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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 
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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 



Copyright © National Academy of Sciences. All rights reserved.

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

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.



Copyright © National Academy of Sciences. All rights reserved.

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



Copyright © National Academy of Sciences. All rights reserved.

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

xi

PART I:  WORKSHOP SuMMARY

1 INTRODUCTION  3
 The Role of Human Factors in Home Health Care, 3
 Workshop Themes, 6
 Organization of the Report, 6

2  THE PEOPLE WHO RECEIVE AND PROVIDE  
HOME HEALTH CARE  9

 Fitting People to Health Care in Their Home Environments, 9
 Informal Caregivers:  Family, Friends, Others, 13
 Formal Caregivers, 19
 Discussion, 25

3 HOME HEALTH CARE TASKS AND TOOLS 29
 Home Caregiving Tasks, 29
 Medical Devices and Equipment, 32
 Information Technology, 39
 Discussion, 45

4 THE ENVIRONMENTS OF HOME HEALTH CARE 47
 The Physical Environment and Home Health Care, 47

Contents



Copyright © National Academy of Sciences. All rights reserved.

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

xii CONTENTS

 The Impact of Cultural, Social, and Community Environments on  
  Home Health Care, 53
 Finance, Regulation, and Clinical Models, 58
 Discussion, 63

5 CONCLUDING DISCUSSION  67
 Committee Perspective, 68
 Sponsor Perspective, 69

PART II:  WORKSHOP PAPERS 

6  THE HEALTH CARE CHALLENGE: MATCHING CARE TO 
PEOPLE IN THEIR HOME ENVIRONMENTS 73

 Neil Charness
  The Shift to Home Health Care, 73
  The Health Care Environment, 76
  The Person-Environment Fit Framework, 77
  Demographics of Health Care Users, 82
  Perceptual, Cognitive, and Psychomotor Capabilities of Users, 91
  User and Provider Attitudes Toward Health Care and Health  
   Care Technology, 95
  Examples of Constraints in Technology Use:  
   Handheld Devices, 104
  Human Factors Tools for Assessing and Designing 
   Person-Environment Fit, 105
  Gaps in Knowledge, 107
  Recommendations, 108
  About the Author, 110
  References, 110

7   INFORMAL CAREGIVERS IN THE UNITED STATES: 
PREVALENCE, CAREGIVER CHARACTERISTICS, AND  
ABILITY TO PROVIDE CARE  117

 Richard Schulz and Connie A. Tompkins
  Dimensions of Informal Caregiving, 118
  Roles and Responsibilities of Caregivers, 123
  Ability to Provide Care, 129
  Looking to the Future, 135
  About the Authors, 138
  References, 138



Copyright © National Academy of Sciences. All rights reserved.

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

CONTENTS xiii

8 MEDICAL DEVICES IN HOME HEALTH CARE 145
 Molly Follette Story
  Background, 146
  Types of Home Health Care Devices, 148
  Emergent Technologies in Home Health Care, 151
  Human Factors Issues for Home Health Care Devices, 153
  Application of Human Factors to Home Health Care Devices, 165
  Human Factors Assessment, 166
  Future Directions for the Field, 167
  Conclusions, 169
  About the Author, 170
  References, 170

9  INFORMATION TECHNOLOGY AND SYSTEMS IN HOME 
HEALTH CARE  173

 George Demiris
  Telehealth Applications for Home-Based Disease  
   Management, 174
  Web-Based Communities for Home Care Patients, 177
  Personal Health Records, 179
  Robotic Applications, 181
  Smart Homes, 182
  Human Factors Challenges and Considerations, 183
  Discussion, 191
  About the Author, 195
  References, 195

10  THE PHYSICAL ENVIRONMENT AND HOME  
HEALTH CARE  201

 Jonathan Sanford
  The Role of the Environment in Independent Living and  
   Home Health Care, 203
  Prosthetic Interventions: Home Modifications to Improve  
   Activity Outcomes, 206
  Therapeutic Interventions: Technologies to Improve Health  
   Management and Treatment, 215
  New Concepts in Housing: Integrating Prosthetic and  
   Therapeutic Interventions in a Home Environment, 217
  Barriers to Adoption of Housing Innovation, 221
  Policy Changes to Increase Adoption of Housing Innovation, 227
  Toward an Agenda for Research on the Physical  
   Environment and Home Health Care, 232



Copyright © National Academy of Sciences. All rights reserved.

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

xi� CONTENTS

  Conclusions, 237
  About the Author, 239
  References, 239

11  IMPACT OF CULTURAL, SOCIAL, AND COMMUNITY 
ENVIRONMENTS ON HOME CARE 247

 Ste�en M. Albert
  Home Care and the Social-Ecological Model, 249
  The Cultural Context of Home Care, 251
  Interpersonal Relationships, 256
  Community and Neighborhood Factors, 260
  Gaps and Directions for Research, 264
  Hypotheses for Future Research, 268
  About the Author, 270
  References, 270

12  EFFECTS OF POLICY, REIMBURSEMENT, AND  
REGULATION ON HOME HEALTH CARE 275

 Peter A. Boling
  The Landscape of Home Health Care, 275
  Five Serious Problems of Long-Term Home Health Care, 282
  Evidence of Value from Medically Led Home Care Teams, 290
  Future Policy Directions, 292
  Professional Workforce Development and Other Possible 
   Barriers, 296
  About the Author, 299
  References, 299

Appendix: Workshop Agenda and Participants 303



Copyright © National Academy of Sciences. All rights reserved.

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

Part I: 
Workshop Summary



Copyright © National Academy of Sciences. All rights reserved.

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



Copyright © National Academy of Sciences. All rights reserved.

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

�

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 CARE1

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:

1 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.

1

Introduction
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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:

•	 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.
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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, �(4), 229-236. Reprinted with permission of 
Wolters Kluwer Health.
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•	 Develop guidelines for those involved in the design, development, 
and implementation of health information technology in the home.

•	 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 I 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 
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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.
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2

The People Who Receive and 
Provide Home Health Care

FITTING PEOPLE TO HEALTH CARE IN 
THEIR HOME ENVIRONMENTS1

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.2

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 

1 This 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.

2 Tables 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. 
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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:

•	 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.

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

•	 Examine attitudes to such issues as technology adoption and aban-
donment through tools like the Current Population Survey.
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•	 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 

3 This 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),4 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.

4 Activities 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:

•	 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.

•	 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.

•	 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.

•	 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 CAREGIVERS5

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. 

5 This 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 
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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 nurses6 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 

6 Advanced-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:

•	 Better entries into practice for nurses at the baccalaureate level.
•	 An improved role for direct-care workers.
•	 Involvement by the Food and Drug Administration with manufac-

turers and formal caregivers on medical devices used in the home.
•	 Involvement by the Occupational Safety and Health Administra-

tion in issuing home care guidelines.
•	 Raising consciousness of human factors issues in the home health 

care community and among the recipients of care.
•	 Exploring formal relationships between home health care providers 

and nursing education.
•	 Communication between home health care technology manufacturers 

and human factors engineers.

In the area of research, she suggested the following:

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

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

•	 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:

•	 Create systems to coordinate formal and informal caregiving.
•	 Expand and update the availability and quality of training to 

account for new technologies, procedures, and complexity.
•	 Broaden the skill base of paraprofessionals.
•	 Adopt a standard definition of home caregivers, especially for 

informal caregiving.

Regarding research, she suggested the following:

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

•	 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.

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

In the area of policy, she suggested the following:

•	 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.

•	 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.
•	 Preserve and enhance meaningful, dignified, caring relationships.

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

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

•	 Improve training for informal caregivers.
•	 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 TASKS1

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-

1 This 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:

1. the task,the task,
2. the person providing or receiving care,the person providing or receiving care,
3. the technology being used,the technology being used,
4. the environment surrounding the task, andthe environment surrounding the task, and
5. the social system surrounding the task.the social system surrounding the task.

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 EQuIPMENT2

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 in �itro 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

2 This 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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•	 physical capabilities, such as their size, strength, stamina, dexterity, 
flexibility, and coordination;

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

•	 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
•	 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-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-Test kits, from pregnancy and allergy kits to cholesterol and hor-
mone tests.

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

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

 5. Durable medical equipment, including beds, specialized mattresses,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,Meters and monitors, such as thermometers, blood glucose meters, 
electrocardiogram monitors, and fetal monitors.

 7. Treatment and therapy equipment, such as infusion pumps, dialysisTreatment 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,Respiratory equipment, such as ventilators, forced airway devices, 
oxygen, masks, and suction.

 9. Feeding equipment, such as feeding tubes and food pumps.Feeding equipment, such as feeding tubes and food pumps.
10. Voiding equipment, catheters, and colostomy gear.Voiding equipment, catheters, and colostomy gear.
11. Infant care equipment, such as incubators, warmers, bilirubin lights,Infant care equipment, such as incubators, warmers, bilirubin lights, 

and apnea monitors.
12. Telehealth equipment, such as cameras, sensors, and computers.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 weEquitable 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 rangeFlexibility 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 understandSimple 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 necessaryPerceptible 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 theTolerance 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-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 bodySize 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 De�ice 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 HE75, 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. I 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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•	 Professional 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:

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

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

•	 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:

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

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

•	 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. I 
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 I 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 

3 This 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:

•	 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.

•	 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.

•	 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.

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

•	 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.



Copyright © National Academy of Sciences. All rights reserved.

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

�2 HUMAN FACTORS IN HOME HEALTH CARE

“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:

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

•	 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:

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

•	 Focus on clinical outcomes and on current gaps in the literature.
•	 Define and assess the empowerment of care recipients and shared 

decision making.
•	 Enlist the expertise of an interdisciplinary group to conduct trans-

lational research that will inform users.
•	 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 



Copyright © National Academy of Sciences. All rights reserved.

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

HOME HEALTH CARE TASKS AND TOOLS ��

 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 CARE1

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.

1 This 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: 

•	 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.

•	 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.”

•	 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: 

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

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

•	 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 CARE2

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, 

2 This 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.3 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.4 “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:

•	 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.

•	 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 

3 The Cash and Counseling Demonstration Project has ended, and similar programs have 
since been implemented in multiple states.

4 See Chapter 12 for a description of these outcomes.



Copyright © National Academy of Sciences. All rights reserved.

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

THE ENVIRONMENTS OF HOME HEALTH CARE ��

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:

•	 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.

•	 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 



Copyright © National Academy of Sciences. All rights reserved.

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

�8 HUMAN FACTORS IN HOME HEALTH CARE

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 MODELS5

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, 

5 This 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).No illness (acute or chronic).
B. Ambulatory, independent; some chronic conditions.Ambulatory, independent; some chronic conditions.
C. Function limited, need support for activities of daily living (ADLs);Function limited, need support for activities of daily living (ADLs); 

younger, not in ill health.
D. Older, cognitive or functional impairment; not acutely ill veryOlder, cognitive or functional impairment; not acutely ill very 

often.
E. Postacute rehabilitation; returning to independence.Postacute rehabilitation; returning to independence.
F. High comorbidity and illness burden.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,6 
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.

6 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:
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1. The physical environment, including the philosophy behind hous-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-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 homeThe 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. 
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Changes in the education of health care professionals can help establish 
this new emphasis, 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.

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

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

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

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

•	 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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•	 Models from abroad can inform future discussions and work in 
home health care.

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

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

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

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

•	 Reimbursement is “a glorious mess” in need of concerted attention.
•	 Good care management emphasizes teams of care providers.
•	 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.

•	 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.

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

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

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

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

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

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

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

•	 Training in silos is antithetical to working in teams, yet teamwork 
is essential in home health care.
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•	 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.

•	 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.1 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 

1 A 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-� 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,2 
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 

2 This 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

U.S. Households Total
Under 20 
Years

20-24 
Years

25-29 
Years

30-34 
Years

35-39 
Years

40-44 
Years

45-49 
Years

50-54 
Years

55-64 
Years

65-74 
Years

75+  
Years

Total all households  116,783  862  5,691  9,400  9,825  10,900  11,548  12,685  11,851  19,909  12,284  11,829 

Family households             
 Total  77,873  535  2,824  5,869  7,384  8,605  8,996  9,438  8,511  13,218  7,503  4,990 
 Married couple  58,370  58  1,166  3,753  5,240  6,406  6,583  7,105  6,737  11,144  6,365  3,813 
 Male householder  22,972  361  2,124  2,724  2,140  1,956  2,113  2,363  2,163  3,457  1,765  1,804 
 Female householder  35,442  443  2,401  2,923  2,444  2,537  2,852  3,217  2,951  5,308  4,153  6,213 
  Proportion family 

households 
0.��  0.�2  0.�0  0.�2  0.��  0.��  0.�8  0.��  0.�2  0.��  0.�1  0.�2 

Nonfamily households             
 Total  38,910  327  2,867  3,531  2,440  2,295  2,552  3,247  3,340  6,690  4,781  6,839 
 Male householder  17,872  147  1,521  2,074  1,595  1,442  1,567  1,766  1,696  2,944  1,568  1,552 
 Female householder  21,038  180  1,346  1,457  845  853  985  1,481  1,644  3,746  3,213  5,287 

Size of household             
 One member  32,167  143  1,507  2,167  1,764  1,760  2,040  2,702  2,877  5,995  4,542  6,671 
 Two members  38,737  269  1,992  2,966  2,340  1,974  2,152  3,183  3,954  9,307  6,243  4,358 
 Three members  18,522  215  1,230  1,934  1,988  2,060  2,280  2,494  2,350  2,535  915  521 
 Four members  15,865  121  611  1,394  2,133  2,803  2,790  2,593  1,707  1,248  310  156 
 Five members  7,332  63  222  597  1,062  1,465  1,503  1,102  645  473  129  70 
 Six members  2,694  29  80  222  383  557  522  406  187  210  68  29 
 Seven+ members  1,467  22  50  120  155  281  262  205  131  140  76  24 
  Proportion one-

member households
0.28 0.1� 0.2� 0.2� 0.18 0.1� 0.18 0.21 0.2� 0.�0 0.�� 0.��

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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TABLE 6-1 U.S. Households by Type and Age, 2008 (numbers in 
thousands)

Age of Householder

U.S. Households Total
Under 20 
Years

20-24 
Years

25-29 
Years

30-34 
Years

35-39 
Years

40-44 
Years

45-49 
Years

50-54 
Years

55-64 
Years

65-74 
Years

75+  
Years

Total all households  116,783  862  5,691  9,400  9,825  10,900  11,548  12,685  11,851  19,909  12,284  11,829 

Family households             
 Total  77,873  535  2,824  5,869  7,384  8,605  8,996  9,438  8,511  13,218  7,503  4,990 
 Married couple  58,370  58  1,166  3,753  5,240  6,406  6,583  7,105  6,737  11,144  6,365  3,813 
 Male householder  22,972  361  2,124  2,724  2,140  1,956  2,113  2,363  2,163  3,457  1,765  1,804 
 Female householder  35,442  443  2,401  2,923  2,444  2,537  2,852  3,217  2,951  5,308  4,153  6,213 
  Proportion family 

households 
0.��  0.�2  0.�0  0.�2  0.��  0.��  0.�8  0.��  0.�2  0.��  0.�1  0.�2 

Nonfamily households             
 Total  38,910  327  2,867  3,531  2,440  2,295  2,552  3,247  3,340  6,690  4,781  6,839 
 Male householder  17,872  147  1,521  2,074  1,595  1,442  1,567  1,766  1,696  2,944  1,568  1,552 
 Female householder  21,038  180  1,346  1,457  845  853  985  1,481  1,644  3,746  3,213  5,287 

Size of household             
 One member  32,167  143  1,507  2,167  1,764  1,760  2,040  2,702  2,877  5,995  4,542  6,671 
 Two members  38,737  269  1,992  2,966  2,340  1,974  2,152  3,183  3,954  9,307  6,243  4,358 
 Three members  18,522  215  1,230  1,934  1,988  2,060  2,280  2,494  2,350  2,535  915  521 
 Four members  15,865  121  611  1,394  2,133  2,803  2,790  2,593  1,707  1,248  310  156 
 Five members  7,332  63  222  597  1,062  1,465  1,503  1,102  645  473  129  70 
 Six members  2,694  29  80  222  383  557  522  406  187  210  68  29 
 Seven+ members  1,467  22  50  120  155  281  262  205  131  140  76  24 
  Proportion one-

member households
0.28 0.1� 0.2� 0.2� 0.18 0.1� 0.18 0.21 0.2� 0.�0 0.�� 0.��

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

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).
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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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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.html?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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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).



Copyright © National Academy of Sciences. All rights reserved.

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

8� HUMAN FACTORS IN HOME HEALTH CARE

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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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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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 
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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-

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 

3 Although 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.4 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 

4 A 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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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.5 

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-

5 Although 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.6 

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 

6 Perhaps 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.7 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.

7 Two 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.8 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 

8 There 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?9 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 

9 The 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. Uni�ersal 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 inclusi�e 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). I 
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.

�. 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.1 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. 

1 We 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.

Caregi�ing 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 2035. 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. 

Caregi�ing 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 



Copyright © National Academy of Sciences. All rights reserved.

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

INFORMAL CAREGIVERS IN THE UNITED STATES 121

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 Caregi�ing

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 Caregi�ing

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 Caregi�ers

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., 2005). 
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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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FIGuRE 7-1 Caregiver health effects and task demands at different stages of the 
caregiving career. 

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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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. Caregivers may need to negotiate 
roles among family members who disagree on care options, identify rel-
evant available services, assess eligibility requirements, and communicate 
and negotiate with health professionals and insurance companies. Even 
seasoned health professionals with detailed knowledge of and experience 
with health care systems find care coordination for care recipients a formi-
dable challenge.

Coordinating care is particularly problematic for caregivers providing 
support to older individuals. The spectrum of formal support options avail-
able to care recipients and caregivers is broad, complex, and disorganized, 
with different access points and eligibility criteria. Access to information 
about options for care, such as respite services, adult day care, support 
groups, meals on wheels, transportation services, and financial help, is one 
of the major unmet needs of informal caregivers (National Alliance for 
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Caregiving and American Association of Retired Persons, 2004). This is 
particularly problematic among African American, Asian American, and 
Hispanic caregivers, who are much more likely than white caregivers to say 
they need help obtaining, processing, and understanding health information 
(National Alliance for Caregiving and American Association of Retired 
Persons, 2004).

Low-health literacy—that is, deficiencies in the ability to obtain, pro-
cess, and understand basic health information and service needs in order 
to make appropriate health decisions—is associated with poverty, limited 
education, minority status, immigration, and older age. Results from a 
recent national survey in the United States suggest that 36 percent of the 
adult population have limited health literacy skills (National Center for 
Education Statistics, 2006), which have been consistently associated with 
poorer health outcomes (i.e., poorer disease management) and increased 
rates of hospitalization and mortality (Kripalani et al., 2006; Hironaka and 
Paasche-Orlow, 2008). 

The magnitude of care coordination challenges was recently demon-
strated in a study to evaluate the ability of relatively well-educated adults 
with computer experience to use the Medicare.gov website to make deci-
sions about eligibility for services and prescription drug plans (Czaja, 
Sharit, and Nair, 2008). Participants were asked to determine eligibility for 
home health care services, select a home health agency to meet specified 
needs, make decisions about enrollment in Medicare Part D, and select a 
drug plan and determine associated costs based on a specified medication 
regime. Most participants were unable to specify all eligibility criteria for 
home health services (68.8 percent), choose the correct home health agency 
(80.4 percent), or execute computation procedures needed for making a 
plan enrollment decision (83.9 percent). 

To help address the need for coordinated and comprehensive care, 
one-stop service programs, such as Child’s Way and the Program for All-
 Inclusive Care for the Elderly (PACE), have been developed to provide inte-
grated and seamless total care, including both social and medical services. 
These programs, however, have eligibility criteria that make them inaccessi-
ble to the majority of individuals with chronic disability and their caregivers 
(e.g., for Child’s Way a participant must be age 8 or younger, have a chronic 
illness with long-term medical needs, and qualify for in-home services; for 
PACE the participant must be age 55 or older and meet criteria for nursing 
facility level of care). Thus the need in this area remains great.

In sum, the complexity of identifying and accessing health and social 
service options that might be useful to caregivers is daunting even to experi-
enced health professionals cast in an informal caregiving role. The average 
lay person has little chance of optimizing formal support services to mini-
mize the burdens of caregiving. 
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Assessment, Training, and Monitoring of Caregiver Performance

Systematic assessment of individuals with chronic health conditions or 
disability occurs routinely in medical, health, and social service settings. 
However, assessment of informal caregivers’ needs and capabilities is rare. 
Caregiver assessment is an essential requisite for optimizing care recipient 
functioning and caregiver well-being. There is strong consensus among 
community service providers, clinicians, and researchers that caregivers 
should be assessed, not only to determine eligibility for services but also 
to gauge their capacity to provide the care required by the care recipient. 
Although this view is widely endorsed, its implementation is highly vari-
able in the United States. Few federal or state home- or community-based 
services programs uniformly assess the informal caregiver’s well-being and 
needs for support. To help address these gaps, the National Center on 
Caregiving at the Family Caregiver Alliance convened a national consensus 
development conference in 2005 to generate principles and guidelines for 
caregiver assessment (Family Caregiver Alliance, 2006a, 2006b). The result-
ing guidelines address the methods and goals of caregiver assessment in 
detail, including the recommendation that government and other third-
party payers should recognize and pay for caregiver assessment as a routine 
part of care for older people and individuals with disability. To date, few of 
the conference recommendations have been implemented, although issues 
of informal caregiving have become part of the health care reform debate 
in the United States. 

Turning to caregiver training, knowledge about chronic illness and 
disability, how to provide care, and how to access and utilize services is 
another requisite to effective caregiving. Caregivers who do not know the 
difference between stroke and Alzheimer’s disease, for example, and the dif-
ferential trajectories of these conditions, are unlikely to know which types 
of services are appropriate and available, or how to access them. 

Interventions designed to diminish caregiver burden invariably include 
education and training to help the caregiver understand the nature of a 
particular disease, its symptoms, and its progression. Such education is 
often complemented with referral resources that provide additional infor-
mation and services relevant to a particular health condition. Numerous 
intervention studies have shown that the ability to cope with the challenges 
of caregiving in chronic illness is enhanced by skills training that helps the 
caregiver to better monitor the care recipient’s behavior and the progression 
of the disease and to provide appropriate assistance. 

One recent randomized clinical trial demonstrated the efficacy of a 
caregiver psychoeducational intervention on quality of life in multiple 
domains among white, African American, and Hispanic caregivers of indi-
viduals with dementia (Belle et al., 2006). Other psychoeducational inter-
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vention studies, focusing on environmental modifications (Gitlin et al., 
2009), found that providing caregiver counseling (Mittelman et al., 2007) 
can reduce burden and delay institutionalization of the care recipient. 
Finally, there is increasing recognition that caregivers and care recipients 
reciprocally affect each other. This perspective has led to the development of 
interventions that simultaneously treat the caregiver and the care recipient, 
with the aim of showing that dual treatment psychoeducational approaches 
are superior to treatments that focus on the caregiver only (Schulz et al., 
2009a). In sum, recent studies demonstrate that education and training are 
valuable tools in enhancing caregiver functioning, but they have not yet 
been widely implemented in community settings. Efforts are currently under 
way to translate this research into community applications (see Burgio et 
al., 2009). 

Monitoring of caregiver performance is a neglected area among both 
researchers and clinicians. With few exceptions (Gitlin et al., 2003), inter-
vention studies that provide skills training to caregivers rarely assess the 
extent to which the intended skills are effectively implemented outside 
the treatment sessions, whether the learned skills are useful for newly 
emerging caregiver challenges, or how long skills learned as part of an 
intervention are used after the intervention is terminated. Similarly, clini-
cians who educate caregivers about how to provide care to the recipient 
rarely assess quality and appropriateness of caregiving outside the training 
session. For some types of care, patient status may be used as a proxy for 
caregiver performance, but this does not guarantee that the care provided 
by the caregiver was delivered as intended or was effective.

Technology has the potential of improving both the training and 
monitoring of caregivers. Websites that provide information about medical 
conditions and caregiving have become valuable resources to the discern-
ing consumer who can filter the vast amounts of information available. 
Computers have also been used to deliver training programs and provide 
individualized support to caregivers (Smith, 2008). Numerous web-based 
support programs are available for caregivers. For example, the Compre-
hensive Health Enhancement Support System (CHESS) advises caregivers 
by e-mail, conducts assessments by web camera, and models caregiving 
procedures in video clips (Glasgow, 2007; Comprehensive Health Enhance-
ment Support System, 2008). To be effective, the available information has 
to be accessible in its organization and layout, the complexity of language 
and visual images, and ease of interface. 

Monitoring technologies that provide remote access to care recipient 
status have become important aids to caregivers and clinicians. What has 
not yet been realized is the use of online monitoring devices, such as embed-
ded sensor systems and video cameras that would enable clinicians to infer 
or observe the delivery of care to the care recipient and provide real-time 
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corrective guidance as needed. Although episodic monitoring is currently 
used in some telehealth systems that enable a care recipient–caregiver dyad 
to remotely check in with a health care professional, more continuous 
monitoring of caregiver performance and provision of real-time instruc-
tion or guidance have not been implemented. Many such technologies 
raise privacy concerns that may make them difficult to put into practice. 
Recent research in this area suggests that with increasing levels of disability, 
individuals receiving care become more willing to relinquish privacy for 
increased functioning and independence (Beach et al., 2009). However, 
little is known about caregivers’ willingness to be monitored and remotely 
guided by health care professionals. 

ABILITY TO PROVIDE CARE

What factors affect caregivers’ ability to provide care? The answer to 
this question requires keeping in mind both who occupies the caregiving 
role and how the experience of caregiving itself affects the ability to provide 
care, especially over the long haul. One can anticipate that the increasingly 
compromised health status of chronically stressed caregivers diminishes 
their capacity to provide care. In addition, subgroups of individuals defined 
by race, economic status, education, and age vary in their capacity to pro-
vide care.

Health Effects of Caregiving

Several recent reviews document the link between caregiving and health 
(Pinquart and Sörensen, 2003b, 2007; Vitaliano, Zhang, and Scanlan, 
2003; Gouin, Hantsoo, and Kiecolt-Glaser, 2008). For example, Vitaliano 
and colleagues (2003) reviewed 23 studies to compare the physical health 
of dementia caregivers with demographically similar noncaregivers, and 
across 11 health categories caregivers exhibited a least a slightly greater 
risk of health problems than did noncaregivers. Tables 7-1 and 7-2 sum-
marize the wide range of outcome variables represented in the literature. 
Each of these variables has been linked to such stressors as the duration 
and type of care provided and functional and cognitive disabilities of 
the patient, as well as secondary stressors, such as finances and family 
conflict. As a result of these stressors, providing care has been shown to 
affect psychological well-being, health habits, physiological responses, 
psychiatric and physical illness, and mortality (Quittner, Glueckauf, and 
Jackson, 1990; Schulz, Visintainer, and Williamson, 1990; Schulz et al., 
1995; Schulz and Quittner, 1998; Schulz and Beach, 1999; Pinquart and 
Sörensen 2003a, 2003b, 2007; Vitaliano et al., 2003; Epel et al., 2004; 
Christakis and Allison, 2006). 
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TABLE 7-1 Physical Health Effects of Caregiving

Type of 
Measure Specific Indicators Comments

Global Health 
Self-reported health (current health, 

health compared with others, 
changes in health status)

Overall, effects are small. 
Self-report measures are most 
common and show largest effects. 
One prospective study reports 
increased mortality for strained 
caregivers when compared with 
noncaregivers. Higher age, lower 
socioeconomic status, and lower 
levels of informal support related 
to poorer health. Greater negative 
effects found for dementia vs. 
nondementia caregivers and 
spouses vs. nonspouses.

Chronic conditions (chronic illness 
checklists)

Physical symptoms (Cornell Medical 
Index)

Medications (number and types)
Health service utilization (clinic 

visits, days in hospital, physician 
visits)

Mortality

Physiological 
Antibodies and functional immune 

measures (immunoglobulin, 
Epstein Barr virus, T-cell 
proliferation, responses to 
mitogens, response to cytokine 
stimulation, lymphocyte counts)

Effect sizes for all indicators 
are generally small. Stronger 
relationships found for stress 
hormones and antibodies than 
other indicators. Evidence linking 
caregiving to metabolic and 
cardiovascular measures is weak. 
Men exhibit greater negative 
effects on most physiological 
indicators.

Stress hormones and 
neurotransmitters (ACTH, 
epinephrine, norepinephrine, 
cortisol, prolactin)

Cardiovascular measures (blood 
pressure, heart rate)

Metabolic measures (body mass, 
weight, cholesterol, insulin, 
glucose, transferin)

Speed of wound healing

Health Habits
Sleep, diet, exercise
Self-care, medical compliance

Measures of psychological well-being, such as depression, stress, and 
burden, have been most frequently studied in the caregiving literature 
and generally yield consistent and relatively large health effects (Schulz 
et al., 1995, 1997; Teri et al., 1997; Marks, Lambert, and Choi, 2002; 
Pinquart and Sörensen, 2003b). These effects are moderated by age, socio-
economic status (SES), and the availability of social support such that 
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TABLE 7-2 Psychological Health Effects of Caregiving

Type of 
Measures Specific Examples Comments

Depression Clinical diagnosis, symptom 
checklists, antidepressant medication 
use

Most frequently studied caregiver 
outcomes with largest effects. 
Greater negative effects found 
for dementia vs. nondementia 
caregivers. Higher age, lower 
seociecomonic status, and lower 
levels of informal support related 
to poorer mental health.

Anxiety Clinical diagnosis, symptom 
checklists, anxiolytic medication use

Stress Burden

Subjective 
Well-Being

Global self-ratings; global quality of 
life ratings

Positive 
Aspects of 
Caregiving

Self-ratings of benefit finding

Self-Efficacy Self-ratings

older caregivers, with low SES and small support networks, report poorer 
 psychological health than caregivers who are younger and have more eco-
nomic and interpersonal resources (Vitaliano et al., 2003). 

Detrimental physical health effects of caregiving are generally smaller, 
regardless of how they are measured (Vitaliano et al., 2003; Pinquart 
and Sörensen, 2007). Although relatively few studies have focused on the 
association between caregiving and health habits, researchers have found 
evidence for impaired health behaviors among caregivers engaged in heavy-
duty caregiving (Schulz et al., 1997; Burton et al., 2003; Lee et al., 2003; 
Matthews et al., 2004).

While these findings are robust across many studies, one should be 
cautious about attributing poor health status to caregiving per se. Dif-
ferences in illness rates between caregivers and noncaregivers may reflect 
differences that existed prior to taking on the caregiving role. For example, 
low-SES individuals are more likely to take on the caregiving role than 
high-SES ones (National Alliance for Caregiving and American Association 
of Retired Persons, 2004), and low SES is also a risk factor for poor health 
status. Higher rates of illness in spousal caregivers also may be the result of 
assortative mating (people tend to choose others who are similar to them) 
and of shared health habits (e.g., diet, exercise) and life circumstances (e.g., 
access to medical care, job stress). 
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Prospective studies that link caregiver health declines to increasing care 
demands provide more compelling evidence of the health effects of caregiving 
(Shaw et al., 1997; Schulz and Beach, 1999). A handful of studies have fol-
lowed samples of noncaregivers until they become caregivers and compared 
them with those who do not take on the caregiving role (Lawton et al., 
2000; Seltzer and Li, 2000; Burton et al., 2003; Hirst, 2005). Burton and 
colleagues (2003) and more recently Hirst (2005) provide compelling evi-
dence that moving into a demanding caregiving role, defined as providing 
assistance with basic ADL for 20 hours or more of care per week, results 
in increased depression and psychological distress, impaired self-care, and 
lower self-reported health. Findings on the effects of transitioning out of 
the caregiving role because of patient improvement, institutionalization, or 
death help to complete the picture on the association between caregiving 
and health. Improved patient functioning is associated with reductions in 
caregiver distress (Nieboer et al., 1998), and the death of the care recipient 
has been found to reduce caregiver depression, enabling them to return to 
normal levels of functioning within a year of the patient’s death (Schulz et 
al., 2003). 

The prevalence of depressive symptoms, clinical depression, and reduced 
quality of life among caregivers suggests that caregiving is an important pub-
lic health issue in the United States. This is particularly important because 
depression is the second leading cause of disability worldwide (Talley and 
Crews, 2007). Moreover, even if the detrimental effects of caregiving on 
physical health are relatively small, the large and increasing number of 
people affected means that the overall impact is significant. Recognition 
of these facts and the knowledge that caregivers represent a major national 
health resource has resulted in national policy, such as the National Family 
Caregiver Support Program. However, most advocates for caregivers feel that 
existing programs fall far short of what is needed (Riggs, 2003-2004).

With regard to the impact these health effects have on the ability to 
perform caregiving tasks, multiple factors should be considered. As noted 
earlier, about two-thirds of all caregivers report stress or strain associated 
with the caregiving role (Schulz et al., 1997; Roth et al., 2009). Decades 
of laboratory research have demonstrated the detrimental effects of stress 
on attention, memory, perceptual motor performance, and judgment and 
decision making (Staal, 2004). The relevance of these findings to real-world 
settings has been questioned, because experimental stressors typically are of 
short duration, are often novel, are limited in intensity, and usually do not 
have long-term adverse effects. Real-world stressors tend to be more severe, 
recurrent or continuous, and typically have long-term negative effects on 
the individual. 

Small-sample studies on chronic stress and cognition suggest decrements 
in executive functioning, especially attentional control, and in prospective 
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memory (Ohman et al., 2007), as well as slow short-term/working mem-
ory processing, especially when attention is divided (Brand, Hanson, and 
Godaert, 2000). The relationship between cognitive performance and the 
chronic stress induced by caregiving, however, is clearly multifactorial. For 
example, a decline in receptive vocabulary over two years in spousal care-
givers of individuals with Alzheimer’s disease was mediated by metabolic 
risk (a composite measure of obesity plus insulin use) and hostile attribu-
tion (Vitaliano et al., 2005). In another example with the same population, 
caregiver status alone did not account for decrements in complex attention 
and speed of information processing (Caswell et al., 2003). Rather, within 
the caregiver sample, these decrements were predicted by higher levels 
of distress and lower perceptions of the quantity of positive experiences 
in life. 

Another consideration is that the effects of stress are likely to be 
 exacerbated among individuals with limited cognitive and physical reserve, 
as is most likely the case with older spousal caregivers. This argues for 
screening strategies that would assess potential moderators of the stress 
response, such as education, cognitive ability, physical status, traits that 
may make people particularly vulnerable to chronic stress, and subjective/
emotional perceptions of stress and social support, in addition to levels of 
stress per se. Such information could be used to decide what types of tasks 
can be assigned to caregivers as well as how closely to monitor caregiver 
performance.

Along with high levels of stress, many caregivers also report high levels 
of depressive symptoms. For example, among caregivers of individuals with 
Alzheimer’s disease, nearly half of all caregivers report depressive symptoms 
high enough to place them at risk for clinical depression (e.g., Belle et al., 
2006). Depression has both motivational and performance consequences 
and has been linked to impaired role functioning, particularly roles associ-
ated with work, home, social relationships, and close relations (Druss et al., 
2009). Depression can erode the social support needed to provide effective 
care and can isolate the caregiver from important sources of emotional and 
informational support. 

Depression in spousal caregivers is also a risk factor for potentially 
harmful caregiver behaviors, defined as psychological (e.g., screaming, 
threatening with nursing home placement) and physical mistreatment of the 
care recipient (e.g., withholding food, hitting or slapping, shaking) (Beach 
et al., 2005). Caregiver cognitive status and physical symptoms were also 
independent risk factors associated with care recipient mistreatment, sug-
gesting that caregivers should be assessed on these dimensions as well. The 
literature does not provide clear guidelines regarding threshold values in 
these domains; higher levels of impairment are generally associated with 
higher rates of potentially harmful behaviors. In general, clinicians should 
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be cautious about assigning caregiving responsibilities to individuals who 
exhibit high levels of depressive symptoms or cognitive and physical impair-
ments that are unusually severe for their age group. 

Sociodemographic Factors

As alluded to earlier, caregivers as a group, compared with non-
caregivers, are characterized by sociodemographic risk factors that may 
affect their ability to provide effective care as well as increase their vulner-
ability to the detrimental health effects of caregiving. They tend to be of 
lower socioeconomic status, and the proportion of people involved in care-
giving is higher among African Americans and Hispanics than whites (Roth 
et al., 2009). Caregivers tend to have fewer friends in their social networks, 
and older spousal caregivers tend to be physically more compromised than 
spouses who are not providing care (Schulz et al., 1997). In absolute terms, 
the magnitude of the differences between caregiver and comparable non-
caregiver populations is not large, but these differences may compromise 
the ability to provide high levels of care over extended periods of time.

Inasmuch as health, well-being, and socioeconomic status are closely 
intertwined, researchers have become interested in the effects of combin-
ing employment and caregiving. Middle-aged women at the peak of their 
earning power, many of whom are employed, provide the majority of care 
to older disabled relatives (see Schulz and Martire, 2009, for a review). 
The increasing labor force participation of women, along with increasing 
demands for care, raise important questions about how effectively and at 
what cost the roles of caregiver and employee can be combined. Recent 
findings indicate that elder caregiving has both short-term and long-term 
economic impacts on female caregivers. Low levels of caregiving demand 
(e.g., 14 hours or less per week) can be absorbed by employed caregivers 
with little impact on labor force participation. However, heavy caregiving 
demands (e.g., 20 hours or more per week) result in significant work 
adjustment, involving either reduced hours or leaving a job altogether, and 
associated declines in annual incomes. Women with less than a high school 
education are most vulnerable to these negative effects. These short-term 
effects increase the probability of long-term negative impacts in the form of 
lower economic and health status of the caregiver. The long-term impacts 
may in part be attributable to the difficulty of reentering the labor force.

Developmental Declines

 From a human factors perspective, developmental declines have impor-
tant implications for the ability to provide care as well as the design 
of systems that might support caregivers. Sensory decline is common in 
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 middle-aged and older adults. For example, measured hearing loss is present 
in about 44 percent of adults ages 60-69, with prevalence increasing with 
age (Cruickshanks et al., 1998; Pratt et al., 2009). Hearing is particularly 
impaired in difficult listening environments, such as those with background 
noise or reverberation or when communication is rapid. For individuals 
with age-related hearing loss, attempts to comprehend spoken language can 
involve substantial perceptual and cognitive effort that may detract from 
other aspects of cognitive performance (Wingfield, Tun, and McCoy, 2005). 
While hearing can be improved with hearing aids or other assistive listening 
devices, these devices do not completely correct the typical age-related hear-
ing loss. The devices may be abandoned because they are uncomfortable 
to use or perceived as ineffective. In addition, many people do not seek 
help for hearing loss, complaining, for example, that the people around 
them just talk too softly. When interacting with caregivers, it is crucial 
to consider their ability to perceive spoken information, and providers of 
that information must be aware that just talking louder will not address 
a speech perception problem. Visual impairment also may be a problem 
for older caregivers, making it difficult for them to read medication labels 
or other instructional materials.

Age-related declines in strength and mobility may also affect the ability 
to provide care. One of the hallmarks of aging is the reduction in mobil-
ity resulting in part from declining muscle mass, increased fat infiltration 
into muscles and decreased strength (Visser et al., 2005). As a result, older 
female caregivers, in particular, may be unable to carry out tasks requiring 
lifting heavy objects (e.g., helping their husband out of a chair) or may 
risk back injury or injury to the care recipient if they attempt these tasks. 
Essential tremor, a disorder characterized by kinetic arm tremor, is also 
associated with increasing age (Benito-León and Louis, 2006) and may 
make it difficult for caregivers to execute fine-grained motor tasks, such as 
giving injections or handling pills. 

LOOKING TO THE FuTuRE

Informal caregiving is a central feature of the health care landscape 
and will become even more prominent in the decades ahead. The demand 
and need for care will increase dramatically over the next three decades 
as a result of the aging of the population, infant and childhood survival, 
health behaviors that increase disabling health conditions such as obesity, 
and returning war veterans suffering from polytrauma. This will happen 
in a context in which the availability of informal support is declining, the 
costs of formal care and support are already too high and unsustainable, 
and there is a growing shortfall of health care professionals with relevant 
expertise. Resolving this supply–demand dilemma will require efficiencies 
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in both informal and formal health care systems that greatly exceed current 
practice. Important research and policy issues need to be addressed before 
progress can be made on this agenda. We present below five recommenda-
tions that, though by no means exhaustive, should receive high priority. 

1. Adopt a standard definition of what it means to be an informal 
caregiver and use it consistently in surveys of the U.S. popula-
tion, in order to accurately assess the prevalence of caregiving, the 
public health burden associated with caregiving, and a full range 
of issues such as those discussed here. Accurate and consistent 
data are needed on who is providing care, what types of care 
are provided, for how long, at what costs to the caregiver, and 
the probable downstream costs to society. Having such data is 
an important requisite to developing policy on support programs 
for caregivers. The value of this recommendation is evident, for 
example, in Australia, Japan, and the United Kingdom, all of which 
have adopted standard definitions of caregiving that are linked to 
eligibility for caregiver and care recipient services. Variations of 
the standard definition may be necessary for different populations 
of caregivers and care recipients, and levels of care should also be 
consistently defined. 

2. Better coordination is needed between formal and informal health 
care systems to ensure a close match between home care demands 
and the informal caregiver’s ability to provide that care. This will 
require a clear understanding of the task demands of home care and 
an assessment of caregiver capabilities, including their motivation 
to provide care, their physical, sensory, motor, and cognitive ability 
to perform caregiving tasks, their levels of distress and depression, 
and the quantity and quality of other support available to them. 
Assessments of the caregiver should be a routine feature during 
care recipient and health care provider encounters, and these data 
should inform decisions about whether a caregiver is capable of 
taking on the caregiver role, the types of training needed, and the 
intensity of monitoring and external support required to ensure 
adequate care that does not unduly compromise the caregiver’s own 
functioning. A related need concerns the development of decision 
rules for terminating caregiving responsibilities when caregivers are 
no longer able to carry out their assignments. Implementing these 
strategies will require expansion of the training of health care and 
social service providers to give them the skills and tools to carry 
out these types of assessments (Family Caregiver Alliance, 2006a, 
2006b). Detailed recommendations on who should do assessments, 
what should be assessed, and when and where, are available from 
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the National Consensus Development Conference on Caregiver 
Assessment (Family Caregiver Alliance, 2006a, 2006b). Although 
intended for caregivers of older care recipients, these recommen-
dations serve as a good starting point for developing assessment 
procedures and tools for all caregiving populations. 

3. From a scientific perspective, there remain important unanswered 
questions about caregiving that have far-reaching policy implica-
tions. For example, a deeper understanding is needed of what 
causes distress in the caregiving experience and how best to help 
the caregiver. Although numerous studies point to the importance 
of various functional disabilities and associated care demands as 
causes of caregiver burden, the role that such factors as the care 
recipient’s suffering play in the life of a caregiver may be under-
estimated. Making these distinctions is important because it may 
lead to different policy responses (e.g., providing respite to ease the 
burdens of care provision as well as treatments to decrease the suf-
fering of the care recipient or to help the caregiver come to terms 
with the suffering of their loved one) (Monin and Schulz, 2009).

4. Technology has the potential of increasing the efficiency and effec-
tiveness of formal and informal care providers, enhancing the func-
tioning and autonomy of individuals with disability, preventing 
premature decline, and generally enhancing the quality of life of 
elders. Implementing technology-based solutions will require the 
development of user-friendly and highly reliable systems that are 
able to both identify needs and respond to them. Considerable 
progress has been made in recent years in developing and deploy-
ing sensing and monitoring technology useful in identifying indi-
viduals experiencing or at risk for adverse outcomes. Computer, 
sensing, and communication technologies have also been effectively 
used for caregiver training and performance monitoring. Research 
on enabling technologies that extend the functional capability of 
humans is still in the early stages of development and should 
receive high priority.

5. Because caregiving is so prevalent in U.S. society and integral to 
the health and well-being of the population, all adults need to be 
educated about the likelihood of becoming a caregiver and a care 
recipient, the roles and responsibilities of caregiving, and rudimen-
tary caregiving skills. A recent survey of 1,018 adults ages 18 and 
over (Schulz et al., 2009b) found that adults have realistic expecta-
tions about becoming caregivers in the future but are less able to 
see themselves as care recipients. Nearly two-thirds of U.S. adults 
expect to be caregivers in the future, but nearly half believe that 
they won’t need any care in the future. Indeed, more than one-third 
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of adults have never thought about needing care in the future, and 
few have made any preparations for future care, such as talking 
with family or friends about care needs in the future (34 percent), 
setting aside funds to cover additional expenses (41 percent), sign-
ing living wills or health care power of attorney (40 percent), or 
purchasing disability or long-term care insurance. When asked 
how prepared they are to provide care to others, the majority 
(56 percent) were unprepared to carry out basic caregiving tasks, 
such as bathing, dressing, and toileting, 35 percent said they were 
only somewhat or not at all (28 percent) prepared to handle health 
insurance matters, 56 percent said they were unprepared to assist 
with medications, and most worry about handling financial matters 
for a loved one. These data suggest that caregiving and care receiv-
ing should be a normative component of adult education. The goal 
of such efforts should be to inform adults about the likelihood of 
caregiving and care receiving, ways in which one can plan for these 
eventualities, and rudimentary skills needed to perform or cope in 
these roles. 
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Medical Devices in Home Health Care

Molly Follette Story

As the formal health care system has become increasingly stressed, 
patients are being released from hospitals and other health care facilities 
still needing care. As a consequence, both laypeople and professional care-
givers are making use of a wide variety of technologies, some of them quite 
complex, in noninstitutional settings to manage their own health, assist 
 others with health care, or receive assistance with health management. 
These technologies provide support not only for care related to acute and 
chronic medical conditions but also for disease prevention and lifestyle 
choices.

The range of medical technologies used in nonclinical environments 
runs the gamut in complexity from simple materials used for administer-
ing first aid to sophisticated devices used for delivering advanced medical 
treatment, and in size from tiny wireless devices to massive machines. 
Some medical devices have been used in the home for many years; other 
devices are just beginning to migrate there; and emergent technologies 
present new opportunities for health care management in the home. While 
some of these devices were explicitly designed for use outside formal health 
care settings by professional home health caregivers as well as the general 
public, many devices were not. Consequently, many human factors chal-
lenges must be addressed to render these technologies, devices, and systems 
safe, usable, and effective for use in environments beyond the institution 
and for use by the much more varied population of users in these environ-
ments. This chapter discusses standalone medical devices used in home 
health care. 
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BACKGROuND

The Center for Devices and Radiological Health of the U.S. Food and 
Drug Administration (FDA) defines a medical device as “an instrument, 
apparatus, implement, machine, contrivance, implant, in vitro reagent, or 
other similar article that is . . . intended for use in the diagnosis of disease 
or other conditions, or in the cure, mitigation, treatment or prevention of 
disease” (Federal Food, Drug, and Cosmetic Act, 2005, Sec. 201 (h), 21 
U.S.C. 321). The center’s Home Health Care Committee defines a home 
medical device as “a device intended for use in a nonclinical or transi-
tory 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” (U.S. 
Food and Drug Administration, 2009b). 

Medical devices used in home health care need to be appropriate for the 
people who use them and for the environments in which they are used. 
The people who use medical devices may be professional or lay caregivers 
or the care recipients themselves. As a group, these users have diverse physi-
cal, sensory, cognitive, and emotional characteristics. The environment of 
use may be the home, but it may also be the workplace or another destina-
tion in the community or across the globe. Environments vary in the quality 
and accessibility of utilities, the amount of space available, light and noise 
levels, temperature and humidity levels, and occupants, who may include 
children, pets, or vermin. All of these use factors must be considered in 
order to ensure that medical devices are safe and effective for people receiv-
ing home health care.

Historical use of Medical Devices in the Home

The most common types of medical devices, found in nearly every 
home, are used for delivering medications or first aid. Common medication 
administration equipment includes dosing cups for measuring medications 
in liquid form, such as cough medicine, and splitting devices for reducing 
the size and dosage of pills. First aid equipment includes thermometers 
(including oral, rectal, in-ear, and forehead), bandages, ace bandages, heat-
ing pads, and snakebite kits. Other types of medical devices commonly 
used in the home are assistive technologies and durable medical equipment. 
Assistive technologies are most often either mobility aids (e.g., wheelchairs, 
walkers, canes, crutches) or sensory aids (e.g., glasses, hearing aids). Other 
common assistive technologies are prosthetic devices (e.g., artificial arms 
or legs) or orthotic devices (e.g., leg braces, shoe inserts). Durable medical 
equipment includes environmental devices, such as specialized beds, person-
lifting and transferring equipment, and toileting aids.
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Recently some medical devices have been produced as consumer prod-
ucts that enable people to manage their own health care more conveniently 
and independently (and inexpensively). For example, a wide variety of 
blood and urine testing kits are available that detect different chemicals 
and conditions (e.g., illegal drugs, cholesterol, pregnancy). Various types 
of monitors and meters are available to measure health status indicators, 
such as blood pressure or blood glucose levels (for people with diabetes). 
Newer consumer devices include ones that measure blood coagulation 
(prothrombin time and international normalized ratio, PT/INR) for people 
taking blood thinning medications, blood oxygen levels (pulse-oximeter), 
and sleep apnea. 

Increasing Migration of Medical Devices into the Home

Climbing costs of health care services and hospital stays and short-
ages of health care facilities and of nurses and other skilled personnel have 
put pressure on the medical system to provide more care on an outpatient 
basis. Consequently, the range and complexity of medical devices being 
used outside formal health care institutions by diverse user populations are 
increasing. Even complex devices, such as ventilators, infusion pumps, and 
dialysis machines, are being used outside the hospital or clinic, often by lay 
users, even though many of those devices were not designed for and were 
not specifically labeled for this type of use. There are few regulations that 
limit the practice of using these devices in the home.

One of the problems associated with medical devices used in the home 
is that they often are not the same models as the ones used in formal 
health care settings. The devices may be older or of lower quality, and pro-
fessionals who encounter the devices, either in the home or when patients 
bring them to the clinic or hospital, may not be familiar with them. Speak-
ing on behalf of AdvaMed, Susan Morris, vice president for government 
affairs for Kinetic Concepts (a wound care technology firm), said, “One of 
the biggest concerns [of manufacturers] . . . is that legacy devices, old prod-
ucts that were used in the institution that may have been replaced by newer 
versions, are now migrating into the home because they’re available . . . 
but they aren’t products that we originally designed for use in the home” 
(Taft, 2007). Health care professionals sometimes send people home with 
medical devices, but consumers sometimes give the devices to other people 
or resell them, for example, through the Internet on Craigslist or eBay. 
Devices acquired in this manner are much less likely to be appropriate for 
the end-user, to be properly operated or maintained, or even to come with 
complete instructions. 

Another challenge for medical device manufacturers is that the device 
user often is not the person who selected or purchased it. The device provider 



Copyright © National Academy of Sciences. All rights reserved.

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

1�8 HUMAN FACTORS IN HOME HEALTH CARE

may be a health care professional, or it may be a distributor or supplier. In 
the latter cases, the device may not be the optimal choice for the end-users, 
and the users may not receive the education, training, or ongoing customer 
support they need. In turn, the device manufacturer may not understand its 
end-users well because it may not recognize these populations as users of its 
products, and its designers may never come into direct contact with them.

users of Medical Devices in the Home

The Centers for Medicare & Medicaid Services reported that approxi-
mately 8.3 million Americans received Medicaid home care in 2004, which 
represents a dramatic increase over the 1.64 million who received services 
in 1995 (National Association for Home Care and Hospice, 2008) (see 
Figure 8-1). The growth trend is likely to continue.

Users of medical devices in the home are a diverse population. Some 
users are professional caregivers, such as physicians, nurses, nurse prac-
titioners, physical and occupational therapists, social workers, and home 
care aides. These professionals are typically associated with home care 
organizations (e.g., home health agencies, hospices, homemaker and home 
care aide agencies, staffing and private-duty agencies, companies special-
izing in medical equipment and supplies) or they may be from registries or 
operate as independent providers. Other device users are lay caregivers, 
usually family members or friends of the person receiving care. Some care 
recipients operate devices themselves (while providing self-care). Lay care-
givers may be of any age and may have developmental or acquired disabili-
ties, a temporary or intermittent condition, a chronic disease, or a terminal 
illness (see Chapters 6 and 7).

Nonclinical Environments for Medical Devices 

Medical devices are used in nonclinical environments that include 
homes, workplaces (which may or may not be in office buildings), schools, 
hotels, stores, places of worship, entertainment venues, and transportation 
systems (cars, buses, trains, airplanes, ships, etc.). Depending on the device 
and the procedure, people may use medical devices in a private space, such 
as a bedroom, office, or restroom, or in a public space, such as an airplane, 
theater, or park. The variety of use environments presents significant chal-
lenges for device and user safety.

TYPES OF HOME HEALTH CARE DEVICES

Home health care devices span a wide range, as mentioned above. 
Table 8-1 presents a taxonomy that uses the following major categories:
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FIGuRE 8-1 Medicaid home care recipients, 1995-2004.
SOURCE: Data from National Association for Home Care and Hospice (2008). 

•	 Medication Administration Equipment—devices used to administer 
medications in tablet, liquid, or aerosol form.

•	 Test Kits—kits used for measuring the presence of various chemi-
cals in blood or urine.

•	 First Aid Equipment—equipment used to care for injuries or tem-
porary conditions.

•	 Assistive Technology—devices used to enhance personal capabili-
ties, such as sensory abilities or mobility.

•	 Durable Medical Equipment—includes medical devices used to 
support performance of basic activities of daily living, such as beds, 
lifts, and toileting equipment.

•	 Meters/Monitors—includes a wide range of devices for determining 
health status or managing disease conditions, either one time or on 
an ongoing, intermittent basis.

•	 Treatment Equipment—equipment used to administer various med-
ical therapies.

•	 Respiratory Equipment—equipment used to treat respiratory 
conditions.

•	 Feeding Equipment—devices used for feeding.
•	 Voiding Equipment—devices used for releasing urine or feces from 

the body.
•	 Infant Care—includes machines used to monitor and treat 

infants.
•	 Telehealth Equipment—equipment used to collect data in the home 

environment and transmit the data to a remote monitoring site.
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TABLE 8-1 Types of Home Health Care Devices

Category Device

Medication Administration 
Equipment

Dosing equipment (e.g., cups, eyedroppers, blunt 
syringes)

Nasal sprays, inhalers
Medication patches
Syringes/sharps 

Test Kits Pregnancy test
Male/female/stress hormone test
Cholesterol test
Allergy test
Bladder infection test
HIV test
Hepatitis C test
Drug, alcohol, nicotine test

First Aid Equipment Bandages
Ace bandage, compression stocking
Snakebite kit
Heating pad
Traction
Ostomy care 
Tracheotomy care
Defibrillator 

Assistive Technology Eyeglasses
Hearing aid
Dentures (full or partial)
Prosthetic device
Orthotic device, including braces
Cane or crutches
Walker
Wheelchair
Scooter

Durable Medical Equipment Hospital bed
Specialized mattress
Chair (e.g., geri-chair or lift chair)
Lift equipment
Commode, urinal, bed pan

Meters/Monitors Thermometer
Stethoscope 
Blood glucose meter
Blood coagulation (PT/INR) meter
Pulse oximeter
Weight scale
Blood pressure monitor
Apnea monitor
Electrocardiogram monitor
Fetal monitor
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Category Device

Treatment Equipment IV equipment
Infusion pumps
Dialysis machines
Transcutaneous electrical nerve stimulation systems

Respiratory Equipment Ventilator, continuous positive airway pressure, bi-level 
positive airway pressure, and demand positive airway 
pressure equipment

Oxygen cylinder
Oxygen concentrator
Nebulizer
Masks and canulas
Respiratory supplies
Cough assist machine
Suction machine
Manual resuscitation bags

Feeding Equipment Feeding tubes (nasogastric, gastrostomy, jejunostomy)
Enteral pump

Voiding Equipment Catheter
Colostomy bags

Infant Care Incubator
Radiant warmer
Bilirubin lights
Phototherapy
Apnea monitor

Telehealth Equipment Cameras
Sensors
Data collection and communication equipment (e.g., 

computer)
Telephone or internet connections

TABLE 8-1 Continued

EMERGENT TECHNOLOGIES IN HOME HEALTH CARE

Telehealth—which is health care facilitated by telecommunications 
technology—has begun to transform the home care landscape and promises 
to grow substantially in coming years. Currently, simple technologies (e.g., 
e-mail, the Internet, cell phones) can be used to monitor people’s health 
at a distance. High-resolution visual images and audio can be transmitted 
through telephone lines or broadband connections. In coming years, remote 
monitoring will increase dramatically and will involve more types of equip-
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ment in the home; technologies such as wireless electronics and digital 
processing will support communication between a diverse set of devices and 
remote health care providers. Some wireless devices, especially meters 
and monitors, will be wearable, which will make constant monitoring pos-
sible or intermittent testing more convenient. 

Telehealth technologies can be used to support adherence to treat-
ment regimens, facilitate self-care, and provide patient education. Cameras 
and sensors can be used to track patient movements and behaviors in the 
home. Monitors can collect and transmit a variety of data to health care 
 providers at a distance, eliminating the need to visit a clinic or to call in. 
These technologies can also provide reminders to people at home, such as to 
take medications, measure their blood pressure, perform physical therapy, 
or schedule follow-up appointments.

Future technological advances will bring new devices, such as improved 
pacemakers, cochlear implants, and medicine delivery systems. Miniaturiza-
tion of various components, including microprocessors and nanotechnology, 
will make possible advances to many types of medical devices used inside 
and outside formal health care settings. Some of the devices envisioned will 
be embedded in common household objects, such as a biosensing chip in a 
toothbrush that will check blood sugar and bacteria levels; smart bandages 
made of fiber that will detect bacteria or a virus in a wound and then recom-
mend appropriate treatment; smart T-shirts that will monitor the wearer’s 
vital signs in real time; and heads-up displays for glasses that use pat-
tern recognition software to help people remember human faces, inanimate 
objects, or other data. Novel handheld devices may provide new capabilities 
for home health care, such as skin surface mapping, an imaging technology 
that will track changes in moles to detect malignancies; biosensors that 
will perform as portable laboratories; and alternative input devices such as 
eye blinks (electromyography) or brain activity (electroencephalography) 
that will facilitate hands-free device control, which will be especially useful 
for people with limited use of their hands (e.g., people with paralysis or 
 arthritis) (Lewis, 2001). 

Some people envision a future with more consumer-driven, preventive 
medicine in which consumers can evaluate their own bodies and communi-
cate with health care professionals on an ongoing or as-needed basis. Other 
people are less optimistic that the nation will ever get to a preventive medi-
cine model of health care, given the current business model being followed 
in the United States. The reality will probably fall between the two extremes, 
with some portion of the U.S. population making good use of new oppor-
tunities to follow good health maintenance practices. If medical devices are 
well-designed with appropriate and effective application of human factors 
principles and methods that percentage can be maximized. Chapter 9 pro-
vides more information on networked health technology for home care.
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HuMAN FACTORS ISSuES FOR HOME HEALTH CARE DEVICES

user Issues

The characteristics of individuals who use medical devices in the 
home are not well known by many medical device designers. Indeed, some 
 designers do not understand well even the needs of “average” users, and 
home device users often have capabilities that are far different from aver-
age. Particularly due to the conditions that require them to need home 
health care, individuals receiving care at home may have reduced physical 
strength or stamina (e.g., fatigue associated with chronic pain), diminished 
visual or hearing abilities, impaired cognitive abilities (including confusion 
caused by the effects of medication), or combinations of these conditions. 
Illness, medications, and stress can intensify the severity of any preexisting 
limitations in the user’s physical, perceptual, and cognitive functions.

People’s ability to operate a medical device depends on their personal 
characteristics, including the following:

•	 physical size, strength, and stamina;
•	 physical dexterity, flexibility, and coordination;
•	 sensory capabilities (i.e., vision, hearing, tactile sensitivity);
•	 cognitive abilities, including memory;
•	 comorbidities (i.e., multiple conditions or diseases);
•	 literacy and language skills;
•	 general health;
•	 mental and emotional state;
•	 level of education and training relative to the medical condition 

involved;
•	 general knowledge of similar types of devices;
•	 knowledge of and experience with the particular device;
•	 ability to learn and adapt to a new device; and
•	 willingness and motivation to use a new device.

It is important to recognize that lay users may also be affected by their 
own emotional states, which may be caused or aggravated by the news 
that they or their loved ones are seriously ill. They may be overwhelmed 
by new terminology and the critical responsibilities associated with home 
care, including awareness of the potential for harm—to the equipment, to 
their loved ones, or to themselves—if they make an error. Instructions may 
be confusing, and users may have little preparation and insufficient personal 
or institutional support for the tasks they must perform.

Regardless of their capabilities, individuals using medical devices in the 
home should be able to use the devices safely and effectively and without 
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unintentionally making errors that could compromise the health of the 
person receiving care (Kaye and Crowley, 2000). This requirement has 
implications for medical device design, user training programs, and ongoing 
support. If the human factors demands of the medical device exceed the 
capabilities of the user, the equipment burden may be too great to manage, 
and the person receiving home health care may be forced to move to a long-
term care facility or a nursing home.

In 2005, Hancock, Pepe, and Murphy proposed a “hierarchy of ergo-
nomics and hedonomic needs” (see Figure 8-2). The purpose of the article 
was to suggest that once people’s needs for safety and functionality were 
fulfilled, designers should address the need for pleasure. 

This hierarchical structure could also represent the relationships among 
safety, accessibility, and usability. For individuals with any sort of physical, 
sensory, cognitive, or emotional disability, accessibility equates to function-
ality. The primary imperative is that home-use medical devices be safe; the 
secondary imperative is that they be functional (accessible) for the people 
who need to use them. Ideally, devices would satisfy all levels of the pyra-
mid: they would be safe and functional, but also usable and pleasurable, 
and even offer customization to individual users’ needs and preferences. 
There is no reason why medical devices, especially those intended for 
personal use, cannot be satisfying to use and aesthetically pleasing, and 
 possibly even enable users to achieve their own health and life goals.

FIGuRE 8-2 Hierarchy of ergonomic needs. 
SOURCE: Adapted from Hancock, Pepe, and Murphy (2005).
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Device Issues

Some medical devices may not be safe for all users or use environ-
ments, but medical device manufacturers have a responsibility to recognize 
and mitigate hazards to the greatest extent possible. In the FDA guidance 
document, Medical De�ice Use-Safety: Incorporating Human Factors Engi-
neering into Risk Management, Kaye and Crowley (2000, p. 7) explain that 
use-related hazards occur for one or more of the following reasons: 

•	 Devices are used in ways that were not anticipated. 
•	 Devices are used in ways that were anticipated, but inadequately 

controlled for. 
•	 Device use requires physical, perceptual, or cognitive abilities that 

exceed those of the user. 
•	 Device use is inconsistent with user’s expectations or intuition 

about device operation. 
•	 The use environment . . . [affects] device operation and this effect 

is not understood by the user. 
•	 The user’s physical, perceptual, or cognitive capacities are exceeded 

when using the device in a particular en�ironment.

The FDA’s Center for Devices and Radiological Health collects data on 
adverse event incidents associated with medical devices. One of the FDA 
databases is the Medical Product Safety Network (MedSun), in which more 
than 350 health care facilities (primarily hospitals) currently participate and 
submit reports through the Internet. The database has several subnetworks 
that focus on specific clinical areas, including HomeNet, which focuses 
on medical devices used in the home environment (U.S. Food and Drug 
Administration, 2009b). 

Another FDA database collects reports from manufacturers and health 
care professionals in the Manufacturer and User Facility Device Experience 
(MAUDE) database. The data include all voluntary adverse event reports 
since June 1993, user facility reports since 1991, distributor reports since 
1993, and manufacturer reports since August 1996. (User facilities are 
defined as hospitals, nursing homes, long-term care facilities, and ambula-
tory and outpatient treatment facilities, including home care and hospice 
care.)

In evaluating reports of adverse device events in the MAUDE data-
base between June 2008 and August 2009, the FDA found 1,059 events 
for which the location of the event was reported as “home.” The devices 
involved in the greatest number of events were
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•	 insulin infusion pump,
•	 implantable cardioverter defibrillator,
•	 	automatic implantable cardioverter defibrillator with cardiac 

resynchronization,
•	 ventricular (assist) bypass device,
•	 mechanical walker,
•	 implantable pacemaker pulse generator,
•	 piston syringe, 
•	 intravascular administration set, and
•	 	continuous ventilator (facility use) (U.S. Food and Drug Adminis-

tration, 2009d).

Note that this list identifies the types of devices with which profession-
als have had greatest difficulty in the home; lay users do not have access to 
these reporting systems, nor do they have any good mechanism for provid-
ing this type of feedback to the FDA.

Infusion pumps, the most frequently reported device on this list, are 
notoriously complicated to operate and put a particularly high cognitive 
burden on the user. This is especially problematic because the person receiv-
ing infusion tends to be sicker than the typical home health care recipient 
and the medications are more critical; consequently, the margin for error 
is small. 

Three of the most common use errors when administering intravenous 
medications via a pump are (1) dosage miscalculation, (2) transcription 
data entry error, and (3) titration of the wrong medication. For home use, 
the first two errors (both of which result in wrong dosage) are less likely 
if a professional sets up the pump when it first enters the home. The third 
error (wrong medication) is more likely, especially if the person receiving 
care uses more than one type of medication. In any use scenario, the pump 
operator may accidently and erroneously change the rate of drug delivery. 
All of these types of errors can be life-threatening. 

The MAUDE database contains a report of a dosing incident involving 
an individual who had been using an insulin pump for about 4 years. He 
had been using his previous pump for 2 years but had purchased a new 
one 3-4 months before the incident. A few hours after he arrived home one 
evening, he was found unconscious in his bedroom and could not be revived 
by paramedics. His cause of death was determined to be a severe hypogly-
cemic insulin reaction. The report said, “User reported having difficulties 
with pump outputs. No similar pump issues with older style pump” (U.S. 
Food and Drug Administration, 2009c). This suggests possible usability 
problems with the new pump.

To minimize the possibility of pump use errors, it is important that the 
pump clearly display the type of drug and infusion dose rate. If the pump 
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has built-in intelligence and self-checks (e.g., bar code recognition, reference 
drug libraries, dosing limits, and best-practice guidelines), or transmits data 
to a remote health care facility, the chance of error is reduced (B. Braun 
Medical, Inc., 2000; Beattie, 2005; DiConsiglio, 2005).

Another example of home device user difficulty involved a home ven-
tilator. A family member went into the patient’s room one night and dis-
covered that the patient had died and his ventilator was not functioning. 
The family member reported that no alarm had sounded and there was a 
problem with the ventilator’s power cord. The police officer who arrived 
at the house manipulated the power cord’s plug at the wall outlet, and the 
ventilator powered up again (Weick-Brady and Lazerow, 2006, p. 203).

Medical devices used in the home should be easy for lay users to oper-
ate and have minimal requirements for calibration and maintenance. While 
hospitals have departments dedicated to performing these tasks, lay users 
should not be expected to have this level of interaction with equipment. 
Devices should be self-calibrating whenever possible. Maintenance should 
generally be limited to only the most basic, routine functions, such as simple 
cleaning and battery replacement. Depending on the device involved, how-
ever, some home care providers will need to sterilize components or dispose 
of used supplies, and the device system should be designed so that these 
tasks are easy to perform. 

Human Factors Standards and Guidance

U.S. and international standards provide guidance to industry on the 
importance of and methods for applying human factors to medical device 
design. Standards offer companies models for including various processes 
in corporate operating procedures and allow them to utilize bodies of 
knowledge about best design practices without having to conduct their own 
research. Following standards enables companies to demonstrate to the 
FDA (and other regulatory bodies) that they have applied best practices.

One of the key U.S. standards is referred to as ANSI/AAMI HE74:2001, 
Human Factors Design Process for Medical De�ices. The document describes 
“a recommended human factors engineering process for use in fulfilling user 
interface design requirements in the development of medical devices and 
systems, including hardware, software, and documentation.” The standard 
includes an overview and a discussion of the benefits of human factors engi-
neering, a review of the human factors engineering process and its analysis 
and design techniques, and a discussion of implementation issues.

One of the most important international standards is ISO/IEC 62366:2007, 
Medical De�ices—Application of Usability Engineering to Medical De�ices, 
which refers to and builds on HE74. Its abstract says that the document:
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Specifies a process for a manufacturer to analyze, specify, design, verify and 
validate usability, as it relates to safety of a medical device. This usability 
engineering process assesses and mitigates risks caused by usability prob-
lems associated with correct use and use errors, i.e., normal use. It can 
be used to identify but does not assess or mitigate risks associated with 
 abnormal use. If the usability engineering process detailed in this Interna-
tional Standard has been complied with and the acceptance criteria docu-
mented in the usability validation plan have been met, then the residual 
risks, as defined in ISO 14971, associated with usability of a medical 
device are presumed to be acceptable, unless there is objective evidence 
to the contrary.

ISO/IEC 62366 incorporates HE74 as an informative appendix (with the 
exception of a description of the relationship between HE74 and the FDA 
Quality Systems Regulation). These two documents describe human factors 
methods that may be applied to assess device safety and performance. 

A new standard, ANSI/AAMI HE75:2009, Human Factors Engineering—
Design of Medical De�ices, supplements these process documents with design 
guidelines. The recommended practice is approximately 500 pages long and 
is organized into 25 sections, including one explicitly on home health care. In 
an interview in August 2008, shortly before his retirement as the FDA’s human 
factors team leader, Peter Carstensen praised the document but cautioned 
against applying its contents without judgment (Swain, 2008, p. 52):

HE75 is a very comprehensive handbook describing almost everything a 
designer needs to know. It’s a one-stop shopping text with most all the 
information a designer would need to design a good user interface and 
validate it. But it still requires intelligent interpretation. It’s like someone 
could write a detailed text on how to perform brain surgery, but careful 
study and practice will be needed to pull it off. HE75 is a very good start 
but it’s not a substitute for expertise in the field.

HE75 is massive and may be difficult to apply for engineers and 
 designers who are unfamiliar with human factors and do not know how 
to prioritize the recommendations for a particular device or how to choose 
among the inevitable trade-offs that must be made when guidelines con-
flict. Human factors engineering is an art as well as a science and must be 
practiced differently for every application.

To complement national and international standards, guidance asso-
ciated with the concept of universal design provides useful information 
related to the needs of lay users. Universal design considers the needs of the 
broad spectrum of potential design users, which is relevant when designing 
medical devices (Story, 2007), especially for home use. 

In 1995 a group of architects, product designers, engineers, and envi-
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ronmental design researchers convened to articulate the fundamental con-
cepts that underlie universal design. The purpose of the resulting document, 
called The Principles of Uni�ersal Design (see Table 8-2), was to support 
evaluation of existing designs, inform development of new designs, and 
educate both designers and consumers about the characteristics of more 
usable products and environments (Connell et al., 1997; Story, Mueller, and 
Mace, 1998). Implicitly, their purpose was to integrate accessibility into as 
much of the built environment as possible in order to make it more usable 
by people of all ages and abilities or disabilities.

Below are examples of how the principles can be applied to medical 
devices for home health care.

•	 Principle 1. Equitable Use—i.e., design for all. Optimizing universal 
accessibility can increase the number of people for whom a medi-
cal device, such as a dialysis machine, is appropriate and therefore 
extend the option of home health care to more people.

•	 Principle 2. Flexibility in Use—i.e., design for each. A bed con-
trol can accommodate users’ personal characteristics, abilities, and 
preferences if it can be operated with a variety of switches that can 
be activated with a variety of body parts (e.g., hand, foot, cheek).

•	 Principle 3. Simple and Intuitive Use—i.e., design for the mind. 
User interfaces for pumps (e.g., infusion, insulin, enteral) should 
be easy to understand and intuitive and logical to use. 

•	 Principle 4. Perceptible Information—i.e., design for the senses. A 
blood coagulation (PT/INR) meter should transmit information 
in multiple sensory modes in order to maximize communication. 
It could allow users to enlarge the size of the information on 
the display (for people with vision impairments) and offer voice 
output (for people who are blind or who understand auditory 
information better than visual). The voice output should have a 
volume control (for people with different hearing abilities) that 
can be turned off (for people who cannot or do not want to hear 
it).

•	 Principle 5. Tolerance for Error—i.e., design for error. Having 
the device’s user interface request confirmation of irreversible or 
potentially critical operations can reduce the chance of inadvertent 
actions. Having devices that revert to benign settings when the 
operator takes no action for a period of time, or that automatically 
shut off in case of a power surge (such as by using a ground-fault 
interrupter), can reduce the level of hazard.

•	 Principle 6. Low Physical Effort—i.e., design for limited strength 
and stamina. Buttons that activate in response to body heat require 
no force (however, they are unusable for people with limb pros-
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TABLE 8-2 The Principles of Universal Design

Principle Definition and Guidelines Associated with Principle

1.  Equitable Use The design is useful and marketable to people with diverse abilities.

1a. Provide the same means of use for all users: identical whenever 
possible; equivalent when not.

1b. Avoid segregating or stigmatizing any users.
1c. Make provisions for privacy, security, and safety equally available to 

all users.
1d. Make the design appealing to all users.

2.  Flexibility  
in Use

The design accommodates a wide range of individual preferences and 
abilities.

2a. Provide choice in methods of use.
2b. Accommodate right- or left-handed access and use.
2c. Facilitate the user’s accuracy and precision.
2d. Provide adaptability to the user’s pace.

3.  Simple and 
Intuitive Use

Use of the design is easy to understand, regardless of the user’s 
experience, knowledge, language skills, or current concentration level.

3a. Eliminate unnecessary complexity.
3b. Be consistent with user expectations and intuition.
3c. Accommodate a wide range of literacy and language skills.
3d. Arrange information consistent with its importance.
3e. Provide effective prompting and feedback during and after task 

completion.

4.  Perceptible 
Information

The design communicates necessary information effectively to the user, 
regardless of ambient conditions or the user’s sensory abilities.

4a. Use different modes (pictorial, verbal, tactile) for redundant 
presentation of essential information.

4b. Maximize “legibility” of essential information (in all sensory modes).
4c. Differentiate elements in ways that can be described (i.e., make it easy 

to give instructions or directions).
4d. Provide compatibility with a variety of techniques or devices used by 

people with sensory limitations.

5.  Tolerance  
for Error

The design minimizes hazards and the adverse consequences of 
accidental or unintended actions.

5a. Arrange elements to minimize hazards and errors: most used elements, 
most accessible; hazardous elements eliminated, isolated, or shielded.

5b. Provide warnings of hazards and errors.
5c. Provide fail-safe features.
5d. Discourage unconscious action in tasks that require vigilance.

6.  Low Physical 
Effort

The design can be used efficiently and comfortably and with a 
minimum of fatigue.

6a. Allow user to maintain a neutral body position.
6b. Use reasonable operating forces.
6c. Minimize repetitive actions.
6d. Minimize sustained physical effort.
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Principle Definition and Guidelines Associated with Principle

7.  Size and Space 
for Approach 
and Use

Appropriate size and space is provided for approach, reach, 
manipulation, and use regardless of user’s body size, posture, or 
mobility.

7a. Provide a clear line of sight to important elements for any seated or 
standing user.

7b. Make reach to all components comfortable for any seated or standing 
user.

7c. Accommodate variations in hand and grip size.
7d. Provide adequate space for the use of assistive devices or personal 

assistance.

SOURCE: Connell et al. (1997).

TABLE 8-2 Continued

theses or cold hands). Some devices may be controlled with voice 
commands.

•	 Principle 7. Size and Space for Approach and Use—i.e., design for 
body sizes and postures. A medical device should provide clearance 
for people who use it. The diameter of a cylindrical handhold can 
be tapered to allow users to place their hands along whichever 
section best suits the size of their hands as well as their needs and 
preferences for the specific task.

These universal design principles can help improve accessibility and 
usability (and safety) for laypeople who operate medical devices in the 
home. 

Device Labeling and user Training Issues

Device labeling, instructions, and training can all affect the occurrence 
of use errors. Use errors may be categorized as either active or latent. Active 
errors have immediate and potentially serious consequences, such as from 
an incorrect medication dose or an injection in an incorrect site. Latent 
errors occur on an ongoing basis and can be much more difficult to identify, 
such as failure to replace the code key on a blood glucose meter or placing 
old test strips into a vial of new strips that have a different code (Patricia 
 Patterson, Agilis Consulting Group, personal communication, 2004).

Instructions and labeling that accompany medical devices used in the 
home must also be designed for lay users. Too often, medical device docu-
mentation and labeling are written not for novice users but 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 
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particular. Poor labeling increases the likelihood that users will need to 
call either the doctor’s office or the device manufacturer’s customer service 
line, which is expensive and may not answer all the user’s questions. User 
confusion can lead to use errors or product abandonment, either of which 
compromises quality of care. 

All home caregivers, whether professional or lay, must be adequately 
trained to use and maintain the medical devices that they will use in the 
home. All household residents who are capable should learn how to interact 
with the medical equipment. Some residents should be taught about the limits 
of their involvement, such as children who may be taught to get help if an 
alarm sounds. 

Home users may have multiple problems with training. As described 
by Fisk and colleagues (2004, p. 131):

The training may be provided under the stressful and emotional context of 
being newly diagnosed with an illness. Training provided by a health care 
professional may be presented too quickly, using jargon, with little practice 
by the patient, and without adequate explanation of the difficulties that 
may arise if the steps are not followed properly. When users are at home 
attempting to use a system, they may forget the details of the steps, have 
no idea about what to do if the system does not operate as expected, and 
have no immediate access to help.

Lack of ongoing training and support is a particular challenge when 
device users are faced with purchasing a device when the reimbursement 
period ends. When a device, such as oxygen therapy equipment, is used 
under reimbursement, the distributor or supplier usually sets it up, services 
and maintains it, and delivers any necessary supplies. However, at the end 
of the reimbursement period, patients must purchase the device if they 
want to continue using it, but if they do, they lose the supports that the 
distributor or supplier used to provide. The home user typically has not 
been trained to service or maintain the device and may not know what 
supplies they will need or where to procure them, which can lead to seri-
ous problems.

Training should be provided in multiple formats, including visual and 
auditory information, because individuals have different capabilities, learn-
ing styles, and preferences. Some people understand information better 
when it is delivered in visual format, and others understand the spoken 
word better. Some device users have limited education or are illiterate. 
Some people do not understand English well or at all. Hands-on training 
is generally most effective.

Patricia A. Patterson, president of Agilis Consulting Group, is an expert 
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in performance-based training and labeling systems for medical devices. She 
warns (Patterson, 2004, p. 145):

Getting information into people’s long-term memory so that they can recall 
it when needed—accurately and consistently—is like walking on thin ice: 
it’s risky, and when we’re talking medical, it’s dangerous. And it has less 
to do with the media (a.k.a. video) and more to do with the instructional 
design. . . . If the user needs information to perform a task—where is 
that information going to be stored: in their head (long-term memory) or 
someplace else? We try to opt for someplace else whenever appropriate 
for obvious reasons. . . . What labeling can do is to minimize the need for 
memory by making it accessible to the user when and where needed—like 
stuck to the device, in the [user interface] itself, etc.

In addition to clear device labeling and effective training, home care-
givers need to have access to ongoing support, always by telephone but also 
through e-mail, on the Internet, or via telehealth connection. Ideally, some 
form of help should be available 24 hours a day, 365 days a year.

Environmental Issues

Residential environments vary considerably and can present a range of 
complexities for introduction of medical devices (see Chapter 10). Medi-
cal devices may be used under variable conditions involving such environ-
mental attributes as space, lighting, noise levels, and activity: 

•	 Rooms may be physically crowded or cluttered, making it diffi-
cult for the person providing or receiving care to maneuver in the 
space. 

•	 Carpeting or stairs may hinder device portability or maneuverability. 
•	 The lighting level may be low, making it hard to see device displays 

and controls. 
•	 The noise levels may be high, making it difficult to hear device 

prompts and alarms. 
•	 The temperature may be very high (e.g., in Florida) or very low (e.g., 

in Alaska), which can cause equipment to overheat or stall out. 
•	 The humidity may be very high (e.g., in Louisiana), which can 

cause condensation, or very low (e.g., in Arizona), which can pro-
duce static electricity. 

•	 The home may not be clean. 
•	 The household may be busy with other residents and activities, pro-

viding distractions that may confuse people while they use medical 
devices. 



Copyright © National Academy of Sciences. All rights reserved.

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

1�� HUMAN FACTORS IN HOME HEALTH CARE

•	 Children, unauthorized users, pets, or vermin in the home can 
cause damage to themselves (e.g., playing with syringes), cause 
damage to devices (e.g., chewing on tubing), or change device set-
tings, which may not be noticed before the unit is used again. 

•	 Electromagnetic interference from other equipment in the home 
(e.g., computer gear, such as Gameboys and Wii sets) can affect 
medical device functions. 

These environmental influences can have a significant impact on how 
safe or risky a device is in the home. An example of electromagnetic inter-
ference in the home involved a motorized wheelchair. One day when the 
patient was at home in the wheelchair, it began spontaneously spinning 
around, out of control. The patient tipped backward in the chair and fell 
out, sustaining an injury. After the incident the patient reported that some-
one had been using a cell phone nearby, which may have contributed to the 
event (Weick-Brady and Lazerow, 2006, p. 203).

Not all medical devices stay at home. People who work may take their 
device along with them to the workplace. This situation has implications 
for device portability (size and weight) and appearance, particularly with 
regard to discretion. People may also take their device with them when they 
go out in their communities or when they travel away from home. In this 
case, battery life, durability, and ruggedness also matter.

A home dialysis patient who liked to travel offers an example of 
traveling with a significant medical device. After receiving dialysis in medi-
cal centers in 19 countries on 5 continents for 11 years, he began home 
dialysis and now takes a dialysis machine with him when he travels. He 
dialyzes himself five nights a week, unassisted, using a relatively compact, 
“portable” machine that weighs 99 pounds (Taylor, 2008).

The utilities available must be taken into consideration when selecting a 
medical device for nonclinical use. For example, for treatments that involve 
water (such as home dialysis), it will be important to have a clean and reli-
able source of tap water. For devices powered by electricity, the room will 
need a sufficient electrical supply (including outlets and circuit capacity). 
For foreign travel, this may require outlet or power adapters. The device or 
room will also need a source of backup power, such as a battery or genera-
tor, in case of power failure or other emergency (e.g., after a hurricane or 
earthquake). Some care recipients cannot survive long without the medical 
devices on which they depend. 
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APPLICATION OF HuMAN FACTORS TO 
HOME HEALTH CARE DEVICES

The history of medical devices used in the home is filled with stories, 
some successful and some cautionary. Among the successful stories, blood 
glucose meters with voice output are useful for a variety of users. Voice 
output is useful on many home health care devices because it

•	 reinforces visual messages, providing redundant cuing that improves 
comprehension;

•	 reduces misinterpretation of visual messages (including words and 
icons);

•	 is especially helpful for infrequent users who benefit from prompt-
ing and feedback as they use a device;

•	 improves user confidence and trust in the device; and
•	 reduces the burden on customer service to handle repeated contact 

from confused users.

In addition, speech output is vitally important for people with vision 
impairments who cannot perceive all the visual information provided by 
the device.

Among cautionary tales is the story of a patient who was receiving 
oxygen therapy in his home. When a pressure hose came loose from the 
 respirator, an alarm sounded, but the alarm was not loud enough to be 
heard over the sounds produced by the device itself (and there was no 
remote monitoring system in place). The patient died (Lewis, 2001). 

In a study of telemonitoring and 19 elder home health care recipients, 
a few participants were unable to measure their own weight using a scale, 
most often because they needed help to accomplish the task and no one 
was available at the time; at least one-third of participants could not reli-
ably interpret their blood pressure results as being normal or abnormal, 
and for a significant percentage of those, even periodic retraining didn’t 
help (Daryle Gardner-Bonneau, Bonneau and Associates, personal com-
munication, 2009).

A study of everyday use of ventricular assist devices (to provide cir-
culatory support before cardiac transplantation) showed that the usability 
of these devices affected the success and acceptance of the treatment. Of 
the 16 study participants, 38 percent accidentally disconnected important 
components of the system at least once; 38 percent reported that parts 
of the system rubbed against their skin (particularly the shoulder strap 
against the abdomen when using a bag belt); and 56 percent reported that 
the noises from the pump, ventilators, and alarms were annoying; how-
ever, the alarm signals were too quiet to wake 32 percent of them. Most 
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participants (63 percent) used a carrying case other than the one supplied, 
and many (44 percent) overstuffed the case with additional gear, mainly 
medical documents, cell phones, or eyeglasses (without which the older 
participants had difficulty reading the messages on the device) for which 
space was not provided (Geidl et al., 2009).

Medical devices used in the home should be designed to be safe and 
easy to use by their end-users, including the people receiving care and any 
lay caregivers on whom they may rely. This may require that devices have 
fewer features in order to simplify use, such as no memory function, or 
have additional features, such as new alarms (which may be visual as well 
as auditory) or extra monitoring functions to track device usage and adher-
ence to treatment regimens. 

It is important for manufacturers to design out hazards, rather than 
just add warning labels or rely on training to address problems. Not every-
one reads labels or instructions—indeed, not everyone can read. Training 
depends on good instructors and methods, which may not always be avail-
able. Both methods rely on users to interpret the information correctly 
and remember it when it is needed, which is difficult for some people 
to do. Users would be better served if devices were designed to be more 
error-resistant (easier to understand and operate as well as more fail-safe) 
irrespective of labels, instructions, or training. As psychologist and cog-
nitive scientist Donald Norman recommended, for devices that are used 
infrequently, it is better to have knowledge in the world (i.e., in or on the 
device) so that the user need only interpret the visual cues provided by 
the device, rather than depend on knowledge in the head (i.e., in the user’s 
memory) (Norman, 1980).

Medical device manufacturers should make a commitment to follow 
good human factors practices in the design of their products. They need to 
establish permanent human factors departments or identify and contract 
with qualified human factors consultants to perform the human factors 
analyses needed to ensure that medical devices will be safe and usable, 
reducing the likelihood of product misuse or abandonment.

HuMAN FACTORS ASSESSMENT

The Food and Drug Administration requires medical device manufac-
turers to demonstrate that they have addressed human factors issues during 
the product’s development process. The FDA requires design controls for 
all medical devices sold in the United States. These are explained in Title 21 
of the Code of Federal Regulations (CFR), Part 820 of which is the Quality 
System Regulation (QSR). Section 820.30, Design Controls, contains key 
human factors requirements in its subsections c, f, and g:
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(c) Design input. Each manufacturer shall establish and maintain pro-
cedures to ensure that the design requirements relating to a device are 
appropriate and address the intended use of the device, including the needs 
of the user and patient. . . .

(f) Design �erification. Each manufacturer shall establish and maintain 
procedures for verifying the device design. Design verification shall confirm 
that the design output meets the design input requirements. . . .

(g) Design �alidation. . . . Design validation shall ensure that devices 
conform to defined user needs and intended uses and shall include testing of 
production units under actual or simulated use conditions. Design validation 
shall include software validation and risk analysis, where appropriate.

The primary human factors guidance documents offered by the FDA 
are Do It by Design: An Introduction to Human Factors in Medical De�ices 
(Sawyer, 1996) and Medical De�ice Use-Safety: Incorporating Human Fac-
tors Engineering into Risk Management (Kaye and Crowley, 2000). These 
documents include descriptions of human factors engineering methods, 
such as analytic and empirical approaches to identify and understand use-
related hazards, methods of assessing and prioritizing hazards, strategies for 
mitigating and controlling hazards, and methods of verifying and validat-
ing hazard mitigation strategies. They also discuss exploratory studies and 
usability testing methods.

It is important that representative laypeople and caregivers be included 
in any user testing that is conducted in order to assess the safety of the 
medical device and its use by these populations. The potential user popula-
tion may be very diverse, and it is vital to identify the users at highest risk. 
By studying their use of the device and its labeling to conduct essential 
tasks, the device manufacturer can ensure that any potential risks have been 
minimized, residual risks have been mitigated as far as possible, and the 
device is appropriate for home use.

Medical device manufacturers need to ensure device safety before 
marketing, and they also need to make a commitment to postmarket sur-
veillance of their products to make sure that no unforeseen problems appear 
with long-term use. If problems are discovered, manufacturers must notify 
current users and address the problems by providing information and 
replacement parts or recalling the product, as appropriate to the severity 
of the issues.

FuTuRE DIRECTIONS FOR THE FIELD

Critical gaps exist in the understanding of human factors issues for 
medical devices in the domain of noninstitutional health management and 
care. These include user issues, device issues, and environmental issues.
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Maximizing adherence to treatment regimens is an ongoing challenge 
for home health care. Having a device at home may actually make people 
less diligent in maintaining their own health. “These risky behaviors can 
involve lifestyle changes, such as changes in diet or physical activity, or 
less attention to monitoring their health condition due to over-reliance 
on the device,” says Ron Kaye, human factors and device use-safety team 
leader at the FDA’s Center for Devices and Radiological Health (Lewis, 
2001). Other problems with home device use, especially once the user has 
gotten accustomed to a device, include skipping steps rather than follow-
ing proper procedures, not performing important maintenance tasks, and 
not communicating with health care professionals as often as they should 
(Lewis, 2001). 

The field needs to develop methods of improving people’s ability and 
willingness to follow their doctors’ recommendations and to adhere to 
treatment regimens while visiting health care facilities less frequently. Medi-
cal personnel need to have good assessment tools and mechanisms to deter-
mine whether a particular individual is a good candidate to use a specific 
medical device. The attributes of the device, the characteristics of the user, 
and the expected use environments all need to be considered and should be 
integrated into the assessment program. 

Some medical patients have comorbidities, that is, more than one 
disease or condition, for which they may be receiving ongoing medical 
treatment. The conditions and their treatments may be independent, 
or they may reinforce or aggravate one another. These effects must be 
understood and taken into consideration when treatment regimens are 
designed. However, concomitant conditions may also present the pos-
sibility of care efficiencies. For example, treatments (e.g., drug infusions) 
could be delivered simultaneously, reducing the time involved, or multiple 
diagnostic processes (e.g., blood glucose level and coagulation time) could 
be conducted on a single blood sample, reducing the number of samples 
and the amount of blood that needs to be drawn.

Device issues that need to be addressed include concern for accuracy 
of home health care devices, especially some of the more inexpensive types 
designed for home use. For example, the current international standard 
for blood glucose meters allows their measurements to be up to 20 percent 
inaccurate, but, in fact, the readings sometimes fall well outside even these 
generous limits (Harris, 2009). Standards for home devices need to be suf-
ficiently stringent to safeguard the health of the user populations as well as 
engender trust in the technologies. 

For people who use telehealth technologies (devices that communicate 
with medical professionals at a distance), it is important for the devices 
to be interoperable (i.e., work together using the same technology). For 
example, a home health care system can include multiple devices (e.g., 
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weight scale, pulse oximeter, and blood glucose monitor) that communi-
cate wirelessly using a common protocol (e.g., Bluetooth Medical Device 
Profile) to a communication device, such as a computer, a cell phone, or 
a dedicated standalone unit. Potentially, sets of devices designed for home 
use could communicate with and affect one another’s operation, such 
as a pain medication pump that would vary dosage based on the results 
of patient respiration monitoring. Having communication standards for 
medical devices is critical and several are being developed, but the idea of 
interoperability continues to be controversial among device manufacturers, 
who do not want to share proprietary technologies with competitors. With-
out these standards, however, users will be limited in the selection of devices 
they can purchase (that will communicate with each other) and the costs 
are likely to be higher.

Another concern regarding home use of medical devices is the training 
burden on health care professionals, particularly nurses. When a device is 
not well designed, it falls to the medical personnel involved to train—and 
often retrain—users to use it, which puts a strain on the medical system 
that it can ill bear. Devices that are well designed can encourage use, result 
in better health, and reduce burdens on the medical system, including 
training.

The field also needs better mechanisms for home health care users to 
provide feedback to medical device manufacturers regarding the difficulties 
and hazards associated with use of devices in the home. Professional and lay 
caregivers and people receiving home care are rich sources of information 
about medical device use safety and errors, which need to be tapped. The 
experiences of real users in the real world need to be captured, studied, and 
used to inform and improve the design of the next generation of devices 
used in home health care.

Environmental issues that need to be addressed include surveying and 
documenting the range of nonclinical medical device use-environment types, 
situations, and conditions. The wide variation in environmental conditions 
is neither recognized nor taken into consideration by the designers and engi-
neers who develop medical devices that will be used in those locations.

CONCLuSIONS

Inevitably, as medical costs continue to climb and particularly as  
more devices are designed with lay users in mind, more people will use 
medical devices for health care in their own homes and other private and 
public environments.

The explosion of information on the Internet has provided people with 
access to more data than ever before. Individuals with health concerns have 
resources at their fingertips that provide information about symptoms, con-
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ditions, and treatment options, which make them more informed consumers 
of health care services. This knowledge, in turn, enables people to be more 
demanding of their health care providers.

At the same time, people tend to be reluctant to blame medical devices 
when they have trouble using them. The professional culture in health care 
seems to make practitioners believe that they should be able to provide the 
needed care, regardless of the technology. Laypeople using medical devices 
tend to blame themselves if they have difficulty using a device properly, even 
though such difficulty often occurs because there is something wrong with 
the device (and not the operator). Users need to stop blaming themselves 
and be more demanding of medical devices. When devices are not operat-
ing correctly or are difficult or dangerous to use, users need to report those 
problems—to their health care providers, to their state, and to the FDA. To 
encourage this kind of reporting, better reporting mechanisms are needed, 
ones that are visible, accessible, and easy to use.

The medical industry needs to improve the health of the general public 
in the United States, and it also needs to reduce the cost of providing health 
care. Home health care promises to advance both of these goals. However, 
to enable good health care at home, medical devices need to be designed to 
be safer, more accessible and usable, and available to more people. Human 
factors engineering offers principles and processes that support industry to 
produce such devices. 
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Information Technology and 
Systems in Home Health Care

George Demiris

Home health care faces several challenges, such as funding limitations, 
large geographic distances that make such resources often more costly for 
rural patients, and issues of clinical workforce distribution that impose 
access barriers to these services. It is a general premise that information 
technology (IT) can address these challenges and enhance home health 
care services. Advances in telecommunications, web solutions, and social 
networking tools have the potential to support health care delivery and 
education. The use of IT can lead to a fundamental redesign of home care 
processes based on the use and integration of electronic communication at 
all levels. Many anticipate that IT platforms may lead to patient empower-
ment and a transition from a passive role, in which the patient is the recipi-
ent of care services, to an active role, in which the patient is informed, has 
choices, and is involved in the decision-making process. Such a transition 
may be possible due to the active involvement of patients in the manage-
ment of their disease using home monitoring devices and software, the 
access to information and online communities, and the use of personal 
health records maintained by patients themselves. 

Information technology can be introduced in home care in a multitude 
of ways. The following taxonomy captures the multiple levels of IT function 
and functionality in the context of home care: 

•	 Active monitoring and management (requiring end-user involve-
ment and participation)
— Telehealth applications for home-based disease management (that 

link patients and their families to their health care providers)
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— Web-based communities for home care patients (that link 
patients and their families to health care providers, peers, and 
the community)

— Personal health records (that enable patients to create and store 
their personal health information)

•	 Passive monitoring and management (for which IT implementation 
does not require training or operation by the end-user)
— Robotic applications (standalone artificial intelligence applica-

tions that support home care needs)
— “Smart homes” (in which IT based on the use of sensors 

becomes part of the residential infrastructure)

This chapter describes these different types of IT applications and dis-
cusses technical, practical, and ethical implications.

TELEHEALTH APPLICATIONS FOR HOME-
BASED DISEASE MANAGEMENT

Telehealth applications offer a platform to support disease manage-
ment for home care patients diagnosed with chronic conditions and their 
families. This section is organized by the disease or condition addressed by 
the application.

 For asthma management, an example of Internet utilization is the home 
asthma telemonitoring system (Finkelstein, O’Connor, and Friedmann, 
2001), which provides patients with continuous individualized help in the 
daily routine of asthma self-care and coping and alerts health care pro-
viders if specific conditions or patterns emerge. The system is operated by 
the patient or an informal caregiver (including family members or friends) 
and involves web-based questionnaires and the operation of a spirometer 
to assess lung capacity. The data sets (including the spirometry readings) 
are transmitted to health care providers.

Another example involves diabetes. As diabetes has in many cases an 
asymptomatic nature, the time frame between sustained hyperglycemia 
and observable complications can be extended, thus making a long-term 
program of secondary prevention an essential part of appropriate diabetes 
care and a suitable domain for technology-based diabetes management 
applications. McKay, exploring the development and feasibility of a web 
tool for diabetes self-management that emphasized personalized goal set-
ting, feedback, and social support (McKay et al., 1998) found that patients 
were satisfied with the system and appreciated the social support and the 
availability of information.

Similarly, the Center for Health Services Research’s Henry Ford Health 
System in Detroit developed the web-based Diabetes Care Management 
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Support System to support the provision of routine care to patients with 
diabetes (Baker et al., 2001). The system was evaluated in a nonrandom-
ized, longitudinal study, and the findings indicated that web-based sys-
tems using clinical practice guidelines, patient registries, and performance 
feedback have the potential to improve the rate of routine testing among 
patients with diabetes. 

The Telematic Management of Insulin-Dependent Diabetes Mellitus 
project, funded by the European Union, implemented and evaluated a dis-
tributed computer-based system for the management of insulin-dependent 
diabetes mellitus. The goal was to use Internet technology to support health 
care providers and patients by providing them with a set of automated 
services ranging from data collection and transmission to data analysis and 
decision support (Riva, Bellazzi, and Stefanelli, 1997). The system included 
a module allowing patients to automatically download their monitoring 
data from the blood glucose monitoring device and to send them to the 
hospital information system. The system provided physicians with a set 
of tools for data visualization, data analysis, and decision support and 
allowed them to send messages, including therapeutic advice, to the patients 
(Bellazzi et al., 2002).

Other application domains for web-based systems include congestive 
heart failure, chronic obstructive pulmonary disease, and wound care. The 
TeleHomeCare project at the University of Minnesota included a system 
based on the use of low-cost commercially available monitoring devices 
and an Internet application designed for patients diagnosed with conges-
tive heart failure or chronic obstructive pulmonary disease or requiring 
wound care. The system included web pages customized to address the 
information needs of individual patients and included an online diary 
with questionnaires to be filled out daily. The daily questionnaire included 
questions about symptoms, vital signs (such as weight, blood pressure, 
temperature), overall well-being, and compliance with dietary guidelines. 
When one or more responses to these questions indicated a situation that 
required immediate clinical attention, alerts were triggered according to 
predefined rules and sent to the home care agency staff (Demiris, Speedie, 
and Finkelstein, 2001).

Oncology patients also often face the challenges of disease manage-
ment and handling treatment side-effects at home. The National Cancer 
Institute’s Common Terminology Criteria for Adverse Events schema for 
seven common symptoms was adapted into a web-based patient reporting 
system, accessible from desktop computers in outpatient clinics and from 
home computers (Basch et al., 2005). In this study, 80 patients with gyne-
cological malignancies, about to begin standard chemotherapy regimens, 
were enrolled and encouraged to log into the system and report symptoms 
at each follow-up visit or, alternatively, to access the system from home. 
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Numerous toxicities (grades 3 to 4) reported from home prompted clinician 
interventions. Patients were capable of reporting symptoms experienced 
during chemotherapy, and their reporting often led to clinical interventions 
and changes in the care plan—indicating that the use of the Internet can 
be beneficial for the treatment and monitoring of home patients diagnosed 
with cancer (Basch et al., 2005). 

Finally, care following organ transplant requires an ongoing monitoring 
of the patient’s health status as well as the patient’s active involvement in 
this process. Regular spirometry monitoring of lung transplant recipients, 
for example, is essential to early detection of acute infection and rejection 
of the allograft. A prospective study investigated the impact of a web-based 
telemonitoring system providing direct transmission of home spirometry 
to the hospital. The study demonstrated that home monitoring of pulmo-
nary function in lung transplant recipients via the Internet is feasible and 
provides very reproducible data, yet “it has only a mild sensitivity for the 
detection of acute allograft dysfunction” (Morlion et al., 2002). 

As the use of telehealth technologies emerged in the area of home care, 
most of the earlier studies were either pilot exploratory projects or clinical 
trials with small sample sizes. One of the earliest clinical trials in the area 
of telehealth in home care (also referred to as telehomecare) with a large 
sample size was a study by Johnston and colleagues (2000). This was a 
quasi-experimental study in which newly referred patients diagnosed as 
having congestive heart failure, chronic obstructive pulmonary disease, 
cerebral vascular accident, cancer, diabetes, anxiety, or need for wound 
care were randomly assigned to either routine home care or a remote video 
system with peripheral monitoring devices that also allowed nurses and 
patients to interact in real time. A total of 102 subjects were enrolled in 
the experimental group and 110 in the control group. The study findings 
demonstrated no differences in the quality indicators (medication compli-
ance, knowledge of disease, and ability for self-care) or patient satisfaction. 
Although the average direct cost for home health services was $1,830 in the 
intervention group and $1,167 in the control group, the total mean costs 
of care, excluding home health care costs, were $1,948 in the intervention 
group and $2,674 in the control group. 

An extensive recently completed randomized clinical trial of tele-
homecare, and currently the largest telehomecare randomized study 
reported in scientific literature, is the Informatics for Diabetes Education 
and Telemedicine study (Shea et al., 2009). This project compared tele-
homecare case management with usual care of older, ethnically diverse, 
medically underserved Medicare beneficiaries with diabetes mellitus 
residing in medically underserved areas of New York State. The sample 
included 1,665 Medicare recipients with diabetes, age 55 or older. Find-
ings demonstrate that telehomecare case management resulted in net 
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improvements in blood glucose, cholesterol, and blood pressure levels 
over 5 years. 

Another large (although not randomized) study of home telehealth, car-
ried out by the Veterans Health Administration, introduced a national home 
telehealth program called Care Coordination/Home Telehealth (Darkins et 
al., 2008). The purpose of this ongoing initiative is to coordinate the care 
of veteran patients with chronic conditions in order to avoid or reduce 
unnecessary admission to long-term institutional care. Routine analysis 
of data from a cohort of 17,025 patients in 2008 shows the benefits of a 
25 percent reduction in number of bed days of care, a 19 percent reduc-
tion in number of hospital admissions, and overall high satisfaction rates 
for patients enrolled in the program (Darkins et al., 2008). The cost of the 
program was estimated to be $1,600 per patient per year in 2008, which the 
authors argue is substantially less than other noninstitutional care programs 
or nursing home care (Darkins et al., 2008).

Rojas and Gagnon conducted a systematic review of the key indicators 
for assessing telehomecare cost-effectiveness (Rojas and Gagnon, 2008). 
Their analysis showed that there is fair evidence of cost-effectiveness for 
many telehomecare applications. However, the heterogeneity among cost-
effectiveness indicators in the applications reviewed and the methodological 
limitations of the studies impede the generalizability of the findings. 

These telehealth applications require operation by the patients or their 
families (including use of a web interface and, in most cases, operation of 
a monitoring device, such as a glucose reader, a blood pressure cuff, or a 
 spirometer). This obviously has implications for eligibility criteria, as train-
ing is often required for patients or families before they can operate the 
system (requiring the presence and involvement of an informal caregiver 
when the patient has cognitive or functional limitations). An additional 
implication for the health care provider at the other end, who receives the 
collected data sets and, in some cases, conducts videoconference-based 
consultations, pertains to the training of providers as well as the need for 
technical support when technical problems arise at either end.

WEB-BASED COMMuNITIES FOR HOME CARE PATIENTS

In addition to web-based applications that follow an institution-centric 
approach and link home care patients to health care providers, the Inter-
net also supports a consumer-centric model and enables the creation of 
networks between home care patients diagnosed with the same condition, 
families or other informal caregivers, communities, and the general public. 
Such networks are often referred to as virtual communities. A virtual com-
munity is a social entity involving several individuals who relate to one 
another by the use of a specific communication technology that bridges 
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geographic distance (Demiris, 2005). While traditional communities are 
determined by such factors as geographic proximity, organizational struc-
tures, or activities shared by the members of the community, the label 
“virtual” declares properties that, unlike these of a traditional community, 
are based on the use of advanced technologies that support interactions 
and exchange of information between members who may never physically 
meet (Demiris, 2005). 

Virtual communities demonstrate core attributes wherein members 
have a shared goal, interest, need, or activity that is the primary reason 
for being part of the community. They engage in repeated, active par-
ticipation with access to shared resources. Defined policies determine the 
type and frequency of access to those resources. The sustainability of the 
community relies on reciprocity of information, support, and services 
among members (Whittaker, Isaacs, and O’Day, 1997). A virtual com-
munity with a health care purpose or focus is a group of people, as well 
as the social structure that they collectively create, based on the use of 
telecommunication with the purposes of educating, providing support, 
discussing issues, sharing resources, consulting with experts, and sustain-
ing relationships beyond or without face-to-face events. Numerous such 
applications function as self-help groups of individuals diagnosed with the 
same clinical condition or undergoing similar treatment. As Finn (1999) 
demonstrated, virtual self-help groups can provide many of the processes 
used in face-to-face self-help and mutual aid groups. The emphasis in such 
virtual communities is on mutual problem solving, information sharing, 
expression of feelings, mutual support, and empathy. 

Technologies for virtual communities include, among others, online 
message boards and automatic mailing list servers for asynchronous com-
munication, videoconferencing, Internet relay chat, group and private chat 
rooms for synchronous communication, and even social networking plat-
forms, such as Facebook or Twitter. In some cases, communication is not 
“moderated”; that is, there is no entity responsible for reviewing and filter-
ing posts that are thought to be inappropriate or in violation of any of the 
rules and terms of the virtual community. In these cases, the community 
relies largely on the normative processes of its own internal social norms 
“to define and enforce the acceptable behavior of the community members” 
(Burnett, Besant, and Chatman, 2001). In other cases, a moderator or group 
of moderators oversees and facilitates the interaction among members.

In a systematic review of online health care communities in 2004 
(Eysenbach et al., 2004), researchers compiled and evaluated the evidence 
on the effects on health and social outcomes of computer-based peer-to-peer 
communities and electronic support groups. The authors identified a lack of 
robust evidence of the effectiveness of consumer-led peer-to-peer communi-
ties, partly because most of these communities have been evaluated only in 
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conjunction with more complex interventions or involvement with health 
professionals (Eysenbach et al., 2004). However, given the great number of 
unmoderated web-based peer-to-peer groups, further research is needed to 
assess when and how electronic support groups can be effective (Eysenbach 
et al., 2004).

Virtual communities can involve patients, family members, informal 
caregivers, and even researchers. The Comprehensive Health Enhancement 
Support System (CHESS), developed by the University of Wisconsin, is 
a platform that provides services designed to help individuals cope with 
a health crisis or medical concern, but it also invites researchers to use 
resources and share knowledge and findings (Gustafson et al., 1992). The 
system provides timely access to such resources as information, social sup-
port, and decision-making and problem-solving tools when needed most. 
This application and its modules and consortia are good examples of a 
virtual community that serves individual patients’ and caregiver needs 
while also providing an active laboratory for researchers and organizations 
(Gustafson et al., 1992).

The same advanced telecommunication technologies that can facilitate 
virtual communities of patients and their families can also enable health 
care providers to form virtual teams, interacting and collaborating on cases 
even when separated by large geographic distances. Numerous health care 
settings lack the interdisciplinary resources required for efficient chronic 
disease management. Clinicians and researchers at Rush University Medical 
Center in Chicago developed the Virtual Integrated Practice, a process that 
creates virtual care teams (Rothschild et al., 2004) that target four strate-
gies: (1) communications, (2) process standardization, (3) group activities, 
and (4) self-management. The conditions covered are diabetes, chronic 
obstructive pulmonary disease, and urinary incontinence. Communication 
among members of the virtual team is both synchronous and asynchronous. 
Virtual health care provider teams in general can ensure continuity of care 
as they use a common platform for exchange of messages, opinions, and 
resources. Such teams can be essential to successful disease management 
and to providing continuity of care for the patients.

PERSONAL HEALTH RECORDS

A concept emerging from the proliferation of web technologies in 
people’s homes is the personal health record (PHR). The National Alliance 
for Health Information Technology defines a personal health record as 
“an individual’s electronic record of health-related information that con-
forms to nationally recognized interoperability standards and that can be 
drawn from multiple sources while being managed, shared and controlled 
by the individual” (National Alliance for Health Information Technology, 
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2008). Specifically, a personal health record is a tool to use in “sharing 
health information, increasing health understanding and helping transform 
patients into better-educated consumers of health care” (Kahn, Aulakh, and 
Bosworth, 2009). 

A recent initiative to implement a PHR system was launched in the Vet-
erans Health Administration system (U.S. Department of Veterans Affairs, 
2010). Called MyHealtheVet, this system focuses at the moment primarily on 
appointments, medication requests, protecting the identity of the users, and 
helping veterans obtain a variety of services. The electronic medical record 
software vendor, Epic, has also introduced a PHR application currently used 
by Kaiser Permanente, the Cambridge Health Alliance, and others. These 
systems are widely used by consumers because they provide important func-
tionality, which could lead to improved health (Mechanic, 2008). 

The PHR concept is expected to enable a shift from institution-centric 
to patient-centric models of care as personal health records can be used 
for sharing such health information as health finances, diagnoses (problem 
lists), allergies, immunizations, insurance information, and medications 
in an easy way that helps people manage their own health (Hassol et 
al., 2004). In that context, it is the patient and not a health care facility 
who owns and controls his or her data. For that reason, the industry is 
showing a growing interest in PHR applications. Such applications intro-
duced recently by Google (Google Health) and Microsoft (HealthVault) can 
potentially enable consumers to gain access to their health information via 
the Internet without having to use special hardware or have organizational 
agreements in place.

Traditional electronic medical record (EMR) systems are controlled and 
maintained by health care providers, whereas a PHR system is controlled 
and maintained by the patient. The integration of EMR and PHR systems 
is envisioned to enable a synergistic model in which PHR data can aug-
ment EMR data, allowing for a holistic and collaborative model of care 
and shared decision making; however, this is not yet a reality. This goal 
requires addressing several challenges, including technical issues (enabling 
patient control and authentication, synchronization of records, data encryp-
tion, diffusion of interoperability standards), sociotechnical issues (e.g., 
 providers needing to develop trust in PHR data, consumers called on to 
assume a more active role in the health care delivery process), changes in 
health care providers’ workflow, and education of both consumers and 
providers, as well as legal and regulatory challenges.

PHR systems potentially can be used in combination with telehealth or 
other web-based applications, allowing patients to store and process their 
own data resulting from disease management efforts or communication 
with health care providers. PHR systems can therefore also be used for 
disease prevention and wellness promotion, in which consumers who are 
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not necessarily labeled as patients (as they may not have a clinical condi-
tion) can manage their lifestyle choices, plans, finances, encounters with 
the health care system, etc. With their potential to empower consumers 
and place the patient at the center of decision making and management of 
his or her own health, PHR tools may in the near future significantly affect 
home care.

ROBOTIC APPLICATIONS

Robotic applications using artificial intelligence principles and, in some 
cases, with anthropomorphic features have traditionally been used in the 
clinical setting, mostly in an experimental mode (e.g., robotic-assisted sur-
gery, including robotic-assisted laparoscopic pyeloplasty, cystectomy, etc.) 
However, technology advances have introduced robotic applications into 
the home to address cognitive, functional, and psychological issues.

The Robot/CAMR suite by Johnson and colleagues (2007) includes a 
robotic application with a conventional force-reflecting joystick, a modified 
joystick therapy platform, and a steering wheel platform with embedded 
software to provide extrinsic motivation and outcome assessment for stroke 
rehabilitation home care patients. Recent reports from a number of laborato-
ries using enhanced sensorimotor training protocols, particularly those with 
robotic devices, have indicated modest success in reducing impairment and 
increasing motor power in the exercised limb of patients with stroke when 
compared with control individuals (Volpe, Krebs, and Hogan, 2001). 

The Nursebot project, led by the University of Pittsburgh and Carnegie 
Mellon University (Montemerlo et al., 2002), focuses on a robot as a 
platform for intelligent reminding (including reminders of medication or 
upcoming appointments), telepresence (connecting providers with patients 
via video), surveillance (to detect emergencies), mobile manipulation (which 
integrates robotic strength with a person’s senses and intellect), and social 
interaction (with the robot that can take over certain social functions) for 
older home care patients.

The use of robotic pets has been explored in long-term care facilities, 
where residents often experience social isolation and loneliness. Banks, 
Willoughby, and Banks (2008) explored the use of a robotic dog as part 
of animal-assisted therapy to treat loneliness and compared it with the use 
of actual living dogs that are in many cases not allowed in these facilities. 
Findings indicated that the two groups were comparable in terms of out-
comes (both groups had statistically significant and comparable improve-
ments in residents’ levels of loneliness).

Another robotic application that has been tested in different settings is 
Paro (Wada and Shibata, 2007), a therapeutic robot baby harp seal that has 
been designed to create a calming effect on, and elicit emotional responses 
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among, older adults and their caregivers. The robotic application has five 
kinds of sensors: (1) tactile, (2) light, (3) audition, (4) temperature, and (5) 
posture sensors, with which it can perceive its environment and people in 
it. It can recognize light and dark with the light sensor, being stroked and 
beaten with the tactile sensor, or being held with the posture sensor. Finally, 
it recognizes the direction of voices and words, such as its name, greetings, 
and praise with its audio sensor. The system has been tested with encourag-
ing findings for its sociopsychological and physiological influences on older 
people and their caregivers in homes and assisted living facilities and for 
both healthy elders and elders with dementia.

SMART HOMES

A “smart home” is a residence equipped with technology installed as 
an integral part of the infrastructure to facilitate monitoring of residents, 
or promote independence, and increase residents’ quality of life (Demiris, 
2008). The technology does not require training of or operation by the 
resident, thereby distinguishing smart home applications from standalone 
units that can be used in the home setting and need to be operated by the 
end-user (e.g., blood pressure cuffs, videophones) or software applications 
that require end-user initiation and training.

As technology advances, smart home applications are being developed 
worldwide. The Center for Future Health at the University of Rochester, 
for example, has developed a Smart Medical Home as a highly controlled 
environment that includes infrared sensors, biosensors, and video cameras 
(Marsh, 2002). The Aware Home at the Georgia Institute of Technology 
explores ubiquitous computing technologies that sense and identify poten-
tial crises, assist a senior adult’s memory, and track behavioral trends (Kidd 
et al., 1999). Researchers from five countries (Finland, Ireland, Lithuania, 
Norway, and the United Kingdom) joined their efforts for the ENABLE 
project (Cash, 2003), which promotes the well-being of people with early 
dementia with several features, such as a locator for lost objects, a tem-
perature monitor, and an automatic bedroom light. In Toulouse, France, 
the PROSAFE project is using a set of infrared motion sensors to support 
automatic recognition of resident activity and of possible falls (Chan et al., 
1999).

Hayes evaluated the use of continuous, long-term in-home monitoring 
to assess neurological function in healthy and cognitively impaired elders 
(Hayes et al., 2008). A total of 14 older adults (ages 65 and older) living 
independently in the community were monitored in their homes by using 
an unobtrusive sensor system that enabled assessment of walking speed and 
level of activity. Findings demonstrate the feasibility of this approach and 
also suggest clear potential advantages to this methodology over conven-
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tional episodic testing in a clinic environment. A sensor system was also 
used to address the challenges of medication adherence. In another study 
(Hayes et al., 2009), a context-aware reminder system, which generated 
reminders at an opportune time to take medication, was evaluated with 10 
participants age 65 or older, living alone and managing their own medica-
tions. Adherence and activity in the home were measured using a system 
of sensors, including an instrumented pillbox. The study indicates that 
context-aware prompting may provide improved adherence over standard 
time-based reminders.

A systematic review of smart home projects identified 114 publications 
for 21 distinct ongoing smart home projects and initiatives (Demiris and 
Hensel, 2008). The majority of these projects address safety monitoring 
and assistance (e.g., use of heat sensors detect environmental hazards, such 
as fire or gas leaks, and safety features, such as automatically turning on 
bathroom lights when the resident gets out of bed), security monitoring 
and assistance (e.g., use of motion sensors that detect intruders), cogni-
tive and sensory assistance (e.g., automated or self-initiated reminders, 
cognitive aids, such as lost key locators, and technologies that aid users 
with sensory deficits in vision, hearing, and touch), and overall wellness 
(e.g., combination of motion sensors, pressure pads, and gait monitors to 
assess activity levels, use of bed sensors to assess sleep quality). 

In spite of the growing number of initiatives in this area, the field is in 
relatively early stages, focusing on feasibility testing and currently lacking 
an extensive body of evidence of clinical effectiveness. Most of the identified 
studies demonstrate the feasibility of the technological solution or describe 
preliminary evaluation approaches with a limited number of subjects, most 
commonly in a laboratory setting; only a few present results of testing in 
actual homes or communities (Elite Care, 2005; Demiris et al., 2006; Rialle 
et al., 2006).

HuMAN FACTORS CHALLENGES AND CONSIDERATIONS

The use of technology applications and tools in home health care raises 
a number of issues that human factors expertise is called on to address. The 
sections below address the issues of privacy and confidentiality; usability; 
data transmission and interoperability; and policy, economic, and ethical 
considerations.

Privacy and Confidentiality

Systems that use the Internet or other means to transmit and exchange 
clinical data call for an examination of how privacy and confidentiality 
with regard to individuals’ health information are protected. Information 
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privacy is the right of care recipients to control the use and dissemination of 
information that relates to them, and confidentiality is a tool for protecting 
the patients’ privacy. In the United States, the Notice of the Proposed Rule 
from the Department of Health and Human Services concerning Security 
and Electronic Signature Standards was introduced in 1998 (U.S. Depart-
ment of Health and Human Services, 1999) as part of the Health Insurance 
Portability and Accountability Act (HIPAA) that was passed in 1996. This 
rule, effective in 2000, proposes standards for the security of individual 
health information and electronic signature use for health care providers, 
systems, and agencies. These standards refer to the security of all electronic 
health information and have a great impact on the design and operation of 
information technology applications in home care. 

The use of the Internet in disease management calls for a clarification 
and definition of the issues of ownership of and access to monitoring data. 
In many web-based applications, patients record monitoring data and trans-
mit them daily to a web server, owned and maintained by a private third 
party that allows providers to log in and access their patients’ data. In this 
context, it is important to determine who is authorized to access part or 
all of the patient record that is stored on a web server and to control such 
access rights. This process needs to address not only possible threats to 
data privacy but also to ethical debates about the restructuring of the care 
delivery process and introduction of new key players (such as third-party 
vendors who store and maintain data repositories).

When it comes to personal health records, the privacy issues can be 
complex. This is because new PHR tools are not necessarily covered by 
HIPAA regulations. Many PHR developers (e.g., Google, Microsoft) are not 
covered entities as defined by HIPAA. There is an urgent need to address 
this gap in the current HIPAA regulations and to establish “additional legal 
protections to reach these new PHR developers and hosting organizations” 
(Kahn et al., 2009).

usability

Usability is critical to the design of information technology applications 
in home care, as it refers to the accessibility of the design and the specifics 
of an interface that lead to rapid learning, good skill retention, and low 
error rates. The implication for IT-based systems in home care is that a 
usable system is one in which end-users are able to communicate with each 
other, find information, and navigate the software and hardware with ease 
(Preece, 2000). A large segment of home care patients are elders and in some 
cases have functional limitations due to aging, or their diagnosis, or both. 
A functional limitation describes a “reduced sensory, cognitive or motor 
capability associated with human aging, temporary injury, or permanent 
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disability that prevents a person from communicating, working, playing or 
simply functioning in an environment where other people in the population 
can function” (Electronic Industries Alliance and the Electronic Industries 
Foundation, 1996, p. 20). 

Although information technology can play a great role in disease man-
agement, the fastest growing segment of the U.S. population—people over 
age 50—is often at a disadvantage in spite of emerging innovative tools, 
because system designers often fail to consider them as a potential user 
group. Accessibility is a major feature of an interface, but in many cases 
it is ignored by system designers. Web-based applications targeting home 
care patients should aim to reach a high level of functional accessibility 
(Demiris, Finkelstein, and Speedie, 2001) and undergo rigorous usability 
tests. For that purpose, there are design considerations and guidelines that 
can inform the implementation of information technology applications in 
home care (Demiris, Finkelstein, and Speedie, 2001). 

Although the opportunities to use human factors methods in designing 
health IT systems are many, these methods have too seldom been employed 
in such design efforts. The challenges of usability offer many examples of 
such opportunities. 

Human factors methodologies that can be applied to ensure that end-
users’ needs and expectations are reflected in the design and implementa-
tion of a system include paper prototyping and sketching, scenarios and 
storytelling, field studies and observations, interviews and focus groups, 
and simulation and modeling. These methods aim to capture the end-user’s 
perspective, needs, and preferences as well as their current workflow or 
routine. Paper prototyping, for example, allows designers to create system 
interfaces on paper and explore numerous options to solicit end-user feed-
back before developing actual prototypes that can be costly. Similarly, sce-
narios and storytelling allow the end-user to describe real and hypothetical 
situations that reveal ways in which an IT system can be used to enhance or 
redesign the process and information flow. Finally, simulation and modeling 
allow designers to assess how end-users react to conditions or situations 
that would be introduced with a new system, without actually developing 
the finished product.

Arsand and Demiris (2008) propose a framework for user-centered 
methods for designing patient-centric self-help tools that have implications 
for home care systems. Specifically, they recommend developing and testing 
a prototype with real patients who have a need for the tools’ functionalities, 
using scenarios and storytelling as effective ways of explaining how a tech-
nical solution works for the patients, as well as of assisting caregivers to 
gain an understanding of the patient’s experience, needs, and expectations. 
Such a process is dynamic and iterative and requires designers to allocate 
sufficient time for several meetings with end-users so they can understand 
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the possibilities that the technology provides and let their own creative 
ideas bloom. Furthermore, they recommend planning for extra iterations 
on the prototype design and testing with real users, selecting user-centered 
methods of human-computer interaction that are most relevant for a given 
context and user group and using the triangulation approach in the process 
of designing good patient-centric tools.

Ultimately, as design specifications and usability testing become widely 
diffused and allow for a repository of specifications and standards for 
commonly used IT tools, it may be possible for clinicians to systematically 
identify characteristics and conditions of patients, their associated environ-
ments, and available resources in order to accurately prescribe the appropri-
ate technology tool that will support their care and disease management at 
home (or to determine technological approaches that will not work with a 
given patient’s or environment’s conditions).

Data Transmission and Interoperability

Technology-based applications in home care require in many cases the 
secure exchange of clinical data between different systems or data sources 
to group together the wide range of data required for disease management. 
In order to facilitate the appropriate transmission and interpretation of 
information, a semantically sound and technically feasible set of standards 
to facilitate this information exchange is required. Goossen defined a frame-
work of relevant standards for using clinical data in information technology 
(Goossen, 2003). These standards include clinical, vocabulary, messages, 
workflow, and technical standards.

•	 Clinical standards, such as guidelines indicating evidence-based 
care, must be clearly reflected in the domain knowledge included 
in programs for disease management and wellness.

•	 Vocabulary standards pertain to terminologies in different formats 
and usually developed for specific purposes, such as clinical docu-
mentation, comparison of data, or statistical reporting.

•	 Standards for messages address the issue of interoperability and 
focus on the electronic exchange of information within or between 
health information systems. The classic example is Health Level 
Seven (HL7) (Aditya et al., 2003), which provides standards for the 
exchange, management, and integration of data that support clini-
cal patient care and the management, delivery, and evaluation of 
health care services. Such an interoperability standard is essential 
when it comes to exchange of data between a home-based applica-
tion and the electronic medical record of a clinical facility. Current 
HL7 v3 message models, e.g., for patient care, do allow for the 
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patient to be “author of health information,” thus respecting self-
care responsibilities.

•	 Workflow standards describe the tasks and processes of the care 
plan, involved stakeholders and timeline, required interactions, and 
transactions. For example, in home care, there is a detailed care 
plan that dictates the number of home care visits, their goals, who 
conducts them (registered nurse, nursing aid, social worker, etc.), 
and rules for specific processes (e.g., capturing of vital signs). 

•	 Technical standards address infrastructure, networking, and secu- infrastructure, networking, and secu-infrastructure, networking, and secu-
rity issues. Particularly relevant for disease management applica-
tions are the Internet protocol (TCP/IP) for the infrastructure and 
Extensible Markup Language (XML) for the technical expression 
of messages. 

Different entities are working toward promoting interoperability among 
software or hardware applications in home care and disease management. 
Continua Health Alliance, for example, is a nonprofit, open-industry coali-
tion that aims to establish a system of interoperable personal telehealth 
solutions (Continua Health Alliance, 2010). Specific objectives of this coali-
tion include the development of design guidelines that will enable vendors 
to build interoperable sensors, home networks, telehealth platforms, and 
other services and the establishment of a product certification program 
pertaining to interoperability across certified products.

Policy Considerations

The public policy issues related to the use of information technology 
in home health care are the same as those that arise for the use of IT in 
health care in general and involve several levels (state, federal) as well as 
numerous stakeholders. Policy considerations include access to care; the 
quality, safety, and efficacy of the delivered services; and the issues of cost 
and reimbursement. The issue of access to care is actually a challenging one. 
At first sight, because information technology bridges geographic distance, 
it can be seen to increase access to care. However, the widespread use of 
technology in home care may have the effect of reducing access to care, 
when its use actually increases the cost of the care.

For example, commercially available devices that function as stand-
alone units can often be purchased at a relatively low cost and used by 
a patient with a chronic condition to monitor that condition at home. A 
monitoring unit, however, that becomes part of an information technology 
application, allowing the transmission of the same monitoring data sets 
through a regular phone line or the Internet to a central server, can often 
cost 50 times that price or more. Given the limited resources of the health 
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care system and the challenges that home care agencies face, it may be that 
only a subset of home care patients will have access to such sophisticated 
and perhaps more beneficial IT-based systems. 

In addition, access to care may be affected by the so-called digital 
divide. In the late 1980s, the term “digital divide” was used to describe 
the division between people who had a computer and those who did not. 
Nowadays, however, a similar divide may pertain to infrastructure require-
ments for the technology. Several web-based home care applications, for 
example, require high-speed Internet infrastructure in the home, which may 
not be available in all homes, especially in rural and underserved areas. 

Reimbursement becomes an essential component of the planning for 
maintenance of existing systems and the design of new ones. The Centers 
for Medicare & Medicaid Services (CMS) states that videoconferencing 
and related technologies can be used to provide appropriate medical care 
over geographic distances, but that reimbursement, aside from a small fee 
paid to the site where the patient is located, will be equivalent to what 
would have been provided for a face-to-face visit. There is only a token 
reimbursement for the costs of the associated technologies when used in 
a rural setting (Center for Drugs and Devices, 1996). Specifically in the 
field of home care, CMS reimburses for virtual visits (videoconferencing to 
the home) and remote monitoring at a set amount (prospective payment 
system) that makes no specific provision for the costs of the technologies 
(Harris, Gottlieb, and Weiner, 2005). CMS is moving away from reimburse-
ment for services to payments for outcomes (pay for performance) (Hyler 
and Gangure, 2004), and this will ultimately affect technology-based solu-
tions as well. 

A further public policy issue pertains to potential concerns about safety 
and efficacy of IT devices and systems. The Food and Drug Administration 
(FDA) has the responsibility for ensuring the safety and efficacy of all such 
devices marketed in the United States (Hallowell et al., 2003). Devices and 
tools used for monitoring of disease conditions, such as pulse oximeters, 
spirometers, and the like are subject to FDA oversight. Embedded IT (and 
specifically software) is reviewed as an integral device component. It is 
important in this context to assess FDA’s evolving position on software that 
is used for medical purposes but is not intrinsically bound to a particular 
device, such as an electronic medical record system, a decision support 
system, or a web-based disease management program. While the FDA cur-
rently defines such systems as tools that provide assistance to health care 
professionals in the treatment of their patients (thus, these tools themselves 
have no direct patient impact), this position may change in the near future. 
In this context, the proliferation of mobile phone devices and computing 
technologies introduces a new definition for the term “medical device” 
beyond the traditional standalone appliance that was a “closed” system and 
served only one clinical purpose. The diffusion of open-source applications 
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and the development of clinical applications for mobile phones and other 
platforms are creating multipurpose tools that can also function as medical 
devices. The extent to which mobile phones or other platforms can be vali-
dated or tested as medical devices because of specific functions or features 
they support is currently a fundamental unresolved regulatory issue.

A policy implication well documented in the telehealth literature that 
applies to the broader use of information technology in home care is the 
delivery of health care across state borders (Kluge, 2004). For most health 
care professions, the site of practice is considered to be where the patient 
(not the practitioner) is located. Health insurance is regulated by the states. 
Thus, this affects cases in which reimbursement for direct care is sought but 
technology is used to provide services across state borders. 

Finally, policy barriers exist when technology developments are rapid 
and introduce new realities that have not been appropriately addressed by 
policy makers, as is the case with personal health records. For example, 
the financial and clinical data held by provider organizations are not well 
linked, even within an organization. This limits the kinds of tools that could 
be developed for personal health records to help consumers understand 
their treatment options available from their own health plans (Kahn et al., 
2009). The policy changes that are likely to lead to improved consumer 
adoption of personal health records include establishing standards for 
PHR information, facilitating secure exchange of health information, and 
improving consumers’ access to the records and their understanding of their 
role and capabilities. The diffusion of PHR systems will also be facilitated 
by a large body of evidence demonstrating their effectiveness; thus, longi-
tudinal studies and rigorous research initiatives can further this field and 
provide insight into new paradigms of home care.

Economic Considerations

As Polisena and colleagues (2009) point out, an analysis of the eco-
nomic impact of home-based IT applications must focus on the incre-
mental costs and health benefits associated with the application of the 
program to a population of patients. Such economic studies must specify 
and justify the perspective from which the home-based IT programs and 
health resource use are measured. Societal, health care system, third-party, 
and patient/family perspectives have a unique focus that informs the costs 
that need to be included in the analysis. In addition to direct costs (which 
include cost of program administration, IT delivery, training and main-
tenance, health care costs, and patient-borne costs pertaining to disease 
management), indirect costs (such as patient or caregiver’s productivity 
losses, providers’ traveling time to the patient’s residence) also need to be 
considered. 
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Polisena et al. (2009) developed a framework for the conduct of eco-
nomic evaluation of home telehealth projects for patients with chronic 
conditions, calling for the assessment of incremental costs and incremen-
tal outcomes of each health care program evaluated. They argue that 
the majority of published studies are not economic evaluations of home 
telehealth and cannot assist in determining whether a treatment is justifi-
able based on the impact on costs and treatment outcomes; often studies 
interpret a reduced use of health care resources as evidence of improved 
outcomes (Polisena et al., 2009). Use of health care resources use may be 
limited, however, due to fewer contacts with home telehealth, meaning 
reduced frequency of access to other services but not necessarily a reduced 
need for these services.

This highlights the significance of inclusion of clinical outcomes (which 
may be surrogate outcomes, such as disease markers or patient’s quality of 
life) in economic evaluations. Introducing technology into the residential 
setting may initially increase overall costs (by adding costs of software/
hardware, training, installation, and maintenance). In these cases, a cost-
effectiveness, or cost-utility analysis, can highlight the potential long-term 
impact of the IT-based application. A cost-effectiveness analysis needs to 
include data on clinical outcomes associated with the particular disease or 
condition studied, such as event rates and deaths. Often it is the case that 
an economic evaluation takes place within a limited time frame that does 
not facilitate a demonstration of differences in long-term clinical outcomes, 
as would be the case with longitudinal studies. In these cases, and especially 
when studying populations with chronic diseases, surrogate markers (such 
as glycemic control for diabetes, systolic blood pressure for congestive heart 
failure) can be used to address clinical outcomes. An economic evaluation 
should include a sensitivity analysis to determine the robustness of the study 
findings based on the assumptions made (and by varying the underlying 
assumptions over a range of possible values).

A systematic review of economic evaluations for home telehealth identi-
fied a total of 22 studies on home telehealth for chronic diseases published 
between 1998 and 2008 (Polisena et al., 2009). Home telehealth was found 
to have cost savings from the health care system and insurance provider 
perspectives in all but two studies, but, the authors argue, the quality of the 
studies was generally not high. Current evidence suggests that home tele-
health has the potential to reduce costs, but its impact from a societal per-
spective remains uncertain until higher quality studies become available. 

Ethical Considerations

When a system allows stakeholders of health care delivery services to 
interact while separated by distance, the issue of what has been called “pro-
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gressive dehumanization” of interpersonal relationships is raised, namely, 
the conduct not only of the professional but also of the interpersonal 
aspect of communication online or via communication technologies with a 
decreasing number of face-to-face interactions. IT-based home care inter-
ventions have the potential to bridge geographic distances and in some cases 
allow for anonymity that might be desired for a specific medical condition; 
however, such applications might be lacking the sense of touch and inter-
human close contact that occurs in face-to-face meetings. Virtual com-
munities represent a physically disembodied social order, and some argue 
(Winner, 1990) that it will eventually compete with a structure or network 
of entities that occupy spatial locations. In this context, the argument is 
that “the fabric of human relationships and communities rests on real pres-
ences, real physical meetings and relationships” (Horner, 2001), and their 
elimination may affect the patient-provider relationship and perhaps even 
the traditional dimensions of home care. 

A theoretical framework for the definition of obtrusiveness in home 
telehealth technologies was developed by Hensel, Demiris, and Courtney 
(2006). In this framework, obtrusiveness pertains to the features of infor-
mation technology that may be perceived as prominently undesirable by 
an individual user. In all, 22 categories of what may be perceived as obtru-
siveness were identified on the basis of a review of the literature and were 
grouped into 8 dimensions (including, among others, the physical dimen-
sion, privacy, usability, human interaction). This effort represents an initial 
step toward developing measures of obtrusiveness associated with infor-
mation technology applications in home care and a tool to systematically 
address ethical considerations involved in such applications.

DISCuSSION

This review highlights the diversity of technology applications and tools 
in home health care and the promising role they can play for a variety of 
stakeholders (including patients, families, health care providers, communi-
ties, and the general public) and for a multitude of clinical areas (covering 
physiological, functional, cognitive, social, and psychological parameters as 
well as holistic aspects of wellness and quality of life). The clear advantages 
that IT integration in home care carries include the introduction of several 
stakeholders who can more easily and efficiently communicate in spite of 
geographic distance and the ability to generate new types of data (e.g., 
activity levels, sleep quality) and more frequently collect well-established 
parameters (such as vital signs) without requiring the actual presence of 
health care providers in the residential setting.
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The use of IT: Shared Decision Making and Patient Empowerment

One of the expectations resulting from the use of IT in home health 
care is that it will empower patients and their families by providing them 
with access to information, peers, and other networks and by actively 
engaging them in the disease management or wellness promotion initia-
tives. The empirical evidence that involvement in healthcare decisions 
makes a significant and enduring difference to health care outcomes is not 
 unequivocal (Savage and Armstrong, 1990; Stewart, 1995; Kinmonth et 
al., 1998), although some studies support this hypothesis. One difficulty 
(among many) is that the involvement of patients in decisions has been 
left undefined. It is usually conceptualized as patient-centeredness (Roter, 
1989; Stewart et al., 1995), which is a broad and variably interpreted 
concept that is difficult to assess using current tools (Mead and Bower, 
2000a, 2000b). Nevertheless, the ethical need to respect autonomy and 
respond to home care patients’ desire for more involvement in decision 
making is becoming widely recognized (Richards, 1998; Coulter, Entwistle, 
and Gilbert, 1999).

A treatment decision-making framework based on information exchange, 
deliberation about treatment options, and agreement on the treatment to 
implement has been developed by Charles and colleagues (2003). In this 
framework, three approaches are presented to label the process and outcome 
of decision making:

1. The pure paternalistic approach is characterized by health care 
provider control, whereby the provider determines the amount and 
kind of information that is given to the patient. The information 
flow is unidirectional. The provider deliberates about the ben-
efits and risks of available options and reaches a decision without 
patient input (Charles et al., 2003). 

2. The pure informed approach is characterized by a division of labor 
and the preservation of patient autonomy. The provider makes 
available to the patient information on treatment options, chal-
lenges, and risks. The patient assesses the situation in the context of 
her or his own value system and preferences and makes a treatment 
decision.

3. The pure shared approach is characterized by ongoing interac-
tion and information exchange between patient and provider in 
all stages of the decision-making process. The information flow is 
bidirectional. The provider offers information about all available 
options and risks, and the patient discusses personal preferences, 
his or her value system, lifestyle, and personal preferences. The 
decision-making process includes an extensive discussion and nego-
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tiations in search of the best option to pursue. The decision-making 
process is a dynamic one in which both providers and patients may 
shift away from their initial position (Charles et al., 2003).

Shared decision making is increasingly advocated as an ideal model of 
decision making about treatment in the clinical encounter in general and in 
home care specifically. In the shared model, the process by which the inter-
action is conducted to reach an agreement may be determined at the outset 
of the encounter or may develop as the encounter unfolds and be shaped 
dynamically by the ongoing communication. Information sharing is a pre-
requisite to shared decision making.

It is a challenge to expect all patients to enroll in this process as equal 
partners, as one may argue that there may often be a power imbalance in 
the provider-patient relationship. Obviously health care providers have 
superior knowledge of the options and issues involved, as well as clinical 
experience, and therefore join the process as experts (Charles, Gafni, and 
Whelan, 1999). A patient may often participate in the encounter feeling 
vulnerable due to their illness or fear of the unknown. Additional issues, 
such as health literacy, income, gender, and cultural barriers, may impede 
patients and prevent them from expressing their preferences or negotiating 
with the physician (Charles et al., 1999). As Guadagnoli and Ward point 
out, it is a challenge for providers who want to practice a shared approach 
to provide a safe environment for patients, allowing them to be comfortable 
in exploring information and negotiating options (Guadagnoli and Ward, 
1998). The use of information technology (and personal health records 
specifically) can increase access to information for patients and provide 
them with options as well as tools to capture their health behaviors and 
their needs. However, it remains to be explored whether IT use in home 
health care can indeed support shared decision making and ultimately lead 
to patient empowerment.

Future Trends

As technology advances, rapid developments in the areas of robotic 
applications and smart homes are anticipated. Currently, research is under 
way in Japan to explore the role of humanoids in home health care and 
nursing homes. The term “humanoid” describes a robotic application with 
artificial intelligence features that is anthropomorphic. Japan’s aging popu-
lation has ignited efforts to design fully functional robots that can aid 
elders in their homes or long-term care facilities and address the nursing 
workforce shortage. 

While such developments may not be fully explored in the immediate 
future but may become long-term trends, there are developments that are 
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anticipated to affect the use of IT in home health care in the very near future. 
These include Web 2.0 and the proliferation of wireless communications.

Web 2.0 refers to web development and web design that facilitates 
interactive information sharing, interoperability, and collaboration. A Web 
2.0 site allows its users to interact with other users or to change website 
content, in contrast to noninteractive websites that limit users to the pas-
sive viewing of the information provided. Examples of Web 2.0 include 
web-based communities, social networking sites, and video-sharing sites. 
The concept of Web 2.0 enables virtual community tools and PHR appli-
cations, as well as new and innovative ways for different stakeholders to 
communicate and collaborate. 

Wireless handheld computers and cell phones with expanded comput-
ing abilities are widely used and continue their diffusion in the U.S. popu-
lation. Smart phones and other similar devices can play a role in home 
care, whether as tools to record daily activities (e.g., nutrition, exercise), 
to provide reminders, or for even more sophisticated services (e.g., use of 
global positioning systems to identify health care providers and facilities, 
built-in sensors to assess amount and type of physical activity and compare 
with predefined goals). 

unintended Consequences

As is the case with any IT implementation, when exploring options for 
new and innovative technologies in home health care, one has to predict 
or prepare for unintended consequences. As new systems are implemented 
to enhance home care services, one needs to address the possibility of 
such technologies removing choice and control from users as they learn 
to rely on automation. There are fears that sophisticated applications, like 
robotic tools or smart homes, may result in a reduction of social interac-
tion, or that they may provide tools that substitute for personal forms of 
care and communication (Tetley, Hanson, and Clarke, 2001). Since the 
technologies are introduced into one’s home, the warning by Wylde and 
Valins (1996) against creating “societies of high-tech hermits” becomes 
even more relevant. 

In addition, the degree to which automated applications lessen the 
sense of personal responsibility on the part of users or their caregivers must 
be weighed against associated benefits. Informal caregivers may become 
less vigilant in monitoring health changes in their loved ones, and the 
patients themselves may become less vigilant in health self-monitoring or 
self-management. Further research and dialogue need to address eligibility 
criteria and user characteristics or clinical conditions that may be more 
suitable for IT applications in home care. Which populations may benefit 
the most from telehealth or smart home applications? When do the require-
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ments for infrastructure and training outweigh anticipated benefits? As 
Stip and Rialle point out (2005), the issues of individual freedom, personal 
autonomy, informed consent, and confidentiality have to be examined in 
the context of the target population. They use an example of an IT appli-
cation for patients with schizophrenia, a condition that causes distortion 
of reality, often in the form of delusions of persecution and psychosensory 
phenomena, and highlight the likelihood that surveillance technologies may 
exacerbate such symptoms. It becomes clear that technology toolkits should 
be developed and used when appropriate and should demonstrate flexibility 
to address the profile of every user, including not only clinical (physiologi-
cal, functional, cognitive) but also psychological and social parameters.
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The Physical Environment 
and Home Health Care

Jonathan Sanford

There is a direct relationship between health and housing. When an 
individual is in poor health, is impaired, or has functional declines due to 
aging, health concerns are virtually indistinguishable from housing con-
cerns, particularly in an aging housing stock (Lawler, 2001). To compensate 
for and help manage health conditions, the physical environment of homes 
can be both prosthetic and therapeutic. As a prosthetic environment, the 
home can compensate for limitations in functional abilities to enable indi-
viduals to carry out basic activities associated with daily living safely and 
independently, participate in social roles, and receive personal assistance 
from caregivers as needed. Therapeutically, the environment can facili-
tate health maintenance and management by supporting health-promoting 
behaviors and provision of health care services. 

Many homes are not designed to support either prosthetic or thera-
peutic needs. They contain potential hazards that can lead to accidents, are 
deficient in design features that permit safe and independent functioning in 
daily activities, and lack sufficient space and layout for assistive technolo-
gies and personal assistance. Neither is housing designed to accommodate 
health care equipment, health care providers, or the communications infra-
structure necessary to share health information with remote care providers. 
As a result, there is often a lack of fit between the independent living and 
health needs of community-dwelling individuals and the places in which 
they live. 

Exacerbating the lack of fit between needs and the design of homes, 
activity performance and health promotion are typically treated autono-
mously and with different environmental implications, even though envi-
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ronments that promote independence could reduce health care needs and 
those that promote health could facilitate independence. In fact, the World 
Health Organization has suggested that an important goal in health pro-
motion is the creation of environments that support healthy living and 
well-being (World Health Organization, 1991). Nonetheless, the environ-
ment is perceived quite differently by the individuals who function in it 
and the systems that regulate it. On one hand, a home should provide a 
prosthetic environment in which individuals can live and function safely 
as long as they choose to remain there. On the other hand, a number of 
factors, including the cost of health care and advances in communications 
and medical technologies, have made the home a preferred environment for 
health care delivery. Thus, the home has become, not by choice and often 
in spite of its design, a de facto therapeutic environment. Not surprisingly, 
the independent living and home health goals that should be mutually 
supportive—that is, independent living should promote health and home 
health should promote independent living—often are addressed without 
consideration for each other. 

To engender a more holistic approach to activity and health needs and 
to provide home environments that are more supportive of those needs, a 
number of policy, public, and personal constraints must be overcome. These 
include (1) a reimbursement system that provides only limited coverage 
for the costs of environmental assessments and modifications for activity 
limitations only, and particularly lacks incentives for the use of solutions 
that have broader benefits beyond the specific health-related problems or 
individuals for whom they were intended; (2) a delivery system that is 
fragmented, so that the array of health care services, including assistive 
technologies, health care technologies, environmental modifications, home 
therapy, and home health, are provided by many different and disconnected 
providers and funding mechanisms; (3) a regulatory system of building and 
zoning codes that enables housing to continue to be built as if people will 
never have activity or health care needs (Pynoos and Regnier, 1997); and 
(4) a reluctance on the part of homeowners to make changes in their homes 
due to lack of awareness of, and misperceptions about, the importance 
of the home environment in effecting engagement, comfort, novelty, and 
stimulation as well as participation in meaningful activities (Gitlin, 2003). 

The success of the home as a health care environment is therefore 
more complicated than simply modifying the physical environment of the 
home to fit activity and health care needs. For such interventions to occur, 
there must be fundamental paradigm shift with regard to the importance 
of the home environment in promoting activity, health, and health care. To 
compound the problem, changes must occur in a number of different and 
mutually exclusive systems that are not particularly aware of the role of the 
environment in supporting activity and health needs or of each other. 
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This chapter examines the prosthetic and therapeutic roles of the 
environment in promoting positive activity and health outcomes, identi-
fies barriers to supportive home environments, and proposes that univer-
sal design—the design of products and environments to be usable by all 
people, to the greatest extent possible, without the need for adaptation or 
specialized design (Mace, Hardie, and Place, 1991)—be adopted as the 
conceptual basis for the paradigm shift that is needed to promote indepen-
dent living and health management. Specifically, the chapter presents (1) 
a theoretical background to support the role of the environment in inde-
pendent living and home health care; (2) a discussion of the relationship 
between prosthetic environmental interventions and improved activity out-
comes through facilitating both independence and caregiver assistance; (3) 
a use of the home as a therapeutic environment in which communication 
and monitoring technologies can improve health management and treat-
ment through facilitating access to health care; (4) new housing concepts, 
including smart homes and universal design, that can minimize the impact 
of prosthetic and therapeutic interventions on the home environment; 
(5) the barriers to adoption of new housing innovation; (6) the policy 
changes necessary to improve adoption of housing innovation; and (7) a 
research agenda that can provide the evidence needed to justify changes 
in home health policy. 

THE ROLE OF THE ENVIRONMENT IN  
INDEPENDENT LIVING AND HOME HEALTH CARE

Home and community settings are complex environments comprised of 
physical as well as social, cultural, personal, and temporal environmental 
factors. For example, social factors might include the impact of other 
individuals in a home, who may or may not be providing care, as well as 
the impact of modifications on those individuals (Gitlin, 2003). While a 
number of environmental factors exist across a variety of contexts (e.g., 
community, work, school), this chapter specifically focuses on the physical 
barriers and facilitators (both prosthetic and therapeutic) of positive activ-
ity and health outcomes in the home. Other chapters in this volume address 
social and policy environments.

Physical environmental barriers, such as stairs, lack of toilet and tub grab 
bars, poor lighting, and poor visual contrast, and lack of space can reduce 
accessibility; create dangers in the home and community; put community-
dwelling individuals with chronic conditions and functional limitations at 
significant risk for adverse health events (such as falls) and injuries, loss of 
independence, or difficulty in performing activities of daily living (ADLs); 
minimize the effectiveness of caregivers, assistive technologies, and health 
care devices; and even lead to relocation or early institutionalization (Carter 
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et al., 1997; Clemson, Roland, and Cumming, 1997; Cumming et al., 1999, 
2001; Oswald et al., 2002; Fange and Iwarsson, 2003; Stark, 2004; Iwarsson, 
2005; Lau et al., 2007). Barriers, particularly environmental hazards, are 
common and pervasive (Gill et al., 1999). For example, one study of factors 
associated with home environmental problems among older adults reported 
an average of 13 problems with the environment that posed barriers to safe 
and independent performance (Gitlin et al., 2001b). 

In contrast, environmental facilitators reduce barriers and have posi-
tive impacts on functioning of individuals and their caregivers. In fact, one 
study (Freedman, Martin, and Schoeni, 2002) suggests that gains in func-
tioning of older adults over the past few decades may be the result, in part, 
of the introduction of facilitators and the reduction of environmental bar-
riers. A second study reviewed 64 studies of environmental interventions 
for the management of Alzheimer’s disease (Gitlin, Liebman, and Winter, 
2003) and reported that environmental interventions had some level of 
success in 90 percent of the studies, resulting in significant improvement 
in experimental group participants in 10 of 11 randomized clinical trials. 
More broadly, in a review article of studies on the home environment 
and disability, Wahl and colleagues (2009) reported that the majority of 
 studies provided supportive evidence that improving the home environment 
reduces disability-related outcomes. 

More broadly, home modifications and assistive and communication 
technologies have been found to prevent functional decline and disability, 
promote independent activity and safety, increase task self-efficacy, and 
enhance health outcomes (Connell and Sanford, 1997, 2001; Mann et al., 
1999; Gitlin et al., 2001a; Freedman, Martin, and Schoeni, 2002; Tinetti 
et al., 2002; Gitlin, 2003; Ferrucci et al., 2004; Oswald and Wahl, 2004; 
Spillman, 2004; Allen, Resnick, and Roy, 2006; Sanford and Hammel, 
2006; Sanford et al., 2006; Oswald et al., 2007) by reducing task demand 
(Verbrugge and Sevak, 2002). In addition, home modifications have been 
shown to increase caregivers’ effectiveness, well-being, and self-efficacy, as 
well as to decrease caregiver stress and upset (Gitlin et al., 2001a, 2003). 
Similarly, research has shown that physical environment facilitators can 
reduce sedentary behaviors, promote community mobility, and enhance 
health (e.g., Andersen et al., 2000; Frank, Engelke, and Schmid, 2003; 
Frumpkin, 2003; Saelens, Sallis, and Frank, 2003). 

However, linking specific environmental barriers and facilitators in 
the home directly to activities is a formidable task (Connell et al., 1993; 
Connell and Sanford, 1997). Traditional medical models (World Health 
Organization, 1980) attribute activity performance and health outcomes 
primarily to an individual’s functional abilities. More specifically, these 
models predict that impairment causes functional limitations, which in turn 
result in negative performance and health outcomes. 
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Although the physical environment has long been associated with 
individual functioning and disability (Rubenstein, 1999; Wahl, 2001; 
 Iwarsson, 2004; Scheidt and Windley, 2006), social models of health have 
only recently become more accepted. These models suggest that, whereas 
physiological factors set the threshold on functional ability and health, 
environmental factors set the threshold on the point at which limitations in 
ability become a disability (Stineman et al., 2007). Outcomes are therefore 
situational, the result of the interaction between an individual’s abilities (as 
opposed to limitations) and the demands of the environment, according to 
the environmental press model (Lawton and Nahemow, 1973). As a result, 
activity performance, participation, and health are expressions of the fit or 
misfit between an individual and his or her environment. Optimal person-
environment (P-E) fit occurs when an individual’s abilities and the demands 
of the environment are compatible. Conversely, P-E misfit occurs when the 
environment is either too challenging (i.e., demands exceed abilities) or not 
challenging enough (i.e., abilities exceed demands). An environment that 
fits an individual will facilitate positive performance and health outcomes 
that are manifest in his or her ability to participate in activities when, 
where, and with whom he or she desires. In contrast, an environment that 
does not fit an individual will result in negative performance outcomes or 
performance deficits that may prevent him or her from participating in an 
activity altogether.

Whereas Lawton’s environmental press model suggests the role of the 
environment in activity and health, the enabling-disabling process model 
of the Institute of Medicine specifically identifies the environment as a 
pathway for intervention (Institute of Medicine, 1997). The model suggests 
that the disabling process is the dislocation of an individual from his or her 
prior integration in an environment due to increasing needs relative to the 
environment. In contrast, the enabling process is either the restoration of 
the individual’s function or environmental modification to remove barriers 
that limit performance.

Two decades after proposing its medical model, the World Health 
Organization developed the International Classification of Functioning, 
Disability and Health (ICF), a new classification system based on a more 
robust social model (World Health Organization, 2001). The ICF attributes 
differences between what individuals can do (capacity to engage in activi-
ties and participation based on body function and structure) and what they 
actually do (performance of activities) to the influence of personal and 
environmental (both social and physical) factors. The classification system 
not only associates specific environmental factors with positive or negative 
outcomes but also provides a mechanism for measuring the level of P-E fit 
or misfit by rating the strength of a particular factor as a facilitator (from 
0 to +4) or barrier (from 0 to –4).
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Differences between medical and social models have important implica-
tions for health and independent living in the home and community. Medi-
cal models suggest that achieving positive outcomes involves changing the 
person (i.e., eliminating or minimizing impairment) or compensating for 
a functional limitation (i.e., providing assistive technology). In contrast, 
social models suggest that positive outcomes involve changing either the 
person or the environmental circumstances or both. Importantly, although 
the physical environment plays an important role in activity performance 
and health, it neither dictates nor determines activity performance or health 
behavior. Rather, the environment simply creates opportunities for activity 
or behaviors to occur. It is up to individuals and care providers to either 
take advantage of any opportunities presented by prosthetic and therapeutic 
environmental facilitators or overcome the demands of any barriers that 
are present. 

PROSTHETIC INTERVENTIONS:  
HOME MODIFICATIONS TO IMPROVE ACTIVITY OuTCOMES

Reducing environmental demands to improve P-E fit can be accom-
plished through a variety of home modification strategies (i.e., prosthetic 
facilitators), including assistive technologies and accessible design features 
(i.e., specialized equipment and environmental features intended to support 
people with specific disabilities) and universally designed products and 
spaces (i.e., environmental features intended to support people regardless 
of ability), that meet the activity and health needs of individuals and their 
care providers. Furthermore, the process of environmental intervention is 
a confluence of activities and delivery of services that begins with assess-
ing needs and includes identification and implementation of solutions, 
training in the use of solutions, and evaluating outcomes (Sanford, 2004). 
Of particular relevance here are the following: (1) assessing the demands 
and needs for eliminating barriers, (2) prosthetic interventions that meet 
the functional needs of both individual and caregiver, (3) delivery and 
reimbursement systems to supply and fund best-fit interventions, and (4) 
choice and impacts of best-fit interventions that must ultimately meet the 
real-world needs of the situation. 

Assessment: Determining Fit, Demands, and Modification Needs

Research suggests that residents’ perceptions of their own abilities and 
environments differ from those of experts and significantly underreport 
the presence of environmental barriers (Steinfeld and Shea, 1993; Iwarsson 
and Isacsson, 1996). As a result, a systematic process, performed by skilled 
specialists, is needed to acquire information about the fit between a person’s 
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abilities, activities performed, and environmental attributes; analyze the 
information; and use clinical reasoning to translate the information into 
appropriate interventions that will best fit the situation (Steinfeld and Shea, 
1993; Pynoos et al., 1997; Anemaet and Moffa-Trotter, 1999; Gitlin and 
Corcoran, 2000; Niva and Skar, 2006). 

To be effective, assessments must produce unbiased, objective informa-
tion that is both valid and reliable. Yet assessments are conducted by an 
array of home health service providers—occupational therapists, rehabilita-
tion engineers and technologists, home health nurses, and social workers—
and, to a lesser extent, building professionals—remodelers, architects, and 
interior designers. In addition, some assessments are based on expected 
abilities and activity performance, and others assess actual activity perfor-
mance (Sanford and Bruce, 2010). Although both are common and have 
their benefits, the results of each are subject to different levels of bias, valid-
ity, and reliability that can impact the fit between therapeutic interventions 
and the individual as well as the home environment. Of equal importance, 
few assessments have proven psychometric properties. In fact, in a review 
article, Wahl and colleagues (2009) questioned the validity and reliability of 
assessment procedures of more than half the studies they examined.

Expected Performance: Predicting Needs from Attributes

Assessments that measure a specified set of environmental attributes 
based on expected rather than actual measures of ability and activity per-
formance result in a prediction of potential, rather than actual, environ-
mental demands. As a result, interventions based on such information are 
determined irrespective of the actual abilities of the individuals for whom 
the interventions are intended. This type of assessment is illustrated by 
a number of instruments, such as the Housing Enabler (Iwarsson, 1999) 
and the Cougar Home Safety Assessment (Fisher, Coolbaugh, and Rhodes, 
2006; Fisher et al., 2008). Both instruments assess the severity of environ-
mental barriers in the absence of an assessment of a client’s actual ability 
or performance. For example, the Housing Enabler, one of the few tools 
with known psychometric properties, uses a set of typical impairments and 
functional limitations as a surrogate for individual disability/incapacity. 
Various environmental attributes are then systematically rated in relation 
to their expected impact on performance. 

Clearly, the measurement of potential demands is helpful when there 
is no single client whose abilities can be determined (such as for the acces-
sibility of public buildings) or when actual performance of specific activities 
cannot be determined, such as assessing the home environment for a patient 
prior to his or her discharge from a clinic. However, measuring potential 
demands has its limitations. Going back to the discussion of the ICF, con-
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textual factors (including environmental demands and personal factors) 
account for the difference between an individual’s hypothetical capacity to 
function (i.e., what people can do) and actual performance (i.e., what they 
actually do) or enacted function (Glass, 1998). If actual ability and activity 
performance are not assessed, how can one be sure that performance based 
on expectations of what individuals can do accurately reflects what they 
actually do and, consequently, the effectiveness of the environmental modi-
fications for a particular client? 

Actual Performance: Assessing Needs from Acti�ity

Requiring individuals to demonstrate how they perform routine activi-
ties would provide an accurate sense of how the individual interacts with the 
environment (Pynoos et al., 1997). Thus, when performance outcomes can 
be determined, as is the case when an individual is living at home, then mea-
surement of actual demands will provide a more accurate picture of envi-
ronmental demands than will prediction of demand potential. The Canadian 
Occupational Performance Measure (COPM) (Law et al., 1991) and the 
Safety Assessment of Function and the Environment for Rehabilitation-
Health Outcome Measurement and Evaluation (SAFER-HOME v. 3) (Letts 
et al., 1998) are two performance-based instruments that can identify actual 
home modification needs as well as changes in performance after modifi-
cation interventions. However, these instruments are purely performance-
based; they do not assess either environmental attributes or ability. Without 
a measure of ability, one cannot determine if there is a difference between 
what an individual can do and what an individual actually does. Moreover, 
without a measure of environmental attributes, it is not possible to deter-
mine what specific changes should actually be made. 

Linking the Three A’s: Ability, Acti�ity, and Attributes 

While assessments of expected demand link environmental attributes 
to expected levels of ability and activity performance, few assessments 
examine all three: (1) ability, (2) activity, and (3) attributes. Without all 
three, it is not possible to determine best-fit interventions for a particular 
individual. The Comprehensive Assessment and Solutions Process for 
Aging Residents (CASPAR) is one of the few instruments that measure all 
three factors (Sanford et al., 2001; Sanford, 2002; Sanford and Butterfield, 
2005). It includes a measure of ability under standardized conditions (e.g., 
turn on a light switch, open a drawer, and turn a doorknob); activity-
related problems (e.g., going up steps and stepping over the side of a tub); 
and detailed measures of activity-relevant environmental attributes, such 
as the number of steps and the height of the tub. However, CASPAR, like 
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other home assessments, requires a specialist onsite to collect the required 
information. 

Remote Assessment: O�ercoming Limitations of Time and Distance 

To overcome travel time and distance that increase costs and limit 
the ability of experts to access clients’ homes, a number of studies have 
demonstrated that real-time, interactive videoconferencing can be used by 
specialists to successfully identify needs and provide sufficient informa-
tion to recommend interventions (Sanford et al., 2004, 2007; Sanford and 
Butterfield, 2005; Hoenig, Sanford, and Griffiths, 2006), thus potentially 
eliminating the need for a specialist to travel long distances to perform 
an assessment. These studies suggest that relatively inexpensive video-
conferencing technology (e.g., as little as $1,200 for two videophones and 
a video camera) that uses the telephone system enables specialists to con-
duct remote assessment in a manner similar to in-home assessments, thus 
maintaining the integrity of the therapist-patient interaction, and provides 
a practical alternative to traditional home visits by a therapist for improv-
ing task self-efficacy. Nonetheless, to date, teleconferencing technology has 
been limited to research studies and has not been translated into practice 
in any ongoing home assessment programs. 

Home Modifications: From Needs to Prosthetic Interventions

Providing a facilitating environment in the home is different from pro-
viding an accessible environment in community settings. In public places, 
the Americans with Disabilities Act accessibility guidelines (U.S. Access 
Board, 2002) are intended to ensure at least basic levels of usability and 
access for people with acknowledged disabilities. These guidelines apply 
neither to private residences nor to individuals who have functional losses 
that do not “qualify” as a disability. Therefore, whether these interven-
tions are assistive technologies, accessible designs, or universal designs, 
they should be individualized, customized, and personalized to best fit the 
functional needs of individuals for independent living and their caregivers 
for providing assistance. 

Impro�ing Independent Acti�ity: Prosthetic Modifications for  
Mobility and Self-Care 

Although problems can and do occur throughout the home, research 
and experience suggest that environmental barriers to the safety and health 
of individuals in the home are linked to three primary activities: (1) getting 
into and out of the house, (2) moving around the house, and (3) performing 
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self-care (toileting, bathing, and grooming). Clearly, mobility and transfer 
tasks are integral to each of these activities. Not surprisingly, therefore, the 
majority of home environmental interventions have traditionally focused 
on modifying entrances, circulation paths and stairs, and the bathroom to 
facilitate mobility and transfer tasks. 

Mo�ement into and Out of the Home. Many houses are built above ground 
level and have a set of steps leading up to a porch, deck, or landing at the 
door. Not only are stairs a barrier to wheelchair users, they also can become 
a safety hazard and an obstacle to independence for individuals with gait 
and balance problems and those who use walking aids. In addition, walk-
ways and stairs frequently are in poor condition and lack handrails for 
support and adequate lighting at night. To increase safety and mobility, 
walkways should have smooth, slip-resistant surfaces; steps should be in 
good repair, with handrails on both sides and with contrasting nosings (the 
rounded edges of stair treads), or should be replaced with a ramp, sloping 
walkway, or mechanical lift. In addition, the threshold should be reduced 
to minimize tripping, doorways should be widened, sufficient space should 
be provided to maneuver, and an automatic opening system should be 
installed to eliminate twisting and turning of doorknobs. There should also 
be adequate lighting operated by motion detectors or timers at all walkways 
and doors to help maintain independence and ensure the safety of individu-
als with mobility issues as well as those with vision loss. 

Mobility in the Home. Inside the home, people who use mobility aids, such 
as wheelchairs, frequently lose access to rooms, particularly bathrooms, 
because hallways or doors are too narrow, furniture obstructs the path of 
travel, or stairs prevent travel to other floors in the home. Stairs, slippery 
floors, and obstacles are also potential safety hazards. Stairs, in particular, 
account for a greater number of falls than any other single location in the 
home (Kochera, 2002). And the number of multistory homes being con-
structed has increased precipitously since 1970 (U.S. Bureau of the Census, 
1994). For individuals with mobility issues, typical modification strategies 
to ensure activity, increase safety, and improve health are similar to those 
for outdoor environments, although stair lifts are commonly used instead 
of ramps between levels of a home. In addition, for people with vision loss, 
it is important to control glare by using sheer curtains or translucent shades 
(as opposed to metal miniblinds that reflect light) to buffer bright sunlight 
and reduce dark-light transitions between rooms. 

Transfer Safety and Self-Care Acti�ities. The bathroom, with its wet, slip-
pery surfaces, small, cramped spaces, and hard surfaces can easily lead to 
falls and serious injury, even for people without functional limitations. 
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Bathroom floors are extremely dangerous when wet. For many individuals 
who have difficulty raising and lowering themselves, including those who 
use wheeled or ambulatory mobility aids, health, safety, and fall risks are 
associated with difficulty transferring to the toilet, bathtub, or shower. 
While individuals who use wheelchairs often lack space to maneuver or 
get close enough to a fixture, ambulatory individuals with gait and bal-
ance problems often lack support (i.e., something to hold onto) to safely 
lower themselves down onto a toilet or the bottom of a tub or, conversely, 
to pull themselves back up from these positions. To increase safety and 
mobility, sufficient space should be available at the toilet, bathtub, shower, 
and sink for mobility aids and caregiver assistance. In addition, safety can 
be enhanced by reducing the distance an individual must raise and lower 
himself or herself (e.g., raising the height of the toilet) or the need to lift 
one’s legs over the side of the tub (e.g., walk-in tub) or the shower curb 
(e.g., a curbless shower). In addition, safety can be increased and transfers 
facilitated by adding supports (such as grab bars, safety frame, or floor-to-
ceiling pole) or using a fixture with integral supports and increasing the 
visibility (e.g., contrasting color of the toilet or toilet seat from walls) of 
all fixtures. 

Impro�ing Caregi�er Assistance: Prosthetic De�ices for  
Mobility and Transfer 

Although mobility and transfer tasks are the most strenuous and dif-
ficult activities for caregivers, they are also the most frequent tasks with 
which both formal and informal caregivers provide assistance (Gershon et 
al., 2008). Given the strenuous nature of these tasks and the clutter, lack 
of space, and other safety risks in the home (Gershon et al., 2008), it is not 
surprising that caregivers experience considerable difficulty and have an 
increased incidence of injury compared with other health care and human 
services workers (Myers et al., 1993; Ono et al., 1995; Galinsky, Waters, 
and Malit, 2001). 

To reduce injury and facilitate caregiver assistance, a number of prod-
ucts and devices have been developed to make moving around the home 
and transferring easier, safer, more efficient, and more dignified, both for 
the care recipient and the caregiver (see Chapter 8). These include lift 
systems for moving individuals through the home as well as products that 
assist with, or eliminate the need for, transfers in bathing and toileting. 
Regardless of purpose, however, the effectiveness of devices is impacted by 
and has unique implications for the design of the home environment. 
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Service Delivery: From Intervention to Implementation

Implementation is somewhat more complex than merely finding some-
one to install or supply the necessary modifications. Like assessors, there 
are many providers, who come from different programs and disciplinary 
backgrounds that can impact what they are able to provide and how they 
provide it. In addition, the costs of some modifications are reimbursable, 
while others are not. As a result, providers and payers typically impact 
decisions about what modifications are actually made. These decisions, in 
turn, affect not only the effectiveness of modifications in meeting functional 
needs, but also their impact on the home environment. 

Who Pro�ides Home Modifications? 

In the United States there is no single model for home modification 
service delivery. Rather, there is a fragmented system of social service, 
health service, and construction providers that varies not only by state, 
 municipality, and organization but also by the client’s point of entry. Simi-
larly, there is no single profession that provides home modification services; 
although there are some certification programs, none is recognized beyond 
its own professional organization.

Home Modification Programs. Many rehabilitation providers include a 
home modification program as part of the rehabilitation service. However, 
while individuals who suffer from trauma or chronic illness are placed into 
the rehabilitation system, others, such as seniors with declining abilities, 
are typically on their own to find out how and where to enter a complex 
system of services that could be provided by any number of programs. 
These include the local area agency on aging (AAA), natural occurring 
retirement community (NORC) initiative, or center for independent living 
(CIL); municipal agencies, such as a mayor’s office for people with dis-
abilities (MOPD) and department of housing; and state assistive technology 
programs, departments of veterans affairs, and volunteer organizations like 
Rebuilding Together. Even more daunting is that the same type of organiza-
tion may offer different types of services in different locales. For example, 
in Philadelphia, the local AAA, the Philadelphia Corporation for Aging, 
provides an extensive in-home modification and repair service from assess-
ment to implementation. In Atlanta, the Georgia NORC initiative provides 
assessment by an occupational therapist and links homeowners with local 
nonprofits to provide the modifications. In Chicago, the MOPD offers a 
complete range of home modification services for people with disabilities 
up to age 59, and the Department of Housing provides services for people 
ages 60 and older. 
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Home Modification Professionals. Like assessments and service programs, 
home modifications are delivered by a variety of professions. As discussed 
above, assessments are undertaken primarily by health and other providers 
of social services and, to a lesser extent, by professionals in the construction 
industry. However, the scope of modifications differs along professional 
boundaries. Health professionals typically limit their scope of services to 
small-scale, off-the-shelf assistive technologies and adaptive products, as well 
as environmental strategies, such as moving furniture, adding task lighting, 
and changing the location of activities. In contrast, building professionals 
focus primarily on changes to the physical environment, ranging from install-
ing grab bars to moving fixtures to adding lifts to full-scale remodeling. 
However, they may also supply assistive devices and equipment. 

A variety of certifications are associated with home modifications, 
although none is legally binding or affiliated with any professional licen-
sure. For example, the National Association of Home Builders (NAHB) 
offers a Certified Aging in Place Specialist (CAPS), the American Occu-
pational Therapy Association (AOTA) offers a Specialty Certification in 
Environmental Modifications, and the Rehabilitation Engineering Society of 
North America (RESNA) offers an assistive technology practitioner (ATP) 
certification. While the latter does not specifically focus on home modifica-
tions, it is the only certification that is eligible for reimbursement as a clini-
cal service, although occupational therapists can be reimbursed for some 
home assessments under occupational therapy licensure. In addition, several 
universities, including the University of Southern California and Georgia 
Institute of Technology, offer certificates for online programs. 

It is important to recognize that there are no national standards for 
provision of home modification services. Anyone can provide the service, 
regardless of certification or licensure, although the scope of services that an 
individual can provide may be restricted by their professional licensure. For 
example, occupational therapists can perform home assessments, modify 
products (i.e., use duct tape and Velcro), and provide off-the-shelf products 
in states in which they are licensed, but they are not permitted to engage in 
home remodeling as occupational therapists. In contrast, home remodelers 
are not restricted from providing any of those services, including assess-
ments, regardless of whether they are CAPS certified or not. As a case in 
point, I am not a licensed therapist, contractor, or architect, yet I not only 
provide all of these services but also have trained professionals in all three 
disciplines to do so as well. 

Who Pays for Home Modifications? 

The majority of home modifications are paid for out of pocket by the 
homeowner. In fact, less than one-fourth of home modifications are paid for 
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by third-party payers (LaPlante, Hendershot, and Moss, 1992). Of course, 
most individuals pay for a typical home remodeling, so why shouldn’t they 
pay for home modifications? After all, one could argue that aging or dis-
ability is a life event that requires changing one’s home just the same as 
other life changes, such as having children. No one would expect a private 
or public third-party payer to help modify one’s home, such as by adding 
a nursery, to accommodate such a lifestyle change. 

Still, modifications for healthy, independent living in the community 
should be a public health concern for which funding is made available. 
Such is the case in many countries where home modifications are considered 
medical interventions. As part of the Swedish public health program, for 
example, each municipality provides needed services to individuals with 
functional limitations, including the modifications necessary (regardless of 
cost and income level) to continue living in their own homes for as long 
as possible. 

In the United States there is a patchwork of potential funders, ranging 
from government agencies, to private insurers and workers compensation 
to social service organizations, such as AAAs and NORCs, to nonprofit 
volunteer organizations, such as Rebuilding Together. State agencies often 
have their own programs using tax or bond revenues, often through a 
housing finance agency. Municipalities often offer tax credits, particularly 
to developers who build accessible homes. In the federal government, there 
are at least seven departments that have programs in which funds can be 
used for home modifications, including Agriculture, Energy, Education, 
Health and Human Services (HHS), Housing and Urban Development 
(HUD), Treasury, and Veterans Affairs. Some programs are loans directly to 
households (e.g., the HOME program of HUD), others are loan guarantees 
to lenders, and still others are grants, usually to social service organizations. 
However, regardless of the program, eligibility for services depends on one’s 
situation, unlike Sweden. Some of programs have age restrictions or dollar 
limits. For example, social services block grants from HHS and home and 
community care block grants from the Administration on Aging (AOA) 
are available to social service organizations, but recipients must meet age 
and income criteria. In addition, many home modification programs in the 
United States have capped costs from $5,000 to $10,000, which will gener-
ally cover only a ramp and some bathroom modifications. 

Securing a traditional loan is always an option. For seniors, reverse 
mortgages, which are based on home equity, are also available, although 
up-front costs are fairly steep, sometimes amounting to almost 25 percent 
of the loan. With the fragmentation and restrictions, it is not surprising 
that in 2000, only half of the 2.1 million older U.S. households that needed 
home modifications to facilitate aging in place had them (Joint Center for 
Housing Studies, 2000). 
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Best-Fit Solutions: From Prosthetic to Practical Interventions

Whereas prosthetic interventions may best fit an individual’s or care-
giver’s functional needs, as the previous discussion suggests, overall best fit 
is not based simply on functional ability. In addition to provider and payer 
issues, a large number of other confounding contextual factors impact 
decisions. These include personal tastes and preferences of a particular 
individual and others living in the home, social constraints of the living 
situation, structural limitations of the home, and building and zoning codes. 
These factors have nothing to do with improving activity outcomes, but 
they mediate and influence decisions about which interventions should be 
implemented. While the number of potential mediators is large, cost is by 
far the most common and most influential. In the end, home modifications 
that are the best fit for the situation may or may not be an “ideal” fit with 
the functional abilities of the client or caregiver or with the home environ-
ment. For example, assistive devices, such as lifts, tub benches, and toilet 
seats, are typically more intrusive than structural changes to the home that 
might provide more space and better performance. Nonetheless, because 
these devices are less expensive, more often reimbursable, more familiar to 
health care providers, and more readily obtained, they are much more likely 
to be installed. Not coincidentally, they also have a much larger impact on 
the use of space in the home environment. 

THERAPEuTIC INTERVENTIONS:  
TECHNOLOGIES TO IMPROVE HEALTH 

MANAGEMENT AND TREATMENT

The number of people with chronic conditions is growing rapidly. In 
fact, 45 percent of the community-dwelling U.S. population have at least 
one chronic medical condition, and about half of these, 60 million people, 
have multiple chronic conditions (Wu and Green, 2000). Approximately 
83 percent of Medicare beneficiaries have one or more chronic conditions, 
and 23 percent have five or more chronic conditions (Anderson, 2005). By 
2015, an estimated 150 million people in the United States will have at least 
one chronic condition (Wu and Green, 2000). With the variety of chronic 
health conditions comes a dramatic increase in the level of care require-
ments, higher costs (e.g., chronic diseases account for 75 percent of all U.S. 
health care costs), and the need to integrate multiple physicians, specialists, 
and formal and informal caregivers (Scheschareg, 2006). 

Technology has long been an integral part of health care delivery, pri-
marily in clinical settings to permit diagnosis, intervening treatment, and 
care of acute or chronic health conditions. New technologies enable active 
self-management and passive monitoring of safety and activity. Home-based 
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technologies are changing the way health care is provided by “freeing” 
patients from health care institutions (Sinding, 2003), as well as how the 
home environment is utilized and conceptualized. 

Active Technologies for Self-Management

A variety of standalone and integrated devices are available that enable 
patients to actively manage their own health and reduce acute episodes. 
Treatment technologies commonly found in the home are often large pieces 
of equipment that are used to provide a variety of therapies and to assist 
bodily functions, including assistance in breathing, medicine delivery, body 
function, and suction (see Chapter 8). 

In contrast to treatment technologies, preventive technologies tend to 
be smaller portable or mounted electronic monitoring devices that allow 
individuals or family members to measure and obtain feedback about spe-
cific health conditions or physiological status or to facilitate communication 
with friends, family, and care providers. In addition, several different types 
of integrated monitoring devices exist. These devices are used by the patient 
to collect information from multiple peripheral devices (e.g., blood pressure 
cuff, scale, pulse oximeter) and transmit it to caregivers and care providers. 
Other systems combine patient monitoring and video that enables patients 
and providers to interact in real time. 

Communication technology to foster social connectedness and prevent 
deterioration in psychological health, particularly among individuals who 
have transportation difficulties, is an important, although sometimes over-
looked, component of the home-based care system (see Chapter 9). Like 
home modifications and assistive technologies, medical devices and tech-
nologies for self-management can have a large impact on the home environ-
ment and on the individuals living there. Large pieces of equipment have 
obvious space requirements, but smaller items, such as a pulse oximeter or 
a blood pressure cuff, need to be stored somewhere, as do medical supplies. 
Disposal of medical supplies, particularly used needles, and a backup gen-
erator in case of a power outage are also major considerations. In general, 
smaller monitoring and communications technologies have little impact on 
the structure of the home. However, they require space for both the com-
munications hardware as well as any biometric tools (e.g., glucose meters, 
blood pressure cuff, digital scale) that are needed. Clearly, the larger the 
number of different systems and biometric tools that are introduced into 
the home, the more space is required. 
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Passive Technologies That Monitor Safety and Activity

In contrast to active technologies, there are passive home-based systems 
that do not depend on active engagement of individuals in the home. These 
technologies use networks of sensors, transmitters, and receivers embedded 
in the home environment to (1) monitor activity and location, (2) identify 
and reduce potential safety hazards, and (3) communicate physiological 
status to health care providers. 

Despite the unobtrusive nature of embedded passive monitoring sys-
tems, the installation and potentially the appearance of these technologies 
will clearly be somewhat intrusive in the home environment. However, 
simply getting this technology into homes is only part of the problem. Like 
other technologies, there will be issues with the design of sensor networks 
that fit unobtrusively in the home environment (e.g., visibility of packag-
ing and antennas), are easy to install and maintain, and are integrated with 
each other and with other home technology systems. 

NEW CONCEPTS IN HOuSING:  
INTEGRATING PROSTHETIC AND THERAPEuTIC 

INTERVENTIONS IN A HOME ENVIRONMENT

The large number of home modifications and assistive technologies and 
medical equipment and health care technologies, combined with the variety 
of typical personal technologies, such as wheelchairs and walkers, evokes 
a picture of a home environment cluttered with devices that take up large 
amounts of space, can potentially get in the way of each other and others 
in the home, and can themselves become hazards. When these conditions 
are introduced into homes of older adults or individuals with other chronic 
conditions, they frequently exacerbate conditions in which many health and 
safety hazards already exist, including lack of space, clutter, poor lighting, 
and loose rugs (Gershon et al., 2008). 

Unsafe conditions put both home care patients and home health care 
workers at risk. Among care providers, these conditions contribute to 
awkward postures lifting and shifting patients that are linked to increased 
incidence of musculoskeletal injury (Myers et al., 1993; Ono et al., 1995; 
Galinsky, Waters, and Malit, 2001). Among care recipients, these condi-
tions can increase the risk of falls and other injuries, although the latter 
issues have not been assessed (Gershon et al., 2008). 

To further complicate provision of home health, studies have identified 
a number of additional concerns about the safety of home environments 
that can negatively impact care providers and thus the provision of care. 
These include the location of housing in unsafe neighborhoods, overheated 
room temperatures, poor indoor air quality, and unsanitary conditions, 
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such as the presence of insects and rodents, mismanagement of medical 
waste, and lack of standard disinfection practices (Kendra et al., 1996; 
 Fazzone et al., 2000; Manangan et al., 2002; Markkanen et al., 2007; 
Gerson et al., 2008). 

Clearly, maintaining independence and transplanting medical care to 
the home in the 21st century will have impacts on the physical environment 
that go well beyond ramps and grab bars. Space is limited, and there are 
ever-increasing technologies and devices vying for it. Nonetheless, housing 
is not being designed, and often is not being remodeled, with these needs 
in mind. In addition, individuals with functional limitations on dexterity, 
vision, hearing, or cognition may have difficulty manipulating, seeing, 
hearing, or understanding technology interfaces. To ensure that these tech-
nologies can be used by consumers, particularly older adults who make 
up the majority of home health recipients and who are less familiar with 
technology, the design of these devices will need to be based on more user-
centric principles. 

The challenge, however, is to design and incorporate modifications, 
health care products, technologies, and devices into the home environment 
without violating two basic principles. First, while space might be the great 
equalizer, the builder’s prime directive is that the home cannot increase in 
size (i.e., cost). Second, the consumer’s prime directive is that products, 
technologies, and modifications that go into the home must be residential 
in scale and appearance (i.e., look like they belong). Adherence to these 
principles will require new approaches to product and housing design that 
integrate technological systems with each other and in the home environ-
ment so that the home remains a home and does not become a hospital. 

Woodward and colleagues (2004) argued that home care is dependent 
on three types of knowledge and skills: (1) those that are appropriate to 
the client, (2) the care required, and (3) the home. All three have implica-
tions for the design of the physical environment, from the standpoint of 
the design of the home as well as the technologies themselves. As a result, 
the success of home health care will depend on fundamental changes in the 
way both homes and technologies are conceived and designed. 

To achieve these aims, housing and technology must be appealing to 
consumers as well as supportive of people with a wide range of functional 
abilities and health conditions, their caregivers, families, and health care 
providers. To do this, housing and technology must first work together 
as a seamless, integrated system. Second, housing should be universally 
designed, as should the products and technologies themselves. While such 
solutions are yet to be fully embraced by today’s housing market, innova-
tions that embrace smart home technologies and universal design principles 
offer promise for the future. 
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Smart Homes

Whereas smart home technologies enable compatible products (e.g., 
appliances and devices that act as receivers and remote controls or keypads 
that are transmitters) to talk to each other over a network, the technolo-
gies are being developed independently of each other. As a result, there are 
complex and redundant networks of sensors and hardware that connect care 
recipients with caregivers and care providers both inside and outside the 
home. The major difference between a smart home and a smart technology 
that resides in the home is the integration of systems in the smart home into 
a controlled network that connects systems and appliances to each other and 
to the outside world. Not only will such system integration bring together all 
of the health related information, it will also enable remote care providers to 
be informed when problems occur, regardless of the nature of the problem. 

In the late 1990s and early 2000s, a large number of model smart 
homes were constructed on many university campuses (e.g., Drexel Uni-
versity, Georgia Institute of Technology, Iowa State University, Massa-
chusetts Institute of Technology, University of Florida) as demonstration 
homes and laboratories to develop and test new technologies. These homes 
were designed to monitor daily activities, particularly of older adults, to 
enable them to have a greater degree of independence and remain at home 
 longer. While many of the technologies had isolated functions, some were 
integrated systems that worked as a smart home. For example, at Iowa 
State University, everyday kitchen appliances, including the microwave and 
the refrigerator, were equipped with sensors. Each appliance had its own 
 capability—the microwave scanned bar codes to calculate cooking times, 
and the refrigerator calculated the weights of food items to determine when 
items were running low—and they were also connected to the main com-
puter system that sent a shopping list to the resident’s cell phone, which is 
also integral to the smart home. 

As the first decade of the 21st century nears an end, the focus of 
smart homes is expanding from monitoring activity-based technologies to 
facilitate aging in place to include home health technologies for a range of 
care recipients. For example, Matsushita has been developing a variety 
of health-enabled bathroom products, such as a toilet seat with embedded 
passive monitoring sensors to monitor and send weight and body fat ratio, 
heartbeat, blood pressure, and glucose levels to the patient’s doctor via the 
Internet (Brooke, 2009).

universal Homes

Unlike accessible design, which is an add-on component to support spe-
cific types and levels of ability, universal design (UD) is everyday design that 
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supports all types and levels of ability. As a result, the seven principles of uni-
versal design (see Table 8-2) define a basic level of usability for everyone. 

In contrast to accessible design, which is prescriptive (e.g., a thresh-
old may be no greater than 1/4 inch to allow wheelchair access), UD 
is performance-based; it describes how and why a design can minimize 
demands on all users (e.g., a level entrance will enable everyone to safely 
enter) rather than what the design specification should be. As a result, UD is 
compatible with the ICF, which suggests that disability is not a single point 
requiring specialized intervention, but a continuum of ability that would 
benefit from less demanding design. In so doing, UD, unlike accessible 
design, makes access the norm, rather than the exception. 

An underlying principle in making access and usability the norm is 
that a home should look like a home, not like an institutional setting. It 
is therefore important to remember that any products and technologies that 
are brought into home, regardless of their purpose, should be residential in 
appearance and tailored to meet the personal needs and tastes of the users. 
If they are not, users simply will not accept them. 

The same rationale applies to traditional medical devices, new assis-
tive products for caregivers, and any new telehealth technologies. These 
products need to be usable by both health care recipients and providers, 
and they need to fit into the home environment. Moreover, any home-based 
technologies will require common interface designs so that users do not 
need to learn and manage different systems. The technology products need 
to be easy to use and to learn, and they should take into account declining 
skills of older adults, such as vision, dexterity, and memory. 

While it is unlikely that every design will be usable by everyone, UD 
can eliminate the need for many adaptive, add-on, specialized accessibil-
ity products that are commonly used today. Many home modifications 
would be unnecessary if homes had originally been designed to better meet 
people’s needs. For example, bathrooms in most homes are inaccessible to 
people with physical limitations and disabilities because the doors are too 
narrow, the floor space is too limited, the layout of fixtures is ill conceived, 
the fixtures themselves are often poorly designed, and there are no sup-
porting features. Better initial design would greatly improve usability for 
everyone and reduce the need for modifications later on. Ultimately, the 
universal home sets a baseline from which assistive technologies and acces-
sible design can be introduced when and if they are needed.

A Smart universal Home: Eskaton’s National Demonstration Home

Eskaton is a nonprofit organization headquartered in Carmichael, 
 California, that provides a full spectrum of residential living, health care, 
and services for more than 14,000 older adults throughout northern 
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 California. The National Demonstration Home, completed in 2008 on the 
Eskaton Village campus in Roseville, California, provides an innovative 
approach to healthy, independent living by combining UD, smart home 
health care technologies, and green living features. 

The home combines universal design features, such as wider hallways, 
stepless entry, curbless showers, and motion sensor lights that minimize 
hazards, enhance safety, and promote independent activity with a num-
ber of technological systems (e.g., monitoring of ADLs, smart appliances, 
two-way video communication) seamlessly integrated into the design. As 
a result, technology complements, integrates, and reinforces the physical 
elements of UD to promote health and wellness, social and health provider 
connectivity, and safety. 

BARRIERS TO ADOPTION OF HOuSING INNOVATION

Even as the home has become a centerpiece of health care in the United 
States, the lack of supportive housing to promote activity, health, and 
health care needs is exacerbated by the striking disconnect between these 
needs and the U.S. health care system (Commission on Affordable Housing 
and Health Facility Needs for Seniors in the 21st Century, 2002). It comes 
as little surprise, therefore, that most prosthetic and therapeutic home 
interventions continue to be designed as medical devices and that UD and 
smart homes have not yet been adopted on a broad basis. 

While the barriers to residentially focused environmental interventions 
are numerous and varied, they can be traced back to the origins of feder-
ally funded health and housing subsidies, which were designed to operate 
as separate systems, each achieving separate public goods. As a result, the 
systems through which these services are delivered, as well as the regula-
tions, performance measurements, and implementation guidelines of the 
two systems, can often conflict and impede coordination. Not surprisingly 
therefore, there is a general lack of a coordinated and comprehensive 
system of services that would permit expanded health care and housing 
options, promote self-sufficiency and independence, and offset social isola-
tion (Lawler, 2001). In its stead, there is a fragmented system of services 
provided by various public and private health care and social service orga-
nizations (Pynoos et al., 1997; Lau et al., 2007) that are hampered by a lack 
of information, experience, funding, and resources. Similarly, consumers are 
often uninformed or harbor misperceptions about environmental innova-
tions. Together, these factors have resulted in both a poor supply of and 
limited demand for environmental innovations. Finally, to compound the 
problem, the home environment itself is often the source of impediment, 
inadequately designed or poorly maintained and unable to support the 
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environmental innovations due to disrepair, inadequate systems, and lack 
of space. 

Supply Side Barriers

On the supply side, service providers are typically constrained by 
resources, the scope and geographical area of support services, their general 
lack of knowledge of UD and home modifications in general, and a dearth of 
educational opportunities to learn more about them. As a result there are too 
few professionals with expertise in environmental interventions to provide 
services as well as too few of those professionals who have formal training 
in the area and have a good understanding of universal design. Policy disin-
centives for UD and a maze of funding resources are also major barriers to 
acquiring appropriate interventions.

Lack of Pro�iders with Expertise in En�ironmental Inter�entions 

There is a lack of specialists who can assess both functional abilities 
and the relevant environmental characteristics (Pynoos, 1993; Pynoos et al., 
1996). No single discipline or systematic program provides training that 
encompasses a comprehensive understanding of the person and the envi-
ronment sides of the equation, resulting in disciplinary bias that separates 
the health professions from the building professions (Pynoos et al., 1987). 
Although some disciplines, such as occupational therapy and architecture, 
include college-level courses on environmental interventions, these are typi-
cally isolated efforts of individual faculty members, not promoted by the 
program or the profession. Only recently have professional organizations 
created certification programs, although none is sufficiently comprehensive 
to ensure a broad knowledge of home environmental interventions.

Pro�ider Biases 

Even among specialists, intervention decisions often vary by disci-
pline and level of expertise of the individual delivering services. Each 
profession tends to have its own disciplinary perspective that influences its 
understanding of needs and intervention solutions. By virtue of their train-
ing and driven by reimbursement systems, health care professionals are 
understandably more familiar and concerned with impairment and activ-
ity performance of the client than with environmental factors, residential 
construction, or even the range of potential environmental modifications 
(Pynoos, 1992; Pynoos et al., 1997). As a result, these individuals often 
underestimate the importance of the physical environment and may not 
recommend environmental interventions. Yet construction professionals 
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know less about activity and ability than about environmental attributes. 
As a result, assessments undertaken by construction professionals may over-
estimate the need for environmental interventions. Similarly, agencies that 
pay for modifications often introduce system bias by requiring assessments 
that adhere to their guidelines and result in recommending only interven-
tions that will be reimbursed. 

Pro�ider Misperceptions of Uni�ersal Design 

Despite the widespread acknowledgment and acceptance of the UD 
principles across many professions and among many manufacturers, appli-
cation of the principles to the design of housing, as well as to consumer 
products and technologies, has been slow to take place. Many professionals 
rely on what they already know rather than try something new (Belser and 
Weber, 1995). Since many are familiar with accessible design, they often 
misuse the term “universal design” as a synonym for the former. In addi-
tion, misperceptions about the additional cost of UD are manifest in a reluc-
tance to use it as a design strategy. However, if introduced at the beginning 
of a project, additional costs might be negligible. For example, the cost of 
a wider doorway is offset by the diminished costs of the wall around it. 

Policy Disincenti�es for Uni�ersal Design 

UD can have economic advantages for both consumers and providers, 
particularly if it is part of housing and product design from the beginning. 
In such cases, everyday housing and products can be used to support health 
and activity needs without the need for expensive modifications. However, 
because the reimbursement system is client-centric, it is concerned with 
meeting the needs of individual clients. In fact, it provides economic dis-
incentives for UD by supporting specialized assistive technology and (to 
some extent) accessible design solutions, which may have lower initial costs, 
but greater long-term costs and far less benefit to multiple individuals or 
society. 

Demand Side Barriers

On the demand side, the fragmented delivery system also ensures that 
consumers are uninformed about the benefits and costs of UD and other 
environmental modifications. Even making small changes can pose large 
problems for individuals who are unfamiliar with UD and home modifi-
cations and have misperceptions of what they are and what benefits they 
offer. As a result, studies indicate that the majority of people fail to plan 
for future needs in their home environment (Filion, Wister, and Coblentz, 



Copyright © National Academy of Sciences. All rights reserved.

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

22� HUMAN FACTORS IN HOME HEALTH CARE

1992), and also that people in need often adapt to their current environ-
ment, rather than change their home to meet their needs, particularly 
when the alterations are related to aging or disability (Filion, Wister, and 
Coblentz, 1992; Gilderbloom and Markham, 1996; Pynoos et al., 1997). 
This reluctance may explain, in part, why older individuals with disabilities 
are no less likely to be exposed to environmental hazards in their homes 
than those without disabilities (Gill et al., 1999). Despite a reluctance to 
make changes, the strongest predictor of adapting one’s home is recognizing 
the need for environmental interventions (Pynoos et al., 1987). In fact, one 
study found that when people perceived that environmental interventions 
would improve performance, they were four times more likely to modify 
their homes (Gosselin et al., 1992). 

Lack of Consumer Awareness of En�ironmental Inter�entions 

A major reason for the large numbers of individuals with unmet needs 
for environmental interventions is the lack of awareness of either the 
interventions themselves or their benefits for activity performance (Pynoos, 
1993). Moreover, because UD and other environmental intervention strat-
egies are the exceptions to home design rather than the norm, there are 
few traditional marketing strategies (e.g., TV advertisements) to inform 
consumers about their benefits. Even advertisements that feature modifica-
tions are often promoting the contractors who specialize in modifications, 
rather than the modifications themselves, and few include UD features. As a 
result, consumers may only be familiar with ADA accessibility features that 
they have seen in public settings or “handicapped” features (e.g., ramps and 
stainless steel grab bars) in their friends’ homes. 

One mechanism for creating awareness of the advantages of UD is to 
try out alternatives to see what works best. This is common practice with 
most consumer items, as well as in the assessment of individuals with dis-
abilities for modifications needed for the workplace. However, it is not a 
practice that is used in assessing needs for therapeutic home interventions. 
Although this is primarily because many home modifications either need 
to be installed (e.g., grab bars) or are too big to transport (e.g., chair lift), 
many smaller items, such as tub benches or thermostats, could be included 
in an assessment. Another option for consumer education is the use of 
demonstration homes (such as Eskaton), in which people can actually try 
out different design features (e.g., Mills, Holm, and Christenson, 2001). 
However, demonstration homes provide only one example of each UD 
feature, thus restricting comparison across alternatives; they are geographi-
cally restricted, which limits their exposure to a broad audience; and, unlike 
Eskaton, most have been built by local builders and ultimately sold to 
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private individuals, limiting their availability as demonstration homes on 
a long-term basis. 

Consumer Misperceptions of En�ironmental Modifications 

Consumers often associate prosthetic and therapeutic interventions 
with the stigma of disability and institutional care (Pynoos et al., 1997; 
Wolford, 2000), which are not perceived to be compatible with the resi-
dential appearance and are seen to reduce the market value of their homes 
(Gilderbloom and Markham, 1996). While these perceptions have a firm 
basis in the many assistive and health care technologies and accessible 
design solutions that have an institutional or medical appearance, there are 
many newer UD products that have been designed specifically for homes. 

Consumers also may believe that the costs of environmental modifica-
tions are prohibitive, even when they know the benefits. For example, one 
study (Sohn, 1997) found that older consumers’ perceptions of the useful-
ness and attractiveness of UD features increased after trying them out, 
although they still believed that the products were too expensive.

Hard-to-Find Funding 

The separation of housing and health care in different governmental 
agencies has created various systems of public subsidies that make it dif-
ficult for individuals to find or receive adequate funding. Housing dollars 
are distributed as a limited subsidy by HUD, which sets income restric-
tions on who qualifies for housing assistance. In contrast, health dollars 
are distributed as an entitlement by Medicare at the federal level and by 
Medicaid at the state level (Lawler, 2001). As a result, funding can come 
from a number of sources that are hard to categorize and locate. Difficulty 
finding funds is compounded by eligibility restrictions (e.g., income, age, 
location, and health status). There is especially limited funding to provide 
assistance to low-income households, which have a disproportionately high 
level of need for modifications. 

Housing Barriers

The design or the physical condition of the home itself can be a 
barrier to environmental innovation. Data from the American Housing 
Survey 1997 suggest that this may well be the case for older adults with 
functional limitations. Survey data further suggest that homes built after 
1980 and multifamily structures are significantly more likely to meet some 
of the prosthetic needs of older adults than units built in any earlier time 
period (Louie, 1999). In fact, the data are quite remarkable. For example, 
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elderly households in need of access to the home are about twice as likely 
to have a ramp (80 versus 41 percent) and a bathroom designed for easier 
accessibility (77 versus 37 percent) in units built after 1980 than such 
households in units built before 1940 (Louie, 1999). 

In single-family housing, these findings may be attributed in part to 
changes in home design that occurred around 1980. These included con-
struction of more one-story, slab-on-grade and one- to two-step ranch 
homes that are more conducive to ramps than older homes, which are often 
36 inches or more above grade level; increased size of spaces, such as larger 
master bedrooms and baths and larger kitchens that facilitate easier wheel-
chair access; and changes in spatial layout, such as the master bedroom on 
the main floor and more open floor plans that provide opportunities for 
easier and safer mobility. In multifamily housing, these improved condi-
tions may be due to governmental regulations for accessibility that went 
into effect in the 1980s and 1990s (e.g., the Fair Housing Act Amendments 
and the Americans with Disabilities Act) to prevent discrimination against 
people with disabilities in housing and public environments. 

However, the vast majority of disabled elderly households do not live 
in newer housing or multifamily units. Instead, most live in older single-
family homes built before 1940, of which slightly more than one-third 
need structural repairs (e.g., new roof) or updated systems (e.g., electric) 
compared with slightly less than one-quarter of housing units in general 
(Louie, 1999). 

This need for repairs and systems updating is not surprising. Regular 
maintenance and upkeep of a home, particularly for individuals who are 
in poor health or have functional declines, may become unmanageable or 
unaffordable (Lawler, 2001). As a result, these individuals are more likely 
to shoulder a housing cost burden and live in units with moderately to 
severely inadequate overall structure and physical systems (Louie, 1999). 
Whereas structural inadequacy might divert funds for needed environmental 
interventions (e.g., widening doorways when the roof leaks), system inade-
quacy may render environmental interventions infeasible due to the costs 
of upgrading (e.g., adding a curbless shower when the plumbing needs to 
be replaced). Electrical systems that are outdated and do not meet current 
building codes are particularly problematic; most local codes require the 
entire system to be brought up to code when any electrical work is done. 
Thus, installing a lift could potentially result in having to bring in a new 
power line from the street, replace the panel box, and rewire the entire 
house. 
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POLICY CHANGES TO INCREASE ADOPTION 
OF HOuSING INNOVATION

On one hand, policy (at the reimbursement level) or lack of it (at the 
legislative level) bears considerable responsibility for spawning the cur-
rent system of fragmented services. On the other hand, policy responses 
to support independent living and home health care, like the system itself, 
have been piecemeal and fragmented, leaving many people in homes that 
are unsupportive and in communities that offer them few housing options. 
This concern is particularly relevant in the current health policy context 
(Coyte and Young, 1997), in which high-tech home care is increasingly 
seen as a quick solution to budgetary constraints and a growing elderly 
population. Not only should public policy encourage health care payers to 
continue paying for existing equipment and assistive devices, it should also 
encourage accessible design modifications and, wherever possible, universal 
design modifications to facilitate safe activity performance and prevent acci-
dents, promote wellness and health management, and ultimately forestall 
institutionalization. To accomplish this, reimbursement must overcome 
its “hands-off-the-home” policy, create incentives for universal design, 
incorporate access into local building codes, make environmental interven-
tions a medical issue, and certify providers of prosthetic and therapeutic 
interventions. 

Overcoming the Hands-off-the-Home Imperative

The greatest obstacle to the success of home-centered health care is 
ensuring that the government, private insurers, and the public wholly 
embrace environmental intervention as a necessary component of the health 
care system, regardless of the real or perceived value it adds to an individ-
ual’s home. Unlike Sweden and other countries that include home envi-
ronmental interventions as an option to support independent and healthy 
living, the U.S. reimbursement system does not. Medicare, for example, will 
pay for personal assistance, assistive devices, and medical technologies but 
not home modifications (i.e., accessible design). Medicaid may cover some 
home modifications, depending on the state. Thus, while willing to spend 
dollars on medical model interventions, such as caregiving and assistive 
devices, the system does not generally support the environmental interven-
tions that are necessary to reduce the cost of caregiving and technology or 
even ensure that they are effective. 

Clearly, the reluctance of both public and private agencies to invest in 
permanent changes that might enhance the value of a private residence is 
a major barrier to more supportive, universal homes. At the public level, 
paying for changes to private residences can give the appearance of spend-
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ing taxpayer dollars on unnecessary remodeling that increases the comfort 
and wealth of individuals, even if homeowners themselves do not perceive 
that these changes will increase value. At the private level, third-party 
 payers are reluctant to spend money on environmental interventions that 
may increase the value of property that they do not own and that could be 
sold at any time. 

Incorporating Access into Local Building Codes

Building codes, which are intended to protect the health, safety, and 
welfare of the public, should include requirements for accessible or univer-
sal housing—but they do not. Even though the building codes use the same 
requirements as accessibility standards (i.e., ADA accessibility guidelines) for 
such features as handrails, stairs, and ramps, these requirements are based 
on safety, not access. There are several reasons for this exclusion of environ-
mental interventions to support independent living and home health care. 

First, promoting independence has generally fallen under the purview 
of civil rights legislation to provide access to public settings, not to improve 
public health in private housing. As a result, there are few accessibility-
focused regulations that cover residential facilities and even fewer that 
comprehensively regulate the design and modification of private housing 
specifically for people who have functional or health limitations (Hyde, 
Talbert, and Grayson, 1997). Nonetheless, there is a growing movement in 
some countries to extend accessibility regulations to private housing. More-
over, in the absence of specific legislation, accessibility design standards for 
public buildings are often used as a guide when modifying private homes. 
In the United States there is a growing movement toward visitable hous-
ing, which, while still based on access rather than health, is a step toward 
broader regulation of private housing. 

Second, and perhaps more influential, is that environmental modifica-
tions are not considered to be medical interventions under the old medical 
model. Yet the earliest example of a building law—the New York City 
Tenement House Act of 1867—was precisely a means to social policy 
(Davis, 1997). This law was intended to protect society from squalid living 
conditions that were associated with smallpox and tuberculosis epidemics. 
The legislation included not only policies to protect the health of the New 
York’s citizens but also enforceable building regulations that mandated 
design features for cleaner, safer, and better built housing and designated 
public agencies to carry out those regulations. Similarly, the ICF and the 
social model of medicine on which it is based reinforce the link between 
the home environment and health. As a consequence, the ICF provides the 
impetus and rationale for incorporating environmental interventions for 
supportive housing into the building codes. 
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Zoning ordinances must also recognize and support the role of the 
home as a health care environment. The home may need to support round-
the-clock care, which frequently requires live-in caregivers. However, many 
local zoning ordinances restrict cohabitation by unrelated adults or control 
multifamily housing (i.e., more than one kitchen) in many communities. 
Although originally intended to prevent overcrowding and squalid health 
conditions that were prevalent in late 19th-century cities, such restrictions 
effectively preclude care providers from living with care recipients. They 
also restrict the construction of such housing as accessory dwelling units for 
caregivers or care recipients (e.g., in-law suites) on traditional single-family 
lots, even though such units can delay the need for institutional care. 

Both zoning regulations and building codes restrict the size of dwell-
ing units based on the ratio of unit floor space to lot size. For zoning, this 
is to maintain the character of a neighborhood, while building codes are 
designed minimize the amount of impervious (impenetrable) surfaces (e.g., 
concrete or a roofed structure) to limit water runoff onto adjacent proper-
ties. Zoning also restricts where one can locate a structure on a lot, with 
requirements for front, side, and rear setbacks. The result limits the size 
of dwelling units and hence the ability to add accessory dwelling units or 
other housing options that increase the footprint or even size of the original 
home. Clearly, for the home to succeed as a health care environment, zoning 
ordinances and building codes must be changed to recognize cohabitation 
or multifamily units for health reasons. 

Creating Incentives for universal Design

UD is not just a solution for new housing stock. When retrofitting 
existing housing that must accommodate others in the household (e.g., 
family members, friends, caregivers, care providers), as it usually does, UD 
interventions offer more effective solutions overall than home modifications 
or assistive technologies that benefit only the individual with a functional 
limitation. In addition, there is a need for products and equipment that 
work better for everyone and fit better into the home environment. Simply 
put, better design solutions are needed, and UD provides them. The prin-
ciples guide both better activity performance (i.e., works better) and better 
integration (i.e., fits better) in the social and physical context. However, 
accessible design is perhaps the largest impediment to adoption of universal 
design. As promulgated and reinforced by codes and standards, accessible 
design is based on a 20th-century if-you-build-it-they-will-come mentality 
that is predicated on the belief that enabling independence in activities will 
beget participation in social roles. UD, in contrast, is a 21st-century model, 
which, like the ICF, is predicated on the notion that activity and participa-
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tion, while interconnected, are separate constructs that require their own 
environmental responses. 

In new construction and remodeling, a number of municipalities have 
changed local building codes to require or offer tax breaks for basic access 
for wheelchair users. However, these visitability ordinances are by no means 
“universal design lite.” Visitability enables wheelchair users to visit. While 
it may enable an inhabitant to access the home and live on the first floor, it 
does not necessarily ensure that the environment will meet the health and 
activity needs of individuals who occupy the home. Similar policy changes 
that require or create incentives for UD features, such as curbless showers, 
bathrooms with a 5-foot turning radius, and wider hallways, through tax 
breaks or fast-tracked approvals by municipal or state officials, are needed 
to overcome accessible design mentality. 

Nonetheless, with the Americans with Disabilities Act and its man-
dated accessibility guidelines clearly forging the way (although it has no 
jurisdiction in home environments), accessible design is inextricably tied 
to U.S. civil rights legislation. At the same time, assistive technologies in 
particular, and to a lesser extent accessible design, are reinforced by medi-
cal model–based reimbursement policies. These policies focus primarily on 
improving independence in activity performance rather than participation 
in social roles. While the former are specific to the individual client, the lat-
ter would include environmental interventions that might have additional 
benefits to the client or others. 

In a recent article in the New York Times, Ashlee Vance (2009) paints 
a grim portrait of the reimbursement system as a process so invested in the 
medical model that specialized medical devices and equipment are preferred 
over universally designed everyday designs, even when the latter are less 
expensive, work better, and are preferred by the user. Although the article 
is based on reimbursement for an assistive device, the same policies hold 
true for environmental modifications. Regardless of the type of interven-
tion, policies that support specialized technologies over everyday designs 
may result in increased costs, decreased effectiveness, and poor outcomes. 
Vance writes: 

Kara Lynn has amyotrophic lateral sclerosis, or A.L.S. . . . A couple of 
years ago, she spent more than $8,000 to buy a computer . . . that turns 
typed words into speech. . . . Under government insurance requirements, 
the maker of the PC, which ran ordinary Microsoft Windows software, 
had to block any nonspeech functions, like sending e-mail or browsing 
the Web. . . . Dismayed by the PC’s limitations and clunky design, Ms. 
Lynn turned to a $300 iPhone 3G from Apple running $150 text-to-speech 
software. 
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Medicare and private health insurers decline to cover cheap devices like 
iPhones and netbook PCs . . . despite their usefulness and lower cost. 
Instead . . . if Ms. Lynn and others like her want insurance to pay, they 
must spend 10 to 20 times as much for dedicated, proprietary devices 
that can do far less. The logic: Insurance is supposed to cover medical 
devices. . . .

“We would not cover the iPhones and netbooks with speech-generating 
software capabilities because they are useful in the absence of an illness 
or injury,” said Peter Ashkenaz, a spokesman for the federal Centers for 
Medicare & Medicaid Services. 

Medicalizing Environmental Interventions

The American Medical Association should support and promote envi-
ronmental interventions as a health care issue. If, as the ICF suggests, the 
environment is an intervention in both health treatment and prevention, 
then one should expect that the professionals responsible for people’s health 
and well-being (i.e., physicians) would be aware of, if not somewhat knowl-
edgeable about, these types of health interventions. After all, preventive 
medicine and clinical intervention are dependent on environmental modifi-
cation. However, it is a rare physician who considers environmental inter-
ventions as part of a care plan. Nonetheless, while no one really expects 
physicians to prescribe home modifications, they should be knowledgeable 
enough to suggest them, just as they would suggest diet and exercise as an 
intervention, and recommend a consultation with an expert in the area, 
such as an occupational therapist, which could be reimbursable. 

Primary care clinicians, including physicians, physician assistants, and 
nurse practitioners, should be instrumental in recommending home inter-
ventions of any kind, including those in the physical environment. Not 
only are these clinicians most likely to be seen by the majority of people, 
but because they are expected to be knowledgeable about medical interven-
tions and they are generally well respected, it is also likely that their advice 
will be followed. However, to be the first line of defense in educating the 
American public, primary care clinicians need to recognize how the home 
environment might affect their treatment plans. This will require policy 
changes in the American Medical Association, medical and nursing schools, 
and training hospitals to adopt a social model of medicine and seek out 
experts in environmental intervention to train the clinicians of the future. 
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Certifying Service Providers

Professional organizations should focus on developing practitioner 
expertise by designing certification programs that promote uniform and 
accurate assessments, ensure appropriate intervention recommendations, 
and result in successful and efficacious interventions. However, educating 
the range of professionals involved in home health interventions, includ-
ing health care professionals, social service personnel, and workers in the 
building industry will require policy change not only at the level of the 
professional organizations but also at the regulatory level. At the orga-
nizational level, it will require a change in the laissez-faire policy that 
acknowledges the need for training but does not proactively apply a com-
prehensive program to ensure that professionals are adequately trained. 
At the regulatory level, it will require change in the way the Centers for 
Medicare & Medicaid Services (CMS) reimburses. Although CMS already 
requires licensure/certification for some services (e.g., licensed occupational 
therapists can perform functional assessments, certified assistive technology 
practitioners can perform assistive technology assessments), certification 
for all of the various types of home intervention services (e.g., assessment, 
medical remodeling, training) should be included. In addition, certification 
should be more stringent than that currently offered and should be designed 
specifically for the home environment (e.g., neither occupational therapist 
licensure nor assistive technology practitioner certification ensures a knowl-
edge of either the client’s housing needs or the home environment). Where 
CMS leads, private insurers will follow. 

TOWARD AN AGENDA FOR RESEARCH ON THE PHYSICAL 
ENVIRONMENT AND HOME HEALTH CARE

Everyone who has an impact on the quantity and quality of housing—
from consumers to builders to clinicians to regulators and legislators—
needs evidence that environmental modifications can improve functioning 
and health outcomes, are cost-effective, and reduce the need for future 
modifications. However, the gaps in the knowledge base related to state 
of the physical environment and home health are wide enough to drive a 
truck through. Most of what people think they know is based on practice 
rather than evidence. After three decades of debate, there are few empirical 
data and a general lack of psychometrically sound measures (Gitlin, 2003). 
Research is still needed to identify the best methods of service delivery; 
adequacy of training; types of interventions that work for whom, where, 
and when; environmental impacts of various interventions; value added by 
UD; and effectiveness and cost benefits of interventions for care recipients, 
care providers, and society. 
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If the goal of research is to inform and affect practice both directly 
and through legislation and regulatory policy, then it is imperative that 
research create an evidence base that demonstrates not only the efficacy and 
effectiveness of interventions (i.e., what works and for whom) but, more 
importantly, their cost-effectiveness and benefits. In fact, the evidence base 
for UD is extremely weak, although this is not surprising given the current 
regulatory environment that denies reimbursement for everyday design. As 
a result, there are few published cohort studies that have described and 
compared the types of UD interventions used by people within and across 
user groups or have evaluated the effectiveness of specific ones in meeting 
needs across individuals. 

At the heart of the problem is a lack of understanding and consensus 
about both independent and dependent variables. On one hand, there is 
a need to understand the environment as an independent variable: What 
are the salient environmental factors that affect activity and health? On 
the other hand, there is a need to identify key performance measures 
and appropriate outcome (dependent) measures—such as the physical and 
 mental health of individuals and their caregivers as well as their accep-
tance of health technologies in the home. In addition, there is a need to 
continue to pull together the research that has been done (e.g., Wahl et al., 
2009) and to identify the types of research designs that can be appropri-
ately undertaken to answer relevant human factors questions, including: 
(a) benchmarking of environmental effects on ADLs, health, and injury; 
(b) environmental impacts based on individual and subgroup differences; 
(c) effectiveness of specific environmental interventions as they relate to 
home health; and (d) barriers to and facilitators of social participation.

Environment as an Independent Variable

Environmental research has suffered from studies, many firmly entrenched 
in epidemiological models, that lacked a basic understanding of the key envi-
ronmental factors that impact activity and health outcomes. Such studies 
have focused on associating outcomes with the presence or absence of specific 
environmental barriers or facilitators (e.g., presence or absence of a grab bar 
or handrail) rather than the measurable attributes (e.g., height and diameter) 
of those features, the demands they exert, and valid measures of those 
demands (Stark and Sanford, 2005; Sanford and Bruce, 2010). As a result, 
many studies have used inappropriate and invalid environmental measures 
that have underestimated the contribution of environmental factors to health 
outcomes. 

This underestimation is particularly evident in many studies of falls, 
which may account, in part, for findings reported by Wahl and colleagues 
(2009) that support for environmental influences on fall-related outcomes 
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was less favorable than for functional ability-related outcomes. For exam-
ple, in a prospective cohort study to determine whether the prevalence of 
environmental hazards increased the rate of nonsyncopal (i.e., not from 
fainting) falls among older adults, Gill, Williams, and Tinetti (2000) had 
a trained research nurse assess home hazards using a standard instrument 
that included 13 potential slip and trip hazards. Based on falls reported 
over a 3-year period, the risk of a nonsyncopal fall was only significantly 
elevated for 1 of the 13 hazards. Although the investigators concluded that 
there was no support for an association between environmental hazards 
and nonsyncopal falls, an alternative would be to question whether the 13-
item assessment instrument, which, despite its widespread use, has never 
been actually validated, accurately measured fall risk. In addition, the list 
of hazards, such as throw rugs, lack clear definition of the attributes that 
actually are associated with falls. Clearly, throw rugs can be differenti-
ated from each other by such a wide range of attributes—e.g., thickness, 
size, contrast, location—each of which could potentially induce a fall (or 
not). There is nothing inherent in rugs themselves that would make them 
a potential hazard. As a consequence, the researchers were perhaps misled 
to an overgeneralized conclusion at the expense of understanding perhaps 
the more salient environmental factors that impact falls. 

Defining Appropriate Outcome Measures

Environmental research has also suffered from a lack of a set of mutu-
ally agreed-upon health outcomes. To date, studies have used traditional 
 rehabilitation outcomes, such as improved activity performance, to evalu-
ate the effectiveness of assistive technologies and home modifications (e.g., 
Mann et al., 1999; Gitlin et al., 2001a; Gitlin, 2003; Sanford and Hammel, 
2006; Sanford et al., 2006). While these measures may be appropriate to 
evaluate individualized interventions for people with specific functional 
limitations, without assessing activity outcomes of others they say little 
about the UD implications of these interventions. However, defining activ-
ity performance is not as simple as it seems. Difficulty and dependence are 
common outcomes that can measure performance either directly, through 
observations or self-report (e.g., Connell et al., 1993; Connell and Sanford, 
2001), or indirectly, through self-efficacy (Tinetti, Richman, and Powell, 
1990; Sanford et al., 2006). Although these two outcomes measure differ-
ent constructs (e.g., problems encountered with or without assistance versus 
level of assistance required, respectively), they often are used interchange-
ably. Time (e.g., time to transfer on/off a toilet) is also frequently used as 
an outcome measure (see Sanford and Megrew, 1995; Sanford, Story, and 
Jones, 1997; Sanford, Echt, and Malassigne, 1999). Generally the assump-
tion is that the faster one can perform a task, the better. However, it is not 
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always clear that increased speed of performance is a positive outcome. For 
example, enabling an individual to perform a controlled versus an uncon-
trolled transfer to a toilet will not only decrease speed of transfer but also 
increase safety.

The inability to measure critical outcomes has too often resulted in 
 studies in which the effectiveness of environmental interventions lacks 
statistical significance. However, the most critical consideration in defin-
ing positive health outcomes is identifying ones that are important to the 
target group of individuals for whom the only issue is simple: Does it 
make a difference in my life? In fact, small changes in measurable health 
outcomes, even if they are not statistically significant, may equate to big 
gains in the quality of people’s lives. This suggests that clinical signifi-
cance may be important regardless of whether statistical significance can 
be demonstrated. 

Defining measures of cost-effectiveness is equally complicated and is 
determined by the cost of the benefits of an intervention. However, it 
is not clear who benefits. If, like health benefits, cost benefits are con-
sumer driven, they can involve a number of factors, such as added value, 
 aesthetic value, functional value, and emotional value. If, instead, benefits 
are defined by society, then societal value is clearly important. Finally, when 
defined by the reimbursement system, initial and life-cycle costs would also 
be important.

Experimental Designs

Although environmental studies are easy to identify, they are not easy 
to undertake in real-world environments in which contextual factors are 
impossible to control. As a result, there are critical methodological chal-
lenges for studies in this field (Wahl et al., 2009). Of particular relevance 
and importance is the applicability, or lack thereof, of randomized con-
trolled trials and longitudinal studies (Wahl et al., 2009). These types of 
studies are considered to be the gold standard of clinical research and 
produce the type of data that are required to justify policy change, but 
their validity for environmental research is difficult to defend. In contexts 
in which interventions cannot be randomly assigned nor the environment 
controlled, randomized controlled trials, and blinded studies in particular, 
are based more on an inappropriate research paradigm than one that is 
likely to produce valid and generalizable results. 

Randomized controlled trials have been used for interventions that 
have introduced assistive technologies and environmental strategies into 
the home (e.g., Gitlin et al., 2001a) when the physical environment is 
the intervention, but most real-world circumstances make it difficult 
to use these and other experimental intervention designs (e.g., random/
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nonrandomized, or controlled/uncontrolled pre-post). There are many 
practical and ethical concerns, such as the high initial costs of many physi-
cal environmental interventions, the costs of changing interventions in 
crossover designs, the disruption of installing or constructing environmen-
tal interventions, and the ethics of withholding intervention/treatment in 
the control group if the intervention is the only alternative or of exposing 
patients to an inferior intervention when an alternative is deemed more 
appropriate. As a result, the field is dominated by studies of convenience. 
These include cohort studies of assistive technologies, evaluations of 
environments in use (e.g., postoccupancy evaluations), and case study 
evidence from practice that benefitted from programs that were already 
implementing environmental interventions. While these studies help to 
understand the effects of environmental features, set precedents, and sug-
gest trends, there is a basic lack of the critical evidence about the benefits 
of environmental interventions and their effect on health outcomes that 
is necessary for policy change. 

Clearly, a myriad of issues confound environmental studies. However, 
these issues further complicate research when the physical environment 
is the intervention. As such, the most practical approach is to use quasi-
 experimental pretest and posttest designs that leverage the naturally occur-
ring context rather than creating or altering it. The most likely design, and 
probably the most commonly used quasi-experimental design in social 
research, is the nonequivalent groups design, which requires a pretest and 
posttest for a treated and a comparison group. It is structured like a pretest-
posttest randomized experiment but lacks random group assignment. 

Although the lack of random assignment complicates statistical analyses 
in quasi-experimental designs, the experimental approach permits the research 
to fit seamlessly into and capitalize on naturally occurring situations. This 
suggests that funders and programs with vested interests in effecting positive 
activity and health outcomes must be more proactive in supporting the evalu-
ation of intervention effectiveness. However, unlike clinical drug trials, there 
are rarely prescribed dosages of environmental attributes that can be varied 
and tested for efficacy, safety, and level across individuals. Rather, prescrip-
tions for environmental interventions must be individualized and context-
specific. As a result, it is imperative that research endeavors to understand 
what works, for whom, and under what circumstances. To do so, measures 
of efficacy must be defined that are relevant to individuals, programs, and 
government agencies on both the supply and demand sides of the equa-
tion. Therefore, in addition to experimental and quasi-experimental designs, 
relevant environmental factors should be included as a health covariate in 
standardized longitudinal studies, such as future versions of the National 
Long Term Care Survey, the Survey of Income and Program Participation, 
and other annual health surveys, such as the National Health Care Disparities 
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Report. Finally, to ensure that the appropriate and relevant environmental 
factors are being examined in contextually meaningful ways, it is of utmost 
importance that experts in environmental assessment, analysis, and interven-
tion are involved in these research efforts. 

CONCLuSIONS

While health programs and housing programs in the United States 
operate independently of each other, the needs of individuals would suggest 
they should not. For individuals with functional limitations and chronic 
conditions, housing and health are inextricably intertwined and, with inno-
vations in design and technology, are likely to become even more so. These 
interconnections are bolstered by the public health community itself, as 
embraced by the model of health embodied in the World Health Organiza-
tion’s International Classification of Functioning, Disability and Health, in 
which the environment is seen as both a therapeutic health care milieu and 
a prosthetic health intervention. 

Although decisions about the most effective environmental intervention 
(assistive technologies, accessible design, or UD) are context specific, UD is 
the intervention that is most compatible with the ICF model. However, a 
variety of interconnected barriers have limited the adoption of universally 
designed products, technologies, and spaces as environmental interventions. 
Limited information contributes to a lack of consumer demand; limited 
demand for home modification services results in few experienced providers 
and remodelers; inexperienced providers and remodelers produce poorly 
crafted, ill-suited modifications; small, scattered, little-known, and under-
utilized funding sources produce a patchwork of public service programs 
and make it hard for low-income households to undertake projects. Con-
sumers are often frustrated by the process of obtaining and making home 
modifications and are discouraged by the results. 

The most conspicuous barrier to adoption of this innovation is the 
policy paradigm that rewards specialized technology and personal assis-
tance with limited and calculated benefits rather than everyday universal 
design, which has potential for multiple and far-reaching benefits. While 
the increased application of universal design principles requires changes in 
consumer and provider behavior, it most significantly requires fundamental 
changes in regulatory policy, from building and zoning codes to reimburse-
ment. This includes allowances in the codes to permit health-related envi-
ronmental interventions that are necessary for people to remain in their 
homes. It also requires changes in reimbursement that recognize and support 
environmental assessments and interventions as part of discharge planning 
and continue to support them on an ongoing basis as conditions change 
and throughout the life span. Nonetheless, to overcome biases entrenched 
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in the medical model, policy decision makers must also recognize that non-
randomized, pre-post designs undertaken by experts in the environment 
will produce the most valid and reliable data regarding the effectiveness of 
physical environmental interventions. 

Demonstration programs, such as the Money Follows the Person (MFP) 
Program, can also provide valuable evidence. The MFP Program provides 
a mechanism for monies to follow the person into the community at levels 
equitable to those allocated for institutional/nursing home care. In addi-
tion, the MFP Program requires the coordination of information, supports, 
services, and funding across systems, as well as the need for consumer direc-
tion and control throughout the process. As of 2010, funding in 31 states 
enabled more than 27,000 people to transition out of nursing homes and 
other institutions to community housing (National Council on Disability, 
2010). 

While the MFP Program is demonstrating that the home environment 
can function in lieu of institutional care, it does not specifically allocate 
funds for environmental interventions, nor does it designate the home as 
a health care setting. As a result, the MFP Program is more of a paradigm 
adjustment than a fundamental change in thinking. As long as housing and 
health remain separate, decisions about the allocation of monies from each 
will be driven by bureaucratic rules rather than by the needs of individuals 
and their health care providers. Ultimately, the adoption of the physical 
environment, and UD in particular, as a broad-based intervention strategy 
will require fundamental paradigm shifts in both housing and health that 
recognize the home environment and everything in it as an integral part of 
the medical milieu. 

Today, most UD products and homes are generally more expensive than 
other consumer products. Typically that is because universally designed 
products are designed better, are easier to use, and are more desirable. An 
example is a $300 smart phone compared with other cell phones, many of 
which are given away. However, the cost of specialized design for a few 
individuals is even more expensive. Going back to the case of Kara Lynn, 
when the cost of the $300 iPhone is compared with an $8,000 augmenta-
tive communication device that didn’t work as well, the cost savings for the 
American public per device can be significant. Taken to another level, the 
cost of new UD housing—or even of retrofitting existing housing with UD 
modifications that will benefit those who occupy the home now as well as 
those in the future—will be small compared with the costs of institutional 
care or having to repeatedly modify the same home to meet the activity 
and health needs of each occupant over the life span of the residence. The 
question, therefore, is not about the costs of housing if UD is made a health 
care intervention, but about the costs of care if nothing is done. 
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Impact of Cultural, Social, 
and Community Environments 

on Home Care

Ste�en M. Albert

The home environment is critical for maintaining health and well-being 
among the medically ill and people living with disabilities. Access to appro-
priate supportive care technologies and home health care services depends 
in part on where homes are located, what sorts of spaces are available for 
care in the home, and whether basic services (such as utilities) are reliable. 
These aspects of home environments are difficult to measure, even when 
features of homes are narrowly defined and only a single attribute, such as 
safety, is considered (Gitlin, 2003). Measurement challenges become more 
complex when considering that each of these environmental features also 
has a cultural or social component. Homes are located in neighborhoods, 
where home health care providers may not feel welcome or safe because of 
crime in a low-income neighborhood and discrimination or suspicion in a 
higher income one. Homes differ in their spaces available for care but also 
in the willingness of families to make these spaces available, adapt them 
as needed, and work with home health staff to provide care. Also, utili-
ties, telephone service, and access to services differ by community, with 
some communities well serviced and others shortchanged. Thus, the home 
environment is nested in social and cultural layers that may lead to differ-
ent home care outcomes, even with similar patients and common home 
environments (Barris et al., 1985). 

The cultural component is immediately visible in family adaptation to 
home care. Families differ in the degree to which they reorganize them-
selves and their living spaces to accommodate care for the disabled or 
medically unstable (Albert, 1990), with different tolerance for disorder 
and different strategies for reducing such disorder (Rubinstein, 1990). 
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Consider the family facing end-of-life care for a medically unstable older 
person or child. For some families, hospice and death in the home is 
unthinkable (or perhaps not possible if home hospice services are unavail-
able). For other families, hospice and death in the home is the preferred 
outcome. The same may apply to other medical technologies, such as 
home infusion technologies, or to different types of care, such as manag-
ing the demented or incontinent patient at home. In the broadest sense, 
what kind of home care a patient receives depends to some degree on 
the meaning of “home”—that is, whether families consider these sorts of 
adaptations appropriate, along with more obvious home and community 
environmental constraints. 

In this sense, cultural, social, and community environments must also 
be considered as human or ergonomic factors relevant to the adoption and 
successful use of home care technologies. Consider one model of technology 
adoption that has been applied to the use of consumer health information 
technology, the patient technology acceptance model (Or et al., 2006; Or 
and Karsh, 2009). In this approach, key determinants of acceptance of 
Internet monitoring of health status among patients with cardiac disease 
included perceived usefulness of the technology (performance expectancy), 
perceived ease of use (effort expectancy), and the perceived sense that others 
would use such a technology in similar circumstances (subjective norm). 
Each of these determinants has a cultural, social, or community component. 
Perceived usefulness depends in part on contact with providers, which is 
affected by features of a patient’s community. Perceived ease of use depends 
on social support from families, whether families will help maintain tech-
nologies, and how receptive they are to instruction from home health care 
providers. Finally, subjective norms involve social influence and clearly 
depend on the kinds of social contact families have, where they live, and 
how insular they are in culture or language. 

The significance of this dimension of home care should not be under-
rated. One middle-aged African American caregiver followed in our research 
had adapted her home to accommodate advanced dementia care of her 
mother. The hospital bed was centrally placed in the living room. She had 
attached a crib mobile to the bed and replaced its objects with photographs 
of family members and other keepsakes important to her mother. A com-
mode was placed near the bed, and she herself slept in an adjacent room to 
monitor her mother at night. The bookcases and closet served as storage 
spaces for medical supplies and adult diapers. Guests who visited had to 
pass by the elder as they entered the house and were expected to engage 
her in conversation. The caregiver said her mother was “the best looking 
and best cared-for person with Alzheimer’s disease in Philadelphia.” Not 
every family is willing or able to make these accommodations, as in the case 
of another caregiver in this case series, who removed a similarly impaired 
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person from her home because of strain with her husband and fear of the 
effect of such care on her children.

This kind of variation suggests a need to consider the full spectrum of 
social-ecological factors in home care. The social-ecological approach con-
siders the interplay among individual factors, social relationships, and com-
munity environments (McElroy et al., 1988). Visually, it can be imagined 
as a series of concentric circles, with the individual in the smallest circle at 
the center. Progressively expanding circles radiate outward that first include 
social relationships and then community environments. Beyond the com-
munity sphere is a larger circle encompassing public policies and laws that 
regulate provision of home care. The value of this approach is its ability 
to show how actions in one domain depend on, or may influence, actions 
in another domain; thus, changes in the individual domain may depend on 
changes in family or social relationships. More particularly, how families 
think about the meaning of a home or household may affect decisions to 
bring certain medical technologies or services into the home. How families 
think about these issues will depend on cultural factors (shared ideas about 
what’s appropriate in a household or living space) and social norms, such 
as community accommodation of home care. 

To examine the effect of cultural, social, and community environments 
on home care, I begin with a brief treatment of the social-ecological model 
as it applies to these home care environments. I focus particularly on culture 
as it may be relevant to home care, the least studied of these elements.

HOME CARE AND THE SOCIAL-ECOLOGICAL MODEL

The social-ecological model emerged from ecological systems theory 
(Bronfenbrenner, 1979), which explicitly sought to examine transactions 
between persons and their environments. The model stresses cross-level 
influences, in which community or organizational environments can shape 
individual behavior (top-down effects), but also examines how individuals 
form groups or take actions that may affect higher level organizational or 
community spheres (bottom-up effects). The Centers for Disease Control 
and Prevention has incorporated social-ecological models into a number of 
its health promotion and disease prevention efforts.

The simple onion or Russian doll rendering of social-ecological rela-
tions as concentric circles is not in itself very informative. However, flow-
chart models based on such relationships can be useful for specifying 
hypothesized cross-level influences. One such flow diagram for decisions to 
adapt homes for advanced medical technology is shown in Figure 11-1.

The figure shows the four levels mentioned earlier: (1) individual, (2) 
family social relations, (3) community-neighborhood effects, and (4) the 
policy domain. At each level, the relevant agent faces a challenge. At the 
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FIGuRE 11-1 Social-ecological model adapted for home care research: Adaptation 
of homes for advanced medical technologies. 
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level of the individual is a home care challenge, in which a family caregiver 
must decide what level of disruption of home routines and environments is 
acceptable and whether to adapt a home for an advanced medical technol-
ogy, such as home infusion or ventilator support. At the level of the family 
and social relations, the challenge is potential disruption of family relations 
and reconciling the demands of home care with the needs of other family 
members. At the level of the community, the challenge is the availability of 
home health care providers for a neighborhood. The policy level includes 
constraints on home care involving program eligibility and insurance.

Each of these challenges is addressed by resources (or ineffectively 
managed because of particular obstacles) specific to that level of social 
ecology. At the individual level, cultural expectations, such as an expansive 
definition of “home” that includes medical care, a strong sense of filial 
obligation, and traditions of home care, may allow families to decide in 
favor of adapting homes for advanced medical technologies. At the level 
of family social relations, family consensus, a supportive division of labor, 
and appropriate information gathering respond to the challenge of potential 
disruption of family relations. Similarly, community factors, such as neigh-
borhood resources to support medical technology in homes, may lessen the 
impact of low availability of home health care agency services.
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Most significant for the social-ecological approach are cross-level influ-
ences shown by arrows that cut across levels indicated in the figure. Thus, 
family consensus, a supportive division of labor, and appropriate infor-
mation gathering at the level of social relations may support individual 
cultural expectations about home care. Likewise, a consistent relationship 
with service providers at the level of the neighborhood may reinforce pro-
adaptation resources at the level of the family, such as willingness to include 
home health care staff as “family,” and a reasonable division of labor with 
home care providers. These in turn will support cultural expectations for 
adapting homes to provide care.

Few studies have examined the full range of determinants of home care 
specified in the social-ecological framework. Most studies cover only a few 
of the levels or paths linking levels. I turn now to features of each level in 
the social-ecological model relevant to home care.

THE CuLTuRAL CONTEXT OF HOME CARE

Culture affects the day-to-day organization of care. Consider the idea 
of partnership between families and nurses sought by home health care 
agencies. Agencies rightly recognize that optimal self-management of dis-
ease and a person’s return to function depend on a reasonable division 
of labor, shared information, and the willingness of family caregivers to 
learn rehabilitation and nursing protocols, medication administration, 
the use of assistive technologies, and the like (Wolff et al., 2009). But a 
 family’s involvement may depend on how they define this partnership and, 
in particular, whether or not the home health care provider is considered 
part of the family (Knox and Thobaben, 1997; McGarry, 2009). Similar 
effects of culture may be evident in the willingness of families to accept 
telehealth technology, express their degree of burden or need for help, or 
seek hospice care at the end of life.

By culture anthropologists refer to shared beliefs, knowledge, feelings, 
and objects that have a “directive force” or motivational quality (D’Andrade, 
1995). Culture leads people to categorize and assign meanings, expect certain 
behaviors, and act in particular ways. A simple example can be seen in ideas 
about gender and height. Americans for the most part prefer that husbands 
be taller than wives. People notice when this expectation is violated. Some 
may even make this a consideration in the choice of a spouse. This gendered 
approach to height may reflect other asymmetries between men and women, 
such as disparities in wages. While the strength of this cultural expectation 
may be waning (and may vary across groups defined by socioeconomic 
 status), it gives a feel for the subtle but powerful influence of culture.

How do people identify these cultural expectations, and how might 
they be relevant for decisions about home care? One productive approach is 
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to elicit concepts using techniques from cognitive anthropology. Essentially, 
this approach extends investigation of folk taxonomies (e.g., colors, plants, 
pottery, kinship, emotions), the stock-in-trade of cognitive anthropology, 
into broader domains. Early on, in such an investigation I conducted for 
caregiver tasks, I determined that caregivers distinguished among emo-
tional, cognitive, and physical disability support (Albert, 1991). More 
recently, the same technique has been used to elicit expectations regarding 
more abstract cultural domains, such as what makes success in life, leisure 
activity, social support, and family relationships (Dressler et al., 2005). 
For the latter, Dressler and colleagues asked a sample of Brazilians to list 
the goods or possessions people need to lead a good life, or the activities 
people typically engage in during their free time, or who they typically turn 
to for different kinds of support and subjected these lists to formal analysis 
designed to examine the degree of consensus across respondents. As evi-
dence of shared culture, they found a single shared “cultural answer key,” 
along with individual variation. Notably, people whose lists or ratings were 
not consonant with the dominant cultural pattern were more likely to have 
poorer mental and physical health and even higher blood pressure.

In the cultural domain of home care, it would be valuable to conduct 
a similar investigation. Some potential elicitation frames might include the 
following:

•	 What changes in your home would be appropriate when a family 
member is seriously ill and may die?

•	 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?

•	 What aspects of a home make it hard or easy for a home health 
care worker to do his or her job?

Family members with experience of home care would be likely to 
generate a long list of answers to the first elicitation, which might include 
hospice services, infusion technologies, a hospital bed, a commode, smart 
home telemonitoring, more reliable telephone or utility service, modifica-
tions to the home to increase access, a place to store medical supplies, a 
separate place for visitors or other family members, and perhaps others. 
Some caregivers would produce shorter lists, some longer, but it is likely 
that a single cultural consensus would emerge. This elicitation would allow 
a first look at the cultural domain of home care. A reasonable hypothesis 
would involve less efficient decision making (and perhaps poorer outcomes 
for patients) by caregivers who do not express the consensus view.

This approach to culture does not involve differences among ethnicities 
or people who speak different languages but rather the operation of culture in 
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a population. Family caregivers and health care professionals in a single cul-
ture may differ in expectations for care or home accommodation, but these 
differences may be less salient than cross-cultural differences associated with 
ethnicity, race, country, or language. A growing body of research suggests 
that expectations regarding care differ across cultures (Sommer et al., 1999). 
For example, cultures differ in the degree to which pain, limitation in activity, 
or cognitive impairment is considered an appropriate cause for medical inter-
vention. In the United States, minorities are less likely to use skilled nursing 
facilities and perhaps more likely to tolerate dementia and old-age disability 
at home (Hinton and Levkoff, 1999; Whitehouse et al., 2005).

The elicitation of home care culture described above can be used to iden-
tify subcultures and also differences across cultures. We turn now to some 
cross-cultural differences identified for expectations of home care. 

Commitment to Family Care

Ethnic and cultural groups differ in their commitment to family care. 
African Americans are more likely than whites to endorse the primacy of 
family care (Dilworth-Anderson et al., 2005) and accordingly are less likely 
to make use of formal long-term care, including respite, home care, adult 
day programs, skilled nursing facilities, and hospice. Similarly, Latinos 
delay institutionalization relative to whites; a higher cultural value assigned 
to family care leads to more positive views of family caregiving, which in 
turn leads to a negative evaluation of skilled nursing facilities as an option 
for dementia or end-of-life care (Mausbach et al., 2004).

Differences in commitment to family care are based on cultural norms 
of filial piety or obligation. The concept of xiao, or filial piety, is a well-
developed element in Chinese culture. However, it is strongly gendered, so 
that the burden of such care falls on adult daughters or daughters-in-law, 
not sons (Zhan, 2004). Caregiving in American families shows a more var-
iegated pattern, both in underlying concepts and in the division of labor 
(although caregiving remains mostly women’s work). Norms of filial obliga-
tion are heavily influenced by education, with greater acceptability and use 
of skilled nursing home care evident among more highly educated people. 
As minorities advance through the educational and occupational ladders, 
these differences in recourse to skilled care may lessen.

Little information is available for differences among cultural groups 
in receptivity to home adaptation. Given differences in recourse to institu-
tional placement, as described earlier, cultures with a strong bias toward 
home care may be more receptive to adaptation of homes to accommodate 
medical technologies. However, these households may face other social or 
community constraints that make it difficult to deliver such technologies. I 
return to these points below.
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Caregiving Burden and Satisfaction

With norms of filial obligation and positive appraisals of caregiving 
demands, ethnic and cultural minorities are more likely to report satisfaction 
in caregiving. Latina caregivers report lower appraisals of stress and greater 
perceived benefits of caregiving; they also make greater use of religious cop-
ing than white caregivers (Coon et al., 2004). Similarly, African American 
caregivers report lower anxiety, greater well-being, and more perceived ben-
efits of caregiving than white caregivers (Haley et al., 2004). More generally, 
cultures differ in how well reciprocity between care receivers and caregivers 
is maintained after the onset of caregiving (Becker et al., 2003). 

Communication with Health Professionals

A central finding in medical anthropology is the difference between 
illness and disease (Kleinman, Eisenberg, and Good, 1978). Clinicians diag-
nose and treat disease (abnormalities in body structure or function), but 
patients suffer illness, in which symptoms carry social significance and force 
changes in social function. Illness depends on social status and systems of 
meaning used to understand symptoms. Thus, families and health profes-
sionals may start with completely different premises when they collaborate 
to ameliorate disease or manage disability.

A striking example is a culture-bound syndrome, susto. Susto, some-
times translated as “fright disease” or “separation of body and soul,” is 
a prevalent condition throughout Latin America. It is a folk or culture-
bound syndrome to the extent that it is not associated with a particular 
abnormality in body structure or function recognized by Western medicine. 
Although it involves fatigue, anxiety, and withdrawal from social roles, it 
is not simply a psychological disorder. People suffering susto do not dif-
fer in psychological profiles from a matched sample and they benefit from 
antibiotic treatment (Rubel, O’Nell, and Collado-Ardon, 1984). The person 
with susto views the condition as a spiritual affliction triggered by negative 
social interaction, speaks of it this way, and as a result seeks treatment from 
a traditional healer rather than a physician. 

Clearly, how people understand symptoms affects how they speak 
about a condition, to whom they disclose symptoms, when they seek treat-
ment, and who they think can help them. In the case of home care, if 
expectations for rehabilitation are low or people view disability as inherent 
to aging, or if they consider incontinence, muscular dyscontrol, or agitation 
shameful, they may be less likely to involve health care professionals or 
paraprofessionals. They may seek to deny or hide the condition. Arranging 
optimal home care in this case may be complicated and require exquisite 
skill in bridging cultures. 
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Patient and family willingness to seek help, to disclose symptoms, or 
simply to cooperate in care depends in part on the personal relationships 
that patients develop with home care providers. Patients are more or less 
comfortable with different providers (and providers are similarly more 
or less comfortable with different patients, families, or home settings). 
Concordance in race or ethnicity may not be the most important factor in 
such comfort. One systematic review did not find concordance in race or 
ethnicity a significant predictor of receipt of services or satisfaction with 
care (Meghani et al., 2009). Such concordance may be more important for 
more generalized trust in communication with physicians or satisfaction 
with health services overall (Sohler et al., 2007).

Still, the role of cultural differences and lack of concordance between 
patients and health care providers should not be underestimated. In urban 
centers, such as New York City, it is very common for home health care 
providers and patients to speak different languages, come from different 
neighborhoods, and have very different expectations for care. Yet home 
care paraprofessionals are expected to work in patient homes, to serve to 
some extent as surrogate family, and to help disabled or critically ill patients 
function on their own terms. The potential for misunderstanding and frus-
tration is high, as described below. 

Health Decision Making

Culture may be relevant for decisions to seek treatment or receive clini-
cal preventive services. For example, ethnic and racial minorities are less 
likely to take advantage of preventive health services, such as vaccinations 
and cancer screening, even when these are available (Chen et al., 2005). 
However, it is hard to know how much of this difference in service use is 
related to aspects of culture (such as a different understanding of preven-
tion in late life or differences in the degree to which people view health as 
a matter of personal agency) and how much may be due to the cultural 
insularity that characterizes many ethnic enclaves. “Cultural insularity” in 
this context refers to restrictions in access to health information related to 
culture, such as not speaking English, but also to religious proscriptions 
against contact with mainstream culture, for example, watching television 
or reading English-language newspapers.

This kind of insularity may have an important significance for health in 
ethnic communities organized around religious beliefs. For example, in an 
orthodox Jewish sample of older women in New York City, the prevalence 
of mammography, Pap smears, and colorectal cancer screening was low 
compared with other women of similar age and education. Use of these 
preventive services was lowest in the orthodox women who reported least 
exposure to mainstream sources of health information (Albert, Harlap, and 
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Caplan, 2004). For ethnic and cultural communities that wish to maintain 
traditions yet participate in effective disease prevention or home care, it is 
important that they mobilize community resources, perhaps in partnership 
with service providers, to develop appropriate delivery of information in 
culturally acceptable ways.

The Stigma of Disability

Tolerance of disability in families appears to be linked to socioeconomic 
status (SES), with greater tolerance associated with lower SES (Murphy, 
1990). More broadly, consider cultural attitudes toward aging. With each 
additional decade of life, adults will see not only declines in strength and 
walking speed and slowing in reaction time but also declines in addic-
tive behaviors and crime, reduction in severe psychiatric disorders, and 
increased contact with close family (Albert and Freedman, 2010). American 
culture stresses the negative features of aging, something to be fought or 
covered up. In other cultures, the stress may be on the more positive ele-
ments, as among the Samia of Kenya, who boast of aging as a time to sit 
by the fire and be fed (Albert and Cattell, 1994). Americans, by contrast, 
may consider dependence and need for help in old age worse than death 
(Clark, 1972). 

INTERPERSONAL RELATIONSHIPS

The second level in the social-ecological model is family and social 
relationships. Social relationships differ across cultures in the relative prior-
ity assigned to individual and family interests. When family concerns are 
placed above those of the individual, sociologists speak of “familism.” A 
consistent body of research has documented the greater familism among 
non-U.S.-born and U.S.-born Latinos, and the greater tendency of minor-
ity groups to receive social support from family members rather than 
friends (Almeida et al., 2009). African American caregivers who endorsed 
family-based justifications for caregiving showed better health outcomes 
and reported less caregiving stress than caregivers not endorsing these jus-
tifications (Dilworth-Anderson, Goodwin, and Williams, 2004). However, 
other research suggests that familism can also intensify the stresses and 
mental health consequences of home care (Kim, Knight, and Longmire, 
2007; Rozario and DeRienzis, 2008). 

When an individual’s interests are subordinated to family interests, 
families may be more likely to adapt the home for medical care. That is, 
the disruption of the home and restrictions on other family members inher-
ent in complex home care (in which family members may have to maintain 
equipment, not have friends visit, not be able to leave the home, etc.) may 
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be more acceptable if home care is considered a dominant family obliga-
tion that trumps individual interests. In the social-ecological framework 
described earlier, familism at the level of social relationships may reinforce 
individual cultural expectations for home care.

Families and Receptivity to use of Home Care 
Services and Medical Technologies

Whether minority groups use home care services and home-based medi-
cal technologies more or less than nonminorities use them depends in part 
on how these services are defined, how available they are in particular 
localities (and often what kind of state Medicaid waiver policy is in play), 
and whether differences in SES are adequately controlled. Because of these 
differences, studies differ in estimates of the independent role of cultural 
group or ethnicity in home care utilization. This line of research is most 
developed for aging services. One review through the 1990s found no dif-
ferences in home care utilization by race (Kadushin, 2004). Other studies 
report lower utilization, for example, among Mexican Americans (Crist et 
al., 2009). In New York City, where home care for seniors is generously 
supported by state and city, Medicaid home care utilization did not differ 
among whites, African Americans, and Caribbean Latinos (Navaie-Waliser 
et al., 2001; Albert et al., 2005). 

The absence of differences in home care service use by cultural group 
may or may not mean equal likelihood of use of medical technologies in the 
home. Here higher levels in the social-ecological framework may become 
more relevant (see Figure 11-1). Even if families in different cultural groups 
are equally receptive to adaptation of homes for medical technologies, 
minority families in less resourced neighborhoods or communities may be 
less likely to gain access to these technologies. Likewise, smaller homes or 
neighborhoods with less reliable infrastructural support may pose addi-
tional challenges to adapting homes, even when families are receptive. 
Again, this suggests a need for social-ecological approaches that consider 
cross-level influences on health care decision making.

What about family relationships or culture would lead to potential 
differences in home care utilization or the adaptation of homes? Despite 
some thought that ethnic or cultural minorities may differ in the recogni-
tion of medical symptoms, such as dementia in elders (e.g., finding dementia 
behaviors more acceptable), such differences in fact appear to be an artifact 
of knowledge about dementia or access to dementia care (Mahoney et al., 
2005). Similarly, while poorer mental health (anxiety, depressive symptoms, 
panic syndromes) has been reported for a number of different cultural 
groups in the United States, the greater prevalence is probably due to the 
challenges of assimilating to a new and often very different society and not 
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to features of culture per se (Gonzalez, Haan, and Hinton, 2001). Many 
differences attributed to culture may actually be artifacts of low access to 
services or limited knowledge of a disease process. 

Confidence in Home Care Services

One study of home care service use by Mexican Americans showed 
that familism was related to confidence in the services; elders and caregivers 
who endorsed familism more highly were less convinced of the value of 
home care and were accordingly less likely to use such services (Crist et al., 
2009). In this analysis, confidence in home care services was an independent 
predictor of service use and directly related to familism. Interestingly, Crist 
and colleagues in this study defined home care use as two or more visits 
from a provider, not just a single one. One reason for this approach was 
the observation that “elders or family caregivers agree to an initial visit, 
out of politeness or feeling pressured while in the hospital, but refuse return 
visits” (Crist et al., 2009, p. 30). 

Discrimination

Discrimination in experiences with medical providers (or more gener-
ally) may affect receptivity to home care. In the Mexican American sample 
mentioned earlier, experiencing discrimination was associated with less con-
fidence in home care services and lower usage (Crist et al., 2009). Another 
question is whether minority and nonminority families receive the same 
services at home. One study found higher use of physical and occupational 
therapy among whites and Asians relative to black and Hispanic home 
health recipients, but this difference was no longer significant with adjust-
ment for case mix (Peng, Navaie-Waliser, and Feldman, 2003). Here, too, it 
is difficult to tell whether differences are based on insurance coverage status 
(which is often associated with socioeconomic status and race/ethnicity) 
or on differences in culture. In a study of home health care of elders dis-
charged from hospitals after a stroke or traumatic brain injury, elders who 
had private insurance in addition to Medicare were more likely to receive 
occupational and physical therapy. Minority families were less likely to have 
private insurance and for this reason were less likely to receive rehabilitative 
care (Levine et al., 2006). Similar factors may be at work for adaptation of 
homes for medical technologies.

Psychosocial Preferences for Care: Dignity, Privacy, Comfort, Trust

Cultural “hot button” issues, which include feeding, personal assis-
tance and privacy, and end-of-life care, are surprisingly understudied. A 



Copyright © National Academy of Sciences. All rights reserved.

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

IMPACT OF CULTURAL, SOCIAL, AND COMMUNITY ENVIRONMENTS 2��

recent qualitative study did not find differences in care preferences across 
African American, Chinese, Hispanic, Native American, and non-Hispanic 
white families (Mullan et al., 2009). These ethnically diverse caregivers 
were much more concerned with access to appropriate care, avoiding unmet 
need, and navigating challenging bureaucracies. They did describe cultural 
differences between family and agency staff concerns, but these were less 
salient in their experience of receiving home care. Similarly, privacy con-
cerns and receptivity to telemedicine technologies do not appear to differ 
across cultural groups, at least in initial pilot studies (Dang et al., 2008; 
Demiris et al., 2009). More research is required to establish psychosocial 
preferences for care among families providing home care and patients with 
different disabilities and medical needs.

The social-ecological approach may help explain the absence of dif-
ferences at the level of families and social relationships in psychosocial 
 preferences for care. Given the overwhelming need to access services and 
the key position of community resources in gaining such access, families 
may need to accept greater flexibility or standardization of services, what-
ever their own preferences. The potential for conflict between families and 
providers in such cases is clear. 

It is also important to recognize that the boundaries of families are 
not always obvious. As mentioned earlier, families differ in the degree 
they allow outsiders, such as home care providers or therapists, to become 
“family.” It may also be complicated for a home care provider to discern 
who belongs in a patient’s family and how the family defines its functions, 
which in turn may be relevant for communication and clear expectations 
regarding care (Knox and Thobaben, 1997). If home care providers must 
become family to have reasonable access to patients and support from 
families, then establishing appropriate professional boundaries may also 
be difficult. 

Finally, patient groups differ in the trust they place in medical pro-
viders and medical care. Research suggests different kinds of trust: in one’s 
personal physician, in the competence of a physician’s care, and in formal 
and informal sources of health information. One study found that African 
American adults had less trust in their physicians and greater trust in infor-
mal health information sources than whites (Musa et al., 2009). Greater 
trust in one’s own physician was associated with use of preventive health 
care. Trust may also be relevant for adoption of home care technologies, 
but little research is available in this area. If informal sources of health 
information are more important for some cultural groups for the adop-
tion of home health care technologies, then it will be important to work 
through these informal networks for changing social norms regarding 
acceptability.
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COMMuNITY AND NEIGHBORHOOD FACTORS

Community factors represent the third level in the social-ecological 
model. These clearly affect access to home care and perhaps also outcomes 
of home care. For example, in a neighborhood with a high crime rate, it 
may be difficult to attract agency care, and home care paraprofessionals 
may be reluctant to make home visits. Home care equipment and technolo-
gies brought into a home may make it a target for theft or attract attention 
a family may not want. Homes in these neighborhoods may not have local 
providers, making it more complicated to replenish supplies or monitor 
effective use of technologies. 

Also, physical characteristics of homes may complicate the delivery of 
home care. For example, a home in a low-income neighborhood may not 
have reliable telephone service. Intermittent telephone service may affect 
the ability of health providers to contact clients and conduct appropriate 
follow-up. Similarly, inability to pay electric bills may affect the use of 
home care technologies, especially nasal ventilation devices for neuromus-
cular disease, oxygen devices, and telemedicine devices. Even devices that 
automatically upload device readings require access to wireless networks. 
More generally, families struggling to maintain a home may have difficulty 
providing the kind of stability and security needed for effective home care. 
Chapter 10 presents an extensive discussion of the physical environment 
and its effects on home care.

The American Geriatrics Society recognizes the importance of home 
and neighborhood in the effective delivery of home care: “In some cases, 
the home environment itself may be a barrier to continuing home care. 
Unsafe neighborhoods, household disruptions from alcohol or drug use, 
and inadequate room for equipment or environmental modifications may 
make home care a poor or risky option” (see http://www.healthinaging.
org/agingintheknow).

Neighborhoods and personal risk factors in some cases travel together 
and increase the risk of adverse outcomes in the use of home care tech-
nologies. Consider the case of long-term oxygen therapy. About 1 million 
people in America use oxygen in the home, mostly for the treatment of 
smoking-related respiratory illness, such as chronic obstructive pulmonary 
disease. The risk of fire is high if users smoke because oxygen saturates 
clothing, fabric, and hair and serves as a fire accelerant. Thus, a cigarette 
will burn faster and hotter in an oxygen-rich setting. As many as 43 percent 
of oxygen users smoke. Because the prevalence of smoking is higher in low-
income neighborhoods, adverse effects of oxygen therapy are more likely 
in these settings. Fire-related mortality and injury with oxygen use is rare 
but significant enough for the U.S. Public Health Service to issue warnings 
(Mortality and Morbidity Weekly Re�iew, 2008). 
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The role of neighborhoods in shaping health and well-being more 
generally has also become increasingly clear. To take only one example, an 
important study by Klinenberg (2004) shows the critical role of neighbor-
hoods in the risk of death from extreme summer heat. Isolation, usually 
thought of as a problem for individuals, turns out to be heavily dependent 
on features of communities. In this study of the July 1995 heat wave 
in Chicago, similarly impoverished communities did not bear the same 
brunt of heat mortality. For example, North and South Lawndale, con-
tiguous communities with equal proportions of both elderly and elderly 
living below the poverty level, differed by a factor of 10 in heat deaths. 
The difference, Klinenberg argues, was in their community social capital, 
that is, health resources related to social ties. South Lawndale’s predomi-
nantly Latino community was economically vibrant, less crime-ridden, 
more densely populated, with active civic organizations. North Lawndale, 
predominantly African American, stood out among Chicago communities 
for its loss of population over the prior 30 years, crime, decaying housing 
stock, and, most critically, absence of economic activity and civic organiza-
tions. Isolated elders in North Lawndale were most at risk of heat death. 
They lived in fear of crime and nailed windows shut. They feared opening 
doors to city social workers sent to check up on them. Even if they ventured 
outside, they had no place to go because there were few stores, parks, or 
community gathering places to seek cooler air or information about ser-
vices. Most critically, they had no one to check up on them as part of the 
normal course of daily life. 

Social capital may be involved in quite distal health processes, such as 
likelihood of recovery from coronary disease (Scheffler et al., 2008). Simi-
larly, measures of community integration that appear quite remote from 
health processes, such as the proportion of people in a community per-
forming volunteer service, may turn out to be critical resources for health. 
Even more striking, what is apparent in the risk of heat death or other 
extreme health events may also apply to a far more general range of health 
behaviors and outcomes. Wight et al. (2006) used data from the Health 
and Retirement Survey, merged with community ecological indicators (i.e., 
census tract indicators of median levels of education or income) to show 
that community status and individual cognitive health are related. 

Home Care in Dangerous Places

In a study of home care in New York City, home care paraprofessionals 
were asked how they handled assignments in buildings they felt were unsafe 
because of crime or gang violence (Albert, 2002). They suggested a num-
ber of strategies for potentially dangerous assignments. First, they stressed 
the need in some cases not to accept an assignment. “We have a choice. If 
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we are sent on a case, you stay the first day. If you don’t like it, call your 
supervisor and say, ‘The client is OK, but the neighborhood is dangerous 
and I don’t want to go back there.’” 

A second strategy is to make clear one’s position as a home attendant 
or therapist, a neutral party, and to enlist neighbors as supporters or pro-
tectors. As one reported, “When I go into a project, when I see the people 
there, the first thing I do is introduce myself. Whoever I meet downstairs, 
the first time, I introduce myself. I say I am here to work, and I ask if I can 
count on them to help me do my job.” 

Home care paraprofessionals in this study often felt a need to call 
agency supervisors. Many stressed the necessity of a cell phone (actually 
prohibited by some home care agencies in the 1990s) and the need to call 
9-1-1 and seek police interventions: “If it’s a dangerous situation where 
you are going to be hurt, you take yourself out of there. [But] you don’t 
go away. If you’re in danger, you call the agency, you call the family; you 
take yourself out of there and call 9-1-1.” Home attendants are required to 
stay with clients even in situations of danger (and many did so in the neigh-
borhoods surrounding the World Trade Center following the 9/11 terror 
attacks). They stressed that they would leave a home or apartment only in 
a situation of immediate danger and even then would call their agencies on 
the way out, as they are required to do. 

Violence against home care workers is not well documented. In the 
Minnesota Nurses Study, violence directed at nurses was actually lower 
among home care nurses than nurses working in hospitals. It was highest 
among nurses working in skilled nursing settings (Gates, 2004; Gerberich 
et al., 2004). The study, however, cannot be considered definitive. Only 
10 percent of the nurses worked in home care agencies, and these were 
grouped with school and public health nurses. Also, the study stressed 
violence directed at nurses by patients. The potential for other forms of 
violence outside the hospital and skilled nursing home setting is likely to be 
much higher. For example, in the New York City study of home attendants 
providing personal assistance care, many reported thefts, pressure if not 
overt threats from family members, and great concern for personal safety 
(Albert, 2002).

Home Care in Inhospitable Places

Home attendants also described difficult home situations, and these 
descriptions often included physically difficult environments (Albert, 2002). 
Surprisingly, homes in the winter were said to be too warm for the most 
part, rather than cold and drafty. Home care paraprofessionals were well 
aware of dangerous home conditions, such as loose floor boards, inadequate 
windows, obstacles to mobility, and antiquated kitchens. These impressions 
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accord with a recent survey in the United Kingdom. The prevalence of 
“nondecent” homes among vulnerable families was surprisingly high and 
linked to residence in older structures, one unintended consequence of other-
wise desired household stability and aging in place (Donald, 2009). The 
same situation prevails in the United States. Golant (2008) draws attention 
to low-income elderly homeowners living in the oldest housing stock in the 
country. These seniors were vulnerable, living in housing that put them at 
great risk of having unmet health care needs. This, in turn, had spillover 
effects on neighborhoods, once these elderly were unable to maintain their 
homes. For this reason, geriatric care managers have begun to look for alli-
ances with community developers to help ensure adequate access to services 
and repairs (Austin, McClelland, and Gursansky, 2006). 

The aging housing stock may also make it difficult to provide adequate 
home care. Home and community environmental facilitators and barriers 
are relevant for rehabilitation outcomes (Keysor et al., 2006), and they are 
likely to be relevant as well for effective delivery of home care, although 
few studies address the topic.

Access to Home Health Care Workers and Technologies:  
A Social Capital Perspective

Access to home care may be affected by more subtle community effects, 
apart from the environmental limitations of homes and barriers posed by 
the low SES of communities. Weak neighborhoods mean weak social ties, 
with fewer neighbors to check in on elders, absence of common safe areas 
(such as stores or parks) that allow people to seek refuge or make contact 
with others, and less support for home care personnel seeking to deliver 
services to shut-in elders. Thus, social networks can have properties that 
are protective of health, and their absence or weakness may make it quite 
difficult to deliver services to homes. Strong networks allow people with 
disabilities or health concerns to obtain direct support (both instrumental 
and emotional) and also enable people to obtain the information they need 
to access services.

The value of these sorts of community support for home care is clear. 
They shore up families, allow home care personnel to do their jobs more 
effectively, and keep people connected to communities even when they face 
serious illness. 

Other evidence suggests more diffuse benefits for social capital. Com-
munities that are well served by medical facilities and home care agen-
cies indirectly provide high-quality, timely information about services and 
new technologies. They link families in search of such information and 
thus promote more effective use of resources (and also indirectly promote 
greater health differentials between high- and low-income neighborhoods). 
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One study examining child care resources suggests that differences in these 
social capital effects may be responsible for poorer outcomes in low-income 
neighborhoods even when they are adequately served (Small and Jacobs, 
2008). Provider agencies in higher income communities in this study were 
more closely linked than agencies in lower income communities. Thus, 
the flow of information is more efficient in high-income communities and 
allows greater efficiencies in service delivery.

GAPS AND DIRECTIONS FOR RESEARCH 

The social-ecological approach suggests that improvement in home care 
outcomes will depend on adequate recognition of the role of culture, family 
and social relationships, and communities in the delivery of care. Interest in 
the first and second areas is long-standing. Attention to community factors 
and linkages across levels is more recent, and research in this area is much 
less developed. I conclude with a series of recommendations derived from 
the social-ecological approach, as well as a series of hypotheses suggested 
by this inquiry. 

Cultural Assessment in Home Care

A first need is better tools for the assessment of cultural expectations 
for home care and psychosocial preferences for care delivery. Transcultural 
nursing has taken the lead in developing methodologies for assessing cul-
tural differences among patients as well as the receptivity of health care 
providers to these differences (Narayan, 1997; Davidhizar and Bechtel, 
1998; Heineken and McCoy, 2000). These approaches recognize the neces-
sity of seeing the world through a patient’s eyes and point out the need for 
“cultural synergy” between nurse and patient, that is, mutual recognition 
of different cultures in the service of care.

Campinha-Bacote (2002) has developed a screening instrument for 
the assessment of cultural competence in nursing. This approach includes 
three key elements: cultural awareness (“Am I aware of my personal biases 
and prejudices towards cultural groups different than mine?”), cultural 
skill (“Do I have the skill to conduct a cultural assessment in a culturally 
sensitive manner?”), and cultural knowledge (“Do I have knowledge of 
the client’s worldview?”). As an example of the utility of this approach, 
Campinha-Bacote notes that hypertension treatment may have a very dif-
ferent meaning among African American elderly, for whom hypertension 
implies emotional pressure or tension and not just a stiffening of arterial 
walls. Explanations to patients must take these different understandings 
into account if patients are to adhere to medication regimens and adopt 
lifestyle prescriptions.
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The challenge of crossing cultural boundaries obviously becomes more 
difficult when home care personnel and patients do not speak the same 
language. Family or other translators become critical. My research with 
home care in New York City suggests that differences in language are quite 
 common—not surprising when one notes that New York City’s fastest grow-
ing populations include Mandarin, Russian, and Spanish speakers. One 
home health care agency director suggested that 80 percent of her agency’s 
clients and home attendants differed in culture. The agency had to develop 
guidelines for cases in which clients and home care workers do not speak the 
same language or share a common culture. As one home attendant stated, 
“You go into their homes. You have to learn to cook their food, their way. 
We are all from different cultures. You have to learn to respect different 
things.” These home attendants reported that the best way to cross cul-
tures was to try to learn key words from a different language. This in itself 
becomes a bond between clients and workers and a bridge across cultures.

Despite the concern for cultural competence and its assessment, it 
is difficult to identify studies that examine the relationship between cul-
tural competence and home care outcomes. One would expect a host of 
 better outcomes to follow from culturally sensitive home care: for example, 
greater adherence to medication, quicker return to function, greater con-
sumer satisfaction, and lower rates of rehospitalization. But at this point 
empirical data are unavailable. A recent systematic review of home nursing 
interventions is notable for the absence of any cultural variables in assessing 
home care outcomes (Liebel et al., 2009).

Including Families in Home Care

 A second need suggested by the social-ecological approach is investiga-
tion of better ways to include families in home care. As indicated earlier, 
the bedrock of home- and community-based services is family care (Levine 
et al., 2006). Studies of the actual work of family caregivers, how these 
tasks relate to “formal” or paid care, and the impact of such tasks on care-
givers’ own lives are critical for understanding the kinds of services that 
will be needed to allow patients with extensive needs to remain in their 
homes. Yet despite extensive research on family caregiving, it is surprising 
how little research examines interactions between families and home care 
providers. Since the combination of family and paid formal care is increas-
ingly common (and modal in service-rich urban areas, such as New York 
City), this gap is doubly surprising. Also, the challenges of agency handoffs 
to families, as when home health care coverage ends (and cases are closed), 
remain mostly unexplored. Few studies follow family caregivers through 
the process of beginning and ending formal home care or training and 
continued recalibration of home medical technologies. 
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By all indications, families are extremely active even when patients are 
receiving paid home care services. In our study of patients discharged with 
stroke and traumatic brain injury (Levine et al., 2006), we found that family 
caregivers provided about three-quarters of the weekly care (32 of 43 total 
hours) while families received weekly insurance-based home health care 
services, regardless of type of insurance coverage. About three-quarters of 
the families were providing personal care, and most were delivering nursing 
services, including dispensing medications, monitoring symptoms, checking 
blood pressure, and other tasks performed by nurses on their visits. A smaller 
proportion was managing equipment and providing physical/occupational 
therapy, speech therapy, and cognitive remediation.

Thus, families are by no means passive and must be considered active 
partners in care. Yet home care agencies do not, for the most part, treat 
them this way. Our study showed that families in some cases are barred 
from seeing complete medical information or care plans (because of Health 
Insurance Portability and Accountability Act regulations), even in their own 
homes. Nor are they always alerted in advance of the date of case closings. 
Only about half the family caregivers in our study were notified of case 
closing in time to make adequate preparations.

A key gap in research and policy, then, is to understand how families 
and formal home care providers interact: what the points of friction are 
and how coordination between the two can be enhanced. A randomized 
trial of greater inclusion of families in the home care process might be very 
informative for improving outcomes.

One such experiment is currently being assessed—a form of consumer-
directed care. The Cash and Counseling Demonstration and Evaluation 
allowed families eligible for personal assistance home care services in 
Arkansas, Florida, and New Jersey to take greater control of the hiring, 
training, and use of aides for people with severe disabilities, including men-
tal illness, across the life span.1 As part of the evaluation of the program, a 
comparison group receiving traditional agency-directed care was identified 
in each state. Results from a number of the programs suggest that greater 
inclusion of families in care planning and management results in positive 
outcomes, including satisfaction with care arrangements, reliability of paid 
caregivers, meeting patient needs, caregiver stress, and patient quality of 
life. Notably, risks of adverse events and new health problems did not 
differ between control and treatment groups, suggesting that greater fam-
ily inclusion is at least as safe as agency-directed care (Shen et al., 2008). 
Direct-care workers in the experimental condition also reported better 

1 As of 2009, the Cash and Counseling program had been renamed and extended to at 
least 12 additional states (see http://www.bc.edu/schools/gssw/nrcpds/meta-elements/pdf/
NewCenterReleaseDraf.pdf).
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work conditions and greater satisfaction with their jobs (Foster, Dale, and 
Brown, 2007).

The Cash and Counseling Demonstration and Evaluation suggests that 
greater inclusion of families and due recognition of cultural expectations for 
care may improve home care. The demonstration focused mainly on per-
sonal assistance services, but it would be valuable to determine if families 
in the intervention arm also used medical technologies more effectively or 
were better able to adapt homes for the use of such technologies. 

Recognizing the Key Role of Neighborhoods and Communities

The role of neighborhoods in home care is perhaps the least well 
researched of the three elements in the social-ecological framework. Many 
studies report an independent effect of neighborhood on access to primary 
care, emergency care, hospice services, and specialist services; but I was 
not able to identify studies that examine neighborhood factors in access to 
home care. As mentioned earlier, even when low-income communities are 
adequately serviced by home care agencies, the effectiveness of such services 
may be lower than in other communities because of poor housing stock, 
unreliable access to electricity or telephone service, crime, and lack of com-
munity supports. More subtle effects of social capital are likely to be relevant 
as well, with fewer linkages between agencies and poorer integration of 
agencies with other community-based institutions. The result is less efficient 
exchange of information and slower diffusion of innovations. The latter may 
be particularly important for the use of new home care technologies.

A key gap in research in this domain is a multilevel analysis of neigh-
borhood factors in home care outcomes. Such research would determine 
if outcomes for home care are poorer in lower income communities after 
appropriate control for case mix and service delivery. Positive findings 
would be a strong argument for the relevance of social capital in individual 
health outcomes and would support other studies that have shown such 
neighborhood effects as, for example, the recurrence of coronary syndromes 
and risk of rehospitalization (Scheffler et al., 2008). 

Finally, in keeping with the social-ecological approach, it is important 
to conduct analyses that examine cross-level relationships among culture, 
social relationships, and communities. These will be difficult until further 
studies, as suggested here, are conducted in each of the component areas.

Workforce Training

Training the home care workforce in cultural differences and the com-
plexities of family relationships is critical. As mentioned earlier, many home 
health care agencies have begun such efforts. The Cash and Counseling 
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program suggests that families themselves can train the workforce in such 
sensitivity, with benefits to both consumer and provider.

Personal assistance paraprofessionals, respiratory technicians, physical 
and occupational therapists, home health care nurses, and social work case 
managers all bring their own cultural expectations to home care. These 
expectations are drawn from personal experience as well as professional 
training and socialization. 

Among home care paraprofessionals, differences in culture of origin 
between providers and consumers are likely to be large. This is low-income 
work, with minimal training and little opportunity for career advancement. 
In urban areas, home care paraprofessionals are likely to be minorities or 
immigrants. In our research, these workers reported discrimination and 
often exploitation from patient consumers. The home attendants we inter-
viewed were frankly embarrassed by the lack of compassion some families 
showed for their clients and had much higher expectations for care than 
these families. This, in itself, made for some tension, as when home care 
attendants stayed longer than required to address a need that should have 
been a family’s responsibility. Home attendants had to be resocialized in 
some cases as caregivers not to give out their telephone numbers, not to 
accept gifts, and not to buy food for a neglected client. They had to learn 
that some home situations were unsuitable for home care and required 
agency intervention.

Professional organizations have begun to develop appropriate training 
for home care workers, particularly in social work, paraprofessional home 
care, and nursing. But similar programs are not available for the growing 
group of technicians who train families in respiratory care, the use of com-
munication assistance devices, or new and emerging technologies. This is an 
area ripe for development, and professional licensing organizations would 
do well to learn from other clinical specialties and consider requiring such 
training for certification.

HYPOTHESES FOR FuTuRE RESEARCH

This inquiry suggests a number of hypotheses for future research, 
some of which were mentioned earlier, all drawing on the social-ecological 
framework developed for home care. I conclude with a list of hypotheses 
relevant to the adaptation of homes to accommodate advanced medical 
technologies. These may help guide future research in the area:

•	 Family caregivers who do not express the consensus view on home 
adaptation for medical or supportive care will be less efficient in 
decision making regarding home care and perhaps risk poorer 
outcomes for patients.
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•	 Families with a more expansive meaning of the home as a site for 
care will be more receptive to adapting homes for advanced medi-
cal technologies.

•	 Cultures with a strong bias toward home care and away from insti-
tutional care will be more receptive to the adaptation of homes.

•	 Greater subordination of an individual’s interests to those of the 
family (familism) will be associated with greater adaptation of 
homes.

•	 Even if families in different cultural groups are equally receptive to 
the use of medical technologies, minority families in less resourced 
neighborhoods or communities may be less likely to gain access.

•	 Families in resource-poor communities will accept greater flexibil-
ity or standardization of services to obtain home care, whatever 
their own preferences, with potential for conflict between families 
and providers.

Interventions in which families exert greater control over vendors and 
providers, like the Cash and Counseling Demonstration and Evaluation, 
may promote more effective home use of emerging medical technologies.

How to Enhance Home Health Care with What Is Known Now

This review suggests that successful adoption of home care technolo-
gies depends on individual human factors but also the context in which 
individuals live, including the social, cultural, and community resources 
available to them. One implication of the social-ecological approach to 
home health care, then, is the need to consider these factors in adoption 
decisions, which implies an expanded approach to human factors. By way 
of conclusion, it is worth highlighting two approaches to enhancing home 
health care, currently available, suggested by this approach.

First, the focus on social factors suggests that patients may adapt tech-
nologies in ways unanticipated by designers. People fit the technologies 
into their daily lives and in ways that accommodate culture and family 
dynamics. For example, patients seek ways to use the technologies but also 
to be free of them (Fex, Ek, and Soderhamn, 2009). They may begin with 
attention to instruction but then innovate and improvise as they fit the use 
of the technologies into the rhythms of family life. When possible, patients 
find ways to make technologies less bulky, noisy, clumsy, and heavy. These 
innovations could suggest changes in design.

Second, social and community factors can also be seen as resources 
rather than constraints in the adoption of technologies. For example, low 
self-efficacy is an important obstacle to successful adoption. It may be pos-
sible to harness social and community factors to promote self-efficacy. In 
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fact, community self-help organizations organized around home health care 
technologies already go a long way toward this end. Many patient support 
groups seek to develop patient self-efficacy in this area. These groups invite 
vendors or therapists to demonstrate equipment and often introduce new 
patients to patients who have already adopted it. These efforts represent 
important enhancements to home health care that emerge from a social-
ecological perspective. 
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Effects of Policy, Reimbursement, and 
Regulation on Home Health Care

Peter A. Boling

Human factors in home health care involve many stakeholders: those 
receiving care, families and friends, paid workers of various kinds and 
skill levels, employers, and communities in a broad sense, because tens 
of millions of individuals rely on home care each day. Despite excellent 
workers and advanced technology, people experience inconsistent qual-
ity, fragmented care, and poorly aligned payments. Home care remains 
a stepchild while health policy centers on hospitals and other facilities, 
physicians, pharmacies, and insurers. Despite a holistic culture, a large, 
dedicated workforce, and care valued by recipients, home care remains 
poorly understood, sometimes mistrusted, and abstract for many decision 
makers, and as currently organized it has limited proven ability to control 
overall costs. This all can change.

THE LANDSCAPE OF HOME HEALTH CARE

Societal Context, Costs, and Care Silos

There is a growing sense of crisis. Medicare cost about $500 billion in 
2009 and the Medicare Hospital Insurance fund balance will be zeroed 
in seven years. Without a plan to “bend the cost curve,” corrective options 
include reduced provider payments, reduced coverage, higher copayments, 
or taxes to raise revenues equal to about 4 percent of gross domestic prod-
uct 10 years hence. The larger frame is over $2 trillion annually spent on 
health care, or one-sixth of the economy, impacting the nation’s ability to 
compete internationally. Nearing the brink, people debate about the num-
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bers of uninsured (45 million) or underinsured (80 million), public and pri-
vate insurance options, regional cost variation, poor public health metrics, 
and financing for potential solutions while spending 30 percent more per 
capita than any other industrialized nation on health care.

At $57 billion in 2007 including all payers, home care is only 3 percent 
of U.S. health care (National Association for Homecare & Hospice, 2009) 
(see Figure 12-1). And like health care generally, home care is organized into 
separately funded categories, called silos: home health agencies, hospices, 
medical equipment, home health aides, pharmacy managers, medical pro-
viders, and thousands of private bureaucracies. Two key referral sources, 
hospitals and nursing homes, are in fiscal and regulatory silos of their own. 
Thus, financing promotes discontinuous care. Rules that govern the care of 
people with heavy chronic illness burdens result in an uncoordinated, overly 
costly, and hazardous delivery system that is far from patient-centered and 
is known for its failings (Schoen et al., 2008) (see Figure 12-2).

Some financing models, including Medicare Part C, offer opportuni-
ties to break down silos using financial risk. However, only 11.4 million 
people, or about a quarter of Medicare beneficiaries, are in such payment 
models (Henry J. Kaiser Family Foundation, 2009, 2010). And there are 

Prescription Drugs,

Home Care, 3%

FIGuRE 12-1 Personal health care expenditures, 2006. 
NOTE: SNF = skilled nursing facility.
SOURCE: National Association for Homecare & Hospice (2009).
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FIGuRE 12-2 Home care silos and payment sources. 

other concerns. Importantly, managed care enrollees are disproportionately 
healthy, and most high-cost seniors rely on standard Medicare benefits. 
Even in risk-bearing entities, integrated at-home care with a strong medical 
component is rare. Reasons for this lack of emphasis include the origins of 
managed care models in conventional settings and finance systems, com-
peting corporate interests for the insurer, and lack of senior management 
familiarity with what advanced home care can provide. 

However, portable technologies and experiences with caring for sick 
patients in the community are now lighting new paths in which fully 
developed and integrated interdisciplinary home care teams, which include 
physicians and other medical providers, work together with other providers 
of care and community resources to produce better care at lower cost. 

Population Need for Home Care

Individual needs for community-based care vary. Although it is simpli-
fied, and acknowledging that some patients fall into more than one of these 
categories, for the purposes of framing, I divide the general population into 
subsets based on typical care needs (see Figure 12-3). Their needs vary by 
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group, as do the human factors impacts of policy, regulation, and available 
care options.

Group A contains healthy, predominantly younger persons who are 
functional and independent but might be considered home care users if 
one includes public health measures deployed at home to promote healthy 
living, such as reminder systems to lose weight or stop smoking and web-
based self-help tools for episodic illness (flu, ankle sprain, rash).

Group B members are mobile and can readily visit physician offices 
but have chronic diseases, such as high blood pressure, diabetes, asthma, 
or sleep apnea. Home modification, diet, exercise, and monitoring are rou-
tinely used at home, and in-home care improves outcomes (Ogedegbe and 
Schoenthaler, 2006; Shelledy et al., 2009). Examples are blood pressure 
monitors (if accurate) (Akpolat et al., 2009), glucose monitors, peak flow 
meters, asthma action plans, machines for maintaining continuous positive 
airway pressure, air filters, and removal of mold-bearing items. Individuals 
use the Internet to send data to physicians from home or to receive medical 
advice. Broadly construed, they are home care users.

Group C members either have conditions from birth, like cerebral 
palsy or other chronic conditions—which are often neurological or mus-

FIGURE 12-3 The home care population and its typical care needs. 

Figure 12-3 is a schematic diagram that categorizes the home 
care population according to their typical care needs, ranging 
from mainly young, healthy people who are functional and 
independent (Group A) to people (from infants to the elderly) 
with a high burden of chronic illness (Group F).
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culoskeletal and severely limit function but are not progressive—or dis-
abling permanent injuries acquired in childhood or adult life. An example 
is paraplegia. With assistive technologies, many such individuals function 
independently, are infrequently ill, and are rarely hospitalized. Group C 
members use home care for support of activities of daily living (ADLs) and 
instrumental activities of daily living (IADLs), often in the form of medi-
cal devices plus personal assistance with bathing, dressing, and mobility. 
Group C members fall through cracks in insurance coverage or are harmed 
by bureaucracy used to control cost and fraud. For example, a 50-year-old 
quadriplegic man, free of wounds for decades, now has a deep, dangerous 
Stage 4 pressure wound that will take months to heal because of a 2-week 
administrative delay in replacing a damaged support surface. 

Group D members are generally older, frail, and functionally impaired 
but medically stable. Many have dementia or inborn cognitive impairment 
that requires supervision and standby help to prevent injury or to remain in 
the community. Also prevalent are advanced stages of disabling conditions, 
like arthritis or prior stroke, that mandate physical support each day from 
equipment and other persons. However, because these illnesses do not cause 
frequent acute medical crises, Group D individuals use limited skilled home 
care. Care plans do not change from month to month. Group D members 
have difficulty accessing office-based medical care because of immobility. 
However, in Group D money cannot be readily saved through case manage-
ment, other than in a small subset whose eventual nursing home placement 
can be deferred by socially oriented caregiver support. Group D needs long-
term home care. Third-party coverage is largely limited to those in poverty 
(Medicaid) or those who are affluent (long-term care insurance).

Group E members of all ages are in postacute care, recovering from an 
acute episode like major surgery, acute illness, or trauma. Return to inde-
pendence is expected, and baseline health is fairly good. Some may receive 
intravenous therapy at home or at work for a curable infection. Technically 
advanced home care may be extensive, but its use is temporary. Current 
Medicare and private insurance payment designs best suit the episodic 
needs of Group E.

Group F includes most of the need for what typically comes to mind 
when thinking about home health care. Users vary in age from infants to 
very old adults, carry heavy chronic illness burden, often with end-stage 
organ system failure (heart, lung, liver, kidney, brain), have multiple con-
current conditions, and have significant persistent functional deficits, often 
three or more, and in many cases five or six, ADL deficits. 

In Group F, infants might be premature with resultant home ventilator 
dependence or a condition requiring artificial feeding. Imagine the mother, 
caring for three other children and a household, trying to manage these 
daily responsibilities and also bring such a technology-dependent child to 
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the doctor’s office. Younger adults in Group F might have complications of 
childhood diabetes or cystic fibrosis.

Older adults, however, make up the majority of Group F. They have a 
mix of diseases, with no one predominant. This mix is shaped by conditions 
that are most prevalent: stroke, vascular disease, emphysema, complicated 
diabetes, and more. The variety and complexity of conditions challenge 
clinicians and require diverse skills. Illness acuity and stability fluctuate. 
Individuals rapidly get sick enough to be hospitalized. Group F members 
move frequently between health care silos and have multiple changes in 
condition that require revised care plans and active, longitudinal coordina-
tion among providers. Errors are made in as many as half of the transitions 
between settings. Most of the 2 to 3 million Group F members deteriorate 
with time and die, with an average life expectancy of 3 to 4 years.

Functional Dependency, Chronic Illness, and Service use

Activity limitation due to chronic conditions occurs in 7 percent of 
children and 42 percent of people ages 75 and over. ADL limitations (walk-
ing, transferring, bathing, dressing, eating, or toileting) increase with age, 
and severe deficits (three or more ADLs) occur in 1.9 million community-
dwelling U.S. adults (see Table 12-1) (Centers for Disease Control and 
Prevention, 2009). 

Among community dwellers ages 65-74, the National Health Interview 
Survey revealed that 912,000 out of 17.4 million people (5 percent) cannot 
sit for 2 hours (are bedfast) (Centers for Disease Control and Prevention, 
2009), and about 15 to 20 percent need help to walk. Such people often 
have difficulty leaving home for health care. These functional deficits are 
on the final common path, where the combination of severe illness and 
incapacity drive health care costs. 

Sorting the Medicare population by cost, the top 5 percent used 43 percent 
of resources, with average costs of $63,000 in 2002 (Holtz-Eakin, 2005). 

TABLE 12-1 Community-Dwelling Adults with Three or More ADL 
Deficits

Age Group Percent with 3+ ADL Deficits Number of Persons Affected

18-44  0.2  276,000
45-54  0.5  228,000
55-64  0.9  272,000
65-74  1.6  299,000
75-84  3.2  439,000
85+  9.7  378,000

NOTE: ADL = activities of daily living.
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Some were catastrophic cases, some fully recovered, and some died. Those 
who lived 5 years (the majority) were intermittently high-cost users from 
month to month. In 2005, the top 10 percent of Medicare beneficiaries used 
63 percent of resources, with average annual costs in the top 10 percent 
bracket of $44,000 (Potetz and Cubanski, 2009). A similar pattern is seen in 
younger (Medicaid) and employer-based insured groups.

Impaired physical function itself predicts high costs. In 2004, simply 
having three or more ADL deficits conveyed average costs of $32,000 per 
person (Medicare Beneficiary Survey) compared with $15,000 with one or 
two ADL deficits and $7,000 with no ADL deficits.

Along with function, the presence of multimorbid conditions drives 
cost. People with five or more chronic conditions use two-thirds of the 
resources, receive far more prescriptions, see a multitude of doctors, and 
have exponentially more hospital stays, including many that are prevent-
able (Goldfield et al., 2008). Cost-containment strategies based on a single 
disease or on a nurse care coordinator who is not a core health care team 
member are unlikely to succeed, as most recently shown in the failed Medi-
care Health Support demonstration (Linden and Adler-Milstein, 2008) and 
the Coordinated Care Demonstration (Brown et al., 2008).

No published national analysis directly links ADL deficits, home health 
use, and overall costs at the individual level. However, because of the close 
link with hospital use, home care users probably do include most of the 
costliest beneficiaries. In Medicare Part A, for example, each year about 
3 million people meet the homebound and skilled care criteria and receive 
skilled home health care at some point, totaling about 7 million discrete 
episodes each year. 

Summing up, there are 3-4 million relatively immobile people in U.S. 
communities who span all ages, are sick with multiple concurrent illnesses, 
and have intermittently high health care costs. Many are not terminally ill 
(i.e., will not die in 6 months or less) and do not qualify for hospice; these 
people regularly fall through the cracks of the formal care system.

Finally, every discussion of home care must include unpaid family care-
givers, who do most of the work. Caregiving falls to people who are not 
trained as clinicians yet are required to do technical clinical work along with 
basic daily care. Learned skills include intravenous therapy, tracheostomy 
and ventilator support, wound care, catheter changes, and medication 
oversight, work that in other care settings is restricted to licensed nurses. 
Most caregivers are women, their average duration exceeds 4 years, and 
they average 25 hours per week (Giovannetti et al., 2009). In this role, they 
lose time from work, lose employment, and develop health problems, with 
adverse economic consequences for worker and employer (Coe and Van 
Houten, 2009). Employers’ cost for full-time employees with caregiving 
roles is $17.1 billion ($2,441 per employee), and total cost to employers 
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for full-time, employed caregivers is $33.6 billion (Metlife, 2006). This is 
a significant part of the human factors equation. Chapter 7 of this volume 
discusses informal caregivers in detail.

FIVE SERIOuS PROBLEMS OF LONG-TERM HOME HEALTH CARE

Problem 1: Human ADL Support, Medicaid, 
and Long-Term Care Coverage

The lack of a consistent national policy on long-term care or of a sys-
tems approach to care at home is a major overarching problem for home 
care that daily affects paid providers, care recipients, and their families, 
who are trying to solve these problems.

In patient Groups C and D, most paid home care is long-term care, 
financed through Medicaid or out of pocket. Medicare does not cover 
long-term care, and most U.S. citizens cannot afford or have not pur-
chased long-term care insurance. This leaves no options for millions of 
older persons or for younger functionally impaired persons without prop-
erty or income. It leaves professional care providers daily scrambling to 
help find resources from a polyglot of local charities and other programs 
that have inadequate scope, wax and wane, and are difficult to find.

Care recipients who qualify for Medicaid and their families depend 
heavily on paid, unskilled caregivers who may be in the home from 4 to 
16 hours per day for ADL support and standby assistance. Even when 
they can find work, low-income care recipients and family members avoid 
seeking employment (income) because they risk losing coverage for needed 
equipment, medication, and personal assistance. People even divorce to 
secure Medicaid coverage. Long-term care is not covered by most employer-
based insurance. Moving across state lines to be near other family members 
who can help with care can be problematic, since state Medicaid benefits 
vary greatly. In addition, states cannot carry deficits and may abruptly 
reduce services when fiscally stressed, whereas federal programs like Medi-
care are more protected.

Along with impacts on care recipients and families who need the ser-
vices, health care providers and case managers spend many frustrating 
hours each week on securing coverage. Medicaid is often the key. Medicaid 
requires a comprehensive means test, with a threshold near the federal pov-
erty level that varies from state to state.

Medicaid approval and access to services depends on review of detailed 
information about personal finances and often takes months. Once cover-
age is approved, weeks more may pass before services start—which can be a 
long time during a sociomedical crisis. Coverage often lapses due to failure 
to receive or complete annual update forms, wrong addresses, changes in 
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regulation, or small changes in household finances. All these policy and 
regulatory gaps affect both families and home care workers in terms of 
burden and care outcomes.

Once coverage is in place, medical providers who have little training 
in or knowledge of long-term care are deluged with volumes of documents 
to review and sign for supplies, equipment, and services—such as identi-
cal forms every 6 months for diapers, disposable pads, or feedings. The 
paperwork, with the invisible rules behind it, is a de facto throttle on the 
system. The work, uncompensated and tedious, is an inefficient, ineffective 
way to manage resource use. Overburdened providers may sign papers to 
“clear the stack” without scrutiny or fail to sign important forms. The 
administrative burden derives from the limited financing of long-term care, 
which generates regulatory demands to document need and use. The lack 
of incentives for clinicians to engage in oversight has led to a dearth of 
qualified clinical managers who know what services are needed and what 
is superfluous or fraudulent.

Because Medicaid long-term care financing is a key theme, it is impor-
tant to consider the impact of state payment policy on care. States vary 
fivefold in Medicaid funding for community-based care, which averages 
2.3 percent of gross state product (GSP): in 2004, the range was from less 
than 1 percent in the Dakotas and Nebraska to 4.1 percent in Massachusetts 
and 4.8 percent in New York. By contrast, nursing home care averaged 
7.4 percent of GSP, ranging from 1.9 percent in Alaska and 3.2 percent in 
Nevada to 12.2 percent in Connecticut. New York and Massachusetts are 
also above average in nursing home spending, consistent with relatively 
generous Medicaid programs in those states (see http://www.kff.org/). Some 
argue that targeted and well-managed Medicaid community-based services 
meet needs more effectively (Kemper et al., 2008) and reduce state nurs-
ing home bills by more than the home care cost. However, state policy has 
evolved slowly, despite much expert concurrence with such concepts.

The quality of home health aide and personal care also is a recognized 
national issue (Stone and Newcomer, 2009). There is minimal required 
training, and caregivers are paid near minimum wage. Commonly reported 
problems include rapid turnover and aides failing to appear, being rude, 
stealing, or doing poor work. Of the typical hourly cost of $18, half goes 
to agency overhead. Conversely, in many cases aides are trusted like family 
members; donate their own time, money and possessions to the household 
of the care recipient; and are invaluable. A new survey called Consumer 
Assessment of Healthcare Providers and Systems (CAHPS) for home and 
community-based care services has been created to systematically measure 
quality. The CAHPS program is a family of standardized surveys that ask 
consumers and patients to evaluate health care experiences, covering issues 
like provider communication skills and service accessibility. 
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Individual home care agreements are made by private individuals with 
other private individuals. With no agency overhead, these workers are 
paid more. Such arrangements are treasured by those who find reliable 
help and are difficult to count. Initiatives such as the Cash and Counseling 
Demonstration and Evaluation (Foster, Dale, and Brown, 2007), in which 
care recipients or families manage home care using public funds, have 
succeeded in improving quality and afford insight into the human factors 
dimensions of long-term care in the community (Foster, Dale, and Brown, 
2007; Kemper, 2007; Wiener, 2007). 

Between CAHPS and creative new models like Cash and Counseling, 
plus the increasing affluence of baby boomers, the personal care component 
of home health care is moving forward, but it will have to contend with the 
increasing ratio of older persons needing care to younger persons available 
to deliver it and will increasingly depend on an international workforce.

Problem 2: Assistive Technology and ADL Support

A second core feature of long-term care at home is assistive technology, 
including durable medical equipment (DME). Financing is less problem-
atic in this area than for personal care, since devices are funded by both 
Medicaid and Medicare Part B (with a 20 percent copayment for some). 
Equipment includes basic items, like wheelchairs, walkers, commodes, and 
hospital beds, and advanced items, like pneumatic patient lifts and powered 
personal vehicles (Brummel-Smith and Dangiolo, 2009). Key human factors 
principles include recognizing clinical need, selecting the right device for 
the person and care setting, training the user, and ensuring maintenance. 
Although a new era is on the horizon with technical capacity for “smart 
houses,” the nation is far from ready to disseminate this costly technology 
to the broad population in need. 

Financing approaches include rental (for high-cost devices), monthly 
fees, rent-to-own, and direct purchase. A Medicare issue arises under rent-
to-own: when rental ends in ownership, service support often stops. Items 
wear out or break. Some repairs are covered; other items are replaced. Too 
often, bureaucratic delays have serious human clinical consequences.

Historically, profits from high-end items have fed durable medical 
equipment providers’ bottom lines. These profits paid for customer services 
(trained support staff who deliver equipment and teach users) and charity 
care (forgiveness of unattainable copayments). With reduced Medicare pay-
ments, support services are shrinking. In most locations, competition and 
regulatory oversight still ensure new or newly refurbished equipment, but 
the quality of training and support is uncertain. Further Medicare cuts could 
weaken support because of the cost of expert respiratory and occupational 
therapists. Other human factors impacts include fear and risks associated 
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with the equipment: some devices frighten users and families. Risk of injury 
or death comes with improper use, so training and support are important. 
Mandatory oversight of quality is provided by external accrediting bodies 
and Medicare program surveyors, but it is limited. 

Unfettered direct-to-consumer marketing for high-end durable medical 
equipment, like scooters and lift chairs, plus low-cost items, like moist heating 
pads that lack proven benefit but feel good, is another problem. Individuals 
are told “all you need is an order from your doctor” without knowledge of 
whether they meet coverage criteria. This puts physicians in an awkward 
position. Informing consumers may relieve unmet needs, yet marketing cre-
ates both overuse and inherent resistance among physicians to approve even 
the legitimate services that are lost in the background of overuse.

Oversight of durable medical equipment is complex. Some is managed 
under contracts through Medicare Part A organizations, like hospices and 
nursing homes. This secondary arrangement was devised to prevent duplica-
tion and target services, but it complicates physicians’ and discharge coordi-
nators’ roles and alters patient choice. Ordering durable medical equipment 
requires specialized knowledge. Regulations are opaque; a physician cannot 
see what is covered when doing paperwork. Overall, misdirected use of 
durable medical equipment is modest compared with excessive and redun-
dant diagnostic tests and procedures performed by medical specialists and 
readily accepted by patients and payers.

As technology advances, it will be increasingly vital to educate con-
sumers about selecting the right device and about safe use. I recall recently 
talking with a young woman now caring for her ventilator-dependent 
50-year-old mother at home. The daughter is bright and has learned a lot 
about highly technical clinical care in a short time. Yet she cannot cope with 
this challenge without substantial ongoing professional support.

Problem �: Inadequate Postacute Care Model for Complex Patients

The transition from hospital to home and the immediate posthospital 
interval are vital. Unacceptable rates of serious errors are well documented, 
affecting perhaps half of cases: wrong medicines, no medicines, no follow-
up plans, and little or no clinical information for postacute providers are 
common rather than exceptional (Boling, 2009). Postacute home health 
care is delivered by teams of nurses, therapists, aides, and social workers 
employed by home health agencies. The care plan is reconstructed at home 
with limited data. Physician involvement is minimal, making home care the 
only setting in which seriously ill individuals are cared for almost entirely 
without active physician input.

Medicare Part A has the largest influence on this home care silo. Cost-
based financing in the 1980s and 1990s was associated with exponential 
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growth and evolution into chronic care rather than the postacute care 
specified by the 1965 Medicare legislation. The 1997 Balanced Budget Act 
abruptly transformed the industry (Murkofsky and Alston, 2009). Although 
gradual modulation was reportedly intended, a regressive Interim Payment 
System (1997), followed 3 years later by at-risk prospective payment (2000), 
caused a 50 percent drop in service within 2 years. This affected care recipi-
ents and families and caused major losses in the industry talent pool. Agen-
cies rebounded under the Prospective Payment System (PPS) and its defined 
payments for 60-day episodes. Payment is adjusted for case mix and ranges 
fivefold in about 80 categories, averaging about $2,400. Visits per 60-day 
interval dropped sharply (from 50 to 20) with renewed emphasis on post-
acute care and efficiency. After initial comprehensive assessment, care focuses 
on defined goals. Episodes are shorter and families feel pressure from the first 
day to assume responsibility for care, including wound care and other newly 
learned technical skills.

Unlike Medicare, the private insurance sector has thousands of payers 
and no central data source to help evaluate quality or impact. Generally, 
home care is a small budget item, paid by the visit and approved a few 
visits at a time. Home care can be used effectively as an integrated feature 
in some large health systems (Suter et al., 2008), and technologies like tele-
medicine have been used to augment home care. However, these exemplars 
are notable for their scarcity. 

The quality of Medicare home health agency postacute care is measured 
nationally using OASIS data. Risk-adjusted outcome data, (Home Care 
Compare), publicly reported by the Centers for Medicare & Medicaid Ser-
vices (CMS), are used to improve quality (Schade et al., 2009), modulate 
payment, and compete. Most agencies are accredited by either the Joint 
Commission or the Community Health Accreditation Program (CHAP). 
All are subject to Medicare audits. These rigorous evaluations focus on 
regulatory compliance and the care process within the silo, not on outcomes 
across time and settings. Despite instances of excessive or inappropriate 
care, most fraud and abuse were weeded out in the 1990s by the Office of 
the Inspector General.

Current home health care models perform well for individuals on a 
trajectory back to full recovery after an acute illness (Group E), but there 
are problems in Group F when individuals have advanced chronic illness 
that waxes and wanes. Hospitalization was frequent under cost-based 
reimbursement and has increased under PPS: the national risk-adjusted 
rate in a 60-day Medicare episode is 29 percent (National Association for 
Home Care and Hospice, 2009). Notably, in 2004 the best 1,750 Medicare 
agencies averaged 17 percent, while the worst 1,750 averaged 47 percent, 
showing both high acuity (the best hit only 17 percent) and opportunity 
for improvement in others. Similarly, in the final 2 years of life, marked 
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geographic variation in home care spending and a positive correlation 
between home health care cost and hospitalization argue against the case 
for effective substitution (Wennberg et al., 2008). Finally, 1 in 7 Medicare 
home health episodes ends in hospitalization within 2 weeks; this highlights 
the need to engage immediately and actively.

This overall mediocre record relates to operating in silos, poor commu-
nication, lack of aggressive medication reconciliation, absence of medical 
care and skilled case management in the early weeks, and thus inability to 
respond to changes in condition. In 35 percent of cases, there is no medical 
encounter during the home health episode, showing limited physician par-
ticipation (Wolff et al., in press). Even when there are encounters, they are 
not timely and not provided to individuals who need them most. However, 
the exemplars show what is possible when there is a systematic approach 
to home-based care as a defined focus.

The value of integrating active medical management with home health 
agency work is supported by transitional care research. In rigorous clinical 
trials, advanced practice nurses were assigned to selected, high-risk cases 
in the hospital, and the cases were followed closely at home for a month 
(Naylor et al., 1999), producing significant cost savings (50 percent). Issues 
remain of “scalability” and who will care for graduates of a new “transi-
tional care” silo when they can’t return to a clinic. Savings in 2004 were 
about $5,000 per case.

Less intensive but perhaps more scalable are “guided care” (Leff et al., 
2009) or transition coach strategies (Coleman et al., 2006), which rely more 
on the health record and the care recipient or caregiver. In this model, busy 
office-based physicians with many competing responsibilities are expected 
to address medical management needs. It is unclear whether this approach 
is robust enough to alter outcomes for complex, unstable patients. Savings 
are about $500 to $1,000 per patient.

Problem 4: No Longitudinal Care in Complex 
Cases with High Comorbidity

Ultimately, home care for Group F members with high comorbidity 
suffers greatly from intermittency and lack of medical continuity. Frail 
individuals move into and out of skilled care and lack consistent physician 
contact over time and during critical intervals; one-third of the time there is 
no billed physician service during a home health care episode (Wolff et al., 
in press). This burdens the care recipients, families, and the nonphysician 
home care professionals who need physician guidance on the complex 
medical issues that are prevalent. 

When home health agency care starts, the agency team performs exten-
sive data gathering and then provides care. If care recipients don’t die, they 
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improve or they go to a hospital or nursing home and are discharged from 
home health care. Many different physicians are involved only tangentially, 
and there is little continuity. At home, individuals and their families lack 
access to trusted medical advice when having trouble and receive little in-
person medical care until they are sick enough to visit an emergency depart-
ment. Functional deficits hinder physician office visits. If they make the trip, 
they need advance notice and expensive transportation, while worsening 
health may afford little warning time to schedule appointments. Family 
members must take time off work to attend physician encounters. Born of 
financing mechanisms, this is an expensive care model that is ill suited to 
population needs. The care model adversely affects care recipients, their 
families, the home health care staff, and the physicians involved.

Physicians started fading from home care 40 years ago, as they became 
busy with other roles and house call fees failed to keep pace with costs. 
When the 1992 Resource-Based Relative Value Scale (RBRVS) sought to 
level the playing field between procedural and cognitive services in Medi-
care payment, house calls were rare and were never addressed. House calls 
were formally valued in 1998 through advocacy by the American Academy 
of Home Care Physicians and secondarily supported by family physicians 
and geriatricians. In 2001, visits to group homes and assisted living facili-
ties were also upgraded so that margins were thin but adequate for those 
with a passion for this work to form new practices. In 2007, proposed pay-
ment cuts of 20 percent on house call codes again threatened new mobile 
practices. Urgent advocacy reduced the cuts, reinforcing need for constant 
vigilance and the human impact of public policy on care providers. 

Unsolved problems also remain for house calls in the Medicare fee-
for-service arena. The practice expense component (about half of the total 
service code value) omits travel time, and cost inputs are based on an 
office scenario. Furthermore, since 1997 state Medicaid programs are not 
obliged to pay Medicare Part B copayments; most pay below Medicare’s 
80th percentile, forcing a 20 percent loss on those who serve low-income 
populations. Case management, which occupies about 30 percent of work 
time in home medical care, is underrepresented in the fee schedule. New 
codes for reviewing and signing home health agency care plans and over-
seeing complex agency cases were added in 1995 and 2001. Although well 
meant, the oversight codes require too much fine-grained documentation 
of minutes spent and apply only to select patients. Overall costs, including 
travel, phone calls, and paperwork, exceed Medicare revenue, requiring 
home-based medical programs to seek other revenue sources to create a sus-
tainable business plan, rather than concentrating on those with the greatest 
needs for home care and medical attention.

With few exceptions, private payers have expressed little interest in 
home medical care, preferring to concentrate on other issues. This dis-
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advantages younger adults and low-income (Medicaid) individuals, who 
again lack access unless their physicians choose to accept financial burdens 
by seeing them for payment that is below cost, if they are paid at all.

Finally, regulatory oversight of house calls by some Medicare carriers 
has burdened providers. Audits for all billed claims, which cause payment 
delays and restricted cash flow, have bankrupted high-quality house call 
programs, leaving the people they served with no recourse. Audits are a 
side-effect of mistrust and automated fraud prevention systems. House call 
providers exhibit high-frequency use of house call codes that are used rarely 
by office-based peers, thus flagging house call providers’ profiles as outliers. 
Those with the stamina and the cash to fight find most or all denials over-
turned on appeal, but many have given up and sought other lines of work. 
Audit abuse has not been addressed by CMS management, perhaps due to 
competing priorities. Senior CMS administrators deny intent to discourage 
house calls as a matter of national policy.

Payment and compliance regulation are often linked with quality mea-
surement. In home medical care, formal evaluation of quality is offered by 
the Joint Commission. Only large health systems can afford the consider-
able cost and the loss of efficiency associated with data gathering, and 
there is no economic value from accreditation. Other attempts have been 
made to develop measures that are suited to the role, but these are not in 
general use. An expert panel identified appropriate quality benchmarks for 
home care using Assessing Care of Vulnerable Elders (ACOVE) indicators 
as a platform (Smith, Soriano, and Boal, 2007). There also is a house call 
provider exam offered by the American Academy of Home Care Physicians. 
Most standard quality benchmarks, like diabetic control and cancer screen-
ing rates, are meaningless in the care of people in the final years of life and 
advanced states of ill health (Boyd et al., 2005). One thing does stand out 
in virtually every home care study: care recipients prefer it.

On balance, facing significant disincentives and lower income potential 
has caused all but the most committed champions to avoid home medical 
practice. This fact stands in contrast to the growing evidence of economic 
and clinical benefit from a home medical care model that includes transi-
tional care. 

Problem 5: The Hidden Costs of Privatizing Public Benefits

Budgeting only 2.5 percent for administration, in contrast to the lowest 
cost private payers at 7 percent, Medicare runs lean and almost all Medicare 
funds pay for actual care. Critics argue that more administrative controls 
would reduce overuse and fraud. Providers complain about low payments 
compared with the private sector. Economists note that lack of competi-
tion leads to inefficiency and poor quality. Still, it is instructive to consider 



Copyright © National Academy of Sciences. All rights reserved.

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

2�0 HUMAN FACTORS IN HOME HEALTH CARE

two decades of experience with private-sector diversification of Medicare, 
including explosive growth as Part D and the 2003 Medicare Modernization 
Act have resulted in 4,000 additional private-sector plans. This experience 
should teach caution when considering human factor implications.

Among new options, prescription drug plans (PDPs) offer only drug 
coverage, whereas Medicare Advantage plans offer one-stop shopping for all 
health care. Two positive results are notable: consumers are more aware of 
drug costs and willing to accept generic alternatives, and half of the 6 million 
“Medicare poor” have newly attained drug coverage, along with 20 million 
others who had less need of the expensive new government benefit (Zhang 
et al., 2009).

Problems with human factors implications counterbalance the positive 
results. The new plans have created much unfunded work and frustration 
for physicians, pharmacists, and consumers, as hours are spent every week 
navigating a forest of new formularies and sluggish preauthorization pro-
cesses for drug or service coverage, which can take an hour for a single item 
and regularly cause delays in care. Many beneficiaries do not know what 
plan they have or what it covers. Health plans sell policies to unwitting indi-
viduals with low health literacy or dementia. The plans restrict care and dis-
rupt established relationships without recipients’ being aware of the impacts. 
Marketers create favorable selection bias (outside Walmart, not in senior 
centers, where frail people congregate). Some plans employ care manage-
ment for enrollees with higher comorbidity, but most focus on maximizing 
enrollment. MedPAC now advises reduced incentives for private insurers. 
Finally, patients often change plans, further complicating matters.

When debating administrative efficiency, some consider the private 
insurance industry better suited than government. However, recall that the 
main drags on current public payment systems relate to defining eligibility 
(means testing) and providing care with limited resources (de facto ration-
ing), not to administrative inefficiency once services are adequately funded. 
Experience with services actively regulated by private payers shows those 
processes to be more burdensome and expensive than government. Experts 
(Kronick, 2009; Zarabozo and Harrison, 2009) have found that cost shift-
ing in Medicare managed care has increased overall cost by 13 percent, with 
fewer services rendered and reduced consumer perception of care quality 
among sicker beneficiaries who most need care (Keenan et al., 2009).

EVIDENCE OF VALuE FROM MEDICALLY LED HOME CARE TEAMS

Evidence is mounting that medically managed home care can produce 
outcomes far superior to 1-2 percent improvements in major endpoints 
(e.g., hospitalization) that are routinely accepted in drug trials and other 
clinical research.
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One source of data is the Department of Veterans Affairs (VA) health 
system, in which systematic implementation of standardized home-based 
primary care (HBPC) produced a 24 percent decrease in overall costs for 
care of these ailing veterans (now over 11,000). These programs now 
adhere to national standards for patient selection, care process, and quality, 
producing greater homogeneity and a more comprehensive approach than 
the HBPC model tested at 16 sites in the 1990s. At that time, there was 
improved satisfaction, but variable model adherence and no cost savings. 
Current national VA data show that although home care costs increase with 
HBPC, much lower hospital costs (–62 percent) and nursing home costs 
generate overall savings. While the data are limited to the VA, the results 
are impressive and the sample is large (Beales and Edes, 2009).

The Program of All-Inclusive Care for the Elderly (PACE) model, a 
permanent federal benefit since 1997, also offers insight. PACE teams serve 
frail low-income older persons with Medicare and Medicaid coverage who 
live in the community but meet criteria for nursing home care. The care 
model is organized around a community day health center. Financing is a 
global risk agreement, funded by monthly capitation from Medicare based 
on projected costs (using Hierarchical Condition Category scoring) plus 
Medicaid costs. PACE now has 65 sites and 17,000 enrollees. The program 
has grown slowly, in part due to stringent enrollment requirements, sub-
stantial capital and escrow needs (now around $4 million per site), and low 
capacity (150-200 per site). Analyses show that change in care financing 
and delivery can reduce dependence on inpatient settings for sick, disabled 
populations (Kane et al., 2006). PACE participants and providers consider 
this an excellent model.

Another option for frail Medicare beneficiaries is the Special Needs 
Program (SNP) offered since the late 1990s, now with about 775 programs 
and 1 million enrollees. This is a Medicare managed care risk contract for 
persons with multimorbidity and higher costs. Success has varied. Core 
issues are patient selection and recruitment, plus clinical team makeup and 
fiscal management. Most of the programs arise in traditional care systems 
and conventional provider groups that may not be ready for this work.

Hospital at Home, which provides acute home care for patients who 
meet criteria for inpatient hospital care, has also shown improved satisfac-
tion and fewer in-hospital complications, though as yet no definite cost 
savings (Cheng, Montalto, and Leff, 2009).

Office Without Walls (OWW) is a special program developed in one 
Nevada geriatric managed care organization. Unpublished data compare 
its enrollees (n = 437) with 875 comparably old (age 86) and ill persons 
managed by office practices. OWW members received 3,365 home visits but 
no office visits and had much less hospital use (33 percent less emergency 
department use and 50 percent fewer bed days), saving $1.5 million per 
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year ($1,500 per person) if adjusted to an enrolled population of 1,000 
individuals. 

A recent randomized clinical trial of an at-home geriatric assessment 
and consultation program for low-income seniors in Indianapolis called 
GRACE showed marked improvement in clinical care. There was also a 
40 percent reduction in hospital use during the second year of operation 
(Counsell et al., 2007) among higher risk participants, even though this was 
not a case management or primary care model and did not include urgent 
response capacity.

In sum, comparing current usual home health care to office, hospital, 
or even nursing home settings, one finds a model that is largely missing one 
key ingredient: an active medical presence. Yet substantial evidence and 
common sense both suggest that combining medical care with other home 
health services will improve outcomes, will save money, and is preferred. 
Financial incentives are a key reason for this striking incongruity. As a 
matter of health policy, for the benefit of both users and providers, a new, 
integrated home care model is needed, free of the cost of bricks and mortar 
and empowered by portable technology.

FuTuRE POLICY DIRECTIONS

In considering people with functional loss and advanced chronic ill-
ness (Groups C through F), there are two main policy priorities. One is a 
national policy for financing long-term care in support of activities of daily 
living that incorporates a broad vision with the home as the preferred locus 
and center for care. To achieve this, a systems approach must be employed, 
with careful consideration of the many contributing elements: living space 
design, technology applications of a variety of types, workforce develop-
ment and training, financing mechanisms with incentives aligned to attain 
objectives, and community support services, like delivered food and other 
necessary amenities.

The other priority is redesign of medical care for people who are fre-
quent users of costly services, again using a broad conceptualization of 
what home care can deliver. This requires changes in both delivery systems 
and regulation and financing, with incentives aligned to produce desired 
results and the use of setting-specific quality measures, like those discussed 
earlier. Payment reform alone is inadequate, as managed care experiments 
have shown. Because home care has been a stepchild in health care policy, 
it is necessary to put new home care models into the spotlight—models that 
are patient-centered and focus on population needs—rather than starting 
with the needs of the health care system and its funding sources.

The serious health problems of community-dwelling elderly persons 
cannot be addressed in silos or by managing one condition at a time. 



Copyright © National Academy of Sciences. All rights reserved.

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

EFFECTS OF POLICY, REIMBURSEMENT, AND REGULATION 2��

Certain systemic conditions (like vascular disease, either alone or with 
diabetes) underpin much of the most costly care but produce multiple 
ailing body systems: a person with coronary disease, peripheral vascular 
disease, ischemic stroke, chronic kidney disease, congestive heart failure, 
atrial fibrillation, peripheral neuropathy, visual impairment, and diabetes 
has many conditions. Most of these diagnoses involve vascular pathology, 
but the key to optimal management is a core team of advanced general-
ists who can concurrently treat all of the conditions, with help as needed 
from organ-specific specialists, rather than having each of several different 
specialized teams manage one condition, or “care by committee.” Going 
to the care recipient’s home is also the only way to really know what is 
going on in many such cases. Focusing on these costly, immobile individuals 
with enhanced, medically led, interdisciplinary care delivered in the home 
can reduce resource use by up to 50 percent while improving safety and 
satisfaction.

Payment models must be addressed simultaneously. Seasoned admin-
istrators and noted analysts write about strategies to control runaway 
Medicare and Medicaid costs (Hsiao, 2007; Rosenthal, 2009; Wilensky, 
2009). Options are few: fee-for-service, per-episode (short-term risk-bearing 
arrangement), capitation (longer-term risk-bearing arrangement that may 
include global or partial risk), salary with defined responsibilities (VA 
or staff model health maintenance organization), and gain-sharing based 
on predicted costs. Ultimately providers must be either placed at risk or 
rewarded differentially on the basis of desired outcomes. Quality must be 
part of the final formula, linking results to payment. Pay for performance 
is a way of modifying payment based on specific process measures. Gain-
sharing is a results-based form of pay for performance.

For physicians, fee-for-service payment incentives foster high-volume 
service in efficient practice settings; they maximize encounters and pro-
cedures rather than care coordination and focused management of a few 
high-cost individuals. And fees for home visits and for care coordination 
are inadequate to generate sustained interest and growth. However, studies 
show that alternate modes of financing can attract physicians (Devlin, 
2008).

Risk-bearing strategies require capital reserves and large organizations. 
To date, many risk-bearing mechanisms were subverted by recruiting low-
cost individuals. Risk-bearing arrangements for complex patients have 
either enrolled small numbers (PACE) or failed due to their care model. In 
any organization, unless senior management is committed to innovation, 
advanced home care is unlikely to evolve. Pay for performance in conven-
tional financing models offers little incentive for the arduous case manage-
ment work needed to improve patterns of use. Gain-sharing in conjunction 
with restructured care delivery systems remains largely untested.
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One new idea is Independence At Home (IAH), a gain-sharing strategy 
introduced in Congress in 2009 (H.R. 2560 and S. 1131) and included in the 
final health reform bill as Section 3024. It is based on using a technology-
enhanced, medically led mobile team to care for small numbers (150 mini-
mum) of high-risk Medicare beneficiaries. Leaving Medicare Parts A and B 
intact, IAH teams would share in savings from prevented hospitalizations, 
creating an incentive to work hard and to be responsive. Savings would be 
calculated based on predicted costs of the population served. IAH teams 
would follow vulnerable, medically complex, function-limited persons for 
years, probably for life in most cases, providing prompt access to holistic, 
comprehensive care, and a one-stop shop. IAH teams would gradually 
expand, “building out” the problems in the current system. 

PACE has shown that CMS can estimate cost at the individual level 
well enough for its sites to succeed despite small size and wide variance 
around mean per-person costs. With protections against inadequate ser-
vice that include measures of satisfaction, easy voluntary withdrawal, and 
selected evidence-based chronic care process measures that are meaningful 
to patients with multimorbidity, IAH offers improved care plus cost savings. 
It is designed for low-cost, local start-up to speed implementation, without 
having large risk contracts or physical plants. Electronic health records are 
essential and expected to improve quality and safety and enhance efficiency, 
but they are also costly. IAH teams will invest in health information tech-
nology from the margins created by gain-sharing.

It is difficult to precisely calculate potential cost savings from wide-
scale adoption of an IAH model or others like it, which focus care on the 
people at greatest risk, aligning incentives while changing primary care 
delivery, but it can be estimated. Ranking Medicare beneficiaries by cost, 
in the top 10 percent (4 million people) the average 2009 cost is about 
$50,000. Reducing average cost 25 percent would save $50 billion per year. 
And the 4 million is also the number of persons in the center of the target 
using functional status as the primary selection criterion.

A low-end estimate could be based on home health agency Part A 
rehospitalizations. Using the 29 percent national rate and 7 million episodes 
yields 2 million hospital admissions. A 25 percent improvement would 
avert 500,000 hospitalizations; if these averaged $15,000, Medicare savings 
would be $7.5 billion. This is a low estimate, as some at-risk persons are 
either not referred or are in and out of Part A care.

The VA Home-Based Primary Care Program is another frame. In 2002 
dollars, annual home care cost per person was $11,000 more after HBPC 
than before it. This was offset by reduced hospital costs ($11,000) and 
nursing home costs ($10,000). Total costs were lowered from $38,000 to 
$29,000 (24 percent). Adjusting for inflation at 5 percent and applying this 
math to 4 million Medicare beneficiaries who cost $50,000 each in 2009, 
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home care would cost $62 billion more but hospital and nursing home use 
would be $116 billion lower, saving $54 billion overall. 

To satisfy critics, it is important to address concerns about workforce 
and the impact of an IAH “carve-out” on other stakeholders and other new 
health care designs.

The baby boom will change the shape of health care. If the current 
path continues, hospitals can anticipate more Medicare volume and the 
prospect of providing those services at a discounted rate relative to current 
payments, which are often at or below cost. Thus, hospitals should support 
IAH in order to focus on what they do best: advanced surgery, intensive 
care, and complex inpatient management using lots of high technology.

Typical primary care physicians already coordinate care with 117 other 
practices (Pham et al., 2009), and they also have more than enough clients. 
Furthermore, the frail IAH population is not ideal for office practice, since 
these persons require more time during encounters and much more time 
between encounters. High-volume physician offices will always struggle to 
meet the needs of this complex and immobile population. Although a large 
enough office practice can structure a support system that will accommo-
date the care management requirements of this population, the physician 
owners or business managers must intentionally choose to set aside time to 
care for the immobile patients and the payment system must support that, 
or these patients will always be marginalized as they are now. None of 
the other health care reform options will achieve this, except for the most 
advanced medical homes, after many years of substantial investment.

IAH can be viewed as a specialized patient-centered medical home 
(PCMH) without bricks and mortar. Taking a frail, sick older person out 
of bed and forcing them to travel to the physician’s office, often requiring a 
family member to take time off work to make sure key issues are addressed, 
does not seem patient-centered. An office-based PCMH strategy of using 
telemedicine and delegating direct care to professionals with less training, in 
lieu of physician care, would create a lower standard of care for some of the 
sickest persons in society. Finally, the PCMH financial model is inadequate 
to cover the extra care costs of this population.

Specialty physicians likewise will have more than enough Medicare 
business and would not miss seeing the IAH population subset who require 
more time and bring more risk-benefit issues and more complex decisions 
to procedural care. Specialists face the same risk as hospitals—of working 
harder for lower rates unless ways can be found to target resources and 
lower overall Medicare costs. 

The accountable care organization (ACO) model is designed to com-
pensate large health systems for care of a population that includes frail, 
complex cases. An IAH program would help an accountable care organiza-
tion deliver care and control costs, just as it would for a Medicaid Advan-
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tage plan that serves large numbers of high-cost elders or a special needs 
program. An IAH program matches the financial needs of accountable care 
organizations and special needs programs. The question remains whether 
most such large entities will ever develop home-based care models. Histori-
cally, most have not done so.

It is likely that varied approaches will emerge for managing patients 
with advanced chronic illness. Some will use more telemedicine, more smart 
technology, more specialized consultation by pharmacists, more fully devel-
oped interdisciplinary teams. Some will purchase additional social work, 
personal care, community care managers, and other support services.

PROFESSIONAL WORKFORCE DEVELOPMENT 
AND OTHER POSSIBLE BARRIERS

Critics of the home care model for advanced chronic illness care have 
focused on the lack of sufficient experienced medical providers (physicians, 
nurse practitioners, other advance practice nurses, physician assistants). 
Although rarely noticed, a few thousand medical providers nationally have 
focused their efforts on mobile medical care using Part B payments and 
contract roles. Care of 300 very sick older persons at home might require a 
team with two nurse practitioners, a physician, and a small staff. To reach 
4 million patients under these assumptions would require 13,000 physicians 
and 26,000 nurse practitioners supported by a team. Much of the team 
exists in home care, except for the medical component. The question is: 
How long would it take to grow such a workforce? 

Consider hospital medicine, in which a “hospitalist” employed by the 
hospital assumes the responsibilities of attending physician and case man-
ager for the duration of an in-patient’s stay. This rapidly growing field with 
30,000 workers arose in a decade from only 500 in 1997 due to a reliable 
payment source (the hospital) and a defined clinical role that is appealing 
to young physicians. Hospitalists work hard, with defined schedules and 
strong infrastructure supports. One can imagine medical home care teams 
emerging quickly given suitable incentives and supports, particularly within 
the established framework of home health agencies. Young physicians are 
inherently altruistic. Many would welcome the challenge and personal 
rewards of this work, for which care recipients and families are very grate-
ful. The IAH teams in turn will attract more talented nurses and other 
workers to the field.

After 10 years, a successful gain-sharing model might contend with 
insufficient numbers of persons in usual care against which to calculate 
savings as well as statistical regression to the mean, which would impact 
estimated cost savings. Recalibration and possibly even a revised payment 
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model would be needed. By then, the market and provider workforce would 
be ready for risk-based care for frail elders living in the community.

The biggest barriers to effective change in home care will come from 
lack of vision, entrenched systems, and interests that seek to maintain cur-
rent revenue streams, to their own detriment. Change must come, and early 
adopters will prosper. Horizontal and vertical integration must be expected, 
much as was predicted during the “failed” national experiment with for-
profit managed care, which has worked best for people who are not ill.

In order to meet the needs of the sickest individuals in the home, those 
delivering care need flexible and efficient designs while promoting high-
quality care and proper rewards and allowing patients to move between 
settings, as suggested in Figure 12-4.

Importantly, incentives are needed for members of an interdisciplinary 
home-based team to engage in the difficult aspects of this work for the 
members of Group F:

Office-Based Care

Chronic diseases
but functional:
regular office care

No disease:
episodic and
preventive care

Mobile Chronic Care Team

Acute, serious
illness develops

Guided or coached
postacute care & rehab

Intensive transitional
care team model

Evaluate comorbidity and risk

High risk Intermediate risk

Still homebound?

Transitional
Care Zone

Low risk

Better Better

FIGuRE 12-4 Movement of at-risk persons between care settings. 
SOURCE: Reprinted from Boling (2009). With permission from Elsevier.
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•	 Selecting appropriate persons for intensive team care; suitable can-
didates are much sicker than the average person seen by office 
physicians or home health. 

•	 Making and implementing complex medical decisions for ongoing 
care of individuals with multiple active problems, often several 
problems that are unstable or meta-stable, and for which treating 
one impacts several others.

•	 Timely, effective response to urgent situations in complex patients.
•	 Interacting with hospitals and specialty physicians in complicated 

cases.
•	 Care coordination involving multiple services and multiple sources 

of support.
•	 Addressing unrealistic expectations of the care recipient and the 

family for what health care can deliver and compassionately mak-
ing difficult decisions.

•	 Disentangling social from medical issues; a line must be drawn 
when people seek to use medical resources to address social needs 
that are sometimes limitless.

•	 Finding or creating community resources to solve complex 
problems.

The complex scenarios in which advanced medical home care providers, 
care recipients, and their families find themselves remind one of surgery, 
played out in slow motion over years. Care recipients depend heavily on a 
trustworthy physician-led interdisciplinary team who will see them through 
their entire course of care. Serious consequences attach to ill-advised deci-
sions. Care providers must know how to prepare, what to cut, what not 
to cut, and how to manage the recuperative period. It takes considerable 
knowledge, training, skill, and experience to do this well. And each case is 
a deeply personal human drama that leaves indelible lifelong memories in 
all who are involved.

In summary, home care has an extensive workforce at varying levels 
of skill and has developed a much enhanced range of technical capability 
that is needed by people of all ages. By having a broad vision that has its 
foundation in population needs and a willingness to restructure health 
care so that it is intentionally organized around the home and in the com-
munity and is thus truly patient-centered, people can achieve greater user 
satisfaction, better outcomes, and lower cost. Care and support should be 
targeted and proportionate to need. Robust quality measures have been 
developed that are appropriate to home care models and can be used to 
ensure value-based purchasing. Much can be learned from other nations 
that have invested in community-based care as society moves forward. A 
systems-based approach with prominent consideration of human factors 
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will be vital to the proposed and much-needed redesign of payment, regula-
tion, and care delivery in the home.

ABOuT THE AuTHOR

Peter A. Boling is professor of medicine at Virginia Commonwealth 
University, where he heads geriatrics and is interim chair of general inter-
nal medicine, which includes geriatrics, ambulatory care, hospitalists, 
and women’s health, medical education, and research. He has a long-
 standing interest in health policy and has published and spoken widely 
on home care.
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Appendix 

Workshop Agenda and Participants

Workshop on the Role of Human 
Factors in Home Health Care

THuRSDAY, OCTOBER 1, 2009

8:15 am Workshop Check-In

8:30 Welcome and Introductions
 •  Barbara Wanchisen, Director, Committee on Human-

Systems Integration 
 •  Da�id Wegman, Chair, Committee on the Role of Human 

Factors in Home Health Care 

8:45 Remarks on the Sponsor’s Objectives for the Workshop
 •  Kerm Henriksen, Human Factors Advisor for Patient Safety, 

Agency for Healthcare Research and Quality (AHRQ)
 •  Teresa Zayas-Caban, Senior Manager, Health Information 

Technology, AHRQ

 Workshop Plan and Procedures
 • Susan Van Hemel, Study Director, NRC

• Session 1: People Who Receive and Provide Home Health Care
Moderators*:  Sara Czaja and Judith Matthews, Committee Members

*Each presentation will be 35 min. long, followed by 10-15 min. Q&A 
period led by moderators.
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9:00 People Receiving Care and/or Managing Their Own Health
 •  Neil Charness, William G. Chase Professor of Psychology, 

Florida State University

9:50 Informal Caregivers: Family, Friends, Others
 •  Richard Schulz, Professor of Psychiatry and Director of the 

University Center for Social and Urban Research, University 
of Pittsburgh (co-author: Connie A. Tompkins)

10:40 Break

10:50  Formal Caregivers: Professionals, Paraprofessionals, Direct- 
Care Workers

 •  Carolyn Humphrey, Independent Consultant and 
  Paula Milone-Nuzzo, Pennsylvania State University

11:40 Session 1 Discussion
 •  Margaret Quinn, Professor, Department of Work 

Environment; Director, Sustainable Hospitals Program, 
University of Massachusetts–Lowell, discussant 

12:30 pm  Lunch 

• Session 2: Home Health Care Tasks and Tools
Moderators:   Daryle Gardner-Bonneau and Misha Pavel, Committee 

Members

1:30 Home Caregiving Tasks
 •  Colin Drury, Distinguished Professor Emeritus, State 

University of New York, Buffalo

2:20 Medical Devices and Equipment 
 • Molly Story, President, Human Spectrum Design

3:10 Break

3:20 Information Technology
 •  George Demiris, Associate Professor, Biobehavioral Nursing 

and Health Systems, University of Washington

4:10 Session 2 Discussion
 •  R. Paul Crawford, Director of Research, Product Research 

and Incubation, Digital Health Group at Intel, discussant



Copyright © National Academy of Sciences. All rights reserved.

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

APPENDIX �0�

5:00  Adjourn for the day

6:00  Working dinner 

FRIDAY, OCTOBER 2, 2009

8:15 am  Workshop Check-In

• Session �: The Environments of Home Health Care
Moderators:  Jon Pynoos, Laura Gitlin, and K. Eric DeJonge, Committee 

members

8:30 Physical Environment
 •  Jonathan Sanford, Director and Senior Research Scientist, 

Center for Assistive Technology and Environmental Access, 
Georgia Institute of Technology

9:20 Culture, Community, and Social Environments
 •  Ste�en Albert, Professor and Associate Chair for Research 

and Science, Department of Behavioral and Community 
Health Sciences, University of Pittsburgh

10:10 Break

10:20 Policy, Reimbursement, and Regulation Environments
 •  Peter Boling, Director of Long-Term Care and Geriatrics, 

Virginia Commonwealth University, Medical College of 
Virginia Hospital

11:10 Session 3 Discussion 
 •  Carol Raphael, Chief Executive Officer, Visiting Nurse 

Service of New York, discussant

12:00 pm General Discussion
Moderator: David Wegman

12:30 Closing Remarks  
 •  Da�id Wegman, Kerm Henriksen, and Teresa Zayas-Caban

12:45 Adjourn Workshop
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NOTE FOR PUBLIC MEETINGS: This meeting is being held to gather 
information to help the committee conduct its study. This committee will 
examine the information and material obtained during this, and other 
public meetings, in an effort to inform its work. Although opinions may 
be stated and lively discussion may ensue, no conclusions are being drawn 
at this time; no recommendations will be made. In fact, the committee will 
deliberate thoroughly before writing its draft report. Moreover, once the 
draft report is written, it must go through a rigorous review by experts who 
are anonymous to the committee, and the committee then must respond to 
this review with appropriate revisions that adequately satisfy the Academy’s 
Report Review Committee and the chair of the National Research Council 
before it is considered a National Research Council report. Therefore, 
observers who draw conclusions about the committee’s work based on 
today’s discussions will be doing so prematurely.

Furthermore, individual committee members often engage in discussion 
and questioning for the specific purpose of probing an issue and sharpen-
ing an argument. The comments of any given committee member may not 
necessarily reflect the position he or she may actually hold on the subject 
under discussion, to say nothing of that person’s future position as it may 
evolve in the course of the project. Any inferences about an individual’s 
position regarding findings or recommendations in the final report are 
therefore also premature.

PARTICIPANTS AND REGISTRANTS

Committee:
David H. Wegman, Chair, University of Massachusetts–Lowell
Sara Czaja, University of Miami Miller School of Medicine
Eric DeJonge, Washington Hospital Center, Washington, DC
Daryle Jean Gardner-Bonneau, Bonneau & Associates, Portage, Michigan
Michael Christopher Gibbons, Johns Hopkins University
Laura N. Gitlin, Thomas Jefferson University
Judith Tabolt Matthews, University of Pittsburgh School of Nursing
Misha Pavel, Oregon Health and Science University
P. Hunter Peckham, Case Western Reserve University
Jon Pynoos, University of Southern California
Robert M. Schumacher, User Centric, Inc., Oakbrook Terrace, Illinois
Mary Weick Brady, Food and Drug Administration, Rockville, Maryland
Jennifer L. Wolff, Johns Hopkins University

Speakers:
Steven Albert, University of Pittsburgh
Peter Boling, Virginia Commonwealth University Medical Center
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Neil Charness, Florida State University
R. Paul Crawford, Intel Corporation
George Demiris, Washington State University
Colin Drury, University of Buffalo
Carol Humphrey, C.H. Humphrey Associates
Paula Milone-Nuzzo, Penn State University
Margaret Quinn, University of Massachusetts–Lowell
Carol Raphael, Visiting Nurse Service of New York
Jonathan Sanford, Georgia Institute of Technology
Richard Schulz, University of Pittsburgh
Molly Follette Story, Human Spectrum Design

Project Sponsors:
Teresa Zayas Cabán, Agency for Healthcare Research and Quality
Kerm Henriksen, Agency for Healthcare Research and Quality 

Invited Guests:
Sheila Arbury, Occupational Safety and Health Administration
Sandy Berman, Center for Devices and Radiological Health
Meryl Bloomrosen, American Medical Informatics Association
Deborah Boehm-Davis, George Mason University
Jeff Brady, Agency for Healthcare Research and Quality
Randall Carson, Smith & Nephew
Trish Dawidczyk, Covidien
Thomas Edes, U.S. Department of Veterans Affairs
Elena Fazio, Federal Interagency Forum on Aging-Related Statistics
Dominic Furniss, University College, London
Robyn Gershon, Columbia University, Mailman School of Public Health
Erwin Gianchandani, National Science Foundation
Elise Handelman, Occupational Safety and Health Administration
Suzi Iacono, National Science Foundation
Kate King, Centers for Medicare & Medicaid Services
Jane Lipscomb, University of Maryland
Amber Mason-Dixon, U.S. Department of Veterans Affairs
Kelly Mingle, U.S. Department of Veterans Affairs
Wendy Nilsen, National Institutes of Health
Marcia Nusgart, Coalition of Wound Care 
Mary Parker, MKHP Associates, LLC
Pat Patterson, Agilis Consulting Group, LLC
Dena Puskin, Health Resources and Services Administration
Louis Quatrano, National Institutes of Health
Deborah Randall, Aging Services and Telehealth Consulting
Carol Regan, Paraprofessional Healthcare Institute



Copyright © National Academy of Sciences. All rights reserved.

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

�08 HUMAN FACTORS IN HOME HEALTH CARE

Carrie Rich, Perkins+Will/Georgetown University
Emily Rosenoff, U.S. Department of Health and Human Services, Office 

of the Assistant Secretary for Planning and Evaluation
Judith Sangl, Agency for Healthcare Research and Quality
Mitali Sen, U.S. Census Bureau
Abha Shrestha, Agency for Healthcare Research and Quality/Contractor 

National Opinion Research Center
Rosie Sood, National Institute on Aging
Michelle Washko, U.S. Administration on Aging
Sandy Weininger, U.S. Food and Drug Administration, Center for Devices 

and Radiological Health
Bernadette Wright, The Lewin Group

National Research Council Staff:
Barbara Wanchisen, Director, BBCSS and Interim Director, COHSI
Mary Ellen O’Connell, Associate Director, BBCSS
Susan Van Hemel, Study Director, BBCSS
Renée L. Wilson Gaines, Senior Program Assistant, BBCSS
Michael J. Feuer, Executive Director, DBASSE
Patricia Morison, Associate Executive Director, DBASSE
Miron Straf, Deputy Executive Director, DBASSE
June Heidemann, Program Assistant, BBCSS
Steve Olson, Workshop Rapporteur
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