clinical effectiveness) but costs
less than a usual treatment, it would be more cost-effective.

An early review (Currell et al., 2000) was equivocal about the cost
savings and clinical benefit of telemedicine. A later review was more posi-
tive (Hersh et al., 2001), showing significant clinical benefits for manage-
ment of chronic conditions, including hypertension and AIDS, with less
evidence of efficacy for diabetes. A quick review by the author of studies
conducted subsequent to those reports indicates that cost-effectiveness was
shown for management of congestive heart failure, although in a very small
sample (Lehmann, Mintz, and Giacini, 2006) and in a randomized trial for
controlling blood pressure (Parati et al., 2009) but not for rehabilitation
in a large, quasi-experimental VA study (Bendixen et al., 2009). One can
conclude that clinical efficacy for telemedicine is comparable to usual treat-
ment and that patient satisfaction is usually very high. Cost-effectiveness is

8There does not appear to be complete agreement on terminology in this area. See http://
www.hhs.gov/recovery/programs/cer/draftdefinition.html [accessed May 2010] for a frame-
work on comparative effectiveness research.
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generally unproven, except for cases in which costly transportation expense
can be bypassed via videoconferencing.

Telehealth technology has been used for all phases of medical care,
from diagnosis to treatment. Telehomecare has been shown to be cost-
effective (Bowles and Baugh, 2007). A recent example in the area of mental
health is diagnosis of dementia remotely through the use of a screening
tool, the mini-mental state examination (Ciemins et al., 2009). Nonetheless,
few evaluations have been made of the demands that such systems make
on users with chronic conditions or on the willingness of users and their
insurers to pay for this form of care.

EXAMPLES OF CONSTRAINTS IN TECHNOLOGY USE:
HANDHELD DEVICES

The trend toward miniaturizing devices threatens to exclude potential
users with diminished vision, hearing, or touch, although this may pose less
of a problem for children. Portable device technology is now being intro-
duced to get information to and from home health care users. Personal digi-
tal assistants for medication reminding (Mayhorn et al., 2005) and smart
phones employed as part of a wireless communication system (Varshney,
2007) are somewhat handicapped by poor legibility (small screens with
tiny fonts) and awkward input capabilities (small, closely spaced buttons
or touchable icons). Although such systems are usable by those without
significant impairments and can be improved for those with low vision
when designed with appropriate tactile and audio feedback for key presses,
they are not ideally suited for an aging or disabled health care-using popu-
lation. Many devices are moving from stylus and button to touch screen
input in the expectation that natural gestures will improve usability. But
so-called natural gestures, such as a pinching movement on a touchscreen,
could prove difficult or impossible for those with movement disorders or
prosthetic limbs. Speech recognition may be a viable alternative to requir-
ing fine motor movements (although only in quiet environments). See Lewis
and colleagues (2008) for a discussion of human factors issues in designing
handheld digital devices.

Personal anecdotes also underline the need for a better person-
environment fit for mobile phone use at the level of device design and par-
ticularly for instructional support (which is often sparse for mobile phones).
Take the case of two nonusing seniors being taught to use mobile phone
technology following an acute health problem. When a woman more than
80 years old was in rehabilitation following an auto accident and out of
touch (no telephone access could be quickly arranged in the facility), family
members brought her a mobile phone and tried to instruct her to use it.
However, given her background (high school education, limited technology
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experience), disabilities in cognition (mild dementia), pain (broken back),
and poor vision (prior unsatisfactory cataract surgery), she was unable to
use it effectively. Another similarly elderly woman coming from a more
advantaged background (university education, computer user), when hos-
pitalized with an acute gastric incident, was able to learn to use a mobile
phone; however, her cognition and eyesight were very good, and the phone
was a less complicated, large button model with carefully designed step-by-
step instructions (courtesy of the author).

HUMAN FACTORS TOOLS FOR ASSESSING AND
DESIGNING PERSON-ENVIRONMENT FIT

In order to assess and design for person-environment fit, the discipline
of human factors and ergonomics has developed a number of tools, includ-
ing task analysis, usability testing, modeling and simulation, questionnaires,
and focus group techniques.

Task Analysis

A basic tool for assessing fit is a task analysis (based on Drury’s pre-
sentation). This involves breaking down a complex task into a sequence
of component operations, usually in a hierarchical fashion corresponding
to the goals and subgoals that need to be achieved in order to complete
the task successfully. The level of decomposition depends on the goals of the
analysis as well as the type of device or environment. For an example, see
the task analysis of using a blood glucose meter by Rogers and colleagues
(2001). The idea behind such analyses is to uncover components of a task
that are difficult to perform or error prone in order to redesign the device
or its operating procedures (e.g., to make fewer demands on the user’s
limited-capacity working memory or speed of performance) or design better
training materials to enable people to perform the task successfully (see the
redesign of training materials for a glucose meter by Mykityshyn, Fisk, and
Rogers, 2002).

Usability Testing

Often in conjunction with task analysis a usability test will be designed.
Here the goal is to observe people attempting to perform representative
tasks with the device under realistic conditions (e.g., in a home) in order
to identify design and instructional flaws that can be remediated before the
device is made available to a targeted user population. Depending on
the level of detail needed for assessing performance, an experimenter may
simply observe the user by taking notes with the aid of a checklist, make
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video recordings, ask the person to think aloud and record their voice
while performing the task to reveal the problem-solving processes that
they engage in, make eye movement recordings, and perhaps monitor the
user with EEG or neuroimaging equipment if records of brain activity are
needed. The device may be a working prototype, or a “Wizard of Oz”
technique might be used, in which a human substitutes for some function
in a device under development. An example of the latter might be having
a human listener substitute for a speech comprehension module in a com-
puter coaching system for a smart home that is not yet fully capable of
speech comprehension. The human would type the words, which appear
on the user’s screen.

Modeling and Simulation

Either as an adjunct to usability testing or as an independent technique,
models (e.g., mathematical) and simulations (e.g., computer models) can be
used to predict typical human performance without the expense of bringing
a user into a laboratory or following their activities in a home environment.
Often this involves making use of preexisting simulation environments (e.g.,
for handheld medical devices, there is Bonnie John’s CogTool; http://cogtool.
hcii.cs.cmu.edu/ [accessed May 2010]) or using task analysis in combina-
tion with model human processor parameters (Card, Moran, and Newell,
1983) to predict how long tasks would take for different user groups or
different devices. Such simulation techniques can uncover design flaws in
devices (e.g., inadequate time-out intervals for input on some mobile phones;
Jastrzembski and Charness, 2007) without the need for expensive usability
testing and can do so for different populations (e.g., younger and older
adults) when parameter estimates are available. Typically, a task, such as
accessing a health message on a mobile phone, is decomposed into unit tasks
(e.g., basic cognitive, perceptual, and motor operations) for which there are
estimates of the unit task time or probability of error. The times (or errors)
are then summed to estimate total task completion time (or error). Such
analysis takes into account technology demands and user capabilities (see
Figure 6-3) with degree of fit being determined by the time to complete the
task or the probability of making an error.

Questionnaires and Focus Groups

Questionnaires can be an efficient way to assess some of the dimensions
of person-environment fit, for either a high-tech or a low-tech device (e.g.,
an illuminated magnifying lens to help those with low vision to read health
care instructions). Either standard instruments (e.g., that assess ease of use
and perceived usefulness) or tailored ones can quickly probe user attitudes,
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satisfaction, and degree of workload experienced for a device. Similarly,
focus group studies with transcription and coding of user discussion can
uncover concerns and preferences in a reasonably cost-effective manner. For
tutorials on these techniques, see Fisk et al. (2009).

GAPS IN KNOWLEDGE

Research is needed to fill in gaps about user attitudes, knowledge about
the home environment, and knowledge about what home health care inter-
ventions are cost-effective.

Knowledge of User Attitudes

There is a lack of representative data on attitudes toward health
care technologies (e.g., privacy concerns and trust), health care technol-
ogy adoption, and, more importantly, technology abandonment. Surveys
could be commissioned to address these issues as part of the U.S. Census
Bureau’s Current Population Survey. In general, there are few population-
representative studies about health care technology attitudes and health care
technology adoption. Few studies investigate the influence of potentially
important mediators or moderators, such as ethnicity, gender, education/
income, and age.

There are relatively well-developed models about factors that influence
technology adoption that might be adapted to studying home health care
technology adoption (e.g., the technology acceptance model). Technologies
(and attitudes toward technologies) change rapidly, which makes knowl-
edge acquisition a moving target. A related gap is knowledge about fac-
tors influencing abandonment of health care technology. It is evident that
maintenance of technology is not simple or easy, so maintenance and repair
are important issues to address, particularly for users with low income and
education. Mass adoption of home telehealth technology is not likely until
there is widespread, competent, and relatively inexpensive technical support
available to users.

Knowledge of the Home

Recall that person-environment fit depends on characteristics of both
the person and the environment. One reason for the rise of specialized
environments for health care delivery, such as hospitals and clinics, is that,
in theory, they provide standardized environments for tending to those in
ill health. They can provide well-lit, quiet, clean, well-equipped rooms for
treatment of patients with fast access to highly trained health care special-
ists. How does the typical home or apartment environment compare?
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There are no systematic surveys of the home health care environment.
How many households have access to modern telecommunications links
(wireless, broadband)? How many homes have adequate wiring to support
modern equipment?’ Something as simple as lighting (which influences
legibility of written instructions) varies enormously in homes, partly as
a function of the age of the homeowner (Charness and Dijkstra, 1999). I
would recommend incorporation of such questions into health care surveys
(see as well Chapter 10 on the physical environment).

Knowledge of Home Health Care Efficacy and Cost-Effectiveness

What are the risks and benefits of treating chronic (and acute) condi-
tions in the home? Cochrane reports indicate that there are too few ran-
domized trials to assess efficacy (or cost-effectiveness) of telemedicine with
much confidence. Undoubtedly, clinical trials are under way and further
meta-analyses are being prepared, but given the unique features of each
study from the perspective of population sampled and intervention chosen
and also what constitutes usual care for the control group, it will be some
time before there are definitive answers to the question of what form of
home health care works best. One promising way to proceed is to abandon
usual treatment as a comparison point and replace it with currently recog-
nized best treatment.

RECOMMENDATIONS

In order to have successful deployment of home health care, there must
be access, sound design, and appropriate training to ensure good person-
environment fit. I make three recommendations to promote successful
deployment.

1. Promotion of Secure High-Speed Internet Access to Households.
Given the importance of access to health care information, coupled with
the rapid movement of such information to the Internet, having high-
speed Internet access in households is becoming more of a necessity than
a luxury. Telehealth applications to homes, including diagnosis, treatment,
and rehabilitation, would be facilitated by such access. However, such tele-
visits will depend on having secure communication channels to comply with
regulations (e.g., the Health Insurance Portability and Accountability Act,
HIPAA, in the United States), as well as on having standardized protocols

9The author recalls having to buy an adapter for a three-pronged plug to use computer
equipment at his mother-in-law’s home, which had wiring to support only two-pronged
outlets.
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and interfaces for home health care equipment (e.g., stethoscopes, scales,
vital sign monitoring equipment) to minimize cost and training difficulty.
Whether such access should be mandated in the same way as basic wired
phone service or electricity and provided (with government subsidies if
necessary) by current wired cable and phone connections (often unavailable
in rural communities) or by soon-to-be-deployed wireless networks is open
to debate. However, I recommend that the Federal Communications Com-
mission carry out studies to advise Congress about the best way to bring
secure, high-speed access to U.S. households capable of hosting telehealth
services, such as videoconferencing.

2. Promotion of Usability Testing for Home Health Care Devices. It
is not wise to design and then deploy a health care device or system in a
home and expect it to work well for an increasingly diverse population of
users. Usability testing should be encouraged with relevant user popula-
tions. Universal design (see Chapter 9) is a potential solution, by designing
so that anyone, from a child to an impaired adult, could use a device, but
it is unrealistic given the range of abilities/disabilities in the population.
So inclusive design is the more sensible goal, making it ever easier to use
devices, based on a cycle of design, testing, and redesign. Ideally, users of
devices would fall into a few well-defined categories so that manufacturers
could target them efficiently for testing. Simulation and modeling may prove
to be a viable option to potentially expensive usability testing, as models
are extended to cover people with more diverse abilities. The Food and
Drug Administration currently requires manufacturers of medical devices to
attend to human factors concerns. However, many devices not specifically
classified as medical devices either could be or are now used to provide
information about health care or delivery of home health care services (e.g.,
mobile phones, computers equipped with webcams for videoconferencing,
videogame systems intended to promote physical and mental exercise). 1
recommend that manufacturers of such products and system integrators be
strongly encouraged to provide evidence of efficacy through usability test-
ing (or modeling) of the device with likely user populations.

3. Researching and Promoting Sound Instructional and Training Prin-
ciples. Too little is known about the most effective techniques to instruct
and train the use of home health care devices and how to search for and
evaluate health care information (e.g., from the web) in the increasingly
diverse population of home health care users. A good example is the
recent Guidelines for Pediatric Home Health Care (American Academy of
Pediatrics, 2009), which highlights, in chapter after chapter, the need to
train caregivers but offers few if any suggestions for how to do this train-
ing or how to assess its efficacy. What are the optimal training principles
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and techniques for those with low health literacy, those with poor English
comprehension skills, those from minority ethnic communities? Although
guidelines have been proposed for training older adults (e.g., Fisk et al.,
2009), the empirical support behind such recommendations is relatively
weak (e.g., being based on those who volunteer for lab-based experi-
ments rather than representative samples). Thus, I recommend that further
research be conducted into potential ability-by-treatment interactions for
training diverse populations of health care users, emphasizing the use of
representative sampling. That is, studies need to assess whether and how
ability levels for such variables as literacy, ethnicity, education, and age
moderate the effectiveness of different training techniques.
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Informal Caregivers in the United States:
Prevalence, Caregiver Characteristics,
and Ability to Provide Care

Richard Schulz and Connie A. Tompkins

Informal caregivers are a critical resource to their care recipients and an
essential component of the health care system in the United States, yet their
role and importance to society as a whole have only recently been appreci-
ated. An informal caregiver, often a family member, provides care, typically
unpaid, to someone with whom they have a personal relationship.! For the
last two decades, investigators have endeavored to identify who informal
caregivers are, what roles they play in providing care, what needs they have,
and what strategies might best support their efforts.

This chapter has three broad goals. One is to describe the prevalence of
informal caregiving in the United States by identifying who provides care and
to whom that care is provided. The roles and responsibilities of caregivers
are discussed next, with a special emphasis on challenges of coordinating
care across multiple social and health service organizations to access needed
services. This is followed by a discussion of factors that affect the ability
to provide care, including the effects of caregiving itself on the ability to
perform this role as well as sociodemographic and developmental factors
that compromise the ability to provide care. We conclude with a look to the
future, which poses formidable challenges to informal caregivers as well as
formal health care systems, and we suggest ways in which these challenges
might be met.

1We realize that some prefer the term “family caregiver” to “informal caregiver.” We are
using the term to contrast informal unpaid caregiving with formal paid caregiving.
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DIMENSIONS OF INFORMAL CAREGIVING

Prevalence of Caregiving

Rosalyn Carter is often quoted for her observation that “there are only
four types of people in the world: (1) those who have been caregivers, (2)
those who currently are caregivers, (3) those who will be caregivers, and (4)
those who will need caregivers.” There are three distinct groups of infor-
mal caregivers, roughly defined by the age of the people they care for: (1)
children with chronic illness and disability are typically cared for by young
adult parents, (2) adult children with such conditions as mental illness are
cared for by middle-aged parents, and (3) older individuals are cared for by
their spouses or their middle-aged children. Because the nature of caregiv-
ing differs substantially for children and adults, we describe each of these
groups separately. We begin with adults, who are by far the largest group
of people receiving health-related caregiving.

Caregiving for Adults

There are no exact estimates of the number of informal caregivers in
the United States. Prevalence estimates vary widely depending on the defini-
tions used and the populations sampled. At one extreme are estimates that
28.5 percent of the U.S. adult population, or 65.7 million people, provided
unpaid care to an adult relative in 2009, with the majority (83 percent)
of this care being delivered to people age 50 or older (National Alliance
for Caregiving and American Association of Retired Persons, 2009). This
number, based on the Behavioral Risk Factor Surveillance System survey
(Centers for Disease Control and Prevention, 2006), approximates the esti-
mated 59 million adults with a disability in the United States. At the other
extreme, data from the National Long-Term Care Survey suggest that as
few as 3.5 million informal caregivers provided instrumental activities of
daily living (IADLs) or activities of daily living (ADLs) assistance to people
ages 65 and over (not to all adult care recipients). Intermediate estimates of
28.8 million caregivers (“persons aged 15 or over providing personal assis-
tance for everyday needs of someone age 15 and older”) are reported by the
Survey of Income and Program Participation (National Family Caregivers
Association and Family Caregiver Alliance, 2006). A recent national survey
of individuals ages 45 and older yielded a caregiving rate of 12 percent or
14.9 million adults in that age group (Roth et al., 2009).

These differences are in part attributable to the period of data collec-
tion, the age range of the population sampled, the populations targeted,
and, most importantly, the definition of caregiving. Thus, the high-end
estimates are generated when broad and inclusive definitions of caregiving
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are used—for example, “unpaid care may include help with personal needs
or household chores. It might be managing a person’s finances, arrang-
ing for outside services, or visiting regularly to see how they are doing”
(National Alliance for Caregiving and American Association of Retired
Persons, 2009). Low-end estimates are generated when definitions require
the provision of specific ADL or IADL assistance (e.g., Wolff and Kasper,
2006). A related issue is that definitions of caregiving do not clearly dis-
tinguish caregiving for chronic disability from caregiving for acute care
episodes that might follow a hospitalization event. However, most defini-
tions emphasize chronic disability; intermittent episodes of caregiving are
not well represented in the existing data.

Although there are some encouraging signs that age-related disability is
declining in the United States, this will be offset by the rapid growth of the
senior population to an estimated 70 million in 20335. It is projected that the
number of older adults with functional deficits will grow from 22 million in
2005 to 38 million by 2030, assuming no changes in disability rates from
current levels (Institute of Medicine, 2007). The challenges posed by this
demographic shift will be exacerbated by the decreasing ability of existing
formal care systems to care for older adults because of a shortage of nurses
and other health care workers and increasing costs of hospitalization and
long-term care (Talley and Crews, 2007). Changes in family size and com-
position and the increased labor force participation of women will make
informal caregivers less available. Thus, the convergence of three factors
in the decades ahead—increased need for care, decreased availability of
formal care, and decreased number of adult children to provide care—have
the makings of a perfect storm that will challenge policy makers in the
decades ahead.

Finally, recent historical events have added one additional unantici-
pated caregiving challenge. Young adults are returning from our ongoing
wars with multiple, interacting injuries, or polytrauma, which they may
be coping with for the rest of their lives. Posttraumatic stress is a com-
mon sequel of service in wartime as well. The need for sustained infor-
mal caregiving for these young veterans is potentially immense, and the
nature of the challenges for their informal caregivers warrants thorough
investigation.

Caregiving for Children

All children are care recipients under a broad definition of caregiving.
Human beings require nearly two decades to acquire the necessary knowl-
edge and skills to function independently. Throughout this developmental
period, virtually all children also experience multiple acute illnesses that
require support and care from their parents. More extraordinary levels
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of care occur when a child suffers from a chronic disability that requires
intensive and long-term support from their parents. The 2005-2006
National Survey of Children with Special Health Care Needs estimates
that 13.9 percent of children under age 18 have special health care needs,
defined in terms of use of services, therapies, counseling, or medications
or functional limitations of at least a year in duration (U.S. Department
of Health and Human Services, 2008). According to this survey, 21.8 per-
cent of U.S. households with children include a child with special needs.
In some cases, grandparents are the primary caregivers of these children.
According to 2000 census data, approximately 2.4 million individuals over
age 30 were grandparent caregivers, defined as people who had primary
responsibility for coresident grandchildren younger than 18, although it is
not known what proportion of these grandchildren had special needs. The
prevalence of grandparent caregiving is particularly high among African
Americans (4.3 percent age 30 or older) and American Indians and Alaska
Natives (4.5 percent) compared with whites (1.1 percent) and Hispanics
(2.9 percent) (Simmons and Dye, 2003).

The most prevalent chronic health conditions reported as causing
activity limitations among children under age 18 include learning disabili-
ties; attention deficit or hyperactivity disorder; other mental, emotional or
behavioral problems; mental retardation or other developmental problems;
asthma or breathing problems; and speech or language problems (Institute
of Medicine, 2007). These conditions have developmental trajectories such
that speech problems are more prevalent at young ages and learning disabil-
ities at later ages. Not included in this list are illnesses or such conditions
as childhood cancers, diabetes, heart disease, and cerebral palsy, which
are less common among children than adults but create high caregiving
demands when present. Other examples of conditions with low prevalence
and outsized demands for care and particularly high levels of family stress
are autism spectrum disorder and cystic fibrosis.

With the exception of a few selected health conditions, such as spina
bifida and neurodevelopment problems resulting from lead exposure, the
overall trend in recent decades has been for increased chronic illness, associ-
ated disabilities, and the need for sustained care from parents (Zylke and
DeAngelis, 2007). These trends have important repercussions for future
adult health, as their effects will be felt throughout the remaining life of
the affected individual and involved informal caregivers. Multiple factors
have contributed to the increased rates of chronic illness and disability in
children, including (a) medical advances enabling higher rates of survival
of high-risk infants, the increase in multiple births associated with fertility
treatments, and the number of infants born prematurely and with low birth
weights; (b) increases in diagnosis rates for conditions that cause childhood
disability; and (c) increased reporting of disability as a result of enhanced
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knowledge among health, education, and social service professionals as well
as the general population.

Many children with a disability will carry the burden of chronic illness
and disability into middle and old age and require support from informal
care providers throughout their lives. This means that some individuals will
spend their entire adult lives as caregivers. The ability to survive with dis-
ability into late life will add to the already growing number of people who
acquire disability as adults, increasing demands for support and care. The
growing prevalence of obesity and related disorders among both children
and adults in the United States is expected to further raise disability rates
and increase the demand for care.

Episodic Caregiving

Because most caregiving data are based on care for chronic illness and
disability, little is known about the prevalence of episodic care. Episodic
caregiving is typically provided after discharge from an acute care hos-
pital for such events as hip fracture, stroke, cancer, or trauma. In 2007
the United States had nearly 40 million hospital discharges (Agency for
Healthcare Research and Quality, 2007), and many of these individuals
were likely to require care from a family member following discharge. Little
is known about the intensity, duration, or type of care provided or about
the characteristics of informal caregivers in this instance. Because episodic
events are often characterized by acute onset without warning, they entail
different challenges than chronic caregiving. Episodic caregivers have to
quickly acquire skills related to performing in-home medical procedures,
operating medical equipment, monitoring patient status, and coordinating
care. Caregivers with limited experience and training may find these chal-
lenges overwhelming.

Long-Distance Caregiving

Approximately 15 percent of caregivers to older adults live at least an
hour away from their relative and provide care at a distance. Long-distance
caregivers tend to be more educated and affluent and are more likely to play
a secondary helper role when compared with in-home caregivers. Distant
caregivers spend on average 3.4 hours per week arranging services and
another 4 hours per week checking on the care recipient or monitoring care.
One-third of long-distance caregivers visit at least once a week and provide
on average 34 hours of IADL/ADL assistance per month (National Alliance
for Caregiving, 2004).

Because distance and time are limiting factors to providing direct sup-
port to the recipient, long-distance caregivers have the added challenges of
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identifying relevant resources in the recipient’s local environment from a
distance, hiring individuals to provide needed care, and monitoring the care
providers’ performance as well as the status of the care recipient. From a
human factors perspective, performing these tasks requires sophisticated
search skills, the ability to screen and evaluate professional care providers,
and systems for monitoring care recipient status, which may range from
contact via telephone to sophisticated electronic monitoring and commu-
nication devices. These caregivers also may have to be able to cope with
psychological distress associated with being unable to do more for their
distant loved ones who need care.

Characteristics of Informal Caregivers

Nearly everyone serves as an unpaid caregiver at some point in life,
and some individuals enact this role over extended periods of time lasting
months and often years. Providing care to an individual with chronic illness
and disability is generally viewed as a major life stressor, and its effects on
the health and well-being of the caregiver have been intensively studied over
the last three decades. Because informal caregivers are often called on to
provide highly demanding and complex care over long periods of time, the
question inevitably arises: Who ends up in this role and how able are they
to address care recipients’ needs?

Relatively few population-based studies have been carried out to charac-
terize the population of caregivers. One of the most comprehensive national
caregiving studies to date (National Alliance for Caregiving and American
Association of Retired Persons, 2009) estimates that among adults ages 18
and over, 28.5 percent, or 65.7 million individuals, provide unpaid care in
any given year to an adult family member or friend who is also age 18 or
older. The typical caregiver in the United States is a 48-year-old woman,
has some college education, works, and spends more than 20 hours per
week providing unpaid care to her mother. And 66 percent of caregivers are
women, and most work either full or part-time (59 percent). The education
level of caregivers is slightly higher than that of the U.S. adult population,
with more than 90 percent having completed high school and 43 percent
being college graduates (compared with 85 percent and 27 percent, respec-
tively) (Stoops, 2004).

Although caregivers are predominantly middle-aged or older, there is
growing recognition that even children can be cast in the caregiver role. As
many as 1.4 million children in the United States between the ages of 8 and
18 provide care for an older adult. These caregiving children are more likely
to come from households with lower incomes, are less likely to live in a two-
parent home, and are more likely to experience depression and anxiety when
compared with their noncaregiving counterparts (Levine et al., 20035).
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Care recipients are typically female (66 percent) and older (80 percent
are age 50 or older), and their main presenting problems or illnesses are
“old age” (12 percent) followed by Alzheimer’s disease or other dementia
(10 percent), cancer (7 percent), mental/emotional illness (7 percent), heart
disease (5 percent), and stroke (5 percent). Among younger care recipients
(ages 18-49), the primary health problem requiring assistance is mental ill-
ness or depression (23 percent). Caregivers provide assistance with a wide
range of IADLs, including help with transportation (83 percent), house-
work (75 percent), grocery shopping (75 percent), and preparing meals
(65 percent). And 56 percent of all caregivers also provide ADL assistance,
primarily helping the care recipient to get into and out of bed (40 percent),
dress (32 percent), and bathe (26 percent). The average length of time care-
givers report providing care is 4.6 years (National Alliance for Caregiving
and American Association of Retired Persons, 2009).

Much less is known about the informal caregivers of children. The
National Survey of Children with Special Health Care Needs indicates
that 10 percent of family caregivers spend more than 11 hours each week
arranging, coordinating, and providing care and that 24 percent of care-
givers either quit working or cut back their hours at work, creating financial
problems for their families. The most common types of assistance provided
to children with special needs include monitoring the child’s condition
(85 percent); ensuring that others (e.g., child’s teachers) know how to deal
with the child (84 percent); advocating on his or her behalf to schools,
government agencies, or other care providers (72 percent); performing
emotional or behavioral treatments or therapies (6 percent); and giving
medications (64 percent) (National Alliance for Caregiving and American
Association of Retired Persons, 2009).

ROLES AND RESPONSIBILITIES OF CAREGIVERS

The delivery of effective health-related care in the home requires care-
givers to play multiple roles. To varying degrees, caregivers must commu-
nicate and negotiate with family members about care decisions, provide
companionship and emotional support, interact with physicians and other
health care providers about patient status and care needs, drive care recipi-
ents to appointments, do housework, shop, complete paperwork and man-
age finances, hire nurses and aides, help with personal care and hygiene, lift
and maneuver the care recipient, and assist with complex medical and nurs-
ing tasks (e.g., infusion therapies, tube feedings, medication monitoring)
necessitated by the care recipient’s health condition. In addition, caregivers
are also called on to coordinate services from health and human service
agencies, to make difficult decisions about service needs, and to figure out
how to access needed services. Inasmuch as caregiving tasks are physically,
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cognitively, and emotionally demanding, individuals who are cast in the
caregiving role who are older, have low income, and are chronically ill or
disabled will be particularly vulnerable to adverse outcomes.

Figure 7-1 illustrates a typical caregiving trajectory involving an older
individual with disability living in the community. Caregiving often begins
when that individual is no longer able to perform IADL tasks, such as
cooking, cleaning, or managing finances, because of a chronic health con-
dition. Thus, the early stages of a caregiving career involve such tasks as
monitoring symptoms and medications, helping with household tasks and
finances, providing emotional support, and communicating with health
professionals. As the health condition of the care recipient worsens and
disabilities increase, the caregiver typically provides assistance with ADL
tasks, such as dressing, bathing, ambulating, and toileting. Caregivers may
also be required to closely monitor the care recipient’s activity in order to
ensure his or her safety.

It is important to note that the tasks performed by caregivers are
cumulative. Thus, at this stage in a caregiving career, caregivers typically
help with ADL tasks in addition to the tasks they performed earlier. For
some caregivers, the need for care exceeds their ability to provide it, result-
ing in the placement of the care recipient into a long-term care facility, but
even under these circumstances, caregiving does not end. Many caregivers
continue to provide high levels of ADL assistance (e.g., feeding, grooming)
to their institutionalized relative, and they must in addition acquire new
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FIGURE 7-1 Caregiver health effects and task demands at different stages of the
caregiving career.
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skills associated with navigating long-term care systems. Given the demands
and duration of long-term caregiving, it should come as no surprise that
some caregivers may experience relief when the care recipient dies (Schulz
et al., 2003).

Effective caregiving requires skills in multiple domains that vary as a
function of the underlying illness or chronic condition, type of disability,
and age of the care recipient. Both generic and disease-specific caregiving
task lists are reported in the literature (Chen et al., 2007; Pakenham, 2007;
Horsburgh et al., 2008; Wilkins, Bruce, and Sirey, 2009). From a human
factors perspective, the level of specificity in describing these tasks is limited.
For example, a typical list might describe tasks broadly, such as monitor-
ing symptoms, providing emotional support, helping with transportation,
assisting the patient with body cleaning routines, and so on (Chen et al.,
2007; Wilkins et al., 2009). A few researchers have attempted to decompose
these global descriptions into constituent components. For example, bath-
ing subtasks might include obtaining supplies, taking off clothes, adjusting
water, helping into the tub, getting into bathing position, washing body,
leaving bathing position, helping out of the tub, drying body, and getting
dressed (Naik, Concato, and Gill, 2004). Even more fine-grained analyses
to task decomposition, characteristic of human factors approaches to task
analysis, are relatively rare in this literature (e.g., Clark, Czaja, and Weber,
1990). Such human factors analyses of caregiving tasks could greatly ben-
efit the development of robotic and other technologies to assist individuals
with disabilities.

Coordinating Care

One of the biggest difficulties facing informal caregivers is the coordi-
nation of services to support care recipients in the home or as they transi-
tion from one care setting to another. Careg