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Preface

In my career as an academician, political appointee (Assistant Secre-
tary for Health, 1981–1984), and health policy maker, I have rarely, if ever,
been involved in an activity of such magnitude as the one that resulted in
this report. The range of issues was broad, deep, and complex, spanning
from subcellular biochemistry and genetics to human behavior, health,
and public policy. Moreover, the recommendations that emanated from
our assessment of the research (and the programs that support it) have
the potential to directly affect the health, productivity, and quality of life
of millions of Americans.

The assessment of rehabilitation science and engineering that was
conducted by the committee required different methods of data collection
and analysis. Partly as a consequence of the breadth, depth, and complex-
ity of our task, but also out of a desire to be as comprehensive as possible,
the committee cast a broad net for the collection of information. Data on
current federal research projects were important, of course, but so were
informed opinions regarding needs, priorities, and the relative effective-
ness of federal research programs. Thus, the committee polled consumers
through various means, held focus groups with professional associations,
interviewed federal agency officials (past and present), and reviewed cur-
rent federal research activities. Collecting, organizing, and processing this
information was a formidable task in itself, and the Institute of Medicine
staff is to be commended for their efforts in supporting the committee’s
work in this regard. The committee is also indebted to numerous other
individuals and organizations who generously provided us with infor-
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vi PREFACE

mation and assistance during our deliberations. Appendix A of this re-
port contains the names of those who wrote background papers, partici-
pated in our meetings, made presentations, or otherwise assisted us in
our work. Special recognition for the fundamental roles that they played
in the initiation of this activity should be given to Senator Robert Dole, R.
Alexander Vachon, Philip Lee, Suzanne Stoiber, and Lynn Gerber.

As the committee began to draw conclusions, there was a general
sense of agreement on the shortcomings in the organization and adminis-
tration of federal research programs in disability and rehabilitation-re-
lated research. In summary, these were as follows: a need for improved
coordination, a need for more research, and a need for enhanced visibility
of rehabilitation-related research within the federal research programs.
Although I suspect that few will argue with the needs that are identified
and described in this report, I am sure that some will disagree with the
proposed solutions.

In developing these solutions, the committee’s calls for more research
and improved coordination were not made reflexively or out of mere self-
interest, but rather resulted from rather extensive debate and delibera-
tion. Coming to agreement on the recommendation for changes in the
organization and administration of the major programs was perhaps the
most difficult challenge. Developing a solution that would help ensure
both scientific rigor in research and responsiveness to consumers was the
priority, but political sensitivities could not be ignored. There was general
consensus that the federal government needed a strong coordinating
body, but the size, powers, and location of that body were all open to
debate. In this regard, as the largest and most visible of federal programs
supporting rehabilitation-related research, the National Institute on Dis-
ability and Rehabilitation Research (NIDRR) program received much at-
tention, and it is not without careful consideration that the committee
makes its recommendation to move the NIDRR program from the U.S.
Department of Education to the U.S. Department of Health and Human
Services. The committee considered and discussed many options in great
depth; disability and rehabilitation, after all, are education issues to many
people, but they are also labor issues and health issues. In the end it was
decided that placement at a higher administrative level within an agency
that could nurture its growth, help ensure its scientific development, and
facilitate its interaction with other related programs that proved to be the
winning argument.

In any event, it seems clear that although current efforts are generally
of high quality, they are nonetheless inadequate in the face of the needs of
the millions of Americans with potentially disabling conditions and the
annual costs that range in the neighborhood of $300 billion annually, to
say nothing of the emotional costs and the associated issues of quality of
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PREFACE vii

life. What is needed is an expanded and improved federal effort that will
enhance the visibility of disability and rehabilitation science, expand re-
search, and do both in a more coordinated fashion.

Finally, the committee feels strongly about the importance of enhanc-
ing the federal effort in rehabilitation science and engineering, and about
the recommendations that are made in this report for accomplishing this
objective. Implementing our recommendations for improving coordina-
tion, expanding research, and enhancing visibility will not only improve
the health and quality of life of millions of Americans, it is quite simply
the right thing to do. Such an enhanced effort will help ensure that the
best science is brought to bear on these issues in a well-coordinated and
efficient manner, with the ultimate result of Enabling America.

Edward N. Brandt, Jr., Chair
Committee on Assessing Rehabilitation
Science and Engineering
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1

Executive Summary

ABSTRACT

In response to a request from the U.S. Congress, the Institute of Medicine prepared a
report that (1) assesses the current knowledge base in rehabilitation science and engineer-
ing; (2) evaluates the utility of current rehabilitation models; (3) describes and recom-
mends mechanisms for the effective transfer and clinical translation of scientific findings
that will promote health and health care for people with disabling conditions; and (4)
critically evaluates the current federal programmatic efforts in rehabilitation science and
engineering.

The report describes general priorities for rehabilitation science and engineering as (1)
strengthening the science, (2) focusing on the enabling–disabling process, and (3) trans-
ferring technology. The report also describes a new model of the enabling–disabling pro-
cess, including clear reference to the importance of the environment in causing, prevent-
ing, and reducing disability.

Limited visibility, support, and coordination of existing federal research programs are
described as major issues of concern. Moreover, the large annual costs (approximately
$300 billion—more than 4 percent of the gross domestic product) associated with disabil-
ity and rehabilitation are in stark contrast to the relatively small amount of funding
($133 million) that supports the major federal programs of research in rehabilitation
science and engineering.

To address these concerns, the report recommends that the National Institute on Dis-
ability and Rehabilitation Research program be relocated from the U.S. Department of
Education to the U.S. Department of Health and Human Services, where it would more
effectively serve as the foundation of a new Agency on Disability and Rehabilitation
Research that would have enhanced authority for coordinating federal research programs.
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2 ENABLING AMERICA

The United States has long judged the success of its efforts to improve
the health of its citizens on the basis of mortality statistics. Gains in hu-
man longevity, however, have been accompanied by increases in the inci-
dence and prevalence of disabling conditions. At this point in the evolu-
tion of the nation’s health care system, emphasis has begun to shift from
the quantity of life to the quality of life. As a result, attention is now being
focused not only on the prevention and treatment of disease and injury
but also on rehabilitation and health promotion for people with disabling
conditions.

The population of people with disabilities is sizable in the United
States—49 million Americans or about one of every seven citizens has
some type of disabling condition. Approximately one third of these people
have a disabling condition so severe that they are unable to carry out the
major activities of their age group, such as attending school, working, or
providing self-care. About another third are restricted in their major ac-
tivities, and the remaining third are limited in other types of activities. In
1992, about one quarter of all disabling conditions stemmed from impair-
ments such as sensory impairments, paralysis, or mental retardation, and
the remaining three quarters were due to diseases or disorders such as
emphysema, heart disease, or arthritis.

The economic costs associated with disability are enormous. Ex-
pressed in 1994 terms, the medical care expenditures (direct costs) amount
to approximately $160 billion, and the indirect costs (lost productivity)
amount to approximately $155 billion, for a grand total of over $300 bil-
lion annually—more than 4 percent of the gross domestic product. Cost
savings, as well as clinical benefit, however, are clearly associated with
early, aggressive intervention, vigilant and knowledgeable monitoring of
chronic conditions, and appropriate use of assistive technology.

With a clear understanding of the importance of effective rehabilita-
tion and an appreciation of the advances in rehabilitation science, Senator
Dole (1995) stated the following in requesting an Institute of Medicine
(IOM) study of federal programs in rehabilitation research:

Advances in rehabilitation science are essential to realizing the Nation’s
commitment to equal opportunity, economic self-sufficiency, and full
participation of Americans with disabilities. There are important ques-
tions of the adequacy of Federal efforts in both meeting the needs of the
rapidly growing number of Americans with disabilities, and in realizing
the new opportunities of science and technology on behalf of people
with disabilities. The committee believes an independent assessment of
the current Federal efforts in rehabilitation science and engineering is
warranted and requests that the Secretary [of Health and Human Servic-
es] make appropriate arrangements with the Institute of Medicine . . . to
undertake such a review.
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EXECUTIVE SUMMARY 3

In response to this request, the Institute of Medicine assembled this com-
mittee to address the following questions:

• What is the current content, quality, and adequacy of the knowl-
edge base in rehabilitation science and engineering?

• How useful are current disability models, and do they reflect the
interdisciplinary and multidisciplinary nature of rehabilitation and the
importance of environmental factors in mediating disability?

• What is the best way to effectively translate scientific findings into
clinical benefits for people with disabilities and disabling conditions?

• How productive, relevant, and well-coordinated are current fed-
eral research efforts in rehabilitation science and engineering?

Following a brief description of concepts and definitions, the remain-
der of this summary presents an overview of the committee’s responses to
these questions and a summary of the committee’s conclusions and rec-
ommendations.

CONCEPTS, DEFINITIONS, AND MODELS

Rehabilitation is the process by which physical, sensory, or mental
capacities are restored or developed. This is achieved not only through
functional change in the person, such as strengthening injured limbs, but
also through changes in the physical and social environments, such as
making buildings accessible to wheelchairs. Rehabilitation strives to re-
verse what has been called the disabling process, and may therefore be
called the enabling process.

An overview of the enabling and disabling processes, and how dis-
abling conditions affect a person’s access to the environment is shown in
Figure 1. Access to the environment, depicted as a square, represents both
physical space and social structures (family, community, society). The
person’s degree of physical access to and social integration into the gener-
alized environment is shown as degree of overlap of the symbolic person
and the environmental square. A person who does not manifest disability
(Figure 1a) is fully integrated into society and has full access to both: (1)
social opportunities (e.g., employment, education, parenthood, leader-
ship roles) and (2) physical space (e.g., housing, workplaces, transporta-
tion). A person with disabling conditions has increased needs (shown as
the increased size of the individual) and is dislocated from their prior
integration into the environment (Figure 1b).

The enabling (or rehabilitative) process attempts to rectify this dis-
placement, either by restoring function in the individual (Figure 1c) or by
expanding access to the environment (Figure 1d) (e.g., building ramps).
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EXECUTIVE SUMMARY 5

This does not mean to imply that functional restoration and environmen-
tal modification (sometimes characterized as cure and care) are mutually
exclusive. Indeed, the most effective rehabilitation programs include both.
This overview model separates the two only to illustrate that disability is
the interaction between the disabling conditions of an individual and the
environment, and therefore strategies that affect either the environment
or the disabling conditions can affect disability.

Rehabilitation science and engineering, as defined in this report, is the
field of study that encompasses basic and applied aspects of the health
sciences, social sciences, and engineering related to restoring functional
capacity in a person and improving their interactions with the surround-
ing environment. This term reflects the synergistic importance of both
science and engineering in advancing rehabilitation efforts and address-
ing the needs of people with disabling conditions. What is unique about
rehabilitation science and engineering is the melding of knowledge from
several disciplines to understand the fundamental nature of the enabling–
disabling processes, that is, how disabling conditions develop, progress,
and reverse, and how biological, behavioral, and environmental factors
can affect these transitions.

Disability Models

As originally described by Saad Nagi in the 1950s and refined most
recently in the 1991 IOM report Disability in America, the disabling process
has four major components: pathology, impairment, functional limita-
tion, and disability (see Table 1). Pathology refers to molecular, cellular, or
tissue changes caused by disease, infection, trauma, congenital condi-
tions, or other factors. An example is the death of spinal cord neurons
following injury. Impairment occurs at the organ or organ systems level
and results in an individual’s loss of a mental, physiological, or biochemi-
cal function, or abnormalities in these functions. Functional limitation is an
inability or hampered ability to perform a specific task, such as climb a
flight of stairs.

A disability is defined as a limitation in performing certain roles and
tasks that society expects of an individual. It is the expression of the gap
between a person’s capabilities and the demands of the environment—
the interaction of a person’s limitations with social and physical environ-
mental factors. Many disabling conditions are thus preventable or revers-
ible with proper and adequate rehabilitation, including environmental
modification. A secondary condition is any additional physical or mental
health condition that occurs as a result of having a primary disabling
condition. Secondary conditions quite often increase the severity of an
individual’s disability and are also highly preventable.
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6 ENABLING AMERICA

With this in mind, the committee enhanced the 1991 IOM model
to show more clearly how biological, environmental (physical and
social), and lifestyle/behavioral factors are involved in reversing the
disabling process, i.e., rehabilitation, or the enabling process. The en-
hancements include bidirectional arrows between the various states
of the enabling–disabling process to indicate that the disabling pro-
cess (described in the 1991 IOM model) can be reversed with proper
interventions (i.e., the enabling process; see Figure 2). The model also

TABLE 1  Concepts of Pathology, Impairment, Functional Limitation,
and Disability (IOM, 1991)

Functional
Pathology Impairment Limitation Disability

Inability or
limitation in
performing socially
defined activities
and roles expected
of individuals
within a social and
physical
environment

Society—
task performance
within the social
and cultural context

Change of job; can
no longer swim
recreationally

Definition

Interruption or
interference of
normal bodily
processes or
structures

Level of Reference

Cells and tissues

Example

Denervated
muscle in arm
due to trauma

Loss and/or
abnormality of
mental, emotional,
physiological, or
anatomical
structure or
function: includes
all losses or
abnormalities, not
just those
attributable to
active pathology;
also includes pain

Organs and organ
systems

Atrophy of muscle

Restriction or lack
of ability to
perform an action
or activity in the
manner or within
the range
considered normal
that results from
impairment

Organism—
action or activity
performance
(consistent with
the purpose or
function of the
organ or organ
system)

Cannot pull with
arm
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EXECUTIVE SUMMARY 7

Biology

Transitional Factors

The Enabling–Disabling Process

Lifestyle and
Behavior

No
Disabling
Condition

Pathology

Quality
of

Life

Impairment
Functional
Limitation

Environment
(Physical and

Social/
  Psychological)

FIGURE 2  Modified IOM model. The Disability in America model (Institute of
Medicine, 1991) is revised to include bidirectional arrows and a state of “no dis-
abling condition,” and to show transitional factors and quality of life interacting
as part of the enabling–disabling process. The state of “disability” does not ap-
pear in this model since it is not inherent in the individual but, rather, a function
of the interaction of the individual and the environment.
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8 ENABLING AMERICA

includes a new category—no disabling conditions—to indicate that
complete rehabilitation is feasible.

To help clarify the fact that disability is not inherent in the individual,
but rather is a product of the interaction of the individual with the envi-
ronment, disability does not appear in Figure 2. Figures 3 and 4 show
more accurately the committee’s interpretation of disability as a function
of the interaction of the person with the environment. More specifically,
the fact that the amount of disability that an individual experiences re-
sults in large part from the quality of the surrounding environment—for
example, whether appropriate and adequate care is accessible and
whether a social support network is in place. Thus, for any given limita-
tion in function, the amount of disability that one experiences will depend
on the quality of the social and physical environment.

REHABILITATION SCIENCE AND
ENGINEERING RESEARCH

As defined and described in this report, the major realms of knowl-
edge and research within rehabilitation science and engineering are pa-

The Enabling–Disabling
Process

Social 
Environment

Physical
Environment

The
“Person”

The
“Environment”

The
“Person–Environment 

Interaction”

The
“Environment”

FIGURE 3  The person–environment interaction. The enabling–disabling process
is depicted as being an active part of the individual person. The physical and
social environments are depicted as a three-dimensional mat, with social factors
on one side and physical factors on the other. The interaction of the person and
the “environmental mat” is depicted as a deflection in the mat.
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EXECUTIVE SUMMARY 9

thology, impairment, functional limitation, and disability. Rehabilitation-
related research in these areas are summarized below, followed by a sec-
tion on health services research.

Pathology and Impairment Research

Rehabilitation-related research in pathology and impairment focuses
on the altered function of molecules, cells, organs, and organ systems as it
relates to human functional limitations and disabilities, including mecha-
nisms for the recovery of, or compensation for, such altered function. A
number of sciences contribute to this research, including medicine, physi-
ology, cell biology, neuroscience, developmental biology, gerontology,

FIGURE 4  Disability as displacement of the environmental mat. The amount of
disability that a person experiences is a function of the interaction between the
person and the environment. The amount of displacement in the environmental
mat is a function of the strength of the physical and social environments that
support an individual and the magnitude of the potentially disabling condition.
The amount of displacement represents the amount of disability that is experi-
enced by the individual.

ENVIRONMENT

The Strength/resilience of
the flexible mat (environment)
is a function of social support, 
culture, physical barriers,
assistive technology, etc.

DISABILITY

Amount of disability
is proportional
to amount of 
displacement in the mat.

DISABILITY

THE "PERSON" (with potentially disabling conditions)

Disability is a function of the interaction between the 
person and the environment

Physical Environment
Social Environment

Social EnvironmentPhysical Environment
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10 ENABLING AMERICA

biochemistry, genetics, molecular biology, pharmacology, engineering
and physical sciences, social and behavioral sciences, and health sciences.
Genetics and molecular biology, for example, offer powerful investigative
techniques that can be used to provide an understanding of the causes
and nature of some inherited disabling diseases. This area of research also
holds promise for generating biological markers and animal models for
these diseases, as well as the means for replacing or restoring the func-
tions of defective or missing genes. Genetics research may also lead to the
development of the capacity for regrowth of cells, organs, or limbs.

One of the contributions of engineering to rehabilitation science and
engineering is within the realm of creating altered, supportive environ-
ments (external or internal) for people with disabling conditions. These
engineered environments limit or reverse the functional manifestations of
pathology and organ impairment by compensating for or replacing the
altered or lost function with engineered structures and devices. The ma-
jority of current rehabilitation engineering research is in the fields of ma-
terial sciences, biomedical engineering, and engineering technology de-
velopment. Research in the development of prosthetics and orthotics,
implantable lenses and pacemakers, and implantable drug delivery sys-
tems are some examples of engineered devices that reduce or eliminate
impairment and improve function.

Recent findings in neuroscience and medicine hold promise for help-
ing prevent and reverse neurological impairments, which are major causes
of disabling conditions. Many of the therapeutic advances in this area
have centered on preventive, regenerative, and restorative therapies for
spinal cord and brain injuries. For example, a number of drugs given
shortly after traumatic brain or spinal cord injury can significantly im-
prove neurological recovery. Other compounds have been shown in labo-
ratory and animal studies to foster the regeneration of severed spinal cord
tissue and restore lost motor functions. An understanding of the neuronal
control of skeletal muscle contractions should also prove to be useful to
researchers trying to artificially mimic that control with electrical devices
for individuals with paralysis. Pharmacological and physical therapies
for relaxation of skeletal muscles also are being developed and show
promise for relieving the prolonged and often painful muscle contrac-
tions associated with various disabling conditions. In addition, recent
studies with animals suggest that recovery of function of muscles atro-
phied as a result of a lack of use due to injury or illness is possible with
appropriate exercise.

Functional Limitation Research

Functional limitation is the expression of a potentially disabling con-
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EXECUTIVE SUMMARY 11

dition at the level of the whole organism, and functional limitation re-
search focuses on limiting or preventing disability by improving the ca-
pacity to perform specific activities.

Spinal dysfunction in general and back pain in particular, because
they limit the ability to lift and to be generally active, are leading causes of
functional limitation and potential disability. Among the research efforts
that hold promise in this area are those that seek to determine the most
mechanically efficient and least impairment-provoking means of lifting.
The engineering of orthotic support structures, for example, offers poten-
tial assistance in this area.

Another important area of functional limitations research focuses on
elimination in people who lack bladder and bowel control due to spinal
cord injury, stroke, multiple sclerosis, prostate cancer, or other causes.
New biomedical engineering approaches offer promising means of con-
trolling micturition and defecation through implanted stimulators with
external controls that can markedly reduce the limitations placed on indi-
viduals who sometimes find it difficult to work or travel because of conti-
nence problems.

Other common functional limitations include those associated with
hearing and vision loss. Although research has defined many of the pa-
thologies and impairments associated with many of these limitations,
important research remains in understanding how damage to the visual
pathways affects functional limitations. This may lead to the develop-
ment of visual training programs, behavioral strategies, and environmen-
tal adaptations that can contribute to the optimal functioning of individu-
als with such disabling conditions. Science and engineering has developed
low-vision aids, text-to-speech reading machines, advanced mobility and
guidance aids, and other assistive devices for those with vision loss.

Another important research area centers on improvements to hearing
aid devices and the rehabilitation strategies that put them to optimal use.
Research in this area focuses on several levels, including the cellular level
(e.g., improved electrodes for cochlear implants), signal processing level
(e.g., improved digital processing software for enhancing speech perception
with computer-based hearing aids), assessment level (e.g., physiologically
based techniques for detecting and quantifying hearing impairments in neo-
nates), and behavioral level (e.g., alternative communication skills).

Disability Research

Whether or not a particular physical condition is disabling to a par-
ticular individual depends on the natural and built environments, the
culture of a society or the subculture of a group, the political, economic, or
familial structures of a society, and the intrapersonal processes of an indi-
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12 ENABLING AMERICA

vidual. Providing the physical and social environmental adaptations and
supports that a person with a potentially disabling condition needs can
often ameliorate those conditions and facilitate full participation in soci-
ety. Universal design and universal engineering of environments and
equipment to meet the physical needs of a wide range of abilities clearly
has many advantages. Social and behavioral sciences provide an under-
standing of the social variables that affect disability. Designing rehabilita-
tion programs so that they maximize the consumer’s psychological con-
trol can be an important step in preventing disability and facilitating
rehabilitation.

Despite the growing recognition of the importance of the environ-
ment in determining the prevalence and severity of disability, the com-
mittee could find relatively little research that explicitly focused on the
effects of the environment in producing or reducing disability.

Health Services Research

Health services research, with respect to rehabilitation, focuses on
how best to organize, deliver, and finance interventions for people with
disabling conditions. In general, there has been little interaction between
the fields of health services research and rehabilitation science and engi-
neering. However, to the extent that health services research has included
disability and rehabilitation in its agenda, it has focused primarily on
issues regarding the care of children and elderly people; few studies have
focused on the needs of working-age adults. Yet the number of working-
age adults is growing faster than any other segment of the population of
people with disabling conditions.

The development of a more comprehensive health services research
agenda in rehabilitation science and engineering is particularly important
and timely because of the growing demand for rehabilitation services, the
changing expectations of both providers and consumers, and the contin-
ued interest in health care reform with an emphasis on cost-containment
and value. New approaches to the organization, financing, and delivery
of health services are being proposed. The potential impacts of these
changes on access, quality, and outcomes of services for people with dis-
abling conditions need to be evaluated.

The committee identified three areas in which more research is par-
ticularly important if the field is to better ensure that people with disabili-
ties have access to the best possible care at costs that are affordable to the
individual consumer and to society as a whole. The three areas are: (1)
evaluate the cost-effectiveness of specific interventions as well as new
and existing approaches to the organization and delivery of services; (2)
understand better the primary health-care and long-term support needs
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EXECUTIVE SUMMARY 13

of people with disabling conditions; and (3) evaluate the potential impact
of alternative models of managed care on access to and use of services,
quality of care, costs, and outcomes.

TECHNOLOGY TRANSFER

Technology transfer is the transmittal of developed ideas, products,
and techniques from a research environment to one of practical applica-
tion, and as such it is an important component of rehabilitation science
and engineering. Opportunities for initiating effective technology trans-
fer activities occur both at the beginning stages of a research project, and
at its end. The former involves bringing academic and industrial partici-
pants into a research program as partners who then have a stake in the
research and who are free to use or market the findings. The latter de-
pends on disseminating the findings of research to the greater industrial
or medical communities. Implementation usually consists of conferences,
publications, easily accessed databases, and other means of publicizing
the conclusions of research.

Many government agencies have programs that are designed to fa-
cilitate technology transfer. There is, however, no well-organized mecha-
nism for distributing research findings in rehabilitation science and engi-
neering to those providing services.

An important barrier to translating research into clinical practice is
simply the paucity of relevant research. In addition, little formal theory
exists in rehabilitation to guide researchers; practitioners’ clinical deci-
sion “knowledge” is often obtained from experience. Finally, the mecha-
nisms for effectively transferring the evidence that does exist to the prac-
ticing clinician and to the rehabilitation consumer are scarce.

REHABILITATION SCIENCE AND
ENGINEERING AS A FIELD OF STUDY

Rehabilitation science and engineering, defined in this report as
encompassing basic and applied aspects of the health sciences, social sci-
ences, and engineering as they relate to restoring human functional ca-
pacity and improving a person’s interactions with the surrounding envi-
ronment, is beginning to emerge as an organized, multidisciplinary field
of study. Three observations led to this conclusion. First, rehabilitation
science and engineering research is currently conducted within a variety
of health professional, basic science, and engineering disciplines. Second,
the multidisciplinary understanding of the enabling–disabling process
represents the overlap between the various and unique disciplines in
rehabilitation science, each with a distinct perspective on disability and
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14 ENABLING AMERICA

rehabilitation. This common area of knowledge is the essence of the field
of rehabilitation science and engineering. Finally, the research in the sepa-
rate health, basic science, and engineering disciplines, although comple-
mentary, is not comprehensive or rigorously focused; each has more to
give and more to learn from a well-developed confluence of knowledge.
The organization of rehabilitation science and engineering as a field of
study will help to stimulate innovations and coordinate the growth of
knowledge from rehabilitation research.

As a field of study, rehabilitation science and engineering will not
replace any existing discipline or necessitate the removal of content or
research from the existing disciplines. It will, however, create new oppor-
tunities to coalesce the knowledge that is necessary to improve research
and be more responsive to the needs of people with disabling conditions.
By its nature, the emerging field of rehabilitation science and engineering
is both scientific and academic, but not professional, and does not require
the creation of a new category of health care professional. Its scientific
strength comes from its use of rigorous, objective methods to determine
acceptable knowledge and operation within the context of contemporary
empiricism (i.e., using deductive reasoning, objectivity, and theoretical
models). Likewise, rehabilitation science and engineering is a field of
study whose primary aim is to elucidate and understand phenomena.
With academic and scientific structure, rehabilitation science and engi-
neering will provide a focus for multidisciplinary research and generate a
common knowledge base for individuals working in a rehabilitation team.

ORGANIZATION AND ADMINISTRATION

For the purpose of assessing the combined adequacy of federal efforts
in addressing the health needs of people with disabling conditions, the
committee reviewed the five major federal programs that focus on reha-
bilitation-related research and the overall organization and administra-
tion of these programs. Currently, the spectrum of federal programs that
support research in rehabilitation science and engineering is such that
each program has a unique, worthwhile, and complementary mission.
The Centers for Disease Control and Prevention (CDC) investigates pre-
vention and secondary conditions, the National Science Foundation and
the National Center for Medical Rehabilitation Research (NCMRR) re-
search basic engineering and medical rehabilitation, respectively, the Na-
tional Institute for Disability and Rehabilitation Research (NIDRR) fo-
cuses on disability and the whole person in the environment, and the U.S.
Department of Veterans Affairs is able to tailor its research agenda to the
needs of its constituents. This represents a broad spectrum of rehabilita-
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EXECUTIVE SUMMARY 15

tion research, with NIDRR representing 48 percent of the appropriated
funding (see Figure 5).

Further analysis of these programs—including the related efforts out-
side NCMRR at NIH—revealed certain trends in the overall federal re-
search effort in rehabilitation science and engineering (see Figures 6 and
7). Given the current constraints and limitations of funding, these find-
ings show a generally good balance of effort, but with most of the re-
search focusing on pathology and impairment, and a relatively smaller
proportion of research focusing on disability per se.

National Institute on Disability and Rehabilitation
Research (NIDRR) $69,625,000

U.S. Department of Veterans Affairs (VA) 32,398,000
National Center for Medical Rehabilitation

Research (NCMRR)  11,707,000
Centers for Disease Control and Prevention (CDC) 9,500,000
National Science Foundation (NSF) 6,582,000

Other includes: 13,100,000
Architectural and Transportation Barriers

Compliance Board  300,000
Office of Disability, Aging, and Long-Term Care Policy  5,000,000
Social Security Administration 5,000,000
U.S. Department of Housing and Urban

Development, Office of Policy Development
and Research  100,000

U.S. Department of Transportation 2,700,000

FIGURE 5  Traditional view of federal spending in rehabilitation-related research.

VA 23%

NIDRR
48%

NCMRR
8%

Other
9%

CDC 7%

NSF 5%
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16 ENABLING AMERICA

In assessing a constellation of programs of this size and complexity,
with the overall mission of addressing health needs of such magnitude, it
is not surprising to find some apparent problems. Foremost among these
are the need for improved coordination among the various and numerous
federal research programs and the need for additional research in reha-
bilitation science and engineering that will help to improve the health,
quality of life, and productivity of the millions of Americans with dis-
abling conditions.

 A series of options was considered for addressing the identified issues
and problems. Of prime interest was a strategy to improve what is presently
the largest program that focuses on disability and rehabilitation-related re-

Amount Number of Percent
Relevance Category Funded Projects Funding

Rehabilitation science $101,105,292 543 37
Rehabilitation engineering $44,129,995 293 16
Rehabilitation related (single state) $100,540,664 540 36
Not related $30,207,510 193 11
Totals $275,983,461 1,569 100

FIGURE 6  Percentage of overall research funding (not including center grants)
in four categories of relevance to rehabilitation research for the Fiscal Year 1995
program. Rehabilitation science: Projects that address movement among states in
the enabling–disabling process. Rehabilitation engineering: Projects that address
devices or technologies applicable to one of the rehabilitation states. Rehabilita-
tion related (single state): Projects that address one rehabilitation state exclusive-
ly. Not related: Projects that do not clearly address any rehabilitation state. For
additional information, see Appendix A in the full report.

Rehabilitation
Related (single state)

36%

Rehabilitation
Engineering

16%

Rehabilitation
Science

37%

Not Related
11%
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FIGURE 7  Number of abstracts within each category of relevancea that address
the specific states of the enabling–disabling processb for Fiscal Year 1995. NOTE:
Many abstracts address multiple states. For additional information, see Appen-
dix A in the full report.

aRehabilitation science: Projects that address movement among states in the
enabling–disabling process. Rehabilitation engineering: Projects that address de-
vices or technologies applicable to one of the rehabilitation states. Rehabilitation-
related (single state): Projects that address one rehabilitation state exclusively.
Not related: Projects that do not clearly address any rehabilitation state.

bNo disabling conditions: Research that addresses the state of function or use
of subjects with no disabling conditions to investigate mechanisms that are po-
tentially relevant to assessing and treating disabling conditions. Pathology: Re-
search that examines changes of molecules, cells, and tissues that may lead to
impairment, functional limitation, or disability, distinguished from pathology by
manifestation at organ or system level. Impairment: Research that analyzes chang-
es in particular organs, systems, or parts of the body. Impairment is distinguished
from functional limitation due to emphasis on organ and components instead of
whole body. Functional limitation: Research that examines functional changes
involving the entire subject, manifested by task performance. Disability: Research
that focuses on the interaction of the subject with and in the larger context of the
physical and social environment.
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18 ENABLING AMERICA

search: NIDRR. The committee’s recommendation for how to accomplish
this is one of the three overarching recommendations that follow.

CONCLUSIONS AND OVERARCHING
RECOMMENDATIONS

The committee concludes that, given the large potential for improv-
ing the health, productivity, and quality of life for 49 million Americans,
the field of rehabilitation science and engineering receives disproportion-
ately inadequate attention from the federal government. The large annual
cost estimates (approximately $300 billion—more than 4 percent of the
gross domestic product) for disability and rehabilitation are in stark con-
trast to the relatively small amount of funding that is directed toward
research in rehabilitation science and engineering. Current expenditures
amount to less than $7 in research per year for each person with a dis-
abling condition, whereas the costs of disability due to expenditures for
health care and lost productivity are more than 1,000 times greater (ap-
proximately $7,500 per capita). Most importantly, however, significant
savings in health care costs, lost wages, and reduced emotional costs
could be realized by enhancing research in rehabilitation science and en-
gineering and improving the health, productivity, and quality of life of
people with disabling conditions.

With this in mind, three fundamental needs emerged from the
committee’s assessment and deliberations. The first is a need to recognize
rehabilitation science and engineering as an academic and scientific field
of study, the continued development of which will result in significant
contributions to the science and ultimately to consumers. The second is a
need to focus on a set of priorities for research that will advance the field
of study and improve the health, productivity, and quality of life for
people with disabling conditions. Perhaps most importantly, the third
need is to enhance the federal effort in rehabilitation science and engi-
neering by expanding research, raising visibility, and improving coordi-
nation. Three overarching recommendations on how to address these
needs are described below.

Recognize the Field of Study

Rehabilitation science and engineering is the body of knowledge that
exists at the confluence of multiple disciplines, drawing from and contrib-
uting to each one. At this point in the evolution of the science, there is a
sufficient knowledge base and level of research to organize a rigorous
scientific structure for the field. Such organization would facilitate accel-
erations in multidisciplinary education, training, and research, all of
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EXECUTIVE SUMMARY 19

which would combine to advance the field of rehabilitation science and
engineering and more effectively address the needs of people with dis-
abling conditions. Thus, the committee’s first overarching recommenda-
tion is as follows:

Overarching Recommendation 1. Rehabilitation science and engineer-
ing should be more widely recognized and accepted as an academic and
scientific field of study. As such, the field should receive greater finan-
cial support, serve as the basis for developing new opportunities in
multidisciplinary research and education, and ultimately improve the
health and quality of life of people with disabling conditions. This new
field should be consistent with the model of the enabling–disabling
process that is defined and described in this report.

Emphasize Priorities

Many topics and areas require investigation, and identifying priori-
ties is not simple. The process cannot be based on prevalence alone or
simply on cost. Recommendations for specific rehabilitation science and
engineering research efforts are detailed in the individual chapters of this
report. In addition, Appendix A contains suggested research priorities
from various professional associations and other sources. Acknowledg-
ing the limited ability of any assembly of individuals to identify research
priorities with great acuity and detail, the committee chose instead to
describe general priorities that should be fundamentally important to any
research and to the advancement of rehabilitation science and engineer-
ing as a whole. Thus, the committee’s second overarching recommenda-
tion is as follows:

Overarching Recommendation 2. As the field of rehabilitation sci-
ence and engineering continues to evolve and gain recognition as an
academic and scientific field of study, three general priorities will
and should be of fundamental importance to its growth and to the
ultimate improvement of health, productivity, and quality of life for
people with disabling conditions: strengthen the science, focus on the
enabling–disabling process, and transfer the technology. (See Box 1.)

Enhance the Federal Effort

In general, weaknesses in the current spectrum of federal programs in
disability and rehabilitation-related research are not due to inappropriate
priorities or other problems within the programs themselves, but rather
to a general insufficiency in the magnitude of the overall program of
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research, its limited visibility, and a lack of effective coordination of the
overall constellation of programs. Thus, the constellation of federal re-
search programs in rehabilitation science and engineering needs to be
reorganized and administered in a fashion that will improve interagency
coordination, enhance visibility, and expand research for the purposes of
improving the health, independence, productivity, and quality of life for
people with disabling conditions.

As the largest federal program with a focus on disability and rehabili-
tation-related research, NIDRR’s program was of major interest to the
committee. The NIDRR mission and its constituency of people with dis-
abling conditions are fundamentally important to the research agenda of
rehabilitation science and engineering espoused by this committee. The
committee concluded, however, that despite vigorous pursuit of its mis-
sion, NIDRR has been restricted in its ability to fully execute its mission
primarily by virtue of its administrative position within the U.S. Depart-
ment of Education and the Interagency Committee on Disability
Research’s lack of real authority. An important example of the former is
the need for improved peer review processes that are unobtainable in the
present administrative location.

For the purpose of improving the overall federal effort and address-
ing the priorities described in Overarching Recommendation 2 above, the
committee makes the following overarching recommendation.

Overarching Recommendation 3. The committee recommends that the
NIDRR program of activities and its annual appropriation of approxi-

BOX 1
General Priorities for Rehabilitation Science and Engineering

As the field of rehabilitation science and engineering continues to evolve and
gain recognition as an academic and scientific field of study, there are three gen-
eral priorities that will and should be of fundamental importance to its growth and to
the ultimate improvement of health, productivity, and quality of life for people with
disabling conditions.

1. Strengthen the science. Develop and validate accurate tools for measuring
and predicting functional limitations, disability, and outcomes.

2. Focus on the enabling–disabling process. Investigate critical factors in
the physical, social, and psychological environments that can affect transitions in
the enabling–disabling process over the lifecourse.

3. Transfer the technology. Develop and implement effective linkages be-
tween research and practice that will involve consumers, assure quality, and en-
hance service delivery.
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mately $70 million be moved from the U.S. Department of Education to
the U.S. Department of Health and Human Services and that it serve as
the foundation for the creation of a new Agency on Disability and
Rehabilitation Research (ADRR). ADRR would assume the tasks that
were formerly assigned to the Interagency Committee on Disability
Research and be given enhanced authority through review of disability
and rehabilitation-related research plans and control of funding for
interagency collaboration. To further support and enhance the overall
federal effort, all major programs in disability and rehabilitation-re-
lated research should be elevated within their respective agencies or
departments. (Recommendation 10.1)

There are several advantages and benefits to be gained from moving
NIDRR to DHHS. First of all, the move would be an opportunity to re-
view the program’s mission and personnel, and make appropriate
changes to the program’s structure. Secondly, it would move NIDRR
closer administratively to NIH and CDC, which should facilitate coordi-
nation among the agencies. Finally, it would allow improvements in the
peer review process, including larger, more permanent peer review pan-
els that could be formed to allow for the review of a more heterogeneous
mix of applications, and broader representation (including people with
disabling conditions) on the review panels. In addition, moving NIDRR
from the U.S. Department of Education to the U.S. Department of Health
and Human Services would provide the program with a more nurturing
and supportive environment, raise the visibility of disability and rehabili-
tation as an important health issue, and perhaps most importantly, allow
it to serve more effectively as the core of an interagency coordinating
body for disability and rehabilitation-related research.

One of the most important activities of ADRR would be the coordina-
tion of federal research on rehabilitation science and engineering. To help
achieve this objective, ADRR would annually review plans for research in
the following year submitted by all relevant agencies and would also
have the ability both to fund interagency research and to enhance funding
in areas of identified need. To help ensure participation in the coordinat-
ing activities, ADRR could be supported in part by a set-aside fund from
the major agencies and by direct appropriation.

In keeping with the committee’s task of making recommendations
within differing levels of fiscal expenditure, Table 2 presents guidance on
how funds could be distributed in a configuration of programs consistent
with this committee’s recommendations. The table shows the present
funding levels and two options for expanded programs of research at a
cost of $100 million and $200 millon.
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1

Introduction
Advances in rehabilitation science are essential to realizing the Nation’s com-
mitment to equal opportunity, economic self-sufficiency, and full participation
of Americans with disabilities. There are important questions of the adequacy of
Federal efforts in both meeting the needs of the rapidly growing number of
Americans with disabilities, and in realizing the new opportunities of science
and technology on behalf of people with disabilities.

—Senator Robert Dole, 1995

 The United States has long judged the success of its efforts to im-
prove the health of its citizens on the basis of mortality statistics. How-
ever, gains in human longevity have been accompanied by increases in
the incidence and prevalence of chronic impairments, functional limita-
tions, and disabilities. At this point in the evolution of the nation’s health
care system, emphasis has begun to shift from the quantity of life to the
quality of life. As a result, attention is now being focused not only on the
prevention and treatment of disease and injury but also on rehabilitation.

REHABILITATION: CONCEPTS AND DEFINITIONS

At its simplest, rehabilitation is the process of recovery from an
injury. At its most complex, it is the lifelong process of obtaining
“optimal function despite residual disability” (DeLisa et al., 1993, p.
3). The range between these two extremes encompasses a wide variety
of disabilities, specialties, and potential interventions. Regardless of
the specific setting or circumstances, however, rehabilitation is the pro-
cess by which physical, sensory, and mental capacities are restored or
developed in (and for) people with disabling conditions—reversing
what has been called the disabling process, and may therefore be
called the enabling process. This is achieved not only through func-
tional changes in the person (e.g., development of compensatory mus-
cular strength, use of prosthetic limbs, and treatment of posttraumatic
behavioral disturbances) but also through changes in the physical and
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INTRODUCTION 25

social environments that surround them (e.g., reductions in architec-
tural and attitudinal barriers).

Three other terms and concepts require definition at the outset. Reha-
bilitation science, as defined in this report for the first time, is the study of
movement among states1 in the enabling–disabling process. This involves
the fundamental, basic, and applied aspects of the health sciences, social
sciences, and engineering as they relate to (1) the restoration of functional
capacity in a person and (2) the interaction of that person with the sur-
rounding environment. Engineering is the application of science and math-
ematics by which the properties of matter and the sources of energy in
nature are made useful to people in machines, products, systems, and
processes. (Rehabilitation engineering is a field of engineering that is of
fundamental importance to both the restoration of function and the inter-
action of people with the environment.) Because of the importance of both
science and engineering in advancing rehabilitation efforts and address-
ing the needs of people with disabling conditions, the committee uses the
term rehabilitation science and engineering throughout this report to empha-
size the importance of both and their synergistic contributions in the pro-
cess of achieving optimal function.

As originally described by Saad Nagi in the 1950s and refined most
recently in the 1991 Institute of Medicine (IOM) report Disability in
America, the disabling process has four major components: pathology,
impairment, functional limitation, and disability (see Table 1-1). Pathology
refers to molecular, cellular, or tissue changes caused by disease, infec-
tion, trauma, congenital conditions, or other factors. An example is the
death of spinal cord neurons following injury. Impairment occurs at the
organ or organ systems level and results in an individual’s loss of a men-
tal, physiological, or biochemical function, or abnormalities in these func-
tions. Functional limitation is an inability or hampered ability to perform a
specific task, such as climb a flight of stairs.

A disability is defined as a limitation in performing certain roles and
tasks that society expects an individual to perform. Disability is the ex-
pression of the gap between a person’s capabilities and the demands of
the environment—the interaction of a person’s limitations with social and
physical environmental factors. Many disabling conditions are thus pre-
ventable or reversible with proper and adequate rehabilitation, including
environmental modification. A secondary condition is any additional physi-
cal or mental health condition that occurs as a result of having a primary
disabling condition. Secondary conditions quite often increase the sever-
ity of an individual’s disability and are also highly preventable.

1The states in the enabling–disabling process (pathology, impairment, functional limita-
tion, and disability) are defined below.
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Importance of Team Approach

Effective rehabilitation addresses an individual’s physical, psychologi-
cal, and environmental needs in an organized and personalized manner and
is not limited in the case of chronic conditions to some finite period of time
following the initiation of a disabling condition. It is only appropriate, then,
that an effective rehabilitation program would incorporate the views and
skills of many specialists and experts working together for a common goal.
Indeed, fundamental to the character and success of rehabilitation is the

TABLE 1-1 Concepts of Pathology, Impairment, Functional Limitation,
and Disability (IOM, 1991)

Functional
Pathology Impairment Limitation Disability

Inability or
limitation in
performing socially
defined activities
and roles expected
of individuals
within a social and
physical
environment

Society—
task performance
within the social
and cultural context

Change of job; can
no longer swim
recreationally

Definition

Interruption or
interference of
normal bodily
processes or
structures

Level of Reference

Cells and tissues

Example

Denervated
muscle in arm
due to trauma

Loss and/or
abnormality of
mental, emotional,
physiological, or
anatomical
structure or
function: includes
all losses or
abnormalities, not
just those
attributable to
active pathology;
also includes pain

Organs and organ
systems

Atrophy of muscle

Restriction or lack
of ability to
perform an action
or activity in the
manner or within
the range
considered normal
that results from
impairment

Organism—
action or activity
performance
(consistent with
the purpose or
function of the
organ or organ
system)

Cannot pull with
arm
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INTRODUCTION 27

rehabilitation team, which often includes nurses, engineers, physicians, oc-
cupational therapists, physical therapists, physiatrists, speech-language pa-
thologists and audiologists, psychologists, orthotists and prosthetists, and
vocational counselors, among others.

The rehabilitative process reflects not only the intricacies of the hu-
man but also the complex nature of disability. Rehabilitation includes
both basic and applied science; it integrates human behavior and biology,
medicine, health sciences and engineering; and it subsumes many disci-
plines in the coordination of treatment for each person. Likewise, the
disabling condition rarely involves a single physiological system or falls
entirely in the realm of biology. The treatment must therefore similarly
affect the many facets of recovery, influencing the disabling condition, the
person, and the surrounding environment. Thus, the full course of reha-
bilitation ideally involves a team that is simultaneously multidisciplinary,
interdisciplinary, and transdisciplinary. Traditionally, these traits have
defined exclusive models for team interaction. In multidisciplinary teams,
for example, members work essentially singly and each participant acts as
an individual consultant, evaluating the individual and providing the
discipline-specific treatment recommendations. Interdisciplinary teams
feature free communication between the team members to provide inte-
grated care oriented toward the individual, and transdisciplinary teams
encourage members to cross over into the traditional treatment areas of
other disciplines. A fully integrated model combines each concept, draw-
ing on many specific fields of knowledge as a single unit and synergisti-
cally producing an outcome that holistically addresses the person and the
disability.

The team approach is important not only in practice but also in reha-
bilitation research, where much of the focus is turning to disability as the
result of the interaction between the characteristics of an individual with
disabling conditions and the characteristics of that person’s environment.
Rehabilitation programs and research are beginning to emphasize the
role of the environment in determining disability. As the understanding
of disability changes, the rehabilitation strategies have also begun to shift
toward environmental interventions. Although this concept of disability
is still developing, the team approach to rehabilitation has been a part of
the science since its origins.

ORIGINS OF SCIENCE AND
ENGINEERING IN REHABILITATION

Origins are almost always difficult to pinpoint. They depend on where
one looks, and people looking for them often look within their own areas
of expertise and within their own country of origin. French and English
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28 ENABLING AMERICA

people may view the origin of photography differently. Similarly, French
and American people may argue about the origins of cinematography.
These arguments over origins appear frequently because discoveries and
developments often happened in parallel in different countries, but be-
fore recent advances in travel and communications, the coincidence of
these events was not known.

The Beginnings

Egyptian stelae and Roman mosaics have shown that technology has
been used in rehabilitation since antiquity, especially by people who had
undergone amputations and people who had had polio. Paintings by
Brueghel the Elder show the use of a number of simple technologies in the
16th century by people with disabling conditions.

Wars and conflicts have been primary stimuli for technological inno-
vations in the rehabilitation of people with disabling injuries. The armor
makers of the medieval era were skilled at making functionally effective
artificial hands and leg prostheses of metal and were probably early fore-
runners of today’s prosthetists and orthotists. In Goethe’s play The Iron
Hand, the noble German knight Götz von Berlichingen remarks that his
iron hand had served him better in the fight than ever did the original of
flesh.

The Napoleonic wars fostered some technical innovations in rehabili-
tation, and the enormous number of amputations resulting from the U.S.
Civil War more or less created the prosthetics industry in the United
States. It was at that time that President Abraham Lincoln established the
Veterans Administration (VA; now the U.S. Department of Veterans Af-
fairs). At the same time, the federal government recognized the value of
science to the nation, and in 1863, the National Academy of Sciences was
established to be an independent, nonprofit adviser to the federal govern-
ment. However, it was World War I that set the stage for the modern
rehabilitation movement. Of particular note were the advances made in
Germany during and following that war.

Ferdinand Sauerbruch was one of the first surgeons to recommend
multidisciplinary scientific and engineering endeavors in rehabilitation.
In Zurich, in 1915, he worked together with Aurel Stodola, a professor of
mechanics at the Polytechnical Institute of Zurich, to produce a hand
prosthesis that was controlled and powered through muscle cineplasty.
Sauerbruch relied heavily on muscle physiologists and anatomists to as-
sist him with decisions about how to successfully bring muscle forces
outside the body using the surgical procedure of tunnel cineplasty, a
technique that he advanced at an army hospital in Germany. Sauerbruch
attributed his successful implementation of this technique to the
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multidisciplinary approach. Speaking of this development, he said:
“Henceforth, surgeon, physiologist, and technician will have to work to-
gether” (Sauerbruch, 1916).

Subsequently, at the Charity Hospital in Berlin, Sauerbruch worked
together with Konrad Biesalski of the Oscar Helene Heim Hospital to
devise better hand replacement techniques. Biesalski developed muscle
exercise and stretching equipment, which may have been some of the first
physical therapy equipment, for use in training and strengthening an
amputee’s muscles during the period following Sauerbruch’s tunnel cine-
plasty surgical procedures. Max Biedermann, a well-known German pros-
thetist, worked with them on designing and fitting arm and hand pros-
theses. This group worked together after World War I and was likely one
of the first rehabilitation teams to work cooperatively on limb replace-
ment. Sauerbruch considered the team approach key to his successes,
which were considerable, not only with limb prostheses and rehabilita-
tion but also open-chest surgery, which he pioneered. In addition to pro-
viding therapeutic devices, Biesalski reportedly developed the first statis-
tics on people with disabling conditions in Germany. Consequently,
Sauerbruch and Biesalski are among the earliest medical pioneers of reha-
bilitation science and engineering.

In the United States, World War I also created a large demand for
rehabilitation services as veterans with disabilities needed to be reinte-
grated into society and the workforce. As a result, U.S. surgeons studied
surgical and prosthetic rehabilitation methods in Europe, which influ-
enced U.S. amputation surgery practices and resulted in the greater pro-
vision of artificial limbs. Henry Kessler, an important early figure in the
U.S. rehabilitation field, for example, was a proponent of Sauerbruch’s
methods of cineplasty.

The needs of the veterans with disabilities provided fertile ground on
which many different rehabilitation specialties could take root. During
this period, occupational and physical therapists contributed not only to
the rehabilitation of veterans with disabilities but also to the growing
science underlying rehabilitation. Devices designed to measure range of
motion and strength, for example, made scientific recording of specific
activities possible (Hopkins, 1988). Thus, it is noteworthy that the
archetypical attributes of rehabilitation science and engineering were
forming simultaneously with the individual disciplines and that early
rehabilitation, closely connected with surgery and physical technologies,
was characterized by the use of the interdisciplinary team.

The rehabilitation needs of veterans following World War I (and
the need for treatment of poliomyelitis) served to stimulate the devel-
opment of the field of rehabilitation as a whole. Addressing these
national needs laid the groundwork for the development of many of
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the specialties that serve people with disabilities today. The forerun-
ner of the American Orthotic and Prosthetic Association, for example,
was formed in 1920 and the American Congress of Physical Therapy
was founded the following year. This period in American history also
saw the American Speech-Language-Hearing Association founded in
1925, American Congress of Rehabilitation Medicine formed in 1933,
American Academy of Orthopaedic Surgery founded in 1935, and
American Academy of Physical Medicine and Rehabilitation estab-
lished in 1938. Box 1-1 shows a timeline for the establishment of many
of the rehabilitation professional associations.

Birth of Rehabilitation Science and
Engineering in the United States

Modalities such as heat, cold, light, water, massage, and exercise have
long been used in medicine, and their use, and like that of prostheses, can
be traced to antiquity. As technologies have changed new techniques and
apparatuses have been added, such as electrotherapeutics, hydrotherapy,
diathermy, topical application of substances, and continuous-range-of-
motion machines. Through the years these modalities have been applied
by different kinds of physicians, health professionals, and other people.
Besides the use of physical modality therapeutic treatments, physical
therapists train people to use prosthetics and orthotics to assist them with
ambulation. Physical therapy originated to some extent out of physical
education and gained considerable status during World War I. At that
time there were physical therapy physicians, and physical therapy techni-
cians. John Stanley Coulter, a physical therapy physician had consider-
able impact on the practice and professional development of the field of
physical therapy and on what was ultimately to become physiatry (the
name was formally recognized in 1946). The field of physical therapy
grew rapidly as a result of World War I and as a result of polio treatment
centers. It reached maturity during World War II. Its development paral-
leled the development of occupational therapy, prosthetics and orthotics,
and the field of physical medicine and rehabilitation.

Polio had a dramatic impact on rehabilitation in the United States,
and engineering was involved with polio in an interesting way. A physi-
cal therapist, Alice Lou Plastridge, who had given President Franklin
Delano Roosevelt muscle reeducation treatment, had a practice in Chi-
cago. One of her clients who had had polio was Margaret Pope, the daugh-
ter of a wealthy Chicago hosiery manufacturer. Henry Pope was dissatis-
fied with the braces prescribed for his daughter and had an engineer with
his company design new braces for her using aircraft construction tech-
niques. These braces were made available to others through the Pope
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Foundation. Pope also had an engineer with his company, Carl Hubbard,
design the first “Hubbard tank” in 1928. A Hubbard tank is a keyhole-
shaped tank for full-body immersion, used for hydrotherapy (Eisenberg,
1995). Pope and Bernard Baruch, the son of a physician/hydrotherapist at
Columbia University, provided funds for Hubbard tanks to be installed
in the therapy facilities at Warm Springs, Georgia. Plastridge later became
director of physical therapy at Warm Springs and made important ad-
vances in physical therapy. Baruch would became an important supporter
of rehabilitation in New York City.

World War II accelerated demands in military hospitals for rehabili-
tation professionals. During this period the focus of physical medicine
began to broaden from the recovery of ambulation and low-energy activi-
ties in individuals with disabling conditions to the comprehensive resto-
ration of an individual’s physical, mental, emotional, vocational, and so-
cial capacities (Kottke and Knapp, 1988). Innovators such as Howard Rusk
serving in military hospitals made great strides in rehabilitation, estab-
lishing the effectiveness of active rehabilitative processes that addressed
the physical and emotional needs of the soldiers over the passive, non-
physical convalescence that had been standard. World War II further-
more made U.S. society as a whole become aware of efforts in rehabilita-
tion and the necessity for more advanced treatments.

BOX 1-1
Establishment of Rehabilitation-Related Professional Associations

1890 American Electrotherapeutic Association
1917 American Occupational Therapy Association
1921 American Physical Therapy Association (later, the American Physio-

therapy Association and then American Physical Therapy Association
again)

1925 American Speech-Language-Hearing Association
1933 American Congress of Rehabilitation Medicine
1935 American Academy of Orthopaedic Surgery
1938 American Academy of Physical Medicine and Rehabilitation
1947 American Board of Physical Medicine (accrediting board)
1954 Residency Review Committee for Physical Medicine and Rehabilitation
1967 Association of Academic Physiatrists
1969 International Rehabilitation Medicine Association
1970 American Academy of Orthotists and Prosthetics
1975 American Spinal Cord Injury Association
1976 Rehabilitation Nursing Foundation
1981 Rehabilitation and Engineering and Assistive Technology Society of

 North America
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The rise of the rehabilitation movement can be traced to efforts in
many areas, and orthopedic surgeons also played a significant role. Paul
B. Magnuson, a powerful Chicago orthopedic surgeon who once served
injured workers at the Chicago Stockyards hired John Stanley Coulter to
be the medical director of physical therapy at the Northwestern Univer-
sity Medical School. Besides starting the VA hospital system, Magnuson
also founded the Rehabilitation Institute of Chicago and believed de-
voutly in vocational rehabilitation.

Following World War II orthopedic surgeons influenced rehabilita-
tion programs all across the United States, being particularly known for
their work with children, human ambulation, amputation, and prosthet-
ics and orthotics. In physiatry, Frank Krusen was one of the earliest dis-
ciples of physical medicine and he along with Henry Kessler, Howard
Rusk, and George Deaver are regarded by many as pioneers of physical
medicine and rehabilitation. Rusk served in the Army Air Corps as direc-
tor of reconditioning and recreation. From his experiences with injured
airmen, he established many of the principles of rehabilitation that were
later incorporated into the programs of the Institute of Rehabilitation at
New York University, an institution that had a large impact nationally
and internationally on the field of rehabilitation. Rusk and Deaver, as
with Sauerbruch and Biesalski before them, advocated the team approach,
which has become an essential element of good rehabilitation.

This work in New York and all around the country was facilitated by
private citizens like Bernard Baruch and Mary Lasker. In Washington,
D.C., it was supported by the VA, by the Vocational Rehabilitation Act of
1954, which permitted research and training funding for rehabilitation
through the U.S. Department of Health, Education, and Welfare (DHEW),
and by the Children’s Bureau of DHEW. Washington, D.C., administra-
tors like Mary Switzer and James Garrett of DHEW, Robert Stewart of the
VA Prosthetics and Sensory Aids Service, and General S. S. Strong, Jr. of
the National Academy of Sciences/National Research Council, Commit-
tee on Prosthetics Research and Development are just a few of the many
people who played instrumental roles in launching rehabilitation in the
United States.

Research in rehabilitation science and engineering mushroomed after
the war—stimulated partially by veteran amputees who were languish-
ing in hospitals and who were disappointed by the state of limb prosthet-
ics in 1945. Federal grants that funded those studies were the first such
grants issued to advance science and engineering in rehabilitation. As a
consequence of their lobbying, U.S. Army Surgeon General Norman Kirk
called for a meeting to select which prostheses would be best for World
War II veterans. That meeting, held in Chicago in January 1945, produced
recommendations for scientific and engineering studies of limb prosthe-
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ses. The federal grants that funded those studies were the first such grants
issued to advance science and engineering in rehabilitation.

The early studies were dramatically successful, and the period from
1945 to 1975 was one of the most productive periods in U.S. prosthetics
research. In 1945, Americans again looked to Europe for prosthetics ideas,
but this time these ideas were combined with an active research and
development program, coordinated by the Committee on Prosthetics Re-
search and Development (CPRD) of the National Research Council. Since
then, research and development efforts in the United States, particularly
work sponsored by VA but also Army and Navy research laboratories
and by the National Institute of Disability and Rehabilitation Research
(NIDRR), have made the United States a world leader in the field of
prosthetics and rehabilitation in general.

Among the noteworthy events and achievements during this devel-
opmental phase of rehabilitation science and engineering is the 1954 pub-
lication of the classic book Human Limbs and Their Substitutes, edited by
Paul E. Klopsteg, an engineer/scientist, and Philip E. Wilson, an
orthopedicist/rehabilitationist and published under the sponsorship of
the National Research Council (Klopsteg and Wilson, 1954). The book is a
milestone of the early results of federally funded research and develop-
ment in limb prosthetics. It illustrates the union of engineering and sci-
ence with medicine and rehabilitation. In the foreword to that book, Detlev
W. Bronk, President of the National Academy of Sciences, said, in part:

Science and technology have enabled man to increase the natural pow-
ers of his body. . . . This notable and significant book reveals how scien-
tists have extended that function by augmenting the powers of those
whose bodies have been crippled [sic] by injury or disease. . . . The great
accomplishments set forth in [this book] are in large part due to cooper-
ation of physicists and surgeons, of engineers and mathematicians. . . .
The designers of the devices and methods for rehabilitation here de-
scribed have made a lasting contribution of great benefit to mankind.
They have done more. They have given amputees courage and have
healed the psychological trauma, which is no less grievous than the bodi-
ly loss itself. I like to think that this furtherance of spiritual well-being is
the greatest contribution . . . [and] deserves special comment at a time
when human values could be obscured by too great emphasis on mate-
rial objectives (p. vi of Foreword).

The initial research work described in that book, conducted largely
through the military and VA, was so successful that it was soon copied by
civilian agencies and may be viewed as the beginning of most federal
support involving science, engineering, and technology in disability and
rehabilitation-related research. NIDRR’s predecessor agencies noted the
success of the prosthetics program and began funding similar research for
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civilian amputees. After all, the United States had more amputees result-
ing from war industry injuries (60,000) than from wartime combat (20,000).

This expansion of services from veterans to the general public spurred
an increase in research and training as the demand for new knowledge
and rehabilitation professionals still outweighed the growth of each. The
American Occupational Therapy Foundation, for example, was estab-
lished in 1965 to advance the science of occupational therapy, supporting
the education and research of its practitioners. Likewise, the Association
of Academic Physiatrists was formed in 1967 explicitly to increase oppor-
tunities in research and education.

In 1970, prosthetists and orthotists formed the American Academy of
Orthotists and Prosthetists, and research began to expand beyond ampu-
tations to other disabling conditions such as spinal cord injury, stroke,
and cerebral palsy. At about that time a new field called rehabilitation
engineering began to emerge, and the field has flourished in the United
States for the last 25 years, enabling many Americans with disabling con-
ditions to have access to the leading rehabilitation technologies in the
world. This did not happen by accident, but rather as a direct result of
federal research and development activities, including in particular those
sponsored by VA and NIDRR.

Rehabilitation Science and Engineering in the
U.S. Government

The year 1995 marked the 75th anniversary of the passage of the
Smith-Fess Act (Public Law 66-236), which originally authorized $750,000
for a program of federal grants-in-aid to state departments of education
for the vocational rehabilitation of civilians (nonveterans) with disabling
conditions (see Box 1-2). This “experimental” program, administered by
the Federal Board of Vocational Education, was reauthorized several times
and received permanent authority (and an annual budget of $2 million)
under the Social Security Act of 1935. Further amendments under the
Barden-LaFollette Act of 1943 (Public Law 789-113) expanded the pro-
gram to include disabled veterans and placed it under the Office of Voca-
tional Rehabilitation (OVR).

Much of the success of rehabilitation research within the OVR pro-
gram in the 1950s resulted from the strong leadership of one of OVR’s
early leaders, Mary Switzer. Committed to the improvement of the qual-
ity of life for people with disabling conditions, she was a strong advocate
for people with disabling conditions before the U.S. Congress, resulting in
greatly increased budgets not only to provide rehabilitation services but
also to support training programs, fellowships, and support for research
in medical rehabilitation. During her administration, the concept of re-
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BOX 1-2
Time Line for Development of Federal

Rehabilitation-Related Programs

1920 Smith-Fess Act established the Vocation Rehabilitation Program under
the Federal Board of Vocational Education

1943 Barden-LaFollette Act expanded the Vocation Rehabilitation Program’s
scope to include physical restoration services

Office of Vocational Rehabilitation established within the Federal Security
Agency Administration

1945 The Committee on Prosthetics Research and Development formed at the
National Research Council

1954 The Office of Vocational Rehabilitation (OVR), under the U.S. Department
of Health, Education, and Welfare (HEW), expands to include private,
community-based rehabilitation programs and established a research
program within OVR)

1962 First rehabilitation research training centers (RRTCs) funded through the
OVR research program (RRTCs at the University of Minnesota and New
York University)

1963 Office of Vocational Rehabilitation is reorganized as the Vocational Reha-
bilitation Administration (this included a division of research with a spe-
cific appropriation for research and training grants) [Frank Corrigan,
NIDRR, personal communication, 1996])

1965 The Vocation Rehabilitation Program expands to include individuals “dis-
abled by a lack of education and social skills.”

1967 Vocational Rehabilitation Administration reorganized as the Rehabilitation
Services Administration

1972 Rehabilitation Engineering Research Centers
1973 Rehabilitation Act replaces Smith-Fess Act
1978 The Rehabilitation, Comprehensive Services, and Developmental Disabil-

ities Act becomes law
Title VII (Independent Living) is added to Rehabilitation Act
National Institute of Handicapped Research (created from Rehabilitation

Services Administration Division of Rehabilitation Research)
1979 Department of Education created out of HEW

Office of Special Education and Rehabilitative Services established within
Department of Education

Rehabilitation Services Administration and National Institute for Handi-
capped Research moved from the U.S. Department of Health, Educa-
tion, and Welfare to Office of Special Education and Rehabilitation Ser-
vices, Department of Education

1986 Amendments to the Rehabilitation Act
National Institute for Handicapped Research renamed National Institute

for Disability and Rehabilitation Research
1988 Technology-Related Assistance for Individuals with Disabilities Act
1990 Americans with Disabilities Act
1991 National Center for Medical Rehabilitation Research formed within the

National Institutes of Health
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gional rehabilitation research and training centers was adopted and
funded by Congress and became a major resource for rehabilitation re-
search and research training.

An early need in the growing constellation of federal programs was
simple coordination. U.S. Army Surgeon General Norman Kirk saw the
need for better coordination of the emerging Army programs with those
in the Office of Scientific Research and Development and VA. As men-
tioned previously, he asked the National Research Council to form the
Committee on Prosthetic Devices—a joint effort by the Division of Medi-
cine and Surgery and the Division of Engineering—which advised the
agencies on how best to join the physicians and rehabilitation profession-
als with physical scientists and engineers to plan, undertake, and dissemi-
nate research. The committee lasted almost 20 years, although its name
changed to the Advisory Committee on Artificial Limbs and then to the
Committee on Prosthetic Research and Development, and it witnessed
many changes in federal administration and organization.

One of the largest changes came about as a result of the Vocational
Rehabilitation Amendments of 1954 (Public Law 83-565), which instituted a
multiple-program approach that included a separate system of grants for
rehabilitation-related research. OVR became part of the U.S. Department of
Health, Education, and Welfare and formed the National Advisory Council
on Vocational Rehabilitation to review its research and training programs in
rehabilitation science and engineering. In 1978, to provide a focus for these
activities, the U.S. Congress created the National Institute of Handicapped
Research (NIHR), which was initially staffed by researchers from OVR, the
predecessor of the Rehabilitation Services Administration (RSA).

Thus, by congressional action, NIHR became the lead agency for co-
ordinating disability research, development, demonstration, dissemina-
tion, training, and related activities. Renamed NIDRR in 1986, it also has
responsibility for coordinating rehabilitation research activities among
other federal agencies, including the National Institutes of Health, Na-
tional Science Foundation, National Aeronautics and Space Administra-
tion, and the U.S. Departments of Veterans Affairs, Education, and Labor.

The Rehabilitation Act of 1973, as amended, with its authorizations
for the research and other programs of RSA, expires in 1997. A thorough
review and possible change can be expected under the 105th Congress in
preparation for reauthorization.

ORIGIN, SCOPE, AND ORGANIZATION OF THE REPORT

In light of the many and varied programs in rehabilitation research
and the growing number of people with disabling conditions, Senator
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Robert Dole introduced the following into Senate Report 103-318, from
the Committee on Appropriations:

Advances in rehabilitation science are essential to realizing the Nation’s
commitment to equal opportunity, economic self-sufficiency, and full
participation of Americans with disabilities. There are important ques-
tions of the adequacy of Federal efforts in both meeting the needs of the
rapidly growing number of Americans with disabilities, and in realizing
the new opportunities of science and technology on behalf of people
with disabilities. The committee believes an independent assessment of
the current Federal efforts in rehabilitation science and engineering is
warranted and requests that the Secretary [of Health and Human Servic-
es] make appropriate arrangements with the Institute of Medicine or a
similar independent entity to undertake such a review. The study should
include an assessment of funding and manpower development, and
make recommendations for the improvement of Federal rehabilitation
science efforts (Senate Report 103-318).

In response to this congressional request and subsequent negotia-
tions with the Office of the Assistant Secretary for Health in the U.S.
Department of Health and Human Services, the Institute of Medicine
appointed a committee to review and consider (1) the current status of
research in rehabilitation science and engineering, (2) the unmet needs of
rehabilitation that require new approaches from science and engineering
and that take into account the social and behavioral contexts of the indi-
vidual, and (3) the best strategies for achieving the necessary level of
research and medical expertise to address those needs.

More specifically, the Institute of Medicine assembled a committee
with expertise in rehabilitation science and engineering, health policy,
basic biomedical rehabilitation and clinical research, assistive technology,
social science, program evaluation, economics, and public administration
and policy to address the following tasks:

• Assess and evaluate the current content, quality, and adequacy of the
knowledge base in rehabilitation science and engineering. Therefore, in this
report the committee evaluates the status of professional disciplines in-
volved in rehabilitation science; the related needs for education, training,
and research; and the potential need for a new discipline in rehabilitation
science and engineering.

• Evaluate the utility of current rehabilitation models as they reflect the
interdisciplinary and multidisciplinary nature of rehabilitation and the interac-
tion of the person with the environment. To do this, the committee examines
the integration of the various professions in rehabilitation science and
considers the potential benefits of improved rehabilitation science and
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engineering in terms of clinical practice, individual function, quality of
life, independence, and work productivity and reduced costs in health
care and long-term care.

• Describe and recommend mechanisms for effective transfer and clinical
translation of scientific findings, advances, and information that will promote
health and health care for people with disabilities and disabling conditions. The
committee does this by identifying obstacles and barriers to the effective
translation of progress in science and clinical practice.

• Review and critically evaluate current federal programmatic efforts in
rehabilitation science and engineering as to their productivity, relevance, and
coordination. The committee thus describes potential organizational and
administrative options for implementing an enhanced national program,
establishes priority research categories within the context of resource limi-
tations, and makes recommendations for enhanced coordination among
federal researchers and research programs.

The remainder of this report is organized into Chapters 2 to 11 and
Appendixes A to D. Chapter 2 describes the magnitude, costs, and poten-
tial savings associated with disability and rehabilitation; Chapter 3 dis-
cusses a new model of the enabling–disabling process as a framework for
the discussion and analyses that occur in the subsequent chapters. Chap-
ters 4, 5, and 6 present the status and needs for research in the areas of
pathology and impairment, functional limitation, and disability, respec-
tively. Chapter 7 describes health services research in rehabilitation sci-
ence and engineering. Chapter 8 discusses issues related to technology
transfer, and Chapter 9 discusses education. Chapter 10 discusses the
organization and administration of rehabilitation-related research in the
federal government and makes recommendations for improvement. The
final chapter of the report (Chapter 11) provides overarching recommen-
dations, identifies general priorities for future research, and presents a
table that shows the relationship of the overarching recommendations
and general priorities to the recommendations in the preceding chapters.

The appendixes present a description of the committee’s data collec-
tion and analysis methods (Appendix A), summary descriptions of fed-
eral research programs in disability and rehabilitation-related research
(Appendix B), a preliminary draft taxonomy (Appendix C), and brief
biographies of the committee members and staff who prepared the report
(Appendix D).

Table 1-2 lists each of the individual tasks that the committee ad-
dresses in this report and the chapter(s) that contains the majority of the
committee’s response to them.
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TABLE 1-2  Addressing the Charge

Task Committee Action

Assess and evaluate the current content,
quality, and adequacy of the knowledge base
in rehabilitation science and engineering.

Evaluate the utility of current rehabilitation
models as they reflect the interdisciplinary
and multidisciplinary nature of
rehabilitation and the interaction of the
person with the environment.

Describe and recommend mechanisms for
effective transfer and clinical translation of
scientific findings, advances, and
information that will promote health and
health care for people with disabilities and
disabling conditions.

Review and critically evaluate current
federal programmatic efforts in rehabilitation
science and engineering as to their
productivity, relevance, and coordination.

• Chapters 4–6 address research and
the knowledge base in each state of the
enabling–disabling process (i.e.,
pathology, impairment, functional
limitation, and disability).

• Chapter 7 discusses health services
research.

• Chapter 9 discusses rehabilitation
science and engineering as a scientific
and academic field of study.

• Chapter 3 describes current models
of disability and presents the
committee’s enhancements for a model
of the enabling–disabling process.

• Chapter 8 identifies both barriers
and current mechanisms for technology
transfer.

• Chapter 10 describes the federal
effort in funding research in
rehabilitation science and engineering,
and the strengths and weaknesses of the
individual programs as well as the
combined, overall effort.

• Chapter 11 describes overarching
recommendations and general priorities
and shows their relationship to
recommendations in the individual
chapters.
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2

Magnitude and Cost of
Disability in America

Understanding the importance of rehabilitation science and engineer-
ing and the potential impact that it might have on improving the health of
the nation first requires an understanding of the current status of the
incidence, prevalence, costs, and potential savings associated with reha-
bilitation. This chapter describes the various types of disabling conditions
and their frequencies of occurrence in the United States as measured by
various surveys and other means. It also attempts to characterize the
associated costs and savings that can be realized through effective reha-
bilitation.

The most recent estimates of the number of people with disabilities is
49 million noninstitutionalized Americans (McNeil, 1993). Almost 4 per-
cent of the U.S. population have disabling conditions so severe that they
are unable to carry out the major activities of their age group (playing,
attending school, working, or attending to self-care) (Institute of Medi-
cine, 1991). An additional 6 percent are restricted in their major activities,
and another 4 percent are limited in other types of activities.

In addition to and partly as a result of the loss of human function,
enormous economic costs are associated with disabling conditions. Esti-
mates vary but seem to hover around an aggregate annual cost of ap-
proximately $300 billion, including the cost of the medical resources used
for care, treatment, and rehabilitation; reduced or lost productivity; and
premature death.

As described in several reports, including Disability in America
(IOM, 1991), numerous federal programs exist for people with dis-
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abling conditions. Most recently, a report by the National Academy
for State Health Policy identified 129 separate programs administered
by 14 different federal agencies, with annual funding of $175 billion.
Approximately 95 percent of this money is allocated for income sup-
port and medical coverage. The remainder is divided among research
and a variety of service-related activities, especially in the areas of
education, housing, and transportation.

The federal government’s largest program in rehabilitation research
is located in the National Institute on Disability and Rehabilitation Re-
search (NIDRR) in the U.S. Department of Education. As mandated by the
U.S. Congress, NIDRR also has primary responsibility for coordinating
rehabilitation research among federal agencies. The NIDRR director is the
chair of the Interagency Committee on Disability Research (ICDR), which
is charged with promoting communication and joint research activities
among the committee’s member agencies.

Other agencies involved in conducting rehabilitation research include
the National Institutes of Health (NIH) and the U.S. Department of Veter-
ans Affairs (VA). In 1984, NIH described 688 rehabilitation-related re-
search projects in addition to other basic studies that help to elucidate the
biological underpinnings of impairment and disability. In 1990, a new
center, the National Center for Medical Rehabilitation Research (NCMRR),
was established at NIH to help coordinate and focus specifically on medi-
cal rehabilitation research. VA supports a rehabilitation-related research
program that allocates approximately $22 million to fund more than 175
separate projects at 60 VA medical centers.

MAJOR NATIONAL SURVEYS

The main source of statistics on people with disabling conditions are
the federal surveys based on nationally representative samples of the
noninstitutionalized U.S. population.

National Health Interview Survey

The National Health Interview Survey (NHIS) is a household survey
sponsored by the National Center for Health Statistics (NCHS) and is
designed to assess the health status of Americans. In 1994, the survey
consisted of interviews with 116,179 people in 45,705 households. It in-
cludes questions related to disability such as degree of activity limitation
and provides information by demographic variables such as age, race,
and gender.
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Activity Limitations

In NHIS terminology, disability is defined as activity limitation. Ac-
tivity limitation is defined at three levels: (1) inability to carry out a major
activity, (2) limitation in the amount or kind of major activity that can be
carried out, and (3) limitation in carrying out a nonmajor activity. Major
activities considered usual for one’s age group are defined as ordinary
play for children under 5 years of age, attending school for children ages
5 to 17, working or keeping house for people ages 18 to 69, and capacity
for independent living (ability to bathe, shop, eat, and care for oneself
without the assistance of another person) for people ages 70 and older.
Nonmajor activities include social, civic, or recreational pursuits. The 1994
NHIS estimate of the number of people limited in activity because of
chronic conditions was 39 million, or 15 percent of the civilian
noninstitutionalized population. Of these 39 million people, 18.2 million
were male and 20.8 million were female; 32.4 million were white and 5.4
million were African American. Residents of the South (16.3 percent) and
rural areas (17.6 percent) had a slightly higher prevalence of disability
than did residents of other locations.

Table 2-1 presents disability rates by demographic characteristic for
the 1992 NHIS. Table 2-2 indicates the prevalence of activity limitations,
limitations in the self-reported ability to work among people 18 to 69
years, and limitation in activities of daily living (ADL) and instrumental
activities of daily living (IADL) among people over age 5 years by the
impairments and diseases or disorders causing the limitation. The data
summarize information from LaPlante and Carlson (1996) and are de-
rived from analyses of the 1992 National Health Interview Survey (NHIS)
conducted by the Bureau of the Census for the National Center for Health
Statistics. NHIS surveyed a stratified random sample of the
noninstitutionalized population of the continental United States and had
approximately 110,000 respondents. Sampling weights associated with
each respondent allowed for the estimation of the total number of people
in the continental United States with limitations associated with impair-
ments and conditions.

Total Prevalence Table 2-2 presents data on the prevalence of activ-
ity limitations associated with major classifications of impairments and
diseases or disorders, including the number of people with the particular
classification and limitation and the proportion of all activity limitations
attributed to the classification. Overall, in excess of 61 million impair-
ments or diseases and disorders contributed to activity limitations in 1992;
of these, 16.3 million were impairments (26.7 percent of the total) and the
remaining 44.7 million were diseases or disorders (73.3 percent). Among
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impairments, orthopedic impairments were the most common classifica-
tion contributing to limitations, with a total of 8.6 million conditions ac-
counting for 14.1 percent of all conditions that contribute to limitations. In
excess of 1 million cases each of visual or hearing impairment, learning
disability or mental retardation, and paralysis contributed to limitations,
although none of these classifications individually accounted for more
than 2.6 percent of all conditions contributing to an impairment.

The most common major classifications of disease and disorder con-
tributing to activity limitations included musculoskeletal and connective

TABLE 2-1  Crude and Age-Adjusted Rates of Limitation in Activity, by
Selected Sociodemographic Characteristics, 1992

Crude Rate Age-Adjusted Rate
Characteristic (percent) (percent)

Gender
Male 14.6 15.2
Female 15.4 14.8

Race or origin
Native American 17.6 20.8
Asian or Pacific Islander 7.2 9.0
Black non-Hispanic 15.9 18.3
Black Hispanic 13.7 16.5
White non-Hispanic 15.8 14.9
White Hispanic 10.4 14.1
Other and unknown 10.3 13.1

Education
≤ 8 years 38.4 28.5
9–11 years 25.6 24.6
12 years 17.1 17.6
13–15 years 13.9 16.6
16 years 11.5 13.0
Unknown 21.3 18.9

Geographic region
Northeast 13.7 13.1
Midwest 14.7 14.7
South 16.3 16.3
West 14.5 15.2

Urban/rural
Metropolitan area 14.4 14.6
Central city 15.4 15.9
Not central city 17.3 13.8
Nonmetropolitan area 17.3 16.4
Nonfarm 17.6 16.8
Farm 13.6 11.2

SOURCES:  LaPlante and Carlson (1995), Table A; 1992 National Health Interview Survey.
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tissue disorders (accounting for 17.2 percent of all conditions contributing
to limitations), circulatory conditions (16.7 percent), respiratory condi-
tions (7.8 percent), and nervous system and sensory organ conditions (7.2
percent).

Disability with a Primary Cause Table 2-2 also presents estimates of
the major classifications of impairments and diseases or disorders re-
ported by NHIS respondents as the main cause of their limitations; the
number of people with each major classification as the main cause of their
limitation and the proportion of all causes of limitation for which the
particular classification is the main cause are presented. A total of 37.7
million people reported activity limitations in 1992. Of these, 10.9 million
(roughly 2/3 of all 16.3 million individuals with an impairment) stated
that any form of impairment was the main cause of their limitation. The
probability that a condition will be reported as the main cause of limita-
tion differs dramatically among impairments. Thus, only 43.1 percent of
visual impairments were said to be the main cause of limitation, whereas
88.2 percent of the cases of learning disability or mental retardation were
reported to be the main cause of limitation. In terms of prevalence, ortho-
pedic impairments were the most common main cause of limitation.

More than 26.8 million people, or just under 60 percent of all 44.7
million people with diseases or disorders contributing to limitation, stated
that a disease or disorder was the main cause of their limitation. Diges-
tive, endocrine, nutritional, metabolic, immunologic, blood and blood-
forming organ, and skin and subcutaneous conditions are least likely to
be reported as the main cause of activity limitation, whereas respiratory,
musculoskeletal, and connective tissue conditions, mental conditions, con-
genital anomalies, neoplasms, and infectious diseases are most likely to
be reported as the main cause of activity limitation. In terms of preva-
lence, musculoskeletal and connective tissue and circulatory conditions
are the most common diseases and disorders listed as the main cause of
limitation.

Impairment and Work Limitation NHIS asked people 18 to 69 years
of age questions about work limitations. Table 2-2 indicates the frequency
of conditions contributing to work limitations and the proportion of all
work limitations associated with each major classification of impairment
or disease and disorder. In 1992, more than 31.3 million people reported
having a condition that contributed to a work limitation. Of these, in
excess of 8.5 million (27.3 percent of all people with conditions contribut-
ing to work limitations) had impairments that contributed to work limita-
tions. Orthopedic impairments were again the most common form of
impairment contributing to work limitations; more than 5.2 million cases
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of orthopedic impairment were cited, which represents 16.8 percent of all
conditions affecting work capacity. Other impairments that were com-
mon causes of work limitation included visual impairments (mentioned
580,000 times), paralysis (552,000 times), and learning disabilities or men-
tal retardation (546,000 times).

In excess of 22.7 million cases of disease or disorder were reported to
contribute to work limitations, representing 72.5 percent of all conditions
contributing to such limitations. The most common diseases and disor-
ders contributing to work limitations include musculoskeletal and con-
nective tissue disorders (5.4 million individuals), circulatory diseases (5.1
million individuals), and nervous system and sensory organ conditions
(2.1 million individuals).

Impairment and Daily Life Finally, Table 2-2 indicates the number
of conditions contributing to limitations in ADL or IADL and the propor-
tion of all such limitations associated with each major classification of
impairment or disease or disorder. The data concerning ADL or IADL
limitations are limited to persons age 5 years or older. In 1992, in excess of
9.2 million individuals indicated that they had conditions that contrib-
uted to ADL or IADL limitations. Of these, 2.3 million (about 25 percent of
all people with conditions contributing to ADL and IADL limitations)
had impairments that contributed to ADL and IADL limitations. A total
of 988,000 individuals had orthopedic impairments that contributed to
ADL or IADL limitations; other impairments mentioned included learn-
ing disabilities or mental retardation (399,000 individuals), paralysis
(278,000 individuals), and visual impairment (254,000 individuals). All
forms of diseases or disorders contributed to ADL or IADL limitations in
more than 22.7 million individuals, or roughly 3/4 of the total. The most
common major disease classifications contributing to this form of limita-
tion included musculoskeletal and connective tissue disorders (1.9 mil-
lion individuals), circulatory conditions (1.6 million individuals), and ner-
vous system and sensory organ conditions (884,000 individuals).

Prevalence of Activity Limitation in Children Among children un-
der the age of 18 years, an estimated 4.0 million (6.1 percent of the U.S.
population under the age of 18 years) have some type of disabling condi-
tion.* Disability in this age group is defined differently from disability in
adults and includes any limitation in activity due to a chronic health

*The committee believes that, given the potential for effective interventions that can en-
able people with disabling conditions, most of these conditions should be strictly defined as
potentially disabling conditions. For the sake of readability, however, we use the term dis-
abling condition throughout this report with the intent that “potentially” is understood.
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condition or impairment. Work limitations for adults are translated to
limitations in play (under age 5 years) and school-related (ages 6 to 17
years) activities, because these are major activities for children. Play is one
of the most important ways that children learn about the world. If play
and activity are absent during early life, an important part of the founda-
tion on which the child’s life is based will be missing. Engineering and
technology, in association with rehabilitation science, can provide substi-
tute play and activities to compensate for the typical play and activities
that may be missed. Like those for adults, the findings presented in this
section were derived from analysis of data from the 1992 NHIS. Data
were collected from households of the noninstitutionalized U.S. popula-
tion by asking questions of parents and guardians. Children were not
interviewed or observed.

Play and School Activities The prevalence of children with disabling
conditions is greatest in those attending school and represents 7.4 to 7.6
percent of all children ages 5 to 17 years (Wenger et al., 1996) (Table 2-3).
The majority of these children with disabling conditions are unable to
perform a major activity or are limited in the amount or kind of major
activity that they can perform. More males than females are represented
among children ages 5 to 17 years with disabilities (Wenger et al., 1996)
(Table 2-4).

Distinct Childhood Pattern The data on impairments and diseases
associated with all children with disabling conditions reveals a pattern
distinct from that for adults. The major impairment associated with dis-
abilities is mental retardation or Down’s syndrome, occurring in 15.8 per-
cent of all children with disabilities (Wenger et al., 1996) (Table 2-5). This
is followed by speech impairments (6.7 percent), hearing impairments
(3.8 percent), and learning disabilities (2.8 percent), whereas orthopedic
impairments (2.9 percent) and deformities (e.g., spina bifida) (2.7 percent)
are not as prevalent in children as they are in adults.

Similarly, the major disease or disorder (i.e., pathology) associated
with children with disabling conditions differs from that for adults be-
cause diseases of the respiratory system (23.6 percent) supplant cardio-
vascular disease in adults. Asthma is the leading respiratory disease asso-
ciated with disability in children (19.8 percent); mental disorders (8.8
percent) and diseases of the nervous system and sense organs (7.5 per-
cent) are the second and third most prevalent causes, respectively, of
disabling conditions in children. Diseases of the musculoskeletal system
and connective tissue are not as dominant in children with disabilities as
in adults with activity or work limitations (Table 2-5).

In summary, the pathologies and impairments associated with child-
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TABLE 2-3  Number and Percentage of Children Under Age 18 with
Disabilities, by Degree of Limitation and Age, 1992

Under Age 5 Ages 5 to 13 Ages 14 to 17

Number Number Number
(thou- (thou- (thou-

Group sands) Percent sands) Percent sands) Percent

With disability (limited
in activity) 547 2.8 2,479 7.4 1,021 7.6

No disability (not limited
in activity) 19,110 97.2 30,899 92.6 12,429 92.4

Definitions of “major
activity” Play activities Attending school Attending school

Degree of activity limitation:
Unable to perform

major activity 123 0.6 185 0.6 88 0.7
Limited in amount or

kind of major activity 280 1.4 1,674 5.0 607 4.5
Limited, but not in

major activity 145 0.7 620 1.9 326 2.4
Total 19,657 100.0 33,378 100.0 13,450 100.0

SOURCE: LaPlante and Carlson (1995).

TABLE 2-4  Number and Percentage of Children Aged 5 to 17 with
School-Related Disabilities, by Degree of Limitation and Gender, 1992

Total Males Females

Number Number Number
(thou- (thou- (thou-

Group sands) Percent sands) Percent sands) Percent

Has school-related disability 2,554 5.5 1,520 6.2 1,034 4.5
Has disability, but not

school related 946 2.0 561 2.3 385 1.7
No disability 43,328 92.5 21,888 91.3 21,440 93.8
Degree of school-related

disability:
Unable to attend school 273 0.6 154 0.6 119 0.5
Attends special school or

classes 1,484 3.2 924 3.9 560 2.4
Needs special school/

classes but does not
attend them 245 0.5 155 0.6 90 0.4

Otherwise limited in school 552 1.2 287 1.2 265 1.2
attendance

Total 46,828 100.0 23,968 100.0 22,860 100.0

SOURCE: LaPlante and Carlson (1995).
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TABLE 2-5  Health Conditions and Impairments Causing Disability in
Children Under 18, by Broad Condition Category, 1992

Prevalence
Impairment, Disease, or Disorder (thousands) Percent

Impairments 2,069 41.6
Visual impairments 83 1.7
Hearing impairments 190 3.8
Speech impairments 335 6.7
Learning disabilities 167 3.4
Mental retardation/Down’s syndrome 786 15.8
Absence or loss 18 0.4
Paralysis 140 2.8

(cerebral palsy) 99 2.0
Deformities 134 2.7

(spina bifida) 17 0.3
Orthopedic impairments 144 2.9
Other and ill-defined impairments 69 1.4

All Diseases and Disorders 2,906 58.4
Infectious and parasitic diseases 47 0.9
Neoplasms 38 0.8
Endocrine, nutritional and metabolic diseases and

immunity disorders 72 1.4
Diseases of the blood and blood-forming organs 32 0.6
Mental disorders (excluding mental retardation) 440 8.8
Psychoses 25 0.5
Neurotic, personality, and other nonpsychotic

mental disorders 415 8.3
Diseases of the nervous system and sense organs 375 7.5
Diseases of the nervous system 214 4.3

(Epilepsy) 123 2.5
Diseases of the eye 72 1.4
Disorders of the ear 89 1.8
Diseases of the circulatory system 63 1.3
Diseases of the respiratory system 1,174 23.6

(Asthma) 987 19.8
Diseases of the digestive system 70 1.4
Diseases of the genitourinary system 33 0.7
Diseases of musculoskeletal system and connective tissue 48 1.0
Diseases of the skin and subcutaneous tissue 61 1.2
Congenital anomalies 108 2.2
Symptoms, signs, and ill-defined conditions 279 5.6
Injury and poisoning 66 1.3

All Conditions 4,974 100.0

SOURCE: LaPlante and Carlson (1995).
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hood functional limitations and disabilities appear to be distinct from
those for adults. This suggests that a research emphasis on pathology and
impairment in rehabilitation science and engineering should reflect the
fact that disabling conditions among children are distinct from those
among adults. Also, the prevention or reversal of the most prevalent
causes of activity limitations among adults might begin in childhood.

Functional Limitations

The questions in NHIS also address the need for personal assistance
in activities of daily living, such as eating, bathing, dressing, and getting
around the home, and instrumental activities of daily living, which are
everyday household chores, necessary business, shopping, or getting
around for other purposes.

Chronic Conditions Causing Disability

In the NHIS respondents identify chronic conditions that cause activ-
ity limitations. A condition is considered chronic if either (1) it was first
noticed 3 months or more before the reference date of the interview or (2)
it is a type of condition generally considered chronic by NCHS, regardless
of the time of onset, such as diabetes. Most chronic conditions do not have
high risks of disability. About 12 percent of conditions identified in NHIS
cause activity limitations, the broadest measure of disability. Impairments
have the highest risk of becoming a disabling condition. Of the conditions
reported in NHIS to cause activity limitations, heart disease ranks first,
followed by back disorders, arthritis, orthopedic impairments of the lower
extremity, and asthma (LaPlante and Carlson, 1996) (Table 2-6).

Families and Disability

Prevalence estimates of disability have focused on the individual as
the unit of analysis. A new study looks at disability prevalence with the
family as the unit of analysis (LaPlante and Carlson, 1995). It examines the
composition of families with members with disabling conditions in com-
parison with the composition of families without a member with a dis-
abling condition, their demographic and socioeconomic characteristics,
and their utilization of health services. The study found that an estimated
20.3 million families, or 29.2 percent of all 69.6 million U.S. families, have
at least one member with a disabling condition. An estimated 2.3 million
(4 percent) two-parent families contain one or more children with a dis-
abling condition. The rate of disability is 29.1 percent for white families,
31.9 percent for African-American families, and 21.7 percent for other
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ethnicities. Among Hispanic families, 23.4 percent have members with
disabling conditions. In general, the median family income is substan-
tially lower if a head of household has a disabling condition, whereas
income is affected much less by the presence of other members of the
family with disabling conditions. The highest poverty rates by disability
status are among families with single heads of households with two or
more children with disabling conditions. More than half of such families
are headed by women living at or below the poverty level.

NHIS Disability Supplement

NCHS fielded a disability supplement to NHIS that began in January
1994 and that continued through 1996. This survey represents a consen-
sus reached by researchers and policy makers and will provide compre-
hensive information for estimates of prevalence and for program and
policy development. In the first phase of the survey, conducted during
1994 and 1995, basic information on disability was obtained by personal

TABLE 2-6  Conditions with Highest Prevalence, All Causes of
Limitations, 1992

All Causes

Number
Condition Causing Limitation (thousands) Percent

All causes 61,047 100.0
Heart disease 7,932 13.0
Deformities, orthopedic impairments, disorders of spine

and back 7,672 12.6
Arthritis and allied disorders 5,721 9.5
Orthopedic impairment of lower extremity 2,817 4.6
Asthma 2,592 4.2
Diabetes 2,569 4.2
Mental disorders (excludes learning disability and

mental retardation) 2,035 3.3
Disorders of the eye 1,577 2.6
Learning disability and mental retardation 1,575 2.6
Cancer 1,342 2.2
Visual impairments 1,294 2.1
Orthopedic impairment of shoulder and/or upper extremities 1,196 2.0
Other unknown or unspecified causes 1,188 1.9
Hearing impairments 1,175 1.9
Cerebrovascular disease 1,174 1.9

SOURCES: LaPlante and Carlson (1995), Table D; 1992 National Health Interview Survey.
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interviews for a national representative sample of 225,000 people, about
45,000 of whom had some indication of a disabling condition. In the sec-
ond phase of the survey, which began in late 1994 and which continued
through 1996, the 45,000 people with an indication of a disabling condi-
tion were reinterviewed to obtain additional information.

A separate questionnaire was administered to children, including a
control group of children without special health needs. In the first phase,
questions about developmental milestones for children under age 5 and
about performance of activities of daily living for children ages 6 to 17
were asked. The second phase included questions on (1) utilization and
barriers to utilization of medical and mental health services, assistive
devices, case managers, home care services, child care services, and edu-
cational and recreational services; (2) functional status, including mea-
sures of emotional and behavioral development; and (3) impact of the
child’s health problem on the family. The data were collected over a 2-
year period to ensure an adequate sample size. The following were among
the topics covered:

• Physical health conditions
• Childhood development
• Mental health conditions
• Functional assessment
• Assistive technology devices
• Income sources and amounts
• Family impact of disability
• Personal assistance services
• Health insurance coverage
• Self-perception of disability
• Special education services
• Supplemental Security Income and Social Security Disability

Insurance participation
• Transportation accommodations
• Work site accommodations
• Use of medical services
• Vocational rehabilitation

Data will be released on electronic files for statistical analysis. The
first release was in mid-1996 and included data collected for Phase I in
1994. NCHS plans to publish several descriptive reports based on the
disability data, but NCHS does not have staff or funds to support full-
scale analysis of the data. Verbrugge (1994) has outlined the research
potential of this new source of data. Efforts are under way to identify
sources of funding for data analysis.
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Survey of Income and Program Participation

The Survey of Income and Program Participation (SIPP) is a panel
survey designed to provide detailed information about income distribu-
tion and federal and state income transfer and services programs. A
supplemental survey containing extensive questions about disability sta-
tus was performed as part of the sixth wave of the 1990 panel and the
third wave of the 1991 panel. SIPP contains information on economic and
social variables on people with disabling conditions that are not usually
included in health surveys that ask about disability. McNeil (1993) has
provided disability data from SIPP.

In SIPP, functional limitation is defined as the ability of people ages 15
years and older to perform a set of sensory and physical activities. Limita-
tions are ranked as 1 (with difficulty) or 2 (not at all or only with aid).

SIPP also uses need for assistance in activities of daily living and
instrumental activities of daily living as a measure of disability. Mobility
limitations are reported separately, because assistive devices such as
wheelchairs and canes, rather than another person, are often used to over-
come such limitations.

On the basis of interviews conducted during the period from October
1991 through January 1992, SIPP found that the number of people with a
disability was 48.9 million, or 19.4 percent of the total population at the
time of 251.8 million. Disability was defined as a limitation in a functional
activity or in a socially defined role or task.

SIPP identified the number of people with a severe disability to be
24.1 million, or 9.6 percent of the population. The 24.1 million people
identified as having a severe disability were identified as people who
were unable to perform one or more activities, people who had one or
more specific impairments, or people who used a wheelchair or who were
long-term users of crutches, a cane, or a walker.

Current Population Survey

The Current Population Survey (CPS), a monthly survey conducted
by the Bureau of the Census for the Bureau of Labor Statistics, is designed
to collect information on labor force participation and income. In March,
supplementary questions are asked about income and work disability,
defined as a limitation in the kind of work that a person is able to perform
because of a chronic condition or impairment.

Work Disability

Data from the 1995 CPS indicate that among people ages 16 to 64, 16.9
million people (10 percent) had a work disability (LaPlante and Carlson, 1995).
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 In addition, 11.4 million people (67.9 percent) among those with a work disabil-
ity were not working and were not actively seeking employment.

The percentage of the population with a work disability increased
with age. The group ages 16 to 24 had the lowest proportion (4 percent).
This increased to 22 percent for those ages 55 to 64. The percentage of the
population with a work disability decreased with the level of educational
attainment, measured in years of school completed. People with fewer
than 8 years of schooling had a work disability rate of 30 percent, com-
pared with a rate of 4 percent for those with at least 16 years of education.
This education-based disparity increased for people with a severe work
disability. Those who had completed less than 8 years of school had a
severe work disability rate of 23 percent, whereas the rate was 1 percent
for those with at least 16 years of formal education. This means that the
severe work disability rate among those with little schooling is greater
than the among college graduates.

African Americans have a much higher rate of work disability (14
percent) than either whites (8 percent) or people of Hispanic origin (8
percent) (U.S. Bureau of the Census, 1989).

Back disorders rank as the most frequent cause of work disability
(16.4 percent), followed by heart disease (13.1 percent) and arthritis (8.1
percent) (LaPlante and Carlson, 1996).

Labor Force Participation

According to 1995 CPS data, of those with a disabling condition, 27.8
percent have jobs, whereas 76.3 percent of people without disabling con-
ditions have jobs (LaPlante et al., 1995).

Income

SIPP data indicate a negative association between earnings and dis-
ability status. For example, among people ages 35 to 54, those with no
disabling condition had mean monthly earnings of $2,446, those with a
disabling condition that was not severe had monthly earnings of $2,006
and those with a severe disabling condition had monthly earnings of
$1,562. However, there was a strong negative association between educa-
tion and disability status. Therefore, one of the ways that a disabling
condition may affect earnings is through its effect on levels of education
and training (McNeil, 1993).

COSTS OF DISABILITY AND REHABILITATION

Cope and O’Lear (1993) reported that research firmly establishes the
clinical benefit and economic savings associated with early, aggressive,
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and highly expert application of rehabilitation technology to both brain
injury and spinal injury patients. Just as estimates of disability prevalence
vary depending on the definition of disability, however, so do estimates
of the costs of disability. Estimates of cost of disability are done by sur-
veying populations of interest and by secondary analysis of large data-
bases. Most of the cost estimates available are for traumatic brain injury or
spinal cord injury. Direct costs include medical treatment and rehabilita-
tion. Indirect costs include loss of earnings resulting from the disabling
condition. Also included are studies of the cost savings resulting from
rehabilitation. Hill (1991) presented a comprehensive study of direct costs
(cash transfer programs, medical care expenditures, and costs of direct
services) and indirect costs (reduced earnings) and found that direct costs
for fiscal year 1986 were $86.5 billion in cash transfers, $79.3 billion in
medical care payments, and $3.5 billion in direct services. Indirect costs
can range from 10 to 37 percent of preillness income.

Traumatic Brain Injury

The Brain Injury Association estimates that each year more than 2
million people sustain a brain injury, and 373,000 of these are severe
enough to require hospitalization. Brain injury ranks as the leading cause
of death and disability among children and young adults. An individual
with severe brain injury typically faces 5 to 10 years of intensive rehabili-
tation, with cumulative costs of $48 billion annually (Brain Injury Asso-
ciation, 1995). In addition to the costs of hospitalization and rehabilita-
tion, head injuries result in 14 million person-days of restricted activity
each year (Max et al., 1991).

Lehmkuhl et al. (1993) examined data for 301 patients in model trau-
matic brain injury systems and found that total charges for acute care and
inpatient rehabilitation, exclusive of physicians’ fees, ranged from an av-
erage of $73,000 for mild traumatic brain injury to $154,000 for very se-
vere traumatic brain injury. A population-based study of persons surviv-
ing traumatic brain injury (Brooks et al., 1995) found that costs for acute
care and rehabilitation ranged from $17,015 for mild injuries to $133,467
for severe injuries. The study also examined costs for people with trau-
matic brain injuries 4 years after the initial injury and found that follow-
up charges ranged from a mean of $2,323 for mild injury to $54,701 for
severe injury. Follow-up costs included rehospitalization, visits to physi-
cians, outpatient services, medication, equipment, supplies, attendant
care, and other services. At an incidence rate of 69 per 100,000, the inves-
tigators projected that the total cost for new patients with traumatic brain
injury requiring hospitalization will exceed $8 billion over the course of
the first 4 years following injury.
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Spinal Cord Injury

Harvey et al. (1992) used data from a survey of the U.S. population
with spinal cord injuries to estimate the direct costs of traumatic spinal
cord injuries. Direct costs were defined as the value (in 1988 dollars) of
resources used specifically to treat or to adapt to the spinal cord injury.
Estimates are $95,000 for initial hospitalization, $8,000 for modifications
to the person’s dwelling, $8,000 per year for medical services, supplies,
and adaptive equipment, and $6,000 for personal assistance and institu-
tional care. These are average costs and will vary depending on the sever-
ity of the injury, age, and patient motivation.

The National Spinal Cord Statistical Center at the University of Ala-
bama at Birmingham estimates that there are between 7,600 and 10,000
new patients with spinal cord injuries each year. The lifetime costs di-
rectly attributable to spinal cord injuries vary greatly according to the
severity of the injury. Average yearly health care and living expenses in
1992 dollars varied from $417,000 for the first year and $75,000 for each
subsequent year for individuals who sustained severe injuries to $123,000
for the first year and $9,000 for each subsequent year for individuals who
sustained less severe injuries. The average costs for all groups was
$198,000 for the first year and $24,154 for each subsequent year.

These figures do not include any indirect costs such as losses in wages
and productivity, which could average almost $38,000 per year but vary
substantially on the basis of education, severity of the injury, and preinjury
employment history (National Spinal Cord Statistical Center, March 1996).

Cost-of-Illness Framework

The impact of illness on society is frequently estimated by calculating
the amount of medical care expenditures on behalf of people with dis-
abling conditions (called direct costs in the cost-of-illness nomenclature)
and the amount of wage losses or its equivalent in services provided by
homemakers (called indirect costs) (Rice and Cooper, 1967). In an alterna-
tive formulation, some economists seek to price losses in all domains of
activity, including work and housework but also encompassing leisure,
family, and voluntary activities, by asking individuals how much they
would be willing to pay to forego an illness (Thompson et al., 1982).
However, the methods used to assess willingness to pay are primitive,
and results have not differed substantially from those obtained by the
more traditional methods of assessing costs of illness (Thompson, 1984).

Using the cost-of-illness framework, it becomes possible to estimate
the economic impact of disability. Trupin and colleagues (1996) used the
National Medical Care Expenditures Survey for 1987 to estimate the medi-
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cal care expenditures of people with and without disabling conditions.
They reported that the approximately 17 percent of the population with
an activity limitation accounted for 47 percent of total medical care expen-
ditures. These individuals incurred medical care costs four times as great
as those for people without disabling conditions, accounting for 38 per-
cent of hospital admissions but 57 percent of total hospital costs and 19
percent of costs for visiting physicians but 42 percent of total physician
service expenditures. (See Chapter 7 for an examination of the implica-
tions of these figures on health services research.) Overall, people with
disabling conditions had $157 billion in medical care expenditures in 1987.
Expressed in 1994 terms, medical care expenditures for people with dis-
abling conditions would amount to $205.7 billion, or 3.1 percent of the
gross domestic product (U.S. Bureau of the Census, 1995).

Chirikos (1989) estimated both direct and indirect costs of disability
using 1980 data. He reported an aggregate economic cost of disability of
$176.8 billion, 51 percent due to medical care expenditures and the re-
mainder due to the lost productivity of people with disabling conditions
or family members who had to stop working to care for them. Expressed
in 1994 terms, medical care expenditures would amount to $163.1 billion
and indirect costs would total $155.0 billion.

Using the cost-of-illness framework, the committee estimated the
magnitude of the indirect costs of disability with more recent data. First,
the committee used the 1994 NHIS to compare the labor force participa-
tion rates of people with and without disabling condition of working
ages, ages 18 to 64. In that survey, people with disabling conditions are
those who report that they are unable to do the major activities for people
their age, who report being limited in the amount or kinds of these activi-
ties, or who report being limited in nonmajor activities. Of 158.6 million
working people in the United States, 22.5 million (14.1 percent) reported
that they had disabling conditions. Of these individuals, 51.8 percent were
in the labor force, whereas 83.0 percent of people without disabling con-
ditions are in the labor force, a difference of 31.2 percent.

Assuming that people both with and without disabling conditions
earned median hourly wages, wage losses for the percentage of people
with disabling conditions who could be working but were not amounted
to $158.7 billion, or 2.4 percent of the gross domestic product for 1994. The
foregoing figure assumes that both groups bring an equal mix of skills
and experience to the labor market. However, people with disabling con-
ditions typically have other potential liabilities that affect their position in
the labor market and, thus, in recent years earned only about 70 percent
as much as people without disabling conditions (Yelin and Katz, 1994).
Assuming that the earnings gap reflects differences in skill and experi-
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ence—that is, objective characteristics—rather than discrimination, the
indirect costs due to lost wages would amount to $111.1 billion.

Second, the committee used the 1994 CPS to estimate lost wages
among people with disabling conditions. CPS is the source of the monthly
unemployment statistics for the United States. Once a year, respondents
are asked about their disability status. In the CPS people with disabling
conditions are those who self-report the presence of a limitation that pre-
vents work or limits the amount or kind of work that they can do. Accord-
ing to CPS, 11.8 million people have such a disabling condition. CPS also
collects data on hours of work among those with disabling conditions
who are working, allowing one to estimate wage losses for those who
have stopped working altogether and for those who are working fewer
hours. Owing to the more stringent definition of work disability in CPS,
only 21.1 percent of people with disabling conditions were working in the
week before the interview, whereas the proportion was 68.6 percent
among people without disabling conditions, a difference of 47.5 percent.
In addition, the people with disabling conditions who were working av-
eraged 36.4 hours per week on the job, compared with 41.3 hours among
people without disabling conditions, a difference of 4.9 hours. Summing
the wage losses of those who stopped working altogether and those with
reduced hours of employment, indirect costs due to disability amounted
to $133.0 billion, or 2.0 percent of the gross domestic product in 1994.
After taking differences in skill and experience into account, wage losses
would still amount to $93.1 billion.

The estimates of indirect costs due to wage losses in CPS are lower
than the estimates in NHIS because of the lower overall prevalence of
individuals with disabling conditions in the former survey. Nevertheless,
both estimates are in the same range as those of Chirikos (1989), suggest-
ing that the definition of disability aside, the indirect cost of disability is
well in excess of $100 billion annually.

Studies of the cost of illness emphasize wage losses, because such
costs are relatively easy to measure. This methodology underestimates
the impact among women, however, both because women earn less than
men for jobs requiring similar levels of skill and because homemaking
activities are poorly remunerated in the labor market, even though fami-
lies value them highly (Lubeck and Yelin, 1988). Women have higher
rates of disability than men, accentuating the problem of estimating the
costs of disabling conditions.

However, the impact of disability extends far beyond work. Indeed,
people with disabling conditions are less likely to be involved in all do-
mains of human activity than people without disabling conditions
(Lubeck and Yelin, 1988). In addition, because they devote so much time
to personal care activities and to the time required to secure medical care
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services, even when they do participate in the same activities as people
without disabling conditions, they are able to devote less time to many of
them. These “costs” of disability are not easily priced in the marketplace,
but they are important to people with disabling conditions and to their
families. Thus, the impact of disability is far larger than the costs ac-
counted for by current economic methods.

Future Needs

The first National Disability Statistics and Policy Forum, organized
by the Disability Statistics Rehabilitation Research and Training Center,
was held in October 1994. The topic of the forum was the future of disabil-
ity statistics. Participants at the forum identified the following needs for
future data collection efforts: more emphasis on social participation of
people with disabling conditions, designing data sets that respond to
policy questions, more emphasis on mental illness data, the need for more
state-level data, more sharing of data across agencies, and use of repeated
cross-sectional data to identify trends.

The second National Disability Statistics and Policy Forum in June
1995 focused on employment statistics and policy. Participants empha-
sized the need for data on barriers to work; estimates of the number of
people with disabling conditions who are working, looking for work, and
out of the labor force; and earnings and benefits data by occupation,
industry, impairment groups, and environmental barriers, all reported in
a consistent time series. They agreed on the need to examine more closely
the problems that make it difficult for people with disabilities to go to
work. Surveys should be designed to collect data on health status sepa-
rately from employment status and work limitations. Data on how the
workplace accommodates impairment and on the costs of accommoda-
tions required under the Americans with Disabilities Act of 1990 need to
be collected. These data are needed to respond to concerns that the Ameri-
can with Disabilities Act imposes costly burdens on employers.

The third National Disability Statistics and Policy Forum was held in
May 1996 and was titled Housing and Disability: Data Needs, Statistics,
and Policy. The conference examined ways in which the quantity and
quality of statistical information on the housing situation of Americans
with disabling conditions can be improved.

CONCLUSIONS AND RECOMMENDATIONS

Estimates of the prevalence and economic impact of disability are
dependent on the definition of disability used. Differences in methods
aside, the prevalence of disability may be as high as 14 percent of the
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population and in certain age-gender-race groups may be significantly
higher. Direct costs of disability would appear to be as high as $200 billion
dollars a year and indirect costs may be as high as $155 billion. Thus,
regardless of the definition of disability used, disability affects a substan-
tial portion of the population and exacts a tremendous economic toll on
the nation. In addition to diminishing or reducing disabilities due to pa-
ralysis or to visual or orthopedic impairments, rehabilitation science and
engineering can contribute handsomely to enabling people to work by
modifying the work environment, providing special equipment at work
sites, enabling people to work at off-site locations, or providing the per-
sonal aids needed to carry out work tasks.

The foregoing data on the prevalence of and costs associated with
disability were collected without an explicit conceptual model of disabil-
ity. Accordingly, disability is defined in different terms for each of the
major statistical series. More importantly, the design of each of these
series predates the development of a more contemporary understanding
of the process by which pathologies, impairments, and functional limita-
tions give rise to disability, suggesting that the emerging definitions of
disability are yet to be reflected in data collected in current surveys. In the
chapter to follow, the committee reviews how the prevailing wisdom
about the cause of disability has changed in the last several decades and
then shows how the emergent model of disability might structure the
research agenda for the foreseeable future, including the collection of
data on the prevalence and impact of disability.

Recommendation 2.1 The Disability Statistics Subcommittee of the
Interagency Committee on Disability should foster research to design
and evaluate survey items to be used to ascertain the prevalence and
impact of disability that accord with the contemporary model in
which disability is jointly determined by characteristics of individu-
als and of their environments.

Recommendation 2.2 These survey items should be incorporated in
on-going surveys, including the National Health Interview Survey,
Current Population Survey, and Survey of Income and Program Par-
ticipation.
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3

Models of Disability and
Rehabilitation

Models assist understanding by allowing one to examine and think
about something that is not the real thing, but that may be similar to the
real thing. People use a variety of models to obtain a clearer understand-
ing of a problem or the world around them. Such models include physical
models, three-dimensional graphical models, animal models of biological
systems, mathematical or ideal models, and computer models. When re-
lationships are highly complex, however, as they are in rehabilitation
processes and other areas of human endeavor, it is seldom possible to
develop models that are quantitatively predictive. Nevertheless, it is of-
ten possible to establish rough relationships between various variables
that are observable.

Models based on partial knowledge are often called conceptual
models. Conceptual models may help people to think about behaviors
of components in complex systems, even though they may not yield
quantitative answers. They may allow one to understand general rela-
tionships without the necessity for an extensive verbal or written de-
scription. In this way they are like an out-of-focus picture that par-
tially reveals relationships. It is common in science and engineering
to use models to help develop hypotheses that can be examined ex-
perimentally, but even as models assist scientists in moving forward
with new understanding, they are abandoned for new versions. Ex-
perimental results may suggest that the models must be altered or
even abandoned in favor of new models.

The models discussed in this chapter are conceptual in nature.
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Such models must constantly be changed as new knowledge is gained
if they are to adequately represent processes or systems that are in
flux. Rehabilitation science and engineering, at its current stage of
development, does not have a comprehensive paradigm or a univer-
sally accepted theoretical model. It is an emerging field of study, and
as such, is still evolving. This chapter presents a brief look at the
history of models of disability, which is useful in understanding the
current status and direction of disability and rehabilitation research,
and then presents a model of disability that builds upon and elabo-
rates previous models, as well as adding several new elements. It
presents this model verbally, schemeatically, and mathematically. Fi-
nally, it introduces a matrix that defines rehabilitation research.

EVOLUTION OF MODELS OF DISABILITY

The prevailing wisdom about the causes of disability has changed
in the last several decades. In the 1950s, impairment of a given sever-
ity was viewed as sufficient to result in disability in all circumstances;
in contrast, the absence of impairment of that severity was thought to
be sufficient grounds to deny disability benefits. Thus, the American
Medical Association’s Committee on Medical Rating of Physical Im-
pairments stated that “competent evaluation of permanent impair-
ment requires adequate and complete medical examination, accurate
objective measure of function, and avoidance of subjective impres-
sions and nonmedical factors such as the patient’s age, sex and occu-
pation” (American Medical Association, Committee on Medical Rat-
ing of Physical Impairment, 1958).

By the mid-1970s, Nagi (1976) outlined a process by which a pa-
thology (e.g., arthritis) gave rise to an impairment (e.g., a limited
range of motion in a joint), which may then result in a limitation in
function (e.g., an inability to type), which, finally, may result in a
disability (inability to work as a secretary). While outlining a process
that would seem to move inexorably from pathology to loss of a job,
Nagi noted that correlations among impairments, functional limita-
tions, and work loss were poor, and he speculated that the extent to
which the environment accommodated limitations largely determined
whether disability would result from the onset of a medical condition.
In the interim, at least three others have developed models or modifi-
cations: the WHO (International Classification of Impairments, Dis-
abilities, and Handicaps, 1980), the IOM (Disability in America, 1991),
and the NCMRR (1993). All of these models attempt to facilitate and
improve understanding by describing the concepts and relationships
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among medical conditions, impairments, functional limitations, and
the effects of the interaction of the person with the environment (i.e.,
handicap, disability, societal limitation) although each uses different
nomenclatures for the components.

Nagi’s model of disability explicitly brought the environment into the
conceptualization. His model initiated a search for the factors in family,
community, and society that affect disability as an outcome. With respect
to disability in the work setting, for example, research has focused on the
social and demographic characteristics of the individual and family, the
individual’s prior occupation and the industry in which the individual
was previously employed, the flexibility of the workplace with respect to
the physical tasks of work and hours of work, the nature of the local
economy, customs and laws governing employment, and the extent of
income transfer programs (Yelin, 1992).

Although the Nagi model included the environment, it was limited in
how it conceived of the environment. In his model, the environment im-
pinges on individuals only when activity limitation interacts with the
demands placed on those individuals; the process that gives rise to dis-
ability is still inherently a function of the characteristics of medical condi-
tions and attendant impairments.

The IOM model (IOM, 1991) was derived directly from Nagi, defining
disability as “a function of the interaction of the person with the environ-
ment” and beginning to describe certain subsets of environmental factors
that could potentially affect the development of and movement within a
disabling process. In this model, physical and social environmental risk
factors (as well as biological and lifestyle risk factors) were described as
independent variables that exist at all stages of the process. These factors
affect progression within the model, and their control therefore affects
(prevents) disability.

The NCMRR model adds emphasis to the importance of environment
by adding a category called societal limitations to account for restrictions
that society places on individuals and that limit their ability to participate
independently in tasks, activities, and roles. The unwillingness of em-
ployers to provide accommodations and the lack of ramps that deny ac-
cess to public buildings to persons with disabilities are given as examples.

Building on these models, this committee describes a model where
the environment interacts with the individual to determine whether dis-
ability will result. Nagi’s nomenclature is used in describing the stages of
the model and the relational nature of disability, as described in the IOM
model, is now enhanced and clarified. In this new model, the environ-
ment plays a critical role in determining whether each stage occurs and if
transitions between the stages occur.
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A NEW MODEL FOR THE
ENABLING–DISABLING PROCESS

A common understanding of such terms as injury, impairment, handi-
cap, functional limitation, disabling conditions, and disability is essential
to building effective, coherent programs in rehabilitation science and en-
gineering. As described above, several frameworks have been advanced
to describe disability-related concepts, but none of these has been univer-
sally adopted. The lack of a uniformly accepted conceptual foundation is
an obstacle to research and to other elements critical to rehabilitation
science and engineering. Using the definitions laid out in Chapter 1, this
committee presents a new set of models, based primarily on the previous
IOM model (1991), designed to enhance the robustness of the previous
models with respect to reversing the disabling process, i.e., rehabilitation.
This section presents an overview of “the enabling–disabling process,”
explains its stages, and describes the nature of disability.

An Overview of the Enabling–disabling Process

An overview of how disabling conditions affect a person’s access to
the environment is shown in Figure 3-1. Access to the environment, de-
picted as a square, represents both physical space and social structures
(family, community, society). The person’s degree of physical access to
and social integration into the generalized environment is shown as de-
gree of overlap of the symbolic person and the environmental square. A
person who does not manifest disability (a) is fully integrated into society
and therefore has full access to both: 1) social opportunities (employment,
education, parenthood, leadership roles, etc.) and 2) physical space (i.e.
space access equivalent to persons without disabling conditions). A per-
son with potentially disabling conditions1 has increased needs (expressed
by the size of the individual) and is dislocated from their prior integration
into the environment (b).

The rehabilitative process attempts to rectify this displacement, either
by restoring function in the individual (c) or by expanding access to the
environment (d) (e.g., building ramps). This model does not mean to
imply that the two methods (which may be generally characterized as
cure and care) are mutually exclusive. Indeed, the most effective rehabili-
tation programs include both. The model separates the two only to illus-
trate that disability is the interaction between the potentially disabling

1It is important to note that a potentially disabling condition becomes an actual disabling
condition once the person is dislocated from the environment as a result of that condition.
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conditions of an individual and the environment, and therefore strategies
that affect the environment or the pertinent potentially disabling condi-
tions both target disability. While this model provides an overview, more
detail is provided below.

The New IOM Model

Looking at the enabling–disabling process with more scrutiny re-
quires greater detail in the model. To this end, this report adopts the
IOM model (1991) and makes some modifications designed to both
improve the model and to tailor it more towards rehabilitation (see
Figure 3-2). The original IOM model was conceived with prevention
in mind, and the need for identifying risk factors whose control would
facilitate the prevention of disability. The 1991 IOM model (IOM, 1991)
established a new conceptual foundation in the field of disability in
that it analyzed and described the components of the disabling pro-
cess in such a way as to allow for the identification of potential points
for preventive intervention. Identifying and describing the importance
of the different types of risk factors that affect the disabling process as
well as the interaction and integral nature of quality of life were fun-
damental contributions to the emerging field of disability prevention.
Over time, however, some shortcomings in the 1991 IOM model have
emerged, including the implication that the disabling process is uni-
directional, progressing inexorably toward disability without the pos-
sibility of reversal. The unidirectionality was implied by the arrows in
the model that pointed only to the right, that is, toward the condition
of disability. Although this may have been a result of that committee’s
focus on developing interventions to prevent progression in the dis-
abling process rather than reversal, that is, rehabilitation, it is a short-
coming in the original model that needs correction and clarification,
especially in the context of rehabilitation.

A second apparent shortcoming in the 1991 IOM model is its limited
characterization of the environment and the interaction of the individual
with the environment. Although the importance of the environment is
discussed in the text in some detail, it is not clearly represented in the
model except as a category of risk factors involved in the transition be-
tween the various categories of the disabling process.

The third apparent shortcoming in the 1991 IOM model that the
committee identified as needing improvement is the representation of
societal limitation. Some enhancements to the original model address
these shortcomings.

The new IOM model (Figures 3-2, 3-3, and 3-4) is designed to show
disability more clearly as the interaction of the person with the environ-

Enabling America: Assessing the Role of Rehabilitation Science and Engineering

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/5799


68 ENABLING AMERICA

Biology

Transitional Factors

The Enabling–Disabling Process

Lifestyle and
Behavior

No
Disabling
Condition

Pathology

Quality
of

Life

Impairment
Functional
Limitation

Environment
(Physical and

Social/
  Psychological)

FIGURE 3-2  Modified IOM model. The Disability in America model (Institute of
Medicine, 1991) is revised to include bidirectional arrows and a state of “no dis-
abling condition,” and to show transitional factors and quality of life interacting
as part of the enabling–disabling process. The state of “disability” does not ap-
pear in this model since it is not inherent in the individual but, rather, a function
of the interaction of the individual and the environment.
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ment and also to show the possibility of movement in the direction of
rehabilitation. To accomplish this diagrammatically, the new model is
three-dimensional and has the following new features:

1. The person: Arrows pointing left were added to represent the po-
tential effects of rehabilitation and the “enabling process” (risk factors
and enabling factors are now combined into “transitional factors”). In
addition, the new model includes the designation “no disabling condi-
tions” to indicate that there is a beginning and an end to the disabling
process when a pathology, impairment, functional limitation, or disabil-
ity does not exist.

2. The environment: The shaded gray area from the 1991 model be-
comes “the environment,” including the physical, social, and psychologi-
cal components of the environment, and is represented as a three-dimen-
sional mat that supports and interacts with the person and the disabling
process, serving to highlight the importance of the person-environment
interaction.

3. Disability: The box that was labeled “disability” in the 1991 model

The Enabling–Disabling
Process

Social 
Environment

Physical
Environment

The
“Person”

The
“Environment”

The
“Person–Environment 

Interaction”

The
“Environment”

FIGURE 3-3  The person–environment interaction. The enabling–disabling pro-
cess is depicted as being an active part of the individual person. The physical and
social environments are depicted as a three-dimensional mat, with social factors
on one side and physical factors on the other. The interaction of the person and
the “environmental mat” is depicted as a deflection in the mat.
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has been moved from being a part of the disabling process to being a
product of the interaction of the person with the environment.

Each of these enhancements is described in greater detail below.

Assembling the Model

As shown in Figure 3-3, the new model can be shown as having three
parts: the person, the environment, and the interaction of the person with
the environment (disability).

The Person In the new model a new designation was added to indi-

FIGURE 3-4  Disability as displacement of the environmental mat. The amount of
disability that a person experiences is a function of the interaction between the
person and the environment. The amount of displacement in the environmental
mat is a function of the strength of the physical and social environments that
support an individual and the magnitude of the potentially disabling condition.
The amount of displacement represents the amount of disability that is experi-
enced by the individual.

ENVIRONMENT

The Strength/resilience of
the flexible mat (environment)
is a function of social support, 
culture, physical barriers,
assistive technology, etc.

DISABILITY

Amount of disability
is proportional
to amount of 
displacement in the mat.

DISABILITY

THE "PERSON" (with potentially disabling conditions)

Disability is a function of the interaction between the 
person and the environment

Physical Environment
Social Environment

Social EnvironmentPhysical Environment
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cate people with no disabling conditions. This feature of the model will
allow for “complete” rehabilitation (designating also both the origin of
the disabling process and the termination of the enabling process).

Transitional Factors In the new model, the committee defines the
converse of risk factor as “enabling factor.” Risk factors are phenomena
that are associated with an increase in the likelihood that an individual
will move from left to right in the new model, that is, from no disabling
condition toward functional limitation. In contrast, enabling factors are
phenomena that are associated with an increase in the likelihood that an
individual will move from right to left in the new model, that is, toward
less limitation.

The general types of enabling factors are the same as the general
types of risk factors, that is, environmental (social, psychological, and
physical) along with lifestyle and behavioral. So, for example, access to
appropriate care and assistive technology would be an enabling factor
(social environment), but lack of access would be a risk factor, or a dis-
abling factor; curb cuts and universal design would be enabling factors
(physical environment), but a lack of these would be disabling factors; the
age of the person is a biological factor that can be either enabling or
disabling; and compliance with pharmaceutical prescription regimens
would be enabling, whereas drug abuse would be a disabling (behavioral
and lifestyle) factor.

Thus, since both disabling and enabling factors affect transitions be-
tween the stages of the model, the committee groups them together as
“transitional factors.”

The Environment The environment is represented as a flexible three-
dimensional mat in the new model. The strength and resilience of this mat
are proportional to the quantity and quality of accessible support systems
and the existence of various barriers. Stronger mats equate with more
supportive environments, for example, access to appropriate health care,
the availability of assistive technology and social support networks, and
receptive cultures. Weaker mats equate with nonsupportive environ-
ments. For example, physical barriers, discrimination, lack of accessible
and affordable assistive technology, and lack of appropriate health care
result in greater displacement of the mat and, therefore, cause greater
disability.

Thus, a person with a given level of impairment or functional limita-
tion (i.e., potential disability) will experience greater disability (more dis-
placement of the mat) in a less supportive environment than he or she
would experience in a more supportive environment (indicated by a stron-
ger mat and less resulting displacement). The amount of disability is pro-
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portional to the amount of displacement in the mat that represents the
environment.

The environment is represented as having two general categories: the
social-psychological and the physical. Examples of the types of things
that might be included in each category include:

Psychological and Social Environments
• Discrimination
• Access to health and medical care
• Appropriate care
• Access to technology
• Culture
• Employment
• Family
• Economy
• Community organizations
• Access to social services
• Traits and personality factors
• Attitudes and emotional states
• Access to fitness and health-promoting activities
• Education
• Spirituality
• Independence

Physical Environments
• Architecture
• Transportation
• Climate
• Appropriate technology
• Geography
• Time

Each of the items listed in the social and physical environments could
be thought of as layers in the mat; for example, access to assistive technol-
ogy would be a layer in the environment mat, and so if an individual had
good access to assistive technology, a strong layer for assistive technology
would be added to the mat. If there were no access to assistive technol-
ogy, then this layer would be missing from the mat, thus weakening the
overall support and increasing the resultant disability.

In keeping with this model, it is important to note that the environ-
ment interacts at all points in the process (e.g., the environmental risk
factors described in Disability in America [Institute of Medicine, 1991]).

Reflecting the increasing focus on the interaction of the individual
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and the environment, recent research on disability and rehabilitation has
described the constituent parts of the environment in as much detail as
Nagi’s model gave to the individual pathway (Fawcett et al., 1994;
Fougeyrollas and Gray, 1996; Fougeyrollas, 1997; Law et al., 1996). These
researchers see the environment of the person with a disabling condition
as including elements that are proximate, such as the immediate home
and work environments (termed the microsystem of the individual), and
distal, such as the community in which the individual lives (termed the
mesosystem) and the society, economy, and, perhaps above all, the culture
in which the local community is embedded (termed the macrosystem).
However, these researchers do not include psychological or intrapersonal
factors as part of the microsystem, an omission that the enhancements of
the model described in this chapter are meant to rectify. In this chapter,
psychological factors such as one’s thoughts, beliefs, or expectancies are
included in the intrapersonal environment.

Although the person with a disabling condition experiences the
microsystem tangibly every day, the extent to which a particular condi-
tion is expressed as a disabling condition may be determined as much at
the macro- or mesosystem level as by the nature of the local environ-
ment. For example, research on disability in the work setting indicates
that the economic status of the overall labor market has a far greater
impact on the employment status of people with disabling conditions
than the willingness of individual employers to provide accommoda-
tions or the extent of the physical or mental impairment for that matter,
even though both accommodations and extent of impairment do have
some effect (Yelin, 1992). Similarly, the overall culture frequently deter-
mines whether a limitation will be considered disabling. In the broader
U.S. culture, for example, a severe limitation in hearing is considered a
disability. In a society in which the culture supports the use of sign
language, a hearing loss may not be limiting (Groce, 1985).

The relative importance of the different elements of the environment
may differ among kinds of activities. The extent of family help and the
nature of the landscape and the built environment—microsystem and meso-
system characteristics, respectively—may affect an individual’s ability to get
around the community more than the overall culture (macrosystem charac-
teristics). Even in that example, however, the importance of the overall cul-
ture becomes clear, because in some societies the provision of such services
flows quite naturally from a communitarian ethos, whereas in others it is left
to individuals and families to fend for themselves.

Disability The definition of disability has not changed, but its repre-
sentation in the model has. In the new model, disability is a dependent
variable whose value is determined by the relationship between two other
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variables: the person and the environment. Since disability is not a part of
the person, but rather is a function of the interaction of the person with
the environment, the box that represented disability in the 1991 IOM
model has been removed from the person component in the new model
(see Figure 3-4). Disability is now represented as the quantity of deflec-
tion in the mat that represents the environment.

Thus, in the new model disability is a relational outcome. Although
many parts of the process are not well understood at present, the areas in
which knowledge is strong and those in which it is weak can be specified
in the new model.

Theoretical Quantification and Mathematical
Model of Disability

As a relational concept, disability lends itself to mathematical model-
ing. At present this can be done only on a conceptual basis, since quanti-
fication of the variables is not yet reliable and reproducible. Nonetheless,
a mathematical model is useful in further clarifying the relationship that
exists between the person and the environment and how they interact to
create disability.

Beginning with the variables of pathology (P), impairment (I), and
functional limitation (FL), the first assumption is that the sum of these
variables represents a quantity known as an individual’s potential disabil-
ity, or PD: P + I + FL = PD. Potential disability is referred to as “potential”
because it is only the interaction of potential disability with the environ-
ment that creates true disability. In addition, some (or all) of these vari-
ables may be equal to zero. If all are equal to zero, then there is no poten-
tial disability.

Environment (E) is the denominator in the mathematical model, be-
cause it is the influence of the environment that creates disability from
any given potential. The environment is the variable factor against which
the other factors are measured and that determines the existence of dis-
ability. Without environmental factors there would be no disability. Thus,
disability (D) can be represented mathematically as the relationship of
potential disability (PD, or P + I + FL) to environment (E): (P + I + FL)/E
= D or PD/E = D.

Take the following example. If the range of PD (i.e., the sum of P + I +
FL) is 0 to 10 (where 10 is the maximum potential for experiencing disabil-
ity) and the range of E is 0.1 to 10 (where 1.0 is a neutral environment, 10
is a very accessible and supportive environment, and 0.1 is a very inacces-
sible and nonsupportive environment), then the resultant quantity of D
would range from 0 to 100 (where 100 is maximum disability).

So, for example, if PD were 5 and the environment were a very “good”
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one (e.g., E = 10), then the level of disability would be 0.5. However, with
the same PD (i.e., PD = 5) but a less supportive environment (e.g., E = 1),
then the level of disability would increase from 0.5 to 5. (When E is equal
to 1, the effect of the environment is neutral and PD is equal to D.)

Mathematically, to allow the environment to exert a truly negative
effect in the model, the range of quantities for the denominator (i.e., the
environment) should be less than 1.0 but greater than zero; thus, the
range would be from 0.1 to 10. Using the example above, if E is equal to
0.5 instead of 1, then the level of disability would increase from 5 to 10. If
the environment was at its worst (i.e., E = 0.1), then the amount of disabil-
ity would increase to 50 in this example.

In summary, maintaining the level of potential disability constant
(PD = 5) and varying the quality of the environment (E is from 0.1 to 10)
results in the moderate disability scores listed in Table 3-1 for the example
cited above.

CONCEPTUAL MATRIX FOR REHABILITATION RESEARCH

The conceptual models presented here could form the basis for a new
science—rehabilitation science and engineering—that embodies the un-
derlying, rudimentary paradigm implicit in each. The committee believes
that there is a legitimate and distinct field of study that justifies the term
“rehabilitation science.” Rehabilitation science emphasizes function, fo-
cusing on the processes by which disability develops and the factors in-

TABLE 3-1  Estimating the Effects of the Environment on Disability

Functional Potential Potential Environmental Disability
Capacity Disability Disability Support Score
(qualitative) (qualitative) (range: 1–10) (range: 0.1–10) (range: 0.1–100)

High Low 1 10 (good) 0.1
1 1 (neutral) 1
1 0.5 (bad) 2
1 0.1 (worst) 10

Moderate Moderate 5 10 (good) 0.5
5 1 (neutral) 5
5 0.5 (bad) 10
5 0.1 (worst) 50

Low High 10 10 (good) 1
10 1 (neutral) 10
10 0.5 (bad) 20
10 0.1 (worst) 100
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fluencing these processes. The vision of rehabilitation science is that bet-
ter understanding of the causes and factors contributing to disability will
lead to better treatments and technology for those with disabling condi-
tions. To help define the parameters of rehabilitation science and engi-
neering, the committee developed the conceptual matrix presented in
Table 3-2. The matrix is useful as a tool for identifying the focus of reha-
bilitation science and engineering, defining which research activities ad-
dress rehabilitation, and providing new possibilities for future research.

Table 3-2 demonstrates that rehabilitation science and engineering
targets the enabling–disabling process, which runs across the stages of
disability, and addresses the disabling conditions and the environment.
The cells of this matrix (i.e., the different letters, A1 through M4) match
disability-related variables in the rows to performance measures in the
columns. A single cell (e.g., A1 or C3) in the matrix constitutes the mini-
mum requirement for research classified as associated with the new aca-
demic field of rehabilitation science and engineering. If a row variable is
studied across several performance states, the multi-cell begins to repre-
sent the enabling–disabling process. Every research study in rehabilita-
tion science and engineering must have some measure of disability-re-
lated function (columns) and some measure of a disability-related
variable, either of the person or of the environment (rows). It is not suffi-
cient to study a classification of illness or disease without a measure of
performance. This requirement defines the subset of pathology and patho-
physiology research in medicine that overlaps with rehabilitation science
and engineering. It also serves as a guide for defining the rehabilitation
science and engineering relevant research in basic biological, physical,
behavioral, and social sciences and in the health professional and engi-
neering disciplines. The highest priority in rehabilitation science and en-
gineering is for studies yielding causal explanations of disabling and re-
habilitative processes.

The matrix also reveals the unique nature of rehabilitation science
and engineering. First, rehabilitation science emphasizes function. Sec-
ond, rehabilitation science focuses on factors that lead to transitions be-
tween pathology, impairments, functional limitation, and disability.
Third, rehabilitation science examines physical, behavioral, environmen-
tal, and societal factors that influence these transitions. Although rehabili-
tation science is multidisciplinary and utilizes methods from many fields
including medicine, biomedical engineering, material sciences, sociology,
architecture, and even economics, it is distinct from other scientific disci-
plines due to its emphasis on function, factors, and interventions that
disable or enable people. Rehabilitation science and engineering com-
bines knowledge from these otherwise distinct disciplines to create a
knowledge structure for the understanding of performance deficits un-
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TABLE 3-2  Conceptual Parameters of Rehabilitation Science and
Engineering

Disability-Related Performance Measures
(rehabilitation realms)

Functional
Pathology Impairment Limitation Disability

Enabling Processes
Personal and
Environmental Disabling Processes
Variables

Personal (e.g., biology,
behavior, resources)

Natural processes (growth,
maturation, development,
aging, repair) A1 A2 A3 A4

Disease (manifestations and
progression) B1 B2 B3 B4

Behavioral lifestyle C1 C2 C3 C4
Experiential (e.g., perceptions,

autonomy, well-being,
quality of life) D1 D2 D3 D4

Resources (e.g., physical,
monetary, skills) E1 E2 E3 E4

External environment
Natural (e.g., climate,

terrain) F1 F2 F3 F4
Culture G1 G2 G3 G4
Engineered (e.g., assistive

technology, architecture,
transportation) H1 H2 H3 H4

Therapeutic modalities I1 I2 I3 I4
Health care delivery systems J1 J2 J3 J4
Social institutions (e.g.,

family, religion) K1 K2 K3 K4
Macroeconomic indicators

(e.g., gross national
product, unemployment
rates) L1 L2 L3 L4

Policy and law M1 M2 M3 M4
Resources and opportunities N1 N2 N3 N4

<———————————————————————

———————————————————————>
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derlying disability, the processes in which disabling conditions develop,
progress, and reverse, and the factors that mediate the disabling and
enabling processes.

Table 3-2 finally creates possibilities for new research. The matrix
identifies combinations of variables which can be researched, but are not
likely studied in the separate, existing basic science, health professional,
and engineering disciplines. The variables in the rows (i.e., person and
environmental variables) may be investigated as dependent or indepen-
dent variables with the performance realms (columns) as the respective
independent or dependent variable counterpart. Switching the indepen-
dent variable from column to row will allow elucidation of the impact of
disabling or rehabilitative processes on the person or society, on the one
hand, or the impact of person or environmental variables (as positive or
negative effectors) on enabling and disabling processes. The new knowl-
edge of rehabilitation science and engineering will stimulate insights into
rehabilitative processes and innovations into rehabilitation therapeutics.

The matrix in Table 3-2 can also be used to evaluate current data
collection efforts with respect to the prevalence of and impact of disabil-
ity. Currently, federal surveys routinely collect information on the extent
of pathology, impairments, and on limitations in major classifications of
activities. The National Health Interview Survey collects some informa-
tion on behavioral factors and in the use of health care. In addition, some
episodic surveys such as the Longitudinal Study on Aging and Health
and Retirement Survey collect some information on accommodations pro-
vided by government, family, and employers. However, no ongoing sur-
veys routinely collect information on the experiential and resource do-
mains within personal factors and none collect information on such
external environmental factors as the natural and engineered environ-
ment, access to rehabilitation specific therapies and health care, the avail-
ability of social supports, and the experience of the laws and regulations
governing disability policy. In short, information on disability is almost
exclusively within the personal domains and even so, tends to focus on
definitions of disability that accord with much more primitive models of
disability.

SUMMARY AND CONCLUSIONS

The prevailing wisdom about the causes of disability has shifted dra-
matically in the span of the last several decades. From the deterministic
position of the American Medical Association Committee on Impairments
of the 1950s, in which pathology was viewed as equivalent to disability, to
the probabilistic one in more recent years of Nagi, IOM, and National
Center for Medical and Rehabilitation Research (NCMRR) that, although
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still focusing on the characteristics of the individual, viewed the relation-
ship among pathology, impairment, functional limitation, and disability
as contingent, to the view espoused here, that the environment and char-
acteristics of the individual conjointly determine disability, the underly-
ing notion of why someone is unable to function in the major activities of
life has been transformed.

The notion that disability arises from the interaction of a person’s
physical condition and the person’s environment has several implica-
tions. These implications affect research, professional training, and policy.
Although there is not space here to discuss these implications in depth,
their outlines will be sketched briefly in the hopes that others will investi-
gate them further.

One implication of the notion that environments can be enabling
is that disability does not always have to be viewed through a “defi-
cit” model. Rather, it should be recognized that in an environment
that is strongly enabling, a person with a substantial physical impair-
ment can live a life that is indistinguishable in important ways from
that of a similar person without such an impairment. That is, the
person with the impairment can hold a good job, be married and have
a family, engage in non-work-related activities, enjoy social relation-
ships, and be part of a community. Not much research has been done
from this perspective. Some exceptions are the works of Gray (1996),
and White et al. (1995). The committee strongly recommends that more
research be done which emphasizes the effects of enabling environ-
ments on the lives of people with impairments and functional limita-
tions. If disability is a function of the environment, it is not a stable
attribute across situations. Rather, it will depend on the particular
environment or the particular situation. For example, it is possible
that a person with a certain type of impairment might be more dis-
abled in his or her work environment than in the family environment.
This would be true, for example, of a deaf person working with hear-
ing coworkers who did not know how to sign, who worked for a
company that provided interpreters only for large or important meet-
ings, but whose spouse and children all signed fluently. Or an impair-
ment might affect a person’s ability to use public transportation, but
not the ability to work once arriving in the workplace.

For research, this means that one measurement of impairment or
functional limitation cannot be developed to indicate degree of disability
in all situations. One measurement that attempts to indicate how dis-
abled a person is would be misleading. If the measurement were limited
to a specific, clearly defined situation, such as a workplace, it might be
possible to include enough environmental indicators that a valid and
reliable measurement might be developed; however, this measurement
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is unlikely to apply across all situations. This will, for the short run, make
the tasks facing researchers much harder.

This conception of disability also carries with it implications for pro-
fessional training. If the goal of professional training in rehabilitation is to
impart the skills needed to reduce disability, training programs will need
to teach many forms of environmental modification. Training may need
to be broader than it has been, and it will need to include more profes-
sional fields and skills (see Chapter 9 for further discussion of this issue).

Finally, even though disability policy is not the focus of this report, it
is worth noting that the policy implications arising from this definition of
the concept are enormous. Disability determination will not be able to be
a single event. Rather, a determination of disability status, for example,
for the purpose of receiving Social Security Disability Income benefits,
will have to be tied to a specific time, place, set of skills, and type of job. It
cannot be permanent, for not only will changes in the person’s own health
or educational status change it, but so will changes in aspects of the work
environment. Additionally, any single disability determination might not
be acceptable across programs, since different programs apply to differ-
ent environments.

RECOMMENDATIONS

Recommendation 3.1 Researchers and educators should adopt the
model for rehabilitation and the enabling–disabling process presented
here. Programs supporting rehabilitation-related research should
adopt its terminology and use it as an organizing tool.

Recommendation 3.2 Based on the model of the enabling–disabling
process described in this report, methods for quantifying disability
should be developed that are sensitive to the characteristics of both
the person and the environment. Such a metric would facilitate addi-
tional research into the factors that affect transitions between dis-
ability and other states of the enabling–disabling process, and the
development of effective preventive and rehabilitative intervention
strategies.
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Pathology and Impairment Research

From a medical perspective, the most basic way of investigating po-
tentially disabling conditions is to study them in the performance realms
of pathology and impairment. As defined in the conceptual matrix for
rehabilitation science and engineering in Chapter 3 (see Table 3-2), re-
search in the pathology and impairment realms of rehabilitation science
and engineering includes studies of isolated cells, tissues, and organs
derived from human or animal subjects. The performance variables of
interest are measures of molecular, cellular, and organ or organ system
function. Although the performance of the cells and organs may be as-
sessed in an intact human, humans are not absolutely required for pathol-
ogy and impairment research; pathology and impairment research may
be performed using isolated cells and organs from humans or animals.
These preclinical studies are intended to (1) define significant parameters
or valid markers of pathology and impairment, (2) illustrate relationships
(causal and other) among significant parameters, and (3) identify the
mechanisms and factors governing changes in significant parameters.

By examining the different sciences that contribute to rehabilitation
science and engineering, the roles and uniqueness of rehabilitation sci-
ence and engineering are defined. This chapter evaluates the multiple
number of scientific disciplines that contribute to knowledge about pa-
thology and impairment and the scientific research that generates it. To
better understand the importance of research in these areas and to define
their boundaries, the chapter also addresses the major categories of activ-
ity limitations experienced by adults and children and the impairments
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and pathologies associated with these limitations. These categories are
presented not to suggest that these pathologies and impairments be stud-
ied exclusively but, rather, to prioritize the need for the development of
knowledge related to significant functional limitations affecting human
independence, autonomy, and productivity in society. The state of knowl-
edge for selected pathologies and related impairments is reviewed to
describe the gaps in knowledge that exist and promising areas in which
knowledge can be developed through research from the perspective of
rehabilitation science and engineering.

SCIENCES CONTRIBUTING KNOWLEDGE TO STUDYING
PATHOLOGY AND IMPAIRMENT RESEARCH

Knowledge in the realms of pathology and impairment comes from a
variety of disciplines that partially overlap. Biology, engineering, and the
physical, social, and behavioral sciences all contribute to rehabilitation
science and engineering, in that those disciplines provide knowledge re-
lated to the altered cell and organ functions that may lead to disabling
conditions. Rehabilitation science and engineering is unique in that it
melds the knowledge from these otherwise distinct disciplines and cre-
ates a multidisciplinary structure that allows one to understand the na-
ture of disability, that is, how potentially disabling conditions develop,
progress, or reverse and the factors that mediate disabling or enabling
processes. So, although an array of biological sciences offers knowledge
of the normal molecular-cellular and organ-organ system level of perfor-
mance, as well as of the molecular, cellular, and organ defects that lead to
various pathological states and impaired organ system function, many of
the factors that determine enabling and disabling processes and move-
ment between the realms of pathology and impairment are related to
disciplinary knowledge beyond that from the biological sciences. For ex-
ample, replacement of organ function may entail an artificial organ (e.g.,
kidney dialysis machine, mechanical heart, or artificial hip) that emanates
from a combination of medical and engineering research. Developments
in engineering offer the hope of providing environments to assist with
human functioning in the face of disability and impairment. Social sci-
ences provide knowledge of the influence of personal lifestyle and soci-
etal conventions on enabling and disabling processes, even disability-
related changes in performance at the molecular and cellular (pathology)
and the organ (impairment) levels. The health professional disciplines
support and stimulate the basic science research relevant to rehabilitation
science and engineering and, most importantly, see that new knowledge
from the basic sciences and rehabilitation science and engineering is trans-
lated into therapeutics and clinical care.
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Physiology, Cell Biology, Neuroscience, Developmental Biology,
Gerontology, Vascular Biology, and Biochemistry

The knowledge generated in the biological sciences, including, physiol-
ogy, cell biology, neuroscience, developmental biology, gerontology, and
biochemistry, has a direct relationship to rehabilitation science and engi-
neering to the extent that this knowledge explains the basis of pathological
function of the human biological system. Scientists in these fields study the
structures and functions of the molecular, cellular, organ, and organ systems
known to be the cause of disabling conditions. Particularly useful to reha-
bilitation science and engineering are elements of pathophysiology that are
specifically associated with disability, including injury processes and intrin-
sic mechanisms for recovery or compensation of function at the cellular and
organ-organ system levels. Of particular interest are markers of disease and
disease progression, including ones that vary by gender, race, and age or
developmental stage. Because of their seminal contribution to knowledge of
human cell and organ function, these sciences are also critical to the devel-
opment of knowledge that allows investigators to identify and understand
complications of disability that present as secondary conditions, such as
decubiti, infections, pain, muscle spasticity, joint dysfunction, immunologi-
cal deficiencies, disease atrophy of skeletal muscle, micturition dyssynergia,
and sexual impotence.

The biological sciences are also critically important to rehabilitation sci-
ence and engineering for the development of animal or surrogate (computer
or tissue culture) models of disabling diseases and disorders. A major ob-
stacle to effective rehabilitation research is the paucity of good nonhuman
models of disabling conditions that can be used to accurately predict treat-
ment efficacy in humans. For example, current animal models that are im-
portant to rehabilitation research include models of neuropathic pain, spas-
ticity, decubiti, infection, contractures, arthritic disorders, abnormal
ossification, skeletal muscle atrophy, locomotor deficits, scoliosis, bladder
and sphincter dyssynergia, thrombophlebitis, peripheral ischemia, burns,
visuomotor deficits, postural instability and vestibular ataxia, posture-re-
lated autonomic dysfunction, endocrinological deficits, and immunological
deficits. Tissue cultures are used to model apoptosis or skin healing.

Genetics and Molecular Biology

Although many disabling conditions are not intrinsic but are acquired
(e.g., because of trauma, aging, infection, or exposure to harmful environ-
mental agents), a significant number have their origins in the genetic
inheritance of the individual either as defects of a single gene or as mul-
tiple gene disorders or chromosomal abnormalities. Duchenne muscular
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dystrophy and cystic fibrosis, for example, are inherited genetic disorders
that are associated with progressive pathology and impairment. These
manifest primarily with aging and, perhaps, as a result of environmen-
tally determined factors that influence the timing of expression of a defec-
tive gene, such as that linked to breast cancer (e.g., BRCA-1) (Hall et al.,
1990; Easton, Bishop, Ford et al., 1993). Normal human processes of spe-
cial interest to rehabilitation science and engineering are growth and heal-
ing, repair, and compensatory mechanisms; these processes are critically
dependent on the up- and down-regulation of genes and gene products.
Similarly, normal human development and maturation are the manifesta-
tions of genetics, and thus, genetic disorders and disability are inter-
twined. At present genetics and molecular biology offer unique perspec-
tives and powerful investigative techniques for providing an
understanding of the cause and nature of some diseases at their most
fundamental biological levels. It is also hoped that genetics and molecular
biology will provide markers of these diseases and that nonhuman ani-
mal models can be used to study the factors determining the resultant
disabling and enabling processes. Although not yet realized, the promise
of this realm of biological science is genetic and molecular biological thera-
pies that will allow for the exogenous replacement of defective and miss-
ing genes or the stimulation of expression of existing genes, perhaps even
to regrow cells, organs, and limbs.

Pharmacology

Many pharmacological agents are used in rehabilitation therapeutics.
The specific cellular and organ actions of drugs and pharmaceutical agents
are often not well understood. Basic pharmacological research focuses on
the mechanisms of drug actions. Rehabilitation science and engineering
critically needs knowledge of how pharmaceutical agents act on cells
with existing pathology and on impaired organs so that agents useful in
the management of potentially disabling conditions and the prevention of
secondary conditions can be found. For example, the effects of 4-amino-
pyridine on axonal conduction in an animal model of diabetic neuropathy
or spinal cord injury shows promise for human study and application.
Pharmacologic agents are also a means of regulating gene expression in
the developing and mature organism.

Engineering and Physical Sciences

Engineering is traditionally viewed as the application of science to
the needs of society. The application of engineering to problems of people
with impairments and disabling conditions however, is still rather young.
Continuity in the application of engineering in rehabilitation can be traced
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only to 1945, the end of World War II, as described in Chapter 1. Engi-
neering in rehabilitation has given many people the opportunity to dem-
onstrate what is possible when disabling conditions are transcended
through technical assistance.

One of the contributions of engineering to rehabilitation science and
engineering lies in creating altered, supportive environments (external or
internal) for people with disabling conditions, because when engineering
of the environment is maximized, the manifestations of pathologies and
impairments as functional limitations and disabilities are minimized. In
addition, virtual reality systems that are in development may allow for
the remote control of function and communication through robots and
other engineered devices, such as eye- or voice-controlled power wheel-
chairs. These engineered environments limit or reverse the functional
manifestations of pathology and organ impairment by compensating for
or replacing the altered or lost function with engineered structures and
devices. The majority of current rehabilitation engineering research is in
the fields of materials sciences, biomedical engineering, and engineering
technology development. Prosthetics and orthotics, replacement of joints
by endoprostheses, neuroprostheses, implantable lenses and pacemakers,
and implantable drug delivery systems are examples of engineered exog-
enous devices that improve function by replacing diseased organs or com-
pensating for their impaired function and that help investigators in reha-
bilitation science and engineering to build their knowledge of enabling
processes. Similarly, pressure-distributed and regulated seat cushions and
other devices for people who use wheelchairs exemplify how engineered
environments can prevent secondary conditions.

Engineering and physical sciences are also critical to the development
of tools that can be used to measure outcomes at the cellular, tissue,
organ, and organ system levels of performance. These tools allow for the
assessment of the development of pathology and impairment and the
progression of disabling and enabling processes. The data are derived
from biological science research, but the tools are from engineering and
physical sciences. The usefulness of the data to rehabilitation however,
depends on the validity, reliability, and sensitivity of the measurements
of the relevant parameters. In particular, rehabilitation science and engi-
neering research needs outcomes that can be obtained by noninvasive or
minimally invasive means and measures that can be used to track pathol-
ogy and impairment.

Social and Behavioral Sciences

The significance of social and behavioral sciences to knowledge of pa-
thology and impairment stems from their importance to understanding the
effects of the individual and the social environment. Knowledge from psy-
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chology, anthropology, sociology, political science, economics, epidemiol-
ogy and communication science contributes to understanding of pathology
and impairment. For example, smoking leads to progressive cellular and
respiratory system disease and the resultant functional limitation. Social
sciences help to pinpoint who is most at risk for this pathology as well as for
other aspects of the enabling–disabling process. Social sciences help to iso-
late cultural or behavioral elements which contribute to the development of
pathologies, including, for example, sexual behavior, dietary habits, and
driving behavior. Studies in epidemiology indicate the role that behaviors
play in contracting the spread of potentially disabling pathologies.

Health and Health Professional Sciences

The health professional disciplines are essential to understanding the
dimensions of human health and assisting people with achieving health.
These sciences, including medicine (physical medicine and rehabilitation),
nursing (rehabilitation nursing), physical therapy, public health, exercise
physiology and sports medicine, audiology, occupational therapy, speech-
language pathology, audiology, and veterinary medicine, among others,
are important to rehabilitation science and engineering in that they foster
the development of basic and applied science relevant to rehabilitation
science and engineering. Relevant and ongoing research is occurring in all
these fields and in addition, biomedical engineering and rehabilitation
engineering make contributions to solve problems in the area of rehabili-
tation. It is frequently the clinician-scientist who asks questions about
pathology and impairment and the enabling and disabling processes. The
non-clinician physiologist, in contrast, may be interested in a pathology
only to explain a normal cellular process. The health professional disci-
plines are also important to rehabilitation science and engineering in that
they translate theoretical knowledge in rehabilitation science and engi-
neering into innovations in therapeutics and evaluate their effectiveness.

Veterinary science may also contribute to the knowledge of enabling
processes in rehabilitation science and engineering. Animals offer compan-
ionship and, if properly trained, assistance with mobility, activities of daily
living, and communication. There are many examples of animals creating a
social and physical environment that limits the negative impacts of pathol-
ogy and impairment on human function. Animals also offer a means of
continuing exercise despite impairments or chronic disease, for example,
horseback riding for people with leg paralysis or multiple sclerosis.

Uniqueness of Rehabilitation Science and Engineering

Although much knowledge of and research on pathology and impair-
ment in rehabilitation science and engineering overlap those of basic bio-
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logical, engineering, social and behavioral, and health and health profes-
sional sciences, rehabilitation science and engineering is unique in meld-
ing this research and knowledge into a conceptual matrix to address the
problems of people with disabling conditions (see Table 3-2 in Chapter 3).
Rehabilitation science and engineering also includes and combines vari-
ables in ways that would not occur in the separate existing sciences, for
example, an epidemiological study of the association of a particular pa-
thology (using a biological marker) with a disability (using a social role
performance measurement) to evaluate the health of a population. Reha-
bilitation science and engineering has the potential to organize and coor-
dinate research in the existing disciplines and to fill in gaps in research to
ensure that there is an appropriate knowledge base to address disability
and rehabilitation.

There is significant overlap between many existing sciences and the
pathology and impairment realms of rehabilitation science and engineer-
ing, and these related sciences have the potential to meet the basic and
applied research needs of rehabilitation science and engineering. The
highest priorities for rehabilitation science and engineering should be to,
from the rehabilitation perspective, focus, coordinate, and support cur-
rently fragmented research efforts. Researchers from many disciplines
will address the questions of rehabilitation science and engineering if
they are introduced to them as priorities and the work is supported.

STATE OF KNOWLEDGE FOR SELECTED
MAJOR CAUSES OF PATHOLOGY IN ADULTS

Since orthopedic and musculoskeletal pathologies and impairments
are those most frequently associated with the most prevalent adult activ-
ity limitations, the committee reviewed the state of knowledge in selected
fields related to the control and function of the musculoskeletal system.
The following sections address neural restoration and regeneration, syn-
ovial joints and soft tissue, the neuromuscular system, and skeletal muscle
in terms of state of knowledge and potential for development as an area
of pathology and impairment research in rehabilitation science and engi-
neering. This material is not intended to be a comprehensive review, but
rather a summary description.

Central Nervous System

The inability of the brain and spinal cord to repair and regenerate
themselves is one of the most established dogmas in science. In the same
way that infectious diseases were regarded as incurable a century ago,
clinicians regarded with great pessimism the possibility of effective thera-
pies for brain and spinal cord injuries. Rehabilitation research was domi-
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nated by the view not only that the brain and spinal cord are incapable of
repair, growth, and reconnection, but that it was impossible to develop
therapies to restore brain and spinal cord function. As a consequence,
research on neurological impairments has been oriented toward assessing
mechanisms of injury, epidemiology, improving outcome measures, and
preventing secondary injuries and conditions.

This pessimism, however, is beginning to reverse. In the past decade,
researchers have overturned the dogma that the brain and spinal cord
cannot regenerate. A majority of scientists now believe that it is not a
matter of if but when such therapies will become available. Neuro-
protective therapies that can be given after injury are already available for
spinal cord injury and are in development for traumatic brain injury and
stroke. Remyelinative and other reparative treatments are being devel-
oped. Thus, the door has been open for new therapies that will have a
large impact on preventing and reversing neurological impairments.

An exhaustive description of recent therapeutic advances is beyond
the scope of this chapter. However, it should be noted that significant
advances have been achieved for neural tissue with preventative and
regenerative therapies. Preventative therapies stop the process develop-
ing from no pathology to pathology. Regenerative therapies reverse the
process from pathology to impairment.

Prevention of secondary injury is one of the primary goals of rehabili-
tative therapy, since brain and spinal cord injuries are believed to be
immediate and irreversible. Animal studies, however, have suggested for
decades that some injuries can be reversed by treatments given shortly
after an individual sustains an injury. In 1991, the National Acute Spinal
Cord Injury Study showed that high-dose corticosteroids given to indi-
viduals within 8 hours after they sustain a spinal cord injury significantly
improve their neurological recovery (Bracken et al., 1990, 1992). More
than a dozen other therapies have been reported to be neuroprotective in
people who have sustained acute spinal cord injuries (Nockels and Young,
1992). To identify the next generation of neuroprotective therapies, scien-
tists are now collaborating in the first multicenter preclinical studies of
promising therapies (Basso et al., in press).

Laboratory studies have revealed that several classes of therapies
significantly reduce ischemic and traumatic brain injuries. One of
these, the calcium (Ca2+) channel blocker nimodipine, has been shown
to improve neurological recovery after subarachnoid hemorrhage
(Allen et al., 1983). Glutamate receptor blockers have shown substan-
tial promise in animal studies and are beginning to be tested in clini-
cal trials (Choi, 1992). Other treatments, including those with opiate
receptor blockers and free radical scavengers, as well as hypothermia,
reportedly have neuroprotective effects in individuals who have sus-
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tained ischemic and traumatic brain injuries (Dietrich, 1992; McIn-
tosh, 1992).

The convincing evidence that the central nervous system can regener-
ate was reported 15 years ago when Aguayo and colleagues reported that
central neurons send fibers (axons) into peripheral nerves that are in-
serted into the brain or spinal cord (Aguayo et al., 1981, 1983, 1990; David
and Aguayo, 1981; Benfey and Aguayo, 1982). Although the axons grew
long distances in the peripheral nerves, they failed to penetrate back into
the central nervous system at the other end of the peripheral nerve in-
serted into the brain or spinal cord. Aguayo and colleagues suggested
that factors in central nervous system tissues prevent growth.

In 1987, Schwab and colleagues identified two related proteins in the
spinal cord (on the myelin) that appear to inhibit axonal growth (Caroni and
Schwab, 1988 a,b; Caroni et al., 1988; Schwab and Caroni, 1988). Blockage of
one of these proteins (neurite growth-inhibiting factor) with an antibody
allowed regeneration to occur in injured rat spinal cords and improved
locomotion (Bregman et al., 1995). This study established the concept that
white matter-associated inhibitory proteins prevent regeneration.

Cheng, Cao, and Olsen (1996) recently used peripheral nerve bridges
and a growth factor to produce functional regeneration in adult rats with
fully transected spinal cords. They avoided the inhibitory factors in white
matter by bridging spinal tracts from white matter (where the axon tracts
are situated) to gray matter (where the neuronal cell bodies are situated).
In addition, they used a growth factor called fibroblast growth factor.

Although this treatment strategy is not yet applicable to a majority of
individuals who have sustained spinal cord injuries, these findings repre-
sent a strong refutation of the regeneration dogma. They further confirm
the growing conviction of many scientists that regeneration is possible
under some circumstances.

Several laboratories are working on alternative approaches. For ex-
ample, several studies have suggested that fetal cells also provide a suit-
able bridging environment at the injury site. Other researchers have im-
planted genetically modified cells that express and secrete molecules
known to support axonal growth.

Synovial Joints and Soft Tissue

The human body contains many synovial joints, which comprise cap-
sules, ligaments, tendons, and articular cartilage. These joints vary in size
and facilitate different motions to fulfill the activities of daily living. The
hip, knee, ankle, shoulder, elbow, and various joints in the hand are syn-
ovial joints. Together, they act to guide articulating bones, smoothing the
path of motion and reducing friction.
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Much collaborative work has been done by biomedical engineers,
biochemists, anatomists, and clinicians to gain a basic understanding of
the function of articular cartilage, various ligaments and tendons, and the
capsular structure around synovial joints. In addition, valuable gait analy-
sis information has characterized the three-dimensional motion of joints,
which act both individually and synergistically during ambulation.

Some soft tissues will heal spontaneously when they are injured,
whereas others will not. Tissues that do not heal are often replaced by
surgeons using autologous or allogeneic tissue grafts. Surgical treatment
of soft tissue injury often requires a postoperative rehabilitation regimen
of physical therapy and activity restrictions. These protocols are generally
not based on scientific studies, and thus, considerable research is needed
in the area of postoperative rehabilitation to define proper protocols. For
example, not known are the acceptable mechanical loads for the tissues in
the immediate postoperative period and how over time these loads can be
adjusted as the tissue heals.

It is generally known that stress and motion are required to promote
tissue healing. Without them, tissues will form contractures and joint
motion will be limited. In some cases, the loss of function is permanent.
Contractures are among the most difficult rehabilitation problems. Pre-
vention of contractures requires placing a load on healing tissues, but the
maximal safe load is still undefined. The type, intensity, and frequency of
loading necessary to maintain the composition and properties of most
nominal soft tissues can vary over a broad range. This is not the case,
however, for injured or repaired tissues. It is therefore important to know
how and what type of rehabilitation protocol can best maintain tissue
composition properties and promote healing.

Rehabilitation of synovial joint injuries should focus on (1) regaining
the range of motion and function of the joint and (2) restoring the tissue
properties to those of normal tissue. To accomplish this, it is necessary to
first understand normal tissue and joint function from the structural level
all the way down to the molecular level. In this respect, knowledge can
build on what has been learned from various biomechanical, biochemical,
and molecular biology measurements of normal soft tissue. However, the
knowledge base is much smaller when dealing with healing soft tissues.

For example, the anterior cruciate ligament of the knee, one of the
most frequently injured ligaments, has no ability to heal once it is torn,
especially if the injury falls in the midsubstance of the ligament. Clinical
experience has shown that more positive results are obtained by replace-
ment of the ligament than by repair. Popular techniques involve recon-
struction with tissue grafts. However, there is a great deal of controversy
regarding graft configuration, intra-articular graft positioning, initial graft
tensioning, and postoperative rehabilitation protocols. Therefore, it is
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important that the stress and strain levels in the graft during the postop-
erative rehabilitation process be evaluated. With this information, the
changes in graft tissue properties over time can be charted, yielding quan-
titative data on the maximal allowable forces and elongation in the ante-
rior cruciate ligament graft and how they change with healing over time.
This will allow for the development and optimization of rehabilitation
regimens.

Articular cartilage repair is another area that has received much at-
tention, because articular cartilage lacks the ability to repair itself. Re-
cently, chondrocyte transplantation and various other surgical techniques
have been developed to promote cartilage regeneration. The surgical pro-
cedures are controversial, and little attention has been paid to the design
of postoperative rehabilitation. Yet, rehabilitation may be the key to the
successful outcome of cartilage repair. Additionally, noninvasive probes
need to be developed so that the pathological conditions and overall prop-
erties of the articular cartilage during the rehabilitation period can be
determined.

The field of molecular biology has also contributed the idea of using
various growth factors to improve the quality of healing tissues. In the
proper setting, growth factors could be used as an adjunct to improve
healing during the rehabilitation period. This area has a great deal of
potential, and the techniques to be developed and studied include the
vehicle that should have been used for growth factor delivery, types of
growth factors to be used, and how the use of growth factors can be
optimized to accelerate tissue repair.

It is also well documented that proprioceptive responses in the soft
tissues around the synovial joints are important to injury prevention and
rehabilitation. Scientific studies in this area have gained momentum in
recent years, and this concept must be extended to the postoperative or
postinjury rehabilitation of the soft tissues of synovial joints. Proper re-
training of proprioceptive responses in injured soft tissues is critical to
facilitating healing, restoring nominal kinematics and function, and pre-
venting further injury.

Neuromuscular System

In peak performance, as exemplified in ballet, basketball, or simple
ambulation, the ability of the human neuromusculoskeletal system to
produce graceful, meaningful movements is one of the wonders of na-
ture. Neuroscientists are interested in how the central nervous system
controls the muscles that produce such graceful human movements. Such
knowledge of the control of movement is likely to be important to under-
standing pathologies of the neuromuscular system. Impressive progress
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is being made in the motor control field by a large cadre of neuroscien-
tists, and this progress bodes well for the future rehabilitation of people
with neuromuscular disorders.

It is not enough, however, to understand the neurological control of
the human motor system; the biomechanical system of the body must also
be understood if there is to be a thorough understanding of the neuro-
muscular system. Biomechanicists have been investigating this system of
muscles, tendons, ligaments, tissues, and bones almost from the time of
Leonardo da Vinci and Galileo Galilei. Today the field of human biome-
chanics is burgeoning as never before. Throughout the world, thousands
of investigators connected with fields such as biomechanical engineering,
robotics, physical therapy, orthopedics, physical medicine and science,
sports medicine, exercise science, limb prosthetics, orthotics, psychology,
and behavioral science are working in the field of biomechanics. Some are
beginning to pull together neuroscience and biomechanics, a union that is
important to understanding the complete system. This multidisciplinary
array of scientists, engineers, and clinicians is gaining knowledge that
promises to provide not only an understanding of the complex human
motor system, but also the scientific and technical knowledge required to
assist impaired or nonfunctional neuromuscular systems.

Present research in neuroscience and biomechanics will enable clini-
cians, rehabilitation engineers, and others to provide effective assistance
to people with neuromuscular impairments. This assistance may be pro-
vided through suggestions for structural modifications through surgery.
On the other hand, it may be provided through suggestions for therapeu-
tic modifications (i.e., exercise) or the use of implanted assistive technical
systems such as muscle stimulators or external devices such as mechani-
cal bracing or limb replacement. Effective replacement or artificial assis-
tance for parts of the human neuromuscular system are some of the most
challenging problems of biomedical science and engineering. Nonethe-
less, the possibilities have already been shown by the advances that have
been made in the areas of limb prostheses, total joint replacements, and
functional electrical stimulation of paralyzed muscles. The extensive and
remarkable advancements in cardiac pacing provide an excellent example
of what can be accomplished through human muscle stimulation. It
should be remembered, however, that the advancement of cardiac pace-
makers came about over a long period of time and as the result of exten-
sive funding of a large number of investigators.

Engineers and scientists in the field of robotics research and design
also have interest in the human neuromuscular system. Study of this
system may assist with the design of new robotic arms or robotic walking
systems. Such robotic designs might assist with obtaining an understand-
ing of the human neuromuscular system itself, because often an under-
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standing of simpler technical systems aids in providing an understanding
of more complex biological systems.

Subtle aspects of the performance of the neuromuscular system may
be observable by motion analysis equipment. Gait analysis has been help-
ful in providing an understanding of human and animal movement since
the scientific work of Marey in France during the latter part of the 19th
century and the photographic work of Muybridge in the United States at
about the same time. Gait and movement analysis systems are ubiquitous
today, and their use for neuromuscular investigations should be encour-
aged. Sensitive analysis of integrated activities such as standing, walking,
and pointing may prove to be effective in the early diagnosis of move-
ment disorders of the neuromuscular system. Measurements of this kind
may also be useful in assessing the propensity for falling among people
who are aging. Multidisciplinary efforts are necessary for rapid progress
in these areas.

Engineering measurement equipment, coupled with knowledge of
the neuromuscular systems, has the potential to quantify muscle spastic-
ity. Quantification equipment of this kind, along with other kinds of in-
strumentation, will likely be important in measuring neuromuscular treat-
ment outcomes and in monitoring patient compliance with the use of
therapeutic and assistive devices supplied to assist them with their neuro-
muscular impairments.

Mathematical and computer modeling of the neuromuscular system
can also have important impacts on understanding neuromuscular sys-
tems. Musculoskeletal models of the human arm and leg systems are
already showing promise in understanding the “crouch gait” of people
with spastic diplegia. Models of this nature can also be used to predict the
results of surgical procedures involving muscle transfers. Likewise, bio-
mechanical measurement equipment can assist surgeons with obtaining
the precise “tone” desired in muscle transfers. Computer-aided surgery
and computer-assisted surgical decision making are already prevalent in
orthopedics, and their use will continue to expand.

Skeletal Muscle

Skeletal muscle is the largest tissue mass in the human body and as
such, it plays a dominant role in metabolism, thermal regulation, and
fluid and electrolyte balance in the human body, in addition to being the
contractile tissue responsible for all voluntary movement. Skeletal muscle
is also requisite for exercise and the beneficial physical and psychological
effects of exercise conditioning. A considerable body of knowledge in the
scientific disciplines of physiology, biophysics, anatomy, and biochemis-
try covers the normal physiology of muscle, including the molecular basis
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of force production, muscle shortening, the intracellular cycling of cal-
cium (transduction of chemical energy into mechanical energy), and the
steps in the excitation–contraction coupling process that transforms the
electrical signal on the muscle cell membrane into a chemical signal (Ca2+)
that activates the contractile proteins.

The field of skeletal muscle physiology has a long history, and much
of the definitive work has been through studies of nonmammalian, such
as amphibian, crustacean, and striated muscle. This information obtained
from studies of nonmammalian muscle is highly relevant, however, in
that the most basic structure–function relationships in skeletal muscle
hold true for species ranging from frogs to humans; even the diameters of
the cells of a skeletal muscle are in the same range in a variety of species.
What varies is the complexity of cell organization, their activation by
nerves, and the number of cell phenotypes expressed.

Interestingly, exercise physiologists have been a major force in ad-
vancing the study of mammalian tissue, and their work has been bol-
stered by the biochemists and anatomists interested in the more complex
mechanisms of mammalian tissue and seeking answers to the basis for
the different phenotypes of skeletal muscle cells in mammals, despite a
singular genotype. The normal physiology of human skeletal muscle ap-
pears to be the same as that of skeletal muscle from other mammals.

Paralysis

Any disruption of motor neuron function, in the neuromuscular junc-
tion, or in the spread of the action potential of the muscle fiber will cause
paralysis of that muscle fiber. This accounts for the skeletal muscle pa-
ralysis in individuals who have sustained spinal cord injury, in individu-
als with direct motor neuron or muscle trauma, or in individuals with the
disease myasthenia gravis, in whom the receptors for the chemical that
carries the signal from nerve to muscle in the neuromuscular junction
(acetylcholine receptors) are diminished by an abnormal autoimmune
process. Paralysis of skeletal muscle can have consequences beyond the
loss of voluntary limb movement. It can alter respiration, because the
diaphragm and intercostal muscles of the respiratory system are also skel-
etal muscles. The pelvic floor musculature is also made up of skeletal
muscle, and weakness is known to contribute to stress urinary inconti-
nence (see Miller, Kasper, and Sampselle, 1994).

Normally, one motor neuron branches to supply a variable number of
muscle fibers within a given muscle. This organization of the motor neu-
ron with multiple fibers is termed the motor unit. All of the fibers in a
motor unit are thus stimulated simultaneously and equally, and they all
respond by becoming the same phenotype. Each time the motor neuron
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sends a signal to contract, each fiber in the motor unit contracts maxi-
mally in a twitch that lasts 100 to 200 milliseconds. In normal human
skeletal muscles, the fiber type composition is cross-sectionally mixed,
and the same type of fibers of each motor unit are distributed throughout
the muscle rather than located in physical proximity to each other. Grada-
tions in muscle force generation are achieved by activating motor units of
various sizes over time (Henneman, Somjjn, and Carpenter, 1965a,b). This
allows for delicate or forceful movement and for short-duration or sus-
tained force generation. The normal compensatory mechanisms for the
loss of the motor neuron in a motor unit include branching of a motor
neuron from an adjacent motor unit to the denervated fiber this mecha-
nism is operative in recovery from polio (Wiechers, 1985).

This knowledge of normal motor unit organization and function is
significant to rehabilitation science and engineering, in that methods of
exogenously stimulating skeletal muscle will best mimic normal move-
ment if motor neurons are stimulated. The motor neurons in turn will
activate skeletal muscle fibers in their physically distributed motor unit.
This is in contrast to direct electrical stimulation of skeletal muscle by an
exogenous electrode, which activates the clumps of fibers closest to the
electrode and which, as a nonphysiological stimulus, can cause
hypercontracture damage and pain.

Barring direct trauma, relatively few diseases are intrinsic to skeletal
muscle per se. Most often these are genetic defects. If the genetic defect is
severe, the animal dies at birth because it cannot sustain movement or
respiration. However, because of the remarkable plasticity and compen-
satory processes of skeletal muscle, not all genetic defects are fatal.
Duchenne muscular dystrophy is a notable example in which the gene for
the structural protein dystrophin is defective or missing from a fiber and
contraction causes abnormal damage to the skeletal muscle fibers. The
damage increases as the developing child uses skeletal muscles to stand
and walk. Attempts are being made to use genetic and molecular biologi-
cal therapies to treat this disease, but they are hampered by the very large
size of the gene to be transferred into the fibers and the structures of the
fibers themselves.

Skeletal muscle fibers are multinucleated as a result of the fusion of
mononuclear myocytes early in development. As a result, any gene re-
placement must occur in the many nuclei that are distributed along the
length of each hairlike fiber. Some promising research on nuclei (Eppley,
Kim, and Russell, 1993; Kasper and Xun, 1996) and their control in skel-
etal muscle fibers is in progress and will likely have relevance for gene
therapies as well as growth, repair, and phenotypic determination of skel-
etal muscle fibers. At present the rehabilitation of individuals with pa-
thologies and impairments such as muscular dystrophy is primarily sup-
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portive, engineered physical environments in which the individual uses
assistive devices (braces, wheelchairs, etc.).

Atrophy

Atrophy of skeletal muscle is a term used to determine a complex
process associated with a reduction in the size (diameter) of muscle fibers
or cells. Among the changes associated with atrophy is the decline of
metabolic enzyme content. Skeletal muscle may undergo atrophy from
disuse secondary to many conditions. Atrophy from disuse is associated
with reversible changes in the muscle fiber; however, athrophy caused by
dennervation may or may not be reversible. The recovery of skeletal
muscle from atrophy is an important aspect of recovery from spinal cord
injury and other causes of paralysis or from bed rest with no inherent
paralysis (i.e., individuals in a non-weight-bearing state). Similarly, de-
creased movement due to arthritic pain can lead to the secondary condi-
tion of skeletal muscle atrophy. Loss of weight-bearing activity for a pe-
riod as short as days or weeks can cause significant skeletal muscle fiber
atrophy and weakness, making it difficult for the person to resume stand-
ing or walking activities. Similarly, use of mechanical respirators can cause
diaphragm and intercostal muscle atrophy, and may cause difficulty for
people during weaning from these devices.

Some relevant and promising research related to the recovery of skel-
etal muscle from disuse atrophy is being conducted. Overuse, even in the
form of normal weight bearing, can cause fiber damage (Kasper, White,
and Maxwell, 1990); however, researchers are developing protocols that
can be used to test for the degree of even initial postural use (i.e., intervals
of standing before walking) of skeletal muscle while tracking recovery
versus damage at the cellular and molecular levels. Skeletal muscle exer-
cise and strengthening programs designed for people with postpolio
muscular atrophy are a specific example of the use of findings from basic
and applied research to understanding and monitoring use versus over-
use of skeletal muscle fibers. The promising findings from this line of
research is that muscle tissue remains highly plastic and adaptable well
into old age (see Thompson, 1984). In addition, exercise for people with
rheumatoid arthritis can result in recovery from skeletal muscle atrophy
without exacerbating the joint disease (see Rall and Roubenhoff, 1996).

Future Needs

In terms of the conceptual model of rehabilitation science and engi-
neering, basic and applied research studies of skeletal muscle need to
continue and new studies should be initiated. Person-specific and social-
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environmental influences that promote or discourage optimum mainte-
nance of muscle function are significant, because optimum maintenance
will ultimately determine recovery from skeletal muscle disuse and pa-
ralysis and these influences need to be studied. Similarly, the impact of
the physical environment on skeletal muscle performance is very impor-
tant and needs to be studied as well.

In summary, because of the importance of skeletal muscle tissue
and function to human performance and well-being, research on the
adaptability and usage requirements for maintaining adequate skel-
etal muscle strength and function is important to rehabilitation sci-
ence and engineering. Research specifically related to maintenance or
recovery of skeletal muscle function for individuals with activity limi-
tations is important as the scientific basis of rehabilitation and the
prevention of secondary conditions.

CONCLUSIONS

Based upon evaluation of the current state and relevance of knowl-
edge in the pathology and impairment realms of rehabilitation science,
the committee determined that basic and applied research from many
sciences and engineering is essential to innovations in rehabilitation. Ba-
sic and applied research in the pathology and impairment realms is criti-
cal for the development of interventions that restore organ and cellular
function in the person and, thus, minimize the biological basis of func-
tional limitations and disability. Basic and applied research relevant to
restoration of biological function might address repair or regeneration of
cell/organ/limb structure in the organism or might address replacement
of biological structure and function employing engineered devices. The
rehabilitation-related research in the pathology and impairment realms is
likely to employ animals and animal tissue culture models as well as
human subjects, organs, and cells.

Another significant real and potential impact of basic and applied
research in rehabilitation science is that of knowledge related to develop-
ment of secondary conditions in the face of primary disabling conditions.
This knowledge is essential to the development of health strategies and
interventions as well as determining essential environmental factors that
are related and modifiable by engineering other approaches. Great
achievements in meeting the challenges of disability have emanated from
the melding of basic and applied research in the biological and engineer-
ing sciences. The committee determined that strength in basic and ap-
plied research in the pathology and impairment realms of rehabilitation
science has contributed significantly to the successful approaches in exist-
ing enabling processes and offers the promise of dramatic innovations of
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the future. The new rehabilitation science offers the added benefit of inte-
grating behavioral and social science perspectives into the pathology and
impairment realms.

Given the past impact of basic and applied research in science and
engineering on the advances in physical medicine and rehabilitation and
on outcomes for persons with disabling conditions, the committee was
surprised that the review of abstracts from the major federal funding
agencies of research did not reflect an inclusion of this type of research in
the portfolio identified as rehabilitation related. Only the VA portfolio
reflected research utilizing animals and tissue culture subjects/cells and a
balance of research activity across the research realms (pathology, impair-
ment, functional limitations, disability) of rehabilitation science. The NIH
and NIDRR portfolios of agency-identified rehabilitation-related research,
reviewed as abstracts (see Appendix A), were less balanced in that pa-
thology and impairment types of research were less prevalent and the
subjects in these studies were primarily human. The committee was un-
able to ascertain the reason for noninclusion of basic science studies of
animals, especially in the NIH portfolio.

However, the committee did feel a need to emphasize the signifi-
cance of animal and basic science and engineering research and devel-
opment to rehabilitation science. It also concluded that each of the
research funding agencies might benefit from establishing specific re-
search priority areas in basic science and engineering from the reha-
bilitation science perspective. At the very least this would help basic
scientists in general to identify additional relevance of their work. It
also might give impetus to basic research areas that are most likely to
lead to applied advances in rehabilitation. It might also be useful to
have the research review committees seeded with basic researchers
who are also rehabilitation scientists, especially since part of the merit
of a proposal is judged on the basis of its perceived relevance to sci-
ence in general. The following recommendations of the committee
reflect these suggestions to enhance the basic research activity in pa-
thology and impairment realms of rehabilitation science.

RECOMMENDATIONS

Recommendation 4.1 Multidisciplinary research teams, including
basic biological, behavioral, social, health and health professional,
and engineering scientists are needed, to broaden the scope of molecu-
lar-cellular and organ-organ system research and increase its rel-
evance to rehabilitation science and engineering. Additional funding
would be needed to support these activities.
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Recommendation 4.2 Based on the National Institutes of Health
model, consensus panels should be used to identify areas of pathol-
ogy and impairment research in rehabilitation science and engineer-
ing that are of high priority on the basis of the readiness of the knowl-
edge of the basic science in these areas to be translated to clinical
care and potential impact on quality of life and cost to society.

Recommendation 4.3 National Institutes of Health should increase
the number of peer reviewers who are rehabilitation scientists on all
research review committees that consider grants in the pathology
and impairment realms of rehabilitation science and engineering.
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5
Functional Limitations

Research in Rehabilitation
Science and Engineering

Although rehabilitation interventions can effectively target impair-
ments that can be remediated, little is known about the relationship be-
tween impairment and functional limitations (Jette, 1995). This chapter
reviews knowledge and research in the area of functional limitation in the
context of the enabling–disabling model (see Chapter 3). In this concep-
tual framework, the functional limitations result from impairment, and
functional limitation may result in a disability. Reduction of functional
limitation from arthritis alone by only 0.5 percent per year over 50 years
could reduce disability by 4 million person-years, a savings of nearly $100
billion in 1993 dollars (Boult et al., 1996). Proper measurement of func-
tional limitations is difficult and expensive, and many clinicians are not
aware of the extraordinary deficiencies that exist in the functional limita-
tions literature. For example, the functional benefits of strengthening ex-
ercises for older people with one or more weakness-producing impair-
ments are essentially unknown, despite the obvious appeal of such a
commonsensical notion. Although intervention strategies may be offered
by the clinician, valid treatment outcomes have not been reported.
Strength may have a nonlinear relationship to functional locomotion, be-
cause strength changes beyond some threshold may not engender further
gait improvement (Buchner and deLateur, 1991).

At the opposite extreme, however, is the obvious and well-docu-
mented relationship between impairment from a lower limb amputation
and the functional restoration provided by a leg prosthesis. Just as clearly,
however, impairment does not always lead to functional limitation; in-
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deed, disfiguring dermatological impairments may cause societal disabil-
ity but engender no functional limitations.

BACKGROUND

The term impairment, for example, describes abnormalities in specific
organs or organ systems (see Chapter 4). Pain* and decrements in strength,
range of motion, balance, and endurance are examples of impairments.
Functional limitations are restrictions or lack of abilities in performance of
the whole organism or individual, assessed in a manner to eliminate ex-
ternal environmental barriers to performance. An individual’s gait and
other locomotor activities as assessed in a gait laboratory are examples of
functional limitations measures. As such, functional limitations reflect an
attribute of the capacity of an individual. In this report functional limitation
is used as defined and discussed by Nagi (1965) and further developed in
Disability in America (Institute of Medicine, 1991).

Disability, in contrast to functional limitation, is a relational concept that
describes any restriction or lack of ability to perform an activity in the man-
ner or within the range considered normal for a human being. As a rela-
tional concept, disability reflects the individual’s capacity to perform a task
or activity necessary to achieve a role such as homemaker, worker, parent,
or spouse, as well as the environmental conditions in which they are to be
performed. These activities can be organized and assessed across different
spheres of life. Thus, a subject’s report of self-care performance (as reflected
in the Sickness Impact Profile, Functional Independence Measure [FIM],
Barthel, and other traditional activities of daily living [ADL] measures) is an
activity, and measures of such are indicators of disability.

The link between changes in impairment and changes in functional
limitation has long been assumed, but it has rarely been documented
scientifically. New impairments have been shown to engender locomotor
compensatory mechanisms; to date, however, no data are available to link
impairments to such compensatory mechanisms in individuals with spe-
cific functional limitations or disabilities. Until this link is established, it
will be impossible to discern compensatory mechanisms such as
Trendelenburg gait resulting from primary disabling and functionally
limiting mechanisms such as hip abductor muscle weakness or range of
motion limitation.

*Most often, pain is considered an impairment, a result of a pathology or impairment,
and a cause for functional limitation. Chronic pain, pain that persists for 3 months or longer,
has implications across the enabling–disabling process, with most significant impact at the
level of disability and quality of life. Thus, pain may be identified at multiple areas of the
model and may be modified through a variety of interventions.
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It is therefore not known at present whether rehabilitation interven-
tions should focus on the impairment, the primary functional limitation,
or the compensatory functional limitations level. Rehabilitation demands
that all levels of disability be addressed. Until more functional limitations
research is done, however, it will be impossible to know how much activ-
ity limitation is imposed by the environment and how much is imposed
by the whole person’s functional capacity.

Virtually all rehabilitation texts suggest that strength, restriction of
movement, and other impairments be measured during assessments of
people with disabling conditions, but the current emphasis of health main-
tenance organizations and preferred provider organizations on rapidly
returning patients to premorbid functional status is beginning to cause
this paradigm to shift. Assessments of the level of home care support
available and barriers to returning to work are causing disability and
functional limitations to be measured first. Once established, the clinician
can work to obviate the functional limitation by addressing it directly or,
in the traditional way by fixing the impairment. Little research, however,
supports either approach, and many more data are needed before such
methods can be proven to be scientifically sound.

Cross-Cutting Issues

Two particular issues relative to functional limitations research must
be addressed: (1) measurement of functional limitations and (2) time of
onset or duration of impairment and functional limitation. Both of these
issues affect the research and science in this area. Measurement in func-
tional limitations research is essential, but it is poorly developed and
often costly to complete. Measurement must be standardized for the age
of the person with a disabling condition. It must also be recognized that
people with disabling conditions age with their disabling conditions, and
aging and secondary conditions affect the functional limitation and dis-
ability of those people.

Measurement

Measuring the effects of interventions has traditionally been at the
impairment level. For example, clinicians frequently measure the levels of
certain substances in blood, range of motion, and change in range of
motion or strength in the laboratory. As well, burden of care or disability
measures of performance are often confused as representing functional
capacity measures. Typical examples of these measures are the FIM,
Barthel, and other traditional measures. More recently, the FIM has been
more consistently utilized to determine aggregate outcomes of a program
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rather than individual measurement. Measuring functional capacity out-
comes requires determination of the performance of the whole person.
Standardized measures of functional outcomes for use in evaluation or
diagnosis are being developed, but they are not routinely used to obtain
outcomes measurements for specific interventions. Contextual and envi-
ronmental factors, however, must be noted and controlled: frequently,
there is a difference between capability (the ability to complete a task in
an ideal situation) and real-life performance (the ability to complete a task
in a typical situation). Such standardized measures would be important
for monitoring individuals and for determination of the costs–benefits of
rehabilitation programs and interventions to society. Care must be taken
in using existing outcomes measures accurately, because measurement at
the functional limitation level is expensive and difficult.

Functional limitations measures—obtained, for example, through gait
studies and gait analysis—are few and incompletely validated. Although
computerized locomotion analysis laboratories have been widely avail-
able for many years, few data support the need for gait analysis in clinical
decision making, with the possible exception of presurgical decisions for
children with cerebral palsy (Krebs, 1995). More studies of locomotor
activities of daily living (ADL) are needed to assess functional perfor-
mance pre- and postintervention and to provide descriptions of the na-
ture of functional limitations. For example, it is known that people with
balance disorders may have ataxic gait, but there is no quantitative clini-
cal, bedside, or laboratory measure of ataxia. As a result, treatment for
ataxia resulting from cerebellar lesions is entirely empiric. Measurement
at the level of functional limitation requires at least whole-body, person-
level measurements of performance of ADL. Such measures should in-
clude not only the gait on smooth, level surfaces but also sit-to-stand, stair
ascent and descent, turning, reaching, and other locomotor ADL.

Basic ADL include locomotor ADL and bowel, bladder, and sexual
functions; that is, those ADL that are usually performed without aids or
instrumentation. Instrumented ADL (IADL), by contrast, include some
device such as a telephone or toothbrush in the performance of a task.
Thus, the adaptation (or lack thereof) of the device will affect perfor-
mance capacity. For example, a child may write or brush her teeth much
better with a large-diameter pencil or toothbrush than with regular de-
vices designed for use by adults. Elderly people with impaired vision will
perform as well as subjects without impaired vision if the numbers on an
instrument are large and have high contrast. Functional limitations re-
search usually attempts to obviate such IADL differences, but in practice,
some standardization is required even in basic ADL. For example, stair or
chair height contributes substantially to performance variation (Krebs et
al., 1992). Burden-of-care measures such as the Functional Independence

Enabling America: Assessing the Role of Rehabilitation Science and Engineering

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/5799


104 ENABLING AMERICA

Measurement usually attempt to estimate the impact of functional limita-
tions on care providers, but they often ignore differences among IADL.
As noted, these measures are disability-level measures.

Aging and Secondary Conditions

The age of onset of an impairment and the duration of impairment
are recognized as important aspects of functional limitations knowledge
and research. Aging must be considered in evaluating the functional sta-
tus of a person with a disabling condition over time and in evaluating the
appropriate interventions. Aging is a conception-to-death series of events
that includes attaining, maintaining, and losing skills. Therefore, func-
tional capacity changes with age. Growth and development affect the
functional outcomes of interventions for infants and children with dis-
abling conditions. No validated methods of discriminating between de-
velopment and interventions in children with developmental disabling
conditions exist.

The process of aging discriminates against no person. Everyone is a
participant in the process of growing older—including people with dis-
abilities. “Nondisabled Americans are getting older; they’re living longer,
there are vastly more of them, and they’re getting old nonfatally. In short,
they’re becoming more disabled. . . . All at once, it seems, there are a lot of
formerly nondisabled people around.” (Corbet, 1990) In the last two de-
cades increasing attention has been directed toward disability and aging.

In people with disabling conditions, depending on the compensatory
strategies used, secondary conditions and comorbidities, can affect func-
tional status throughout a person’s life. Secondary conditions are impair-
ments, functional limitations, disabilities, diseases, injuries or other con-
ditions that occur during the life of a person with a disability, where the
primary disabling condition is a risk factor for that secondary condition,
or may alter the management of health and medical conditions. This of
course is based on the new paradigm that people with disabilities are
healthy, that is a disabling condition does not imply illness and disease.
Each factor in the interaction of disability and aging has the capability to
become a “negative feedback loop” (Guralnick, 1994) which may lead to
further disability or a new medical condition.

In recent years, a body of literature regarding the effects of aging and
secondary conditions has been developing. Spinal cord injury and aging
is the best developed, with information available in the areas of quality of
life (Evans et al., 1994), functional changes over time (Gerhart et al., 1993;
Pentland and Twomey, 1994), premature and interactive effects of dis-
ability and aging (Ohry et al., 1983; Lammertse and Yarkony, 1991;
Bauman and Spungen, 1994), aging and secondary conditions (Charlifue,
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1993), and psychological adjustment (Krause and Crewe, 1991), among
other issues. Cerebral palsy (Turk et al., 1996), spina bifida (Lollar, 1994),
and polio (Maynard et al., 1991), among other disabling conditions, have
also been studied.

Identification of age-related changes and secondary conditions and
their risk factors has been better developed (Whiteneck et al., 1992;
Charlifue, 1993; Turk et al., 1995, 1996; White, Seekins, and Gutierrez,
1996) than prevention or intervention strategies. To illustrate, Table 5-1
provides some examples in various body systems of age-related changes,
potential secondary conditions, and prevention strategies for people with
mobility limitations such as spinal cord injury. This provides a heuristic
and practical guide for examining the interactive effects among disabling
conditions, aging, and secondary conditions.

The issue of disability and aging is one more dimension that should
be considered with the enabling–disabling model. As a person with a
disability ages, a series of new pathologies, impairments, and functional
limitations become placed over the previous pathologies, impairments,
and functional limitations. Thus, the model is a snapshot in time of an
individual’s status in the disabling process.

Relationship Between Functional Limitations and Impairments

The committee searched Medline files to determine the quantity
of peer-reviewed publications from 1966 to November 1996 address-
ing functional limitations. Of the 31,612 publications that used the
term rehabilitation anywhere in the Medline file, only 34 used the term
functional limitations.

There were 4,980 publications that included the term “function,”
which might better represent “functional limitations” in rehabilita-
tion research. Yet most of these articles focused on cell or organ func-
tion rather than whole-person function. Of the 34 publications that
used the term “functional limitations,” only a few examined changes
in functional limitation. Therefore, it can be said that there is a pau-
city of published reports that truly represents research in functional
limitations. This is in contrast to the relatively good support for func-
tional limitations research by federal agencies as noted in Appendix
A. This apparent mismatch of publications and funded research is
likely related to confusion in terminology, difficulty in tracking sys-
tems, and unknowingly mixed impairment-functional limitations
identifications, interventions, and measures. Funding agencies are in-
creasingly supporting research intending to measure functional limi-
tations, but few reports have emanated in part because functional
limitations research is expensive and difficult to conduct.
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FUNCTIONAL CAPACITY INDEX AND
THE 10 DIMENSIONS OF FUNCTION

As mentioned above, one of the current issues within functional limi-
tations research is measurement and quantification of functional limita-
tion in an individual. One proposed method of classification is embodied
in the recently developed Functional Capacity Index (FCI). As a way to
map out anatomic descriptions of the nature and extent of functional
limitations, the FCI first defines 10 dimensions of function in which scien-
tists can describe physical capacity (MacKenzie et al., 1996). Using the FCI
as a guide to describing the different areas of research in functional limi-
tation, this chapter reviews 10 dimensions of function: (1) locomotion, (2)
hand and arm manipulation, (3) bending and lifting, (4) eating, (5) elimi-
nation, (6) sexual function, (7) visual function, (8) auditory function, (9)
speech, and (10) cognitive function. The category of pain is excluded be-
cause it does not describe function but rather determines function. Thus,
only to the extent that pain affects function in each of the dimensions will
it be reflected in this schema. Pain can be considered an impairment, and
intervention for pain is often at the organ system level. Cardiopulmonary
function is not identified individually, but is felt to be included for perfor-
mance of most of the functions. It should however be noted that rehabili-
tation science and engineering has had direct involvement in research
and intervention in this area (e.g. cardiac rehabilitation, pulmonary reha-
bilitation, mechanical ventilation [noninvasive and invasive]). Psychoso-
cial function is also excluded, consistent with the entire committee report.

It should be noted that much of what is reported in this section is a
combination of impairment and functional limitations research, and at
times consideration or recognition of disability and quality of life mea-
sures. This points out the difficulty in identification of this research realm,
but as in rehabilitation science and practice, recognizes the often blurred
and necessary distinctions.

Locomotion Functional Limitations

Strength Impairment Relationships to Locomotor Functional Limitations

Scant data exist on strength training among people with impairments,
still fewer studies include people with functional limitations, and to date
no reports relate strength changes to disability measures and locomotor
activities among people with disabling conditions. “Although high-inten-
sity training increases force-generating capacity, little is known about its
effects on functional performance. Unless investigations are conducted in
which different measures of functional performance are made prior to
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and following resistance training, the validity of this approach to improv-
ing the quality of life of older persons cannot be established” (Hopp, 1993,
p. 371).

Studying only outcomes and not the mechanisms by which strength
contributes to function has produced limited and contradictory results.
For example, Fiatarone et al. (1990) found that frail institutionalized sub-
jects with a mean age of 90 ± 1 years experienced highly significant
strength gains (mean strength gain, 174 ± 31 percent) following an 8-week
high-resistance exercise training program, but they did not measure func-
tional locomotor benefits or the real-life role changes, if any, that resulted.

Using cardiopulmonary and musculoskeletal outcomes measures,
Morey et al. (1989) reported significant improvements in endurance,
strength, and flexibility following regular exercise for 49 elderly people
with chronic diseases including arthritis, heart or lung disease, and diabe-
tes. By contrast, Thompson et al. (1988) reported that 16 weeks of exercise
among 22 elderly people with hypertension, chronic obstructive pulmo-
nary disease, or osteoarthritis resulted in no changes in cardiopulmonary
performance, timed tasks, balance tests, and extremity muscle perfor-
mance. One of the few extant studies showing a clear relationship be-
tween isokinetic strength and objectively tested gait and locomotion vari-
ables was limited primarily to young subjects following knee arthrotomy
(Krebs, 1989).

Lord and colleagues (1993) used retrospective data to suggest that
strength exercises engender better balance and gait in women ages 57 and
older. Gehlsen and Whaley (1990), however, reported a low correlation
between balance and strength outcomes in elderly subjects divided into
fallers and nonfallers. Judge et al. (1993b) reported that gait measures
improved insignificantly among 31 exercising elderly subjects (mean age,
82.1 years); self-selected gait velocity improved 8 percent, but maximal
gait speed increased only 4 percent. Judge and colleagues (1993a) did find
that combined exercise training (resistance exercise, brisk walking, pos-
tural control, and flexibility exercises) produced improved balance out-
comes compared with those from flexibility exercise training among 21
women with a mean age of 67.8 years.

No study has examined the extent to which potentially destabilizing
postural compensations for weakness, such as excess abductor lurch or
forward trunk rotations, are ameliorated following strength gains.

Balance Impairment Relationships to Locomotor Functional Limitations

Rehabilitation scientists have begun to study whether exercise im-
proves impairments and performance of ADL; the important missing com-
ponent that should be addressed includes the relationship of impairments
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and disabling conditions to compensatory mechanisms and functional
limitations. Whole-body locomotor studies provide insight into postures
substituted for or compensatory mechanisms for lower-limb weakness or
other impairments.

One third to one half of all people over age 65 experience a fall, many
of which are injurious, and most occur during locomotion (Overstall
et al., 1977; Baker and Harvey, 1985; Pentland et al., 1986; Tinetti and
Ginter, 1988). To date, most investigations of “balance” have investigated
standing-still activities alone. Although compensating for an internal or
external perturbation while trying to stand is still important, most exer-
cise treatments have been developed in part because standing still is eas-
ily measured by timed tests or with force plates (Heitmann et al., 1989).
Few facilities are capable of measuring whole-body posture and momen-
tum during locomotor studies.

No studies have described objective changes in gait, balance, or
locomotor function from exercise interventions among patients with
cerebellar disorders (CbD). Rehabilitation of individuals with acute
CbD has included the use of Frenkel’s exercises, rhythmic stabiliza-
tion (Littell, 1989), and walking aids and weights (Urbscheit, 1990;
Morgan, 1975). Frenkel’s exercises were the earliest exercises used to
reduce lower-limb dysmetria. Frenkel’s exercises can be performed in
the supine, sitting, or standing position and can involve performance
of slow active movements by the subject while the subject is carefully
watching the extremity. Kabat described proprioceptive neuromuscu-
lar facilitation in 1955, including resistive exercises that were used to
develop strength, endurance, balance, and gait (Littell, 1989). How-
ever, no systematic research studies of the efficacy of proprioceptive
neuromuscular facilitation for patients with CbD have been reported.
There is sparse evidence of successful treatment of chronic CbD, and
it has been regarded as a condition refractive to treatment (Sage, 1984).
Generally, rehabilitation intervention in individuals with chronic CbD
has been restricted to substitution strategies and conservative man-
agement, such as recommending that affected individuals increase
their base of support or use assistive devices (such as canes and wheel-
chairs) to improve stability and maintain their range of motion.

Most treatment-related publications lack adequate intervention de-
scriptions. Balliet et al. (1987) were among the first investigators to pro-
pose neuromuscular retraining methods. They described five patients
with chronic CbD and gait disorders who reacquired “proper motor con-
trol and associated balance through slow, successive adaptation to in-
creasingly demanding conditions” (Balliet et al., 1987). All 5 individuals
improved on all variables measured; however, the overall treatment du-
ration varied from 3 months to 2 years. Brandt and colleagues (1981)
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proposed similar ataxia treatment by progressively increasing body insta-
bility to activate “sensorimotor rearrangement.”

To make rehabilitation science a secure and reliable science, de-
scriptions of rehabilitative treatments are needed, as are more investi-
gations of the benefits of such treatments to whole-body, functional
locomotor performance.

Mobility and Ambulation

Many disabling impairments involve the lower limbs. The IOM re-
port Disability in America indicates that mobility limitations make up the
largest area of disability in the American population (38 percent). Because
mobility is so important to general health (physiological and psychologi-
cal), it is of much significance to rehabilitation. The ability to walk can be
restored or assisted through the use of ambulation aids such as leg pros-
theses, leg orthoses, special shoes and shoe inserts, canes, crutches, func-
tional electrical stimulation, and walkers. Engineering and technology,
when combined with appropriate surgical management, with appropri-
ate prosthetics and orthotics assistance, and with proper therapy and
training will be able to advance the area of aided-ambulation at a rapid
pace. Upright mobility can be significantly improved for persons with
spinal cord injury, cerebral palsy, spina bifida, stroke, and other condi-
tions through better engineering understanding of the biomechanics of
walking and of aided walking.

Ambulation Restoration of Mobility has been one of the big successes
of engineering in association with professionals in the fields of prosthetics
and orthotics. Today leg amputees and persons with leg impairments
ambulate with a speed and grace that was unthinkable at the end of
World War II. In the 1996 Paralympics a bilateral leg amputee ran the 100-
meter dash in 11.32 seconds. In limb prosthetics (artificial legs) and orthot-
ics (limb and spinal bracing), biomechanics, biomaterials, materials engi-
neering, bioelectronics, and other engineering areas are having increasing
impact on the ability of persons to ambulate efficiently. Even more im-
pressive perhaps have been the engineering advancements made with
human joint replacements, particularly at the knee and hip. Bioengineer-
ing in combination with physicians and surgeons have had extraordinary
success in the improvement of ambulation and the relief of debilitating
pain in persons with severe arthritic joint conditions.

Future Needs and Best Strategies

Much of the locomotion literature concerning clinical evaluation has
focused on time–distance gait measures or, at best, has emphasized only
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lower-extremity kinematics during gait. A number of studies have re-
ported on differences between the gaits of young and old people that can
be summarized follows: older people walk more slowly (Sudarsky, 1990).
The most obvious conclusion to be drawn is that tests of exercise interven-
tions among people with balance problems must include (although not
necessarily be limited to) whole-body locomotor tests. A more subtle prob-
lem with current gait assessment is that studying lower-limb movements
(kinematics) and forces (kinetics) can reveal only details of human loco-
motion. Hence, because most studies of the human gait have focused on
these details, the few extant treatments that even address locomotor sta-
bility focus on the role of the lower extremities. The upper body’s mass
accounts for roughly two thirds of the total body mass, and its center of
gravity (CG) is located nearly two thirds of the person’s height above the
ground (Winter et al., 1990). Ignoring upper-body dynamics provides at
best an incomplete picture of locomotor functional limitations.

During dynamic activities such as locomotion, the body’s mass must
be displaced outside its support base, requiring either good muscle
strength or compensatory postures. The key difference between static
balance and dynamic stability is that static balance assumes the center of
gravity control within the base of support, whereas dynamic stability
encompasses CG control outside the base of support as well, such as in
gait and stair climbing. Even standing still is not truly static; CG is in
constant motion. Although the static standing impairment of excessive
postural sway may contribute to a better understanding of standing bal-
ance, more research is needed to determine if static standing is related to
dynamic locomotor stability. If so, then a continued focus on improving
static standing may be beneficial for people with balance disorders; if
static standing sway (impairment) improvements are not related to dy-
namic functional locomotor performance, then current impairment-level
interventions should be abandoned.

More studies of whole-body locomotion during naturalistic gait, ris-
ing from a chair, climbing stairs, and other locomotor ADL should be
investigated following the implementation of interventions to determine
the relevance of such impairment rehabilitation to whole-person func-
tional limitations (Krebs and Lockert, 1995).

The engineering design of technologies for aided ambulation is inhib-
ited by lack of an effective theoretical and scientific foundation for human
gait. The deep understanding of walking necessary to guide the design of
ambulation technology for people who have walking impairments is still
not available. The work needed to assist people with mobility limitations,
whether through engineering, surgery, physical therapy, drug therapy,
functional electrical stimulation, or some other approach, is handicapped
by this lack of a theoretical foundation on which to base new designs.
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Similarly, gait analysis studies cannot be really effective until there is a
scientific paradigm that scientists and engineers can agree upon and work
under. Less complex and lower-cost gait analysis instruments cannot be
created until it is known what key variables should be measured. Al-
though orthopedic surgeons have used gait analysis measurements to
guide some decisions associated with the surgical management of chil-
dren with cerebral palsy, the decisions could likely be much improved if
a strong theoretical and scientific basis for human walking existed. It
should be possible for future gait analysis data to be used in ambulation
studies the way that electrocardiographic analysis is used in cardiology.

The field of orthotics has much unmet potential for ambulation assis-
tance. There does not seem to be any technical reason why people who
require orthoses cannot ambulate more rapidly, with more assurance,
and with less expenditure of energy than is typical today. Improved un-
derstanding of human ambulation will enable functional electrical stimu-
lation to be used more effectively. The orthotic field in general can be
complemented with new engineering ideas and with advanced materials
and fabrication techniques. Engineering and technology can improve up-
right ambulation of elderly people, reduce morbidity due to falls, provide
better artificial limbs, walkers, and canes, and prevent foot ulcerations by
creating improved footwear. In addition to restoring mobility, engineer-
ing and technology can be used to accurately measure human perfor-
mance and to provide objective measurement systems for the evaluation
of functional outcomes and for the evaluation of risk factors (e.g., risk of
falling). In other cases, engineering contributes to mobility in another
way: wheeled locomotion (see Box 5-1).

Manipulation and Physical Control

The hand is more than an unusual instrument of grasp and manipula-
tion; it is also an important sensory organ (e.g., for touch and sensing
temperature), as well as an important organ of communication (e.g., for
touching, gesticulation, and making signs). The importance and the var-
ied roles that hands play in people’s lives make restoration, repair, care,
or replacement of a damaged or dysfunctional hand an extremely impor-
tant area of rehabilitation, that often involves psychological assistance as
well as skilled surgical and rehabilitative care to maximize functional
abilities.

The human hand is a complicated mechanism, and hand surgery has
been one of the most successful approaches to caring for an injured or
disfigured hand. Hand surgery is an advanced specialty within orthope-
dic surgery and involves not only hand repairs but also reconstruction of
the hand to create new functional holding and grasping patterns. Recon-
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struction may involve transfer of toes to the hand. When coupled with
good therapeutic follow-up—often by occupational therapists—remark-
able rehabilitation of hand injuries can be achieved.

Amputation may be preferable when a hand is severely damaged
because in the end surgery may not be successful, particularly from a
functional point of view, and because over long periods of time surgical
repairs can be debilitating and can keep patients from moving along with
their lives. Decisions concerning amputation are almost always difficult
to make and should be based on common sense, experience, consulta-
tions, and careful deliberations.

BOX 5-1
Wheeled Locomotion

Body-powered, wheeled locomotion is an engineering success story of this
generation. The performance of modern wheelchairs has advanced dramatically,
and this advance has resulted from work by wheelchair users, research engineers,
and designers in commercial companies. Wheelchair racers can now beat the best
world-class runners in all races 800 meters and longer and the margin of victory
increases as the length of the race gets longer. People such as these top athletes
with limb paralysis, some with engineering degrees, have shown by using mobile,
reliable, lightweight wheelchairs how technology can be used creatively in the lives
of people with disabling conditions.

Many improvements can still be made, however. Weight can still be reduced
without reducing reliability or other features. As people who use wheelchairs age,
they may need lighter chairs to maintain the same level of mobility. Hybrid wheel-
chairs that use some body power and some electric power also have considerable
potential, especially in work situations.

Comfort and prevention of secondary conditions are continuing issues with
wheelchairs. Appropriate seating and positioning technologies have emerged over
the last few decades for wheelchair users. These systems have improved function
for the user and have helped to prevent secondary conditions due to improper
positioning of the body or inappropriate tissue loading during sitting. The technol-
ogy for customized seating is now highly automated, and new use of the materials
and mechanisms has resulted in greatly improved seat cushions and the creation
of proper seating support systems. Nevertheless, the creation of proper seating
and positioning is still largely an empirical art that can be significantly enhanced
through science and engineering.

Powered wheelchairs have advanced rapidly since federally funded research
programs demonstrated new design possibilities and highlighted the deficiencies
and limitations of the few systems that were available in the early 1970s. Neverthe-
less, current powered wheelchairs are often heavy and bulky and are difficult to
control easily, for example, by people with high-level spinal cord injury who do not
have the use of their arms, hands, or feet for control of the chair. Since powered
wheelchairs are so heavy and large, they frequently require large vans for easy
accommodation and are sometimes too large for small dwellings. Smaller powered
wheelchairs are needed.
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Hand surgery and hand rehabilitation are largely based on empiri-
cism. Rehabilitation science and engineering will be able to enhance un-
derstanding of hand biomechanics, hand surgery, replacement parts, hand
orthotics, and hand therapies and thereby enhance the hand and arm
rehabilitation process.

Impairment Relationships to Functional Limitations

Arthritis is a common disabling pathology of the hand. Joint replace-
ments for the fingers are still not as successful as they should be. The
benefits of different kinds of physical medicine therapies for arthritis need
further study.

Disabling conditions of the hand or arm system due to stroke, spinal
cord injury, and brachial plexus injuries may be mediated through thera-
peutic techniques such as exercises, range-of-motion equipment, electri-
cal stimulation, functional training, compensatory skill development, and
splinting. Therapies should be used to keep the hand and arm supple and
flexible, to avoid secondary conditions due to contractures and joint ad-
hesions. Functional electrical stimulation is showing promise for control-
ling hand function in paralyzed hands following high-level spinal cord
injury. Hand orthoses and orthoses for the arm can be helpful but are
mostly successful only from a therapeutic (e.g., protection of joint tissues)
rather than a functional viewpoint. The functional gains resulting from
arm orthoses are often not great enough to compensate for the disadvan-
tages of current arm orthoses, particularly those for the nonsensate flail
limb. Arm orthoses are currently mostly of external design. It may be that
internal designs based on surgical revisions, muscle transplants, electrical
stimulation, and the implantation of artificial tendons (spring-like de-
vices) could be successful, but time costs and benefits of such procedures
would need to be considered closely. The disadvantages resulting from
possible long periods of recuperation from surgery and rehabilitation also
must be taken into account.

Environmental modifications based on good ergonomic practices and
the use of protective devices can help avoid hand injuries or conditions
such as carpal tunnel syndrome, arthritis, and trauma due to repetitive
actions of the hand and arm during work or recreational activities. Simi-
larly, the environment can be modified to enable dysfunctional hand to be
functional through the use of lever handles on doors and on kitchen and
bathroom faucets. Special tools such as devices for helping with the re-
moval of jar lids, reachers for picking up light objects at a distance, and
sliding boards in the kitchen that enable heavy objects to be safely moved
from a countertop to a serving cart without heavy lifting are examples of
environmental modifications. Modifications of living environments so
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that working surfaces are easily accessible, so that one does not have to
reach for items above the shoulder level, or so that electrical outlets are
available at convenient heights are ways to solve problems associated
with poor hand or arm function.

Eating is important in social relationships, and being able to eat inde-
pendently is a matter of dignity for many people. Consequently, the abil-
ity to eat with some degree of gracefulness and with a high degree of
independence is an important ability for many people with impairments.
Engineering and rehabilitation science has made a few inroads in the
section of this field that is concerned with bringing food from the plate to
the mouth, but much needs to be accomplished. One approach is the use
of personal robots to pick up food and make it conveniently available.
Another approach, when the lower limbs can be controlled, is to couple
use of a leg or a foot through a linking mechanism to guide food to the
area of the mouth. Both of these approaches have had limited success so
far. A hybrid approach that uses some robotic features and some direct
body-control features may perhaps be more practical. In any case, eating
aids will likely have to be customized to the user in most cases.

Future Needs

Artificial hands, artificial arms, upper-limb orthoses, and robots that
assist with rehabilitation provide the capacity for people with disabling
conditions to physically manipulate unstructured environments (the kind
most of people find on their desks). Artificial hands have made big strides
since the 1960s. Control of paralyzed or prosthetic arms is more problem-
atic, as is the control of robotic assistants, but progress is being made in
these difficult areas of human–machine interaction. Prosthetic substitu-
tion of a hand or arm can be achieved in many ways through current
prosthetics technology. Actually, replacement in the physiological sense
is not possible, but it is possible to replace the missing hand–arm system
with devices that are useful assistive tools for the wearers. Electrically
powered prosthetic hands provide arm amputees with strong grip force
and fairly rapid motion, and their external appearance has good resem-
blance to a natural hand. Nevertheless, they would be much more useful
if their weight could be reduced by half or more, without the loss of
function. Durability and high reliability need to be emphasized. Lighter-
weight artificial arms should be a priority, along with lightweight
orthoses. Body-powered components are still used by a majority of artifi-
cial arm users in the United States, and body-actuated systems should
continually be improved. Body control through Bowden cable systems,
not unlike the brake cables on bicycles, provide the user with good pro-
prioceptive and sensory control of prosthesis usage. This kind of approach
to control can also be advantageous for electrically powered prosthetic
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systems. The human–prosthesis interface needs to be ergonomically con-
figured so that the user can achieve effective multifunctional control with-
out much mental loading. Bilateral, high-level arm amputees have the
most disabling upper-limb losses. Although they are few in number, their
needs are great and special consideration (as with orphan drugs) and
attention need to be given to the research and development of hand–arm
prostheses on their behalf.

Rehabilitation of people with dysfunctional or missing upper arms is
a difficult task because of the daunting engineering problems associated
with arm and hand replacement or assistance, but also because of the
psychological issues that greatly compound the problem. Much more re-
search and development work is needed in the field of hand and arm
rehabilitation, work that brings engineers, surgeons, physicians, and
therapists together with the injured person so that problems that are pri-
orities can be articulated and so that important problems that appear to
have feasible solutions, that would be achievable within a reasonable time
frame can be worked upon in a creative fashion.

Expertise needs to be increased in this area of rehabilitation engineer-
ing and occupational therapy. This expertise will lead, if not to theories, at
least to general principles that can guide people with information and
ideas on how to best provide eating assistance to the people who need it.
Experimental technical equipment for this purpose needs to be developed
and tested in close conjunction with the users, caregivers, and occupa-
tional therapists skilled in this area. The problem is somewhat similar to
the provision of effective artificial arms for high-level bilateral arm ampu-
tees so that they can eat and do other thing independently. Occupational
therapists have many tools and utensils with modifications that can assist
people with managing foodstuffs, but these devices can be expanded and
combined, where needed, with more technical devices of many sorts.
Developing devices that work effectively, that are simple to use and not
too expensive, that are generally small in size and aesthetically pleasing,
and that can be customized for individual needs is a challenge, but one
that is not impossible for science and engineering.

Bending and Lifting

Spinal dysfunction in general and back pain in particular, because
they limit lifting capacity, are the leading causes of disability and result in
lost workdays and restricted functioning related to the societal role. Pain
as a cause of lifting functional limitations must be further delineated;
most rehabilitation interventions address spinal mobility, trunk strength,
and fatigue and deconditioning of peripheral muscle, as well as the car-
diovascular system. For example, transporting loads and manual lifting
capacity are key to manual laborers’ productivity, but their supervisors
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also lose workdays because of back pain and an inability to transport
paper file folders or to perform other light office tasks involving lifting.

Relationship of Impairment to Lifting Functional Limitations

Although few data comparing impairments and gait locomotor func-
tion are available, to date no studies have systematically reported on the
relationship of specific impairments to lifting functional limitations. A
definitional problem may be blamed in part: lifting capacity is an impair-
ment-level measure of strength. Athletes in Olympic weight-lifting trials,
for example, are judged solely by the total mass lifted. In people desiring
rehabilitation, functional lifting capacity may be impaired by a lack of
coordination, a lack of limb or spinal flexibility, a lack of movement speed,
hypertension and other diseases and impairments that contraindicate
Valsalva maneuvers, and pain, in addition to primary strength impair-
ment such as that which occurs following neuropathy or muscular dys-
trophy. Therefore, in rehabilitation lifting impediments are considered in
the context of daily activity limitations, including their restrictions on
vocational and other social role functions.

Measurement of the disability caused by lifting limitations is rela-
tively straightforward. Once the cause is defined as a lifting limitation,
economic analyses of lost workdays and cost to society are quite direct
(Troup, 1965). One of the major problems in determining lifting func-
tional limitations, however, is the lack of standard, objective measures
that can be applied by employers, insurers, and governments. Indeed,
most employment disability eligibility determinations are performed by
physicians with little or no data other than the patient’s subjective com-
plaints. Although one can take the position that reliance on the patient’s
assertions should be sufficient to determine eligibility for benefits, includ-
ing paid time off, the experience of Scandinavian and, more recently,
Polynesian social democratic societies is that such practices can prevent
an equitable distribution of resources to other people with physical limi-
tations (Moore, 1996). Hence, a “job test” that could objectively determine
if the same or some less demanding job can be performed would benefit
rehabilitation and society substantially. Indeed, any test that could be
used to relate strength, range of motion, and other impairments to lifting
functional limitations would provide an important improvement to reha-
bilitation strategies.

Future Needs and Best Strategies

Most prior and current research on lifting in general and back pain in
particular focus on impairment and capacity measures, typically focusing
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on leg and back strength. Lifting style and coordination have received
scant attention, probably because they require a whole-body, functional
limitations level of analysis. For example, Hagen et al. (1994) reported
that workers often prefer the more back-straining technique of lifting
with the back because they are less metabolically costly than the correct
techniques of lifting with the legs. As the lifted load increases, subjects
tend to change from lifting with the legs to lifting with the back, further
thwarting the advice of rehabilitation professionals (Schipplein et al.,
1990). Hence, more research is needed to determine the most mechani-
cally efficient and cost-effective means of lifting, with costs being deter-
mined for limb and spine wear and tear as well as metabolism
(Luepongsak et al., in press).

Many resources have been devoted to research on the psychologi-
cal factors that prevent a return to work following acute low back
pain studies (Fordyce, 1995): it is now widely accepted that workers
return to work if they get along well with their supervisor (Bigos et
al., 1992). These psychological studies, however, typically ignore the
impairment and functional limitations levels of analysis. For example,
a double-blind study of chiropractic versus conventional medical care
(Carey et al., 1995) reported the effects of various pathologies and
impairment-level interventions on return to work and the Survey of
Income and Program Participation (SIPP), but functional limitations
were assessed only by asking patients “whether they had returned to
their previous functional status.” Hence, Carey et al. (1995) may have
wrongly concluded that chiropractic care is just as effective as con-
ventional medical care because the appropriate functional measure-
ments were not obtained. An inability to validly quantify lifting func-
tional limitations is an important shortcoming of the rehabilitation
research arena (Vasudevan, 1992; Fordyce, 1995).

An important problem in lifting research is measuring impairments
such as strength and mobility, but reporting these as if they are functional
limitations measures. Functional limitations reports must include the con-
text and environment in which the person was asked to perform the lift-
ing. Clearly, isometrically pulling a floor-mounted cable tensiometer in a
quiet laboratory is very different from lifting materials in an unpredict-
ably busy construction site.

In summary, substantial research resources should be devoted to de-
termining the relationship between the easily studied pathology and im-
pairment measures of lifting capacity and the functional limitations in-
duced under more natural, usual conditions in the workplace where lifting
is performed. Objective measures that are not effort dependent and, espe-
cially, that are not dependent on the person’s psychological state must be
developed.

Enabling America: Assessing the Role of Rehabilitation Science and Engineering

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/5799


120 ENABLING AMERICA

Eating

Difficulty eating is characterized by problems with chewing, swal-
lowing, and digesting food. In traditional rehabilitation research, issues
of dysphagia and drooling are notable, and these two topics are covered
here. It should be noted that by this definition, the ability to eat is inde-
pendent of the ability to hold and use utensils. Problems with the use of
eating utensils is covered above in the section “Manipulation and Physi-
cal Control.”

Impairment Relationships to Functional Limitations

Dysphagia is difficulty in eating as a result of disruption in the chew-
ing and swallowing process. The inability to swallow without coughing
or choking, and the inability to control drooling with or without eating
can be caused by a variety of impairments and diagnoses. An estimated 6
million to 10 million Americans have been found to have some degree of
dysphagia. It has been reported that more than 40 percent of patients in
acute-care rehabilitation settings have dysphagia (Logemann, 1995).

The coordinated swallowing process is divided into three stages, and
impairments can be noted at any and all three stages (Noll, Bender, and
Nelson, 1996). The first phase, the oral stage, is chewing and preparation
of a food bolus for transport. It requires proper oral motor structure activ-
ity for lip closure, tongue mobility, mastication muscle function, and sa-
liva production. The pharyngeal stage is the second stage and involves
food bolus transport without aspiration. More coordinated oral motor
pharyngeal structures must be intact to prevent oral and nasal regurgita-
tion, to prevent tracheal aspiration, and to allow bolus transport through
the pharynx. The pharynx is a used for both deglutition and respiration.
Hence, prevention of regurgitation and aspiration is of significance. The
third and final stage is the esophageal phase, which completes the bolus
transport to the stomach with limited gastroesophageal reflux. This stage
inquires coordinated peristalsis of the esophagus and control of the esoph-
ageal sphincter.

The organization of deglutition is generally highly complex. The pro-
cess requires an intact central and peripheral sensory input, a functioning
coordinating center, and a subsequent motor response. Impairments at
any stage from mechanical or neuromusculoskeletal disorders, and with
consideration of age and state of development, can result in an eating
functional limitation. Dysphagia can result from congenital or acquired
central neurological disorders (e.g., stroke, cerebral palsy, traumatic brain
injury, or polio), treatment for head and neck cancer, progressive neuro-
logic diseases (e.g., Parkinson’s disease, myasthenia gravis, motor neuron
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disease, multiple sclerosis), or systemic diseases (e.g., scleroderma or der-
matomyositis).

Drooling is an inability to manage secretions. This problem involves
impairment at the oral stage and as in dysphagia, requires a certain level
of cognitive function. Drooling can often be seen in individuals with cere-
bral palsy, traumatic brain injury, stroke, and mental retardation. Often,
an association between drooling and dysphagia is found.

Current Status of Science and Research

The majority of research has been in documentation of the impair-
ment, visualization of treatment strategies, and case reports or case series
identifying the problem or evaluating interventions. Logemann has con-
tributed significantly to this body of literature (Logemann, 1983).

Technical assessment of dysphagia has progressed considerably with
this research. Visualization techniques have allowed investigators to have
a better appreciation of the phases of swallowing and has allowed knowl-
edge related to pathology and impairment to progress. Videofluoroscopy
of swallowing (modified barium swallow study) has become the diagnos-
tic tool of choice (Splaingard et al., 1988). The procedure has been stan-
dardized and individualized (DePippo et al., 1992; Gray et al., 1989), and
seating issues for the study have also been addressed (Cameron and Guy,
1990). Other imaging techniques have been explored (Holt et al., 1990;
Langmore et al., 1991; Silver et al., 1991; Schima et al., 1992). Positional or
textural intervention strategies are also viewed by videofluoroscopy to
determine success (Johnson et al., 1992; Rasley et al., 1993).

Dysphagia in people with specific disorders has been better de-
scribed. Dysphagia in individuals with cerebral palsy, stroke, and
brain injury have been studied the most. Dysphagia in people who
have had a stroke has been reported to be as high at 30 to 45 percent
(Horner et al., 1990; Teasell et al., 1993). The occurrence of dysphagia
in individuals who experienced a brain injury is reported to be about
27 percent, and cognitive impairment is often the most significant
factor (Winstein, 1983). Children with cerebral palsy often require
treatment programs that address tonal abnormalities, postural con-
trol, adverse behavior, and primitive reflexes, along with the specific
oral motor dysfunctions (Morris, 1989; Morton, 1993). Aspiration
pneumonia and malnutrition are common secondary conditions asso-
ciated with dysphagia (Sitzmann, 1990; Martin et al., 1994).

Review of interventions include compensatory strategies, direct
treatment strategies, and surgery, which often result in reduced aspi-
ration and pneumonia, improved nutrition, and improved quality of
life and socialization (Logemann, 1995). Compensatory strategies such
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as postural techniques of head turning or body positioning can elimi-
nate aspiration of thin liquids in about 75 to 80 percent of people with
dysphagia (Logemann, 1983). Exercises designed to facilitate oral
motor strength and coordination, to facilitate a swallow reflex, and to
desensitize oral structures have been described, but with limited sup-
porting research (Braddom, 1996). Surgical interventions are focused
and individualized; other than those have received tracheostomies,
few individuals who have received surgical interventions have been
studied and generalization is difficult (Baredes, 1988; Lindgren and
Ekberg, 1990).

Interventions for drooling include oral motor exercises, behavior
modification programs, medications, and surgery. Case series and con-
trolled studies are at the base of the research. Behavior modification pro-
grams require reenforcement. Medications with anticholinergic proper-
ties have been helpful, but not universally.

Future Needs

More rigorous research is needed to determine the effectiveness of
interventions for dysphagia and drooling. In particular, exercise and di-
rect feeding techniques need to be evaluated in a controlled manner and
over an extended period to determine their efficacy.

Videofluoroscopy is used diagnostically, and in some cases periodi-
cally, for ongoing evaluation but standardized interpretation is lacking.
The indications for its use initially and for periodic follow-up have not
been determined. In addition, individuals with acute and chronic condi-
tions may have different requirements.

Issues of cost-effectiveness for diagnostic testing and interventions
have not been defined. Suggestions of cost-containment are based on pro-
jections and limited hospital costs. Standardized outcomes measures re-
garding functional limitations are needed for better comparison of differ-
ent studies and different interventions. Finally, research is needed to
determine the impact of different interventions on disability and quality
of life, particularly over a lifetime.

Elimination

Bladder

A pathology of the central or peripheral nervous system’s supply to
the bladder may result in a neuropathic bladder or, as it is more com-
monly termed, a neurogenic bladder. The neurogenic bladder has partial
or total loss of normal function (impairment), which may be caused by
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different types of pathology such as spinal cord injury, stroke, multiple
sclerosis, or a tumor.

Micturition or voiding requires fine coordination between the blad-
der and the urethral sphincter such that bladder contraction is associated
with urethral sphincter relaxation. Any pathological process that causes a
neurogenic bladder may result in the following problems or functional
limitations: (1) the inability to void voluntarily, (2) the inability to empty
the bladder completely with voiding, (3) the inability to remain continent
of urine between voids, (4) the inability to sense bladder fullness, and (5)
the inability to inhibit the urge to void.

Bladder Impairment Relationships to Functional Limitations  Uri-
nary incontinence (UI) affects approximately 13 million Americans and 30
percent of those over age 60. Estimates of the cost of managing this prob-
lem are $15 billion annually (Agency for Health Care Policy and Research,
1996). The etiologies of UI vary. Although much research on the best
methods for treatment has been conducted, less is known about the rela-
tionships of UI to functional limitation or disability. In one of the few
studies to address the impact of UI on function, McDowell et al. (1996)
described the characteristics of UI in 90 homebound adults over 60 years
of age with good cognitive skills. The subjects had a mean age of 75.8
years and reported a mean of 8.4 medical problems, and 80 percent had
functional limitations in ambulation. Eighty were women and 10 were
men. The majority (73.3 percent) had more than 10 episodes of UI per
week. About half (54.4 percent) reported that UI further restricted their
activities, and 52.2 percent reported that UI was extremely disturbing.
However, 90.5 percent believed that UI could be treated.

Most studies of interventions for UI do not use a functional outcomes
measure to determine success but often count the number of pads used,
the number of leakage episodes, or the amount of leakage. Geriatric pa-
tients with urge incontinence lose different amounts of urine and respond
differently to pharmacological treatments. Some of the factors that pre-
dict the severity of UI are underperfusion of the cerebral cortex, reduced
bladder sensation, and impaired orientation (Griffiths et al., 1996). In a
descriptive study, 251 consecutive geriatric patients admitted into a geri-
atric rehabilitation unit received medications and teaching about medica-
tion during each daytime administration of medication by nurses. The
authors reported a decrease in the incidences of UI and urinary retention
and an increase in the level of knowledge about medication regimens
(Resnick et al., 1996).

Complicating matters is a trend to avoid seeking health care for such
problems. Talbot and Cox (1995) examined 117 adults ages 58 to 93 who
were mentally competent, not confined to bed, and residing in the com-
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munity. The subjects were divided into three groups: those with dysfunc-
tional continence (ineffective coping mechanisms; 28.2 percent), those
with functional continence (effective coping; 32.5 percent), and those with
UI (39.2 percent). Coping methods were determined with a four-point
Likert-like scale. A total of 73 to 85 percent of the groups with dysfunc-
tional continence and actual UI never talked to any health care provider
about their UI-related concerns.

Many older adults with UI or other problems of bladder control are
deterred from seeking treatment by factors such as social disapproval and
a belief that bladder symptoms are normal or untreatable (Umlauf et al.,
1996). Elderly people who experience loss of bladder or bowel control are
frequently depressed, isolated, and fearful of being discovered. Left un-
treated, these individuals are prone to mental and social deterioration
that may lead to social isolation or institutionalization (Gray et al., 1996).

Quality of Life and Urinary Incontinence A few studies have begun
to examine the issue of quality of life and UI. In one study pelvic floor
electrical stimulation therapy daily or every other day was effective in
treating genuine stress incontinence. No differences in leakage episodes,
pad count, leakage amount, subject subjective assessment, and quality of
life were found comparing daily and every other day electrucak stimula-
tion (Richardson et al., 1996).

A self-report quality-of-life measure specific to urinary incontinence
(I-QOL) was developed and tested for its validity and reproducibility
with a group of 62 people with UI (Wagner et al., 1996). The I-QOL,
developed as an outcome measure for clinical trials and patient care, was
compared with measures of psychological well-being and functional sta-
tus (Short Form 36-Item Health Survey). The I-QOL was more sensitive at
detecting levels of self-perceived UI severity than either the psychological
general well-being or the Short Form 36-Item Health Survey).

Jackson et al. (1996) developed the Bristol Female Lower Urinary Tract
Symptoms questionnaire that is sensitive to changes in the symptomatol-
ogy of the female lower urinary tract, particularly UI, providing an in-
strument that can characterize symptom severity and effect on quality of
life, and that can evaluate treatment outcome.

Functional Limitations and Disabilities The function of the bladder
should be viewed from the total aspect of the person’s ability to function
in the society in which he or she lives (Cardenas, 1992). The expectations
of society are that older children and adults can maintain continence and
empty the bladder at acceptable intervals, usually not more than once in 3
to 4 hours. Certain working conditions are less conducive to frequent
voiding, for example, truck driving and assembly line work. People with
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neurogenic bladders who must void frequently, even if they are ambula-
tory, might become disabled in such a job setting. In other job settings
toilet facilities may not be wheelchair accessible. The most obvious ex-
amples are portable toilets at construction sites, but even some office
buildings have minimal or no wheelchair-accessible bathrooms. The per-
son with a neurogenic bladder who is unable to void and performs inter-
mittent catheterization, one of the preferred methods of drainage from a
health perspective, is often using a wheelchair for mobility and thus needs
access to an adequately constructed wheelchair-accessible bathroom. If
the job site or office building does not offer a wheelchair-accessible toilet,
such people also become disabled because of a nonaccommodating envi-
ronment.

Another alternative to bladder emptying used by some people with
neurogenic bladders is an external or an internal indwelling catheter that
is connected by a tube to a plastic receptacle (leg bag). Even with such a
system, emptying the plastic bag is necessary after several hours of filling.
Again, a wheelchair-accessible toilet is needed or the person will likely
become disabled.

The following case report exemplifies the predicament of people with
disabling conditions. A young man with a spinal cord injury that resulted
in paralysis of most of the muscles of his arms and all of his trunk and leg
muscles was hired at a bank in an urban community. The bank building
did not have a wheelchair-accessible toilet, and the young man managed
his neurogenic bladder by performing intermittent catheterization every
6 hours. He was forced to go to his wheelchair-accessible vehicle, a van, in
the parking lot each midday to perform intermittent catheterization. As
society complies with the legal mandates established under the Ameri-
cans with Disabilities Act of 1990, increased physical access will allow
people with disabling conditions to live and work in environments that
allow their full participation.

Related Secondary Conditions More than 1 million nosocomial
(hospital-acquired) urinary tract infections occur each year in the
United States (Haley et al., 1985), and about half of these originate in
the urinary tract in association with urinary catheters and other drain-
age devices (Kunin, 1994). Although no randomized comparative tri-
als have been performed to determine the relative risks of indwelling
catheterization, intermittent catheterization, and condom catheteriza-
tion in predisposing patients to urinary tract infections, there is a
general consensus that the greatest risk is with the use of indwelling
catheterization (Cardenas and Hooton, 1995). Most studies on the uri-
nary tract have not been conducted with patients with neurogenic
bladders. Long-term complications of neurogenic bladders also have
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not received much attention. It is known, however, that the incidence
of renal failure as the cause of death in individuals with spinal cord
injuries has been reduced during the past two decades and that dur-
ing this period intermittent catheterization replaced indwelling cath-
eters as the major mode of bladder management. Other changes in the
treatment of spinal cord injury have also occurred, however, includ-
ing the introduction of newer antibiotics and formalized systems of
rehabilitative care and follow-up. Physiological urinary tract changes
over time have received minimal attention. A recent cross-sectional
study showed that bladder pressures were lower in those who use
intermittent catheterization with a longer duration of spinal cord in-
jury, regardless of age (Cardenas and Mayo, 1995). Adequate longitu-
dinal studies determining the effects of both aging and the duration
of impairment of the bladder have not been performed. The roles of
health beliefs, nutrition, and hygiene have received minimal attention
in the research literature on the prevention of urinary tract infection
in patients with neurogenic bladders.

Future Needs Research is needed not only to determine optimal strat-
egies for bladder management but also to determine the educational needs
of primary care providers in the appropriate management of urinary tract
infections in those with neurogenic bladders. Research is also needed to
determine the optimal duration of antimicrobial treatment of urinary tract
infections in the person with a neurogenic bladder.

Longitudinal studies are needed to determine the long-term con-
sequences of asymptomatic bacteriuria for the neurogenic bladder.
Funded workshops are needed to train urologists in the state-of-the-
art surgical options that may reduce the functional losses of the blad-
der, such as electrode implantation. New stimulation methods and
approaches for the control of micturition and defecation are making
bowel and bladder continence practical for persons with spinal cord
injury and other pathologies. Dramatic advances are possible and
should be pursued. Research is needed to determine the best preven-
tion strategies for complications associated with a neurogenic blad-
der. Such secondary conditions include urinary tract infections; stones
in the kidneys, ureters, or bladder; and renal insufficiency. Research
on methods for changing the role expectations of employers and oth-
ers toward the person with a neurogenic bladder, and on newer phar-
macological agents or other treatments that can improve bladder func-
tioning, including UI is also needed.

New electrical stimulation methods and approaches for the control of
micturition and defecation are making bowel and bladder continence
practical for people who have sustained spinal cord injuries and those
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with other pathologies. Investigators have devised technical stimulation
methods that can stimulate small nerve fibers before they stimulate the
large nerve fibers. This stimulation approach, along with other techniques,
promises to provide dramatic advances in the voluntary control of mictu-
rition and defecation through the use of implants and small external tech-
nical apparatuses. Engineering and medicine appear to be on the brink of
making significant practical advances with these technologies. These po-
tentially major breakthroughs may dramatically alter the future care of
people with bladder and bowel control problems.

Bowel

Functional Limitations The normal function of the bowel, like the
bladder, may be altered by various types of pathologies, especially those
that cause primary damage to the central nervous system and autonomic
nervous system. This can result in the loss of the urge to defecate or an
inability to inhibit a bowel movement. The impairment is the loss of nor-
mal bowel function, whereas the functional limitation relates to the pos-
sible loss of the normal ability to sit for prolonged periods of time without
a potential “bowel accident,” to loss of the ability to travel, and to a loss of
potential cleanliness and personal hygiene.

An uncontrolled bowel movement with fecal incontinence may lead
to loss of employment. The expectation of society is that older children
and adults will not have fecal incontinence or soiling that can produce
odor and lead to leaving the job task at hand to clean up and change
clothing, tasks with which a person with a neurogenic bowel may require
assistance. The person with a neurogenic bowel who has difficulty con-
trolling “bowel accidents” may thus have a disability.

Historically, occupational therapists have worked with clients, their
families, and caregivers to facilitate use of the bathroom and toilet for
elimination of wastes and bathing, washing, brushing, shaving, etc. As
with systems for assistance with eating, bathrooms must be customized
for people with disabling conditions, their families, and their assistants.
Again, as with eating assistance, there is a need to develop principles of
bathroom treatments, if not theories, that will help guide families, archi-
tects, carpenters, and plumbers in creating customized facilities that make
ergonomic sense, that can be altered as the level of disability increases or
decreases, and that are compatible for use by other members of the family
(universal design). Sensitivity needs to be given to issues of privacy. Inde-
pendence of use needs to be maximized where possible. Engineers, archi-
tects, therapists, and others need to give more attention to the bathroom
and toilet needs of persons with disabling conditions, particularly those
people with significant disabling conditions.
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Current Status of Science and Research No data are available on
methods for changing the role expectations of employers or others to-
ward people with functional limitations as a result of a neurogenic bowel.
Minimal research regarding optimizing bowel management for avoiding
fecal incontinence exists, although much clinical experience has provided
good bowel care for many.

Future Needs Methods for reducing the time necessary for adequate
bowel evacuation need further study. More research is needed on meth-
ods of triggering defecation, such as electrodefecation by sacral root stimu-
lation. Additionally, research is needed to empirically examine the long-
term effects of aging with a disability in noninstitutional settings, and
how to maintain maximal bowel function over the lifespan. Research is
also needed on methods for changing the role expectations of employers
and others toward the person with a neurogenic bowel.

Sexual Functioning

Functional Limitations

Sexual functioning is an important aspect of human life and well-
being. Impairment of sexual functioning may result from disease pro-
cesses that alter neurological, vascular, or endocrine function such as spi-
nal cord injury, multiple sclerosis, atherosclerosis, and diabetes mellitus,
as well as from mental disorders and even common medications used to
treat numerous conditions. Sexual functioning encompasses arousal, lu-
brication, erection, ejaculation, and orgasm. Sexual functioning involves
reflex (neurogenic), hormonal, and psychogenic mechanisms that have
not been completely described for humans with or without dysfunction.
Loss of genital sensation or loss of motor input to the genitalia can result
in severe loss of sexual function.

Functional limitations in sexual functioning involve (1) the inability to
become aroused or lubricated, (2) the inability to develop adequate erec-
tions, (3) the inability to ejaculate, and (4) the inability to experience orgasm.

Loss of erectile function can be treated with various technologies, but
not always successfully. Some men do not accept artificial methods for
achieving an erection. Others are unable to afford treatment, which is not
funded by many health plans. Owing to the role expectations of sexual
functioning in marital or intimate relationships, the loss of erectile func-
tioning may result in a disability. The same can be said for the loss of
ejaculation, which affects not only sexual functioning but also the ability
to procreate naturally. Again, technological advances such as electro-
ejaculation are not always available or affordable.
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Current Status of Science and Research

Research into sexual functioning related to neurogenic or vascular
causes has focused primarily on men. For example, estimates of the inci-
dence of erection after spinal cord injury have been determined for indi-
viduals with complete injuries according to the level of injury, but the
incidence has not been determined for individuals with incomplete inju-
ries. Testicular biopsies have revealed a high incidence of abnormalities
of spermatogenesis in those with spinal cord injuries. Pregnancy and de-
livery may be associated with certain risks such as autonomic dysreflexia
in women with spinal cord disorders, but with appropriate obstetrical
care, minimal increased morbidity to the mother or baby her infant is
achievable (Baker et al., 1992). Orgasm is less well studied than erection,
lubrication, or ejaculation. The subjective experience of orgasm is paral-
leled by certain physiological changes, but measuring these changes has
not received much attention in those with a loss of sensation such as may
occur after spinal cord injury.

Future Needs

Psychological factors such as stress and anxiety as well as medica-
tions can affect all aspects of sexual functioning, but the disability that
results is not well documented.

More research is needed on sexual functioning in women with im-
pairments, such as loss of genital sensation, and research is needed to
determine the educational needs of obstetricians and family practitioners
caring for pregnant women with spinal cord dysfunction. More research
is needed to determine the causes of abnormal spermatogenesis and meth-
ods for improving spermatogenesis.

Vision

Relationship of Impairment and Functional Limitation

Vision, the most developed sense in humans, provides people with
most of their knowledge of the external world (Zeki, 1993). The visual
system allows for the visualization of detail (acuity), color, form, move-
ment, depth, and contrast (Livingstone and Hubel, 1987) and contributes
to a capacity to attend to tasks of daily living. The visual system is com-
plex and includes numerous structures, from those that receive stimuli
from the environment (e.g., the cornea, lens, aqueous humor, and retina)
to the areas of the brain where visual function becomes specialized at
interpreting and combining stimuli (e.g., the retina, lateral geniculate

Enabling America: Assessing the Role of Rehabilitation Science and Engineering

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/5799


130 ENABLING AMERICA

nucleus, superior colliculus, and the various areas of the visual cortex).
Maturation problems, diseases, and injury can cause functional limita-
tions of low vision or blindness. Common impairments are cataracts,
macular degeneration, which results in the gradual loss of central vision,
and glaucoma, which results in loss of peripheral vision. These impair-
ments often result in disability when they affect driving, reading, taking
medications, and walking.

The higher areas of visual performance, the P pathway and the M
pathway, can also be affected by disease (dementia of the Alzheimer’s
disease-associated type and Parkinson’s disease), lesions (stroke or
trauma), or aging. Insults to the visual pathways can cause the slowing of
information processing. The functional impairments that result are im-
paired depth perception, contrast sensitivity, movement detection, and
form recognition. The perception of depth is a complex process involving
the unconscious interpretation of multiple visual cues and physiological
responses. The primary visual cues are all binocular in nature, meaning
that they require the use of both eyes to be effective. One of the most
important binocular cues is known as stereopsis. In stereopsis, a phenom-
enon called binocular disparity occurs, which is a direct result of having
two eyes separated horizontally on the head (DeAngelis et al., 1991). The
loss of stereopsis can result in falls due to misjudging short distances
between objects (e.g., steps) and vehicle accidents (e.g., errors in parking,
merging, stopping, and turning across traffic). Loss of these visual pro-
cesses may contribute to personal-injury accidents. When depth percep-
tion is adversely affected by poor lighting, lack of color or visual contrast,
or deceptive visual patterns, depth cues send the brain erroneous infor-
mation about one’s immediate environment, and then a loss of function
can occur.

Another functional limitation is contrast sensitivity, which is a func-
tion of the M pathway and which is the difference in light intensity be-
tween an object and its immediate surroundings. People with impaired
contrast sensitivity cannot see objects in their environment, and it is be-
lieved to be a cause of vehicle accidents. Gunsburg et al. (1982) found that
pilots who saw an obstacle from the greatest distances were those who
had the highest contrast sensitivities. Pilots who had to get close to the
obstacle before seeing it had the lowest contrast sensitivities. People with
multiple sclerosis, a disease that attacks the insulation on nerve fibers,
complain that the world appears “washed out.” Presumably, this washed-
out appearance of the world is related to the nervous system’s diminished
capacity to code contrast.

Movement detection helps with sight. For example, one may not no-
tice an insect on the wall until it starts to move. Movement can also
provide information about form. Motion serves several different percep-
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tual purposes, including detection, segregation of an object from its back-
ground, and definition of an object’s shape. The brain sees form before it
sees detail. Research shows that types of dyslexia may result from the
inability to see form before detail; also, some types of dyslexia result from
an individual’s inability to detect movement patterns (Frith and Frith,
1996). Parkinson’s disease offers insight into how these impaired visual
processes affect performance. Hunt et al. (1995) reviewed how Parkinson’s
disease impairs vision and, consequently, function in reading, balance,
driving, and socializing.

Vision: Technical Aids and Advances

Computers and other technologies now enable machines to read
printed text and to turn it into speech with considerable ease. Electronic
text is easily converted into voice or braille output at reasonable speeds
and at reasonable cost. Interfaces for graphical information such as that
found on the Internet are being developed. Modern communications sys-
tems help facilitate safe travel by people without vision and future geo-
graphical positioning systems may be able to provide these people with
highly accurate positioning and orientation information. Many technolo-
gies such as video magnification and other aids are benefiting persons
with partial sight. Restoration of human vision through technical and
biological means remains a long-range possibility.

Rehabilitation science and engineering has much potential to assist in
the further development of technical aids for people with low vision or
blindness. If the science and engineering can be carried out in close prox-
imity to rehabilitation centers for blind people and in close proximity to
blind and partially sighted people and their caregivers, the potential for
major practical advances is enhanced.

Future Needs

The mechanisms of vision are beginning to be understood. How vi-
sual impairments relate to disability and the strategies used to support
recovery in individuals with neurological damage provide challenges to
rehabilitation scientists. Visual impairments can complicate assessment
and rehabilitation. The process of learning required for recovery is best
accomplished by a person with good visual and visual processing skills.
Visual perception problems are prevalent in people with neurological
damage. Vision scientists are not normally involved in the rehabilitation
process, so that there is a gap between rehabilitation and vision scientists.
This gap should be filled by multidisciplinary research that could lead to
improvements in rehabilitation outcomes and in the quality of life for
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people with functional impairments that, in the absence of proven inter-
vention strategies, have limitations that lead to disability.

Research needs to be done to gain an understanding of how damage
to the visual pathways affects disability. This may help in the develop-
ment of visual training programs, behavioral strategies, and environmen-
tal adaptations that can contribute to the optimal functioning of individu-
als with disabling conditions that otherwise may be ignored.

Hearing

Relationship of Impairment and Functional Limitation

The sense of hearing is used primarily for communication, for localizing
sounds in the environment, and for aesthetic purposes such as the enjoy-
ment of music. For most people, the communication function is by far the
most important for carrying out the everyday activities of life. The ability to
talk relies on auditory capability (Newby and Popelka, 1992) in concert with
the capacity for language (Gleason, 1985) and the ability to produce speech
sounds (Hegde, 1995). This ability develops naturally and functions effec-
tively when the auditory system, a speech production system, and a central
nervous system capable of language are in place at birth. Furthermore, the
communication ability will be sustained if these separate systems remain
functional throughout life. Thus, the auditory system plays a substantial
role in the development and maintenance of the communication ability after
oral language and speech abilities have developed.

An impairment of the auditory function affects the communication
ability in ways that depend on the magnitude of the hearing loss, when
the hearing impairment occurred in relation to the individual’s stage of
language and speech development, and the portion of the auditory sys-
tem that is affected. A significant auditory impairment that is present at
birth or that occurs before language and speech ability have begun to
develop can interfere with the development of language and speech and
may affect the ability to communicate. This type of hearing impairment
has been termed perilingual and can result in a hearing disability that
substantially affects oral communication ability. However, those with
prelingual hearing impairments can learn to communicate effectively
through the use of sign language. Neither their communication abilities
nor their other academic abilities need be affected. In fact, “baby talk” in
deaf children raised by signing parents will begin earlier than will baby
talk in hearing babies. The key factor here is that early and consistent
exposure to signing, lipreading, and speaking can be taught as success-
fully later as earlier, but linguistic ability will be lost if accessible language
is not provided during critical developmental periods.
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A significant hearing impairment sustained in later life, after lan-
guage and speech abilities have developed fully, is termed a postlingual
hearing impairment. This type of hearing impairment does not affect the
development of language and speech but can affect the ability to commu-
nicate, resulting from an inability to perceive speech correctly. A signifi-
cant hearing impairment that occurs at a point during speech and lan-
guage development, termed perilingual, can result in a disability with
some characteristics of both pre- and postlingual hearing impairments.

The peripheral auditory system consists of a right and a left side and
includes the external ear and a variety of internal structures that process
auditory information and send it to the brain. Some of these peripheral
structures optimize sensitivity to sounds; that is, they increase the ability
of the ear to hear the quietest sounds. Other peripheral auditory struc-
tures optimize sound discrimination, which is the ability of the ear to
discriminate among different sounds. A peripheral auditory impairment
often reduces hearing sensitivity so that sounds may not even be heard. A
peripheral auditory impairment also can reduce the ability to discrimi-
nate sounds so that, for example, the “t” sound cannot be discriminated
from the “d” sound in speech, even if the speech sounds are intense
enough to be detected. Virtually all peripheral hearing impairments re-
sult in some degree of hearing loss, that is, a reduction in hearing sensitiv-
ity, and as a result, sounds must be made more intense for the individual
to detect them. In many cases, the peripheral hearing impairment also
results in a decrement in the ability to discriminate sounds, so that even if
the sounds are made intense enough to be detected, they are still not
perceived correctly.

Deficits of central nervous system function that do not involve the
peripheral auditory system also may affect auditory capability, particu-
larly regarding the ability to understand speech (Katz, 1994). A head
injury or stroke usually does not cause a peripheral hearing loss, but may
impair the communication ability related to deficits in the auditory pro-
cessing capability in the central nervous system. Auditory processing as-
sociated with the auditory portions of the central nervous system gener-
ally does not include auditory sensitivity or simple sound discrimination,
but it does involve more complex processing such as the ability to sepa-
rate or integrate auditory input from both ears, interpret timing effects
such as the temporal order or sequence of auditory sounds, separate
speech sounds from background noise, and other kinds of processing that
may interact with language functions and even learning and memory.

Hearing loss is defined in terms of hearing sensitivity for particular
pitches in each ear and the average hearing sensitivity for speech catego-
rized in increments ranging from mild to profound. Hearing loss is fur-
ther defined in terms of the ability to understand speech including speech
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that is amplified enough to overcome the hearing loss and be detected.
The disability resulting from the hearing loss involves a consideration of
the magnitude of the hearing loss, the measured decrement in speech
discrimination ability if any, and many other factors including when the
hearing loss was sustained (pre-, peri-, or postlingual), whether or not
both ears were affected, and the types of sounds most important to the
individual (speech, music, etc.) (Newby and Popelka, 1992). A person
with a profound, bilateral, perilingual hearing loss who relies on sign
language may not have any disability related to the hearing loss because
of his or her reliance on a communication system that does not require
auditory function. A person with a severe, bilateral, postlingual hearing
loss may be significantly disabled as a result of difficulties in perceiving
speech at normal conversational levels. A professional musician with a
very mild hearing loss in one ear that may not affect communication
ability but that may still reduce the ability to play a musical instrument
may be considered substantially disabled.

Some hearing impairments are the result of transient diseases or are
able to be corrected with medical or surgical intervention. If the surgical
or medical intervention is successful and is invoked as soon as possible
after the hearing impairment has been identified, the hearing impairment
usually will have no long-term effect on the auditory capability. If, how-
ever, the medical or surgical intervention is ineffective or such an inter-
vention is impossible for various reasons, the hearing impairment can be
considered permanent and can affect the auditory ability. For people with
permanent hearing impairments, rehabilitative strategies other than medi-
cal or surgical intervention can help ameliorate the effect of the hearing
impairment. If the hearing impairment is severe enough and if it is pre- or
perilingual, the educational setting itself is a consideration. Schools for
people who are deaf use teaching techniques that foster the development
of oral language and speech (oralism), sign language (manualism), or a
combination of both (total communication) (Northern and Downs, 1991).
These schools teach language and communication ability simultaneously
with traditional elementary school subjects; however, those that empha-
size oral skills spend a disproportionate amount of time teaching those
skills.

For children with auditory impairments who rely on oralism for the
development of language and speech or for adults with postlingual hear-
ing impairments whose language and speech skills have already been
developed, a variety of technologies are available to assist the impaired
auditory system. The first of these is a conventional hearing aid. A hear-
ing aid is a small, portable, battery-operated device worn in the impaired
ear. The device has the capability of amplifying sounds in the environ-
ment so that they are intense enough to be detected. Furthermore, the
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hearing aid may be adjusted so that some pitches are amplified more than
others and so that the hearing aid is tailored to the specific hearing loss,
resulting in some improvement in sound discrimination ability. The use
of hearing aids can be a very effective rehabilitation strategy, especially
for individuals with mild, moderate hearing impairments and combined
with rehabilitation strategies that capitalize on the visual perception of
speech (lipreading).

For some individuals with hearing impairments, a cochlear implant
may be an effective option. A cochlear implant is a small, portable, bat-
tery-operated device much like a hearing aid, but instead of providing
more intense sounds, it electrically activates the remaining auditory nerve
fibers over wires surgically implanted in the inner ear. A cochlear implant
may allow more severely hearing impaired individuals to detect sounds
in the environment and, if multiple wires have been implanted, to achieve
some degree of sound discrimination ability through the perception of
multiple channels of sound information. A comprehensive rehabilitation
program that incorporates a cochlear implant may be able to enhance
speech development in people with perilingual impairments and to en-
hance oral communication ability for those with pre-, or postlingual im-
pairments. However, the evidence about cochlear implants remains con-
troversial. It must also be noted that some members of the deaf community
feel very strongly that cochlear implants are not needed, especially among
children, for whom signing can provide an optimal, comprehensive, and
noninvasive communication technique, while others believe that speech
production is enhanced by cochlear implants, even in the prelingual deaf.

Much of the available technology can enhance a person’s communica-
tion ability by using modes that completely bypass the impaired auditory
system. Alarm systems such as smoke detectors, fire alarms, door bells,
and alarm clocks can be modified to emit signals that can be detected by
other senses such as vision (flashing lights) or touch (vibrators). Other
technologies permit the simultaneous display of speech as text in closed-
captioned television, and telecommunications devices for the deaf dis-
play telephone voices as text.

Environments can be restrictive in their accessibility for people with
hearing losses, and technology or policies can be invoked to improve
accessibility. In larger venues (theaters, churches, stadia, lecture halls,
classrooms, etc.) a microphone (lapel microphone worn by the lecturer,
classroom teacher, or performer) can be positioned to pick up the acoustic
signals of interest and transmit the signals wirelessly to special earphone
devices or personal hearing aids worn by the people in the audience with
hearing losses. Captioning can be provided in real time for situations in
which closed captioning is unavailable or not able to be prepared ahead
of time. Public telephones can have amplifiers, hearing aid compatibility,
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or companion telecommunication devices for people who are deaf. Inter-
preters for both oral and manual communication can be provided in other
situations. Strategies for enhancing visual communication, including
lighting and seating positions, may be used.

An auditory impairment can greatly complicate assessment and reha-
bilitation of other physical impairments. Assessments of cognitive or re-
ceptive language ability following a stroke may be based on hearing-
based tasks that usually assume that the auditory system is healthy. This
is a tenuous assumption because of possible preexisting peripheral audi-
tory pathology. Incorrect responses to certain questions by an individual
who has experienced a stroke may be interpreted as a cognitive deficit
when in fact the responses may be the result of misperceptions due to a
preexisting, mild peripheral hearing impairment, a common condition in
people who are elderly.

Hearing: Engineering Advances

Hearing loss, after having normal hearing, is common, particularly
among elderly people. Engineering advances have made hearing aids
much smaller and more effective than earlier versions. Although hearing
aids are useful they have many shortcomings that signal processing
theory, technology (e.g., digital processors), and better understanding of
the auditory system and its pathologies should be able to improve. The
ability to place computers within hearing aids opens up a whole new
world for hearing assistance. These new technical opportunities may pro-
duce changes in hearing aid performance that are as dramatic in nature as
the changes that computers have brought about in society in general.

Future Needs

All of the technological devices mentioned above can be improved.
Furthermore, as the technology is improved, behavior-based rehabilita-
tion procedures need to be modified accordingly. Therefore, research
projects need to center on both improvements to the devices themselves
and improvements related to rehabilitation strategies, particularly as they
interact with various technologies. Research projects can be at the cellular
level (e.g., development of improved electrodes for cochlear implants),
the signal processing level (e.g., development of improved digital pro-
cessing software for enhancing speech perception with computer-based
hearing aids), the assessment level (developing physiologically based
techniques for detecting and quantifying hearing impairments in neo-
nates), and the environmental level (developing strategies for supporting
the communications abilities of all people).

Enabling America: Assessing the Role of Rehabilitation Science and Engineering

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/5799


FUNCTIONAL LIMITATIONS RESEARCH 137

Speech

Limitations of speech include difficulties in voice production and ar-
ticulation, not in language, content, or structure of communication. The
latter group are determined by cognition and are noted in the “Cognitive
Function” section. Speech function is characterized by articulation and
audibility and ability to produce and sustain a reasonably fast rate of
speech.

Impairment Relationship to Functional Limitation

The normal process of human speech is accomplished through con-
trolled and sequenced respiration, phonation, and articulation, with ad-
equate resonance from the cavities of mouth, nose, and pharynx. Voice
production through the vocal mechanism is accomplished through active
inspiration (through activity of thoracic and neck muscles and intratho-
racic pressure changes), and expiration through the larynx that is both
passive (muscle relaxation and gravity) and supported (abdominal and
intercostal muscle activity) for prolonged exhalation for speech.

Phonation and articulation require steady maintenance of air pres-
sures, balanced vocal cords, and coordinated actions of tongue, lips, jaw,
and soft palate. Resonance in the pharyngeal, oral, and nasal cavities are
modified by changing the shape of the vocal tract, again requiring intact
musculature and intra vocal tract pressure control. The coordination, se-
quencing, and programming of these activities is directed by the brain,
most specifically, the left frontal cortex. An impairment at any organ level
involved in the process will influence speech production, and lead to a
functional limitation in speech.

Assessment of the impairment focuses on the speech production pro-
cess. Impairments often occur at varying levels of severity and at numer-
ous points in the process, all of which are interdependent. The speech
functional limitation is focused most on intelligibility, and measures have
been used to determine intelligibility in the clinic setting (functional limi-
tation). It is recognized that intelligibility scores can be influenced by the
speakers’ task, the transmission system, and the judges’ task (disability)
(Yorkston et al., 1984; Yorkston and Beukelman, 1981)

Current Status of Science and Research

There are a variety of conditions that describe limitations in speech.
Etiologies for speech limitations can be at a central or peripheral area, can
involve motor control, and can be mechanically related. Dysarthrias are
characterized by slow, weak, imprecise, or uncoordinated movements of
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the speech musculature, which results in reduced speech intelligibility. A
number of diagnoses can be associated with dysarthria, and includes ce-
rebral palsy, stroke, parkinsonism, multiple sclerosis, brain injury, muscle
diseases, and amyotrophic lateral sclerosis. All or several speech sub-
systems may be involved in varying degrees (respiratory, phonatory, pha-
ryngeal, and articulatory) (Miller et al., 1993). The dysarthrias can be
described and diagnosed based on a cluster of features. (Darley, 1969a,b;
Rosenbek and LaPoint, 1985). There are a variety of assessments that
measure speech performance (Netsell, 1973; Netsell et al., 1989; Gerratt et
al., 1991), since intelligibility is the hallmark of functional speech. Most
tools are perceptual, and rely on a trained observer. However, at an im-
pairment level, respiratory performance can be measured aerodynami-
cally (Netsell, 1973); acoustic analysis can be performed (Keller et al.,
1991); and measures of laryngeal resistance can be obtained (Smitheran
and Hixon, 1981). Application of these technologies as a measure of inter-
vention assessment could be helpful, but measures only a limited portion
of speech function. Standard tools have been developed to measure sen-
tence and single word intelligibility and speaking rate in a more struc-
tured fashion (Yorkston et al., 1984).

Those with severe limitations in speech may require augmentative or
alternative communication devices. Treatment goals are to establish a
functional means of communication. Systems range from communication
boards and books to computer based speech synthesis systems
(Brandenburg and Vanderheiden, 1987; Yorkston and Beukelman, 1991).
Simple low tech strategies must also be considered and may be preferred.
The selection of the most appropriate intervention requires careful con-
sideration of the individual’s capabilities (e.g., cognitive function, vision,
hearing, hand and arm manipulation, positioning for function), proposed
use in the selected environments, and financial issues. Lifelong use of
these devices or staging of interventions need to be investigated more
fully.

A moderate or mild limitation in intelligibility may require exercises
to improve respiratory control (Netsell and Daniel, 1979; Bellaire et al.,
1986), change speech rate to improve intelligibility (Yorkston et al., 1990),
or focusing on phonation (Ramig, 1992). Effectiveness of speech interven-
tions for individuals with spastic dysarthrias has been documented
through case reports, single-subject design studies, and uncontrolled
group treatments (Aten, 1988). Study outcomes measure changes in
muscle strength and control, reduction in consonant imprecision, and
improved intelligibility and speaking rate (Yorkston, 1995). A prosthetic
lift at the nasopharyngeal area may improve dysarthria by controlling
oral air pressures (Gonzalez and Aronson, 1970). Interventions for per-
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sons with progressive disorders require changing interventions, based on
function (Hillel et al., 1989).

Articulation and phonologic disorders comprise a large portion of
speech limitations. Disruptions in speech, or stuttering, vary greatly in
frequency, duration, type, and severity. Stuttering is characterized by
hesitations, prolongations, and repetitions of speech. Treatment effective-
ness studies in school aged children show about a 61% reduction (Conture
and Guitar, 1993). In adults, 60 to 80% improve with treatment
(Bloodstein, 1987). Treatment approaches are determined by a variety of
factors, and may be intensive or extensive (Conture, 1995). Articulation
and phonologic disorders are among the most prevalent speech limitation
in preschool and school aged children, affecting 10% of this population
(Geirut, 1995). Interventions in this age group have been longstanding
(Sommers, 1992). Hearing impairments must be considered in the pediat-
ric group in particular when speech delays are noted.

Laryngeal-based voice disorders are characterized by abnormal pitch,
loudness, or vocal quality and ranges from mild hoarseness to complete
voice loss. Voice therapy can improve the characteristics of voice and
reduce laryngeal pathology (Ramig, 1995). Voice treatment has been found
to improve vocal nodules and to reduce recurrence if instituted after sur-
gery (Lancer et al., 1988). Speech options after laryngectomies include
external prosthetic devices (electrolarynxes and pneumatic reeds) (Miller
et al., 1993), tracheal-esophageal puncture (one-way valved voice pros-
thesis) (Singer and Blom, 1980), and esophageal speech (Gates et al., 1982).
Outcome studies have shown both difficulties (Schaefer and Johns, 1982;
Miller et al., 1993) and success (Singer et al., 1981; Wetmore et al., 1985;
Miller et al., 1993). Technology has assisted speech production for per-
sons with chronic tracheostomies. In particular, the Passy-Muir trache-
ostomy speaking valve allows speech production through a one-way
valve which opens with inspiration, and closes with expiration, redirect-
ing air into the trachea and vocal cords creating sound through the oral
and nasal cavities.

Speech: Engineering and Technical Advances

Communication aids for people who are unable to speak came into
existence about 30 years ago, and the application of the sciences of infor-
mation theory, computational linguistics, and coding theory, along with
new computer technologies, have had a material influence on the ability
of people to generate messages through standard alphabetic notation,
speech input, or symbolic methods. Nevertheless, not all people who are
unable to speak are able to communicate in these novel ways. Engineer-
ing and rehabilitation science can make big advances in this area, as well
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as in the recognition of speech that is difficult to understand through the
translation of utterances into understandable artificial speech.

Cellular telephone links (voice and data), fax services, e-mail, and the
Internet have opened up wide communication channels for everyone and
it is incumbent upon rehabilitation technology to make these links acces-
sible to people with disabling conditions, using universal design where
possible. These communications systems can also provide much assis-
tance to people with sensory losses (e.g., hearing or visual losses).

Future Needs

Currently, the majority of outcome measures in speech rehabilitation
are perceptual or observational, and lack standardization. Research into
the development of standardized instrumental and observational mea-
sures would move evaluation to the functional limitations level. Research
regarding the effectiveness of interventions using rigorous descriptions
of interventions and outcome measures would provide a basis for dura-
tion and frequency of treatments and indications for treatment options.
Application of speech intelligibility measures into the disability realm
would allow a realistic measure of intervention success.

In addition to the specific areas identified above, research along the
lifecourse regarding interventions and devices is needed. Issues of patient
and family choices should be considered.

Cognitive Function

Relationship of Impairment and Functional Limitation

The performance of everyday activities is supported by a number of
physiological and psychological processes. Cognition represents one of
these processes that guides individuals as they acquire and use informa-
tion to support their actions. Cognition at the impairment level involves
the mechanisms of language comprehension and production, pattern rec-
ognition, task organization, reasoning, attention, and memory (Duchek,
1991). When these mechanisms are intact, they support the person in
learning, communicating, moving, and observing. When the mechanisms
are deficient, they create functional limitations for individuals who re-
quire rehabilitation services to learn strategies to bypass the deficit or
compensate for the loss, or both. They also create functional limitations
for the families of such individuals.

Cognitive problems are common following stroke or head injury in
people with Parkinson’s and Alzheimer’s disease and in some people
with multiple sclerosis and other chronic conditions. It is the beginning of
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a new era in the study of cognition as “we understand how experiences
generate changes in the nervous system that shape our language, our
visual world, our coordinated movements, our cognition” (Merzenich et
al., 1993, p. 17). It should be the goal of rehabilitation to minimize the
consequences of brain injury in the lives of those who suddenly are im-
paired by difficulties in living, social interaction, family life, and voca-
tional and educational pursuits. The major cognitive deficits that create
functional limitations are described below.

Aphasia is the term attributed to difficulties with language compre-
hension and expression. It is the absence or impairment of the ability to
communicate through speech, writing, or signing and may limit the
person’s ability to comprehend or express language making it very diffi-
cult for the person to communicate wants, needs, and ideas to others.

Agnosia refers to problems with pattern recognition. Agnosia can im-
pair the recognition of objects, facial discrimination (Allender and
Kaszniak, 1989), and the recognition of voice tone (Eslinger and Damasio,
1986), making it very difficult to recognize familiar people and voices and
common objects such as a fork, toothbrush, or razor. Agnosia presents a
difficult challenge, requiring rehabilitation and education for the affected
individual and the family.

Apraxia describes the deficit that occurs when an individual has diffi-
culty in organizing and executing purposeful movements. Functional limi-
tations occur when the person cannot perform tasks such as putting an
arm in a sleeve, reaching for a glass to take a drink, or even putting one
leg in front of the other to take a step.

Deficits in reasoning and problem solving are frequently the result of
frontal and temporal lobe damage (Mayer et al., 1986; Sullivan et al.,
1989). Functional limitations occur because a person cannot put steps
together in a sequence to accomplish a goal or may not be able to choose
the items or tools necessary to perform even a simple task such as putting
on a robe. Such a deficit makes tasks such as driving a car, paying bills,
preparing food, and using the telephone problematic without training in
compensatory strategies and environmental modifications.

Executive function comprises the mental capacities required to formu-
late goals, plan how to achieve them, and carry out the task effectively
(Stuss, 1992). A person with impaired executive function has a functional
limitation that results in difficulty beginning an activity, monitoring his
or her performance during an activity, inhibiting irrelevant information,
and maintaining attention. This configuration of cognitive problems
makes independent living and productive work a challenge for a person
who has sustained an injury and for the rehabilitation professional who
needs to help the person and the family learn how to give the cognitive
support that will make performance possible.
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Memory plays a very important role in everyday functioning. Dif-
ferent types of memory can be impaired, depending on the location of
the brain damage. Deficits in short-term memory, which holds infor-
mation for further processing, can make new learning difficult. Indi-
viduals with memory loss often need rehabilitation to develop strate-
gies to access long-term memory for personal events and general
knowledge, to remember future events, and to support the proce-
dures required to perform an activity. Cognitive deficits that impair
memory have a profound impact on the performance of people as
they recover from physical impairments and move on to try to rees-
tablish independence following injury or illness.

Cognitive Issues: Engineering and Technical Advancements

Few investigators have examined if or how technical devices
might be helpful in cases in which and individual is impaired because
of the loss of cognitive ability. Nevertheless, it is known that develop-
ments in this area will not occur de novo. Positive action needs to be
taken to investigate how assistive technical aids may be useful in this
area. Action needs to come through the interaction of scientists, clini-
cians, and engineers. Memory aids and the use of step-by-step in-
structions are areas tailor-made for providing technical assistance,
and engineering may be able to help make significant advances in this
area. However, collaboration with families and caregivers, will be
necessary for the problems to be understood and for design iterations
to be based on realistic clinical experiences.

Future Needs

Cognition plays a critical role in the performance of the tasks of liv-
ing. When any of these deficits occur (and many of these deficits occur
simultaneously), the person is disabled until environmental and compen-
satory strategies are put in place to support him or her. During the past
decade, the emphasis on biomedical science has generated new knowl-
edge about brain plasticity and brain structure–function relationships. As
this emphasis expands to include issues of functional limitation and dis-
ability, it should be possible to test the application of these findings in
clinical interventions to determine how individuals with brain injuries
can improve their performance of functional, real-world tasks (e.g., self-
care, meal preparation, parenting, and employment).

Most cognitive research has been performed at the impairment level
and has involved the administration of experimental and neuropsycho-
logical tests. As more clinical studies have been funded, investigators
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have learned that patterns of behavior in the real-life context differ from
those that would have been predicted from neuropsychological tests
(Prigatano and Altman, 1990). When a cognitive deficit occurs, the person
also experiences changes in emotion, social interaction, and communica-
tion; these changes can range from subtle to severe changes and can create
complex difficulties for the individual and his or her family, coworkers,
and friends.

Rehabilitation strategies to overcome problems presented by aphasia,
agnosia, and apraxia require further development and testing and will be
understood more fully when scientists and engineers interact with clini-
cians and patients to understand the impact of these conditions on
people’s lives.

The research needed to understand the impact of cognition on the
individual and society and the potential of environmental and learning
strategies on recovery and functioning is yet to be done. It will require
research of issues beyond the current biomedical mechanisms that exist
today and involve interdisciplinary teams of professionals from fields
that span education, philosophy, cognitive psychology, and neuroscience,
including neurobiology and neuroradiology. The research must also in-
clude rehabilitation professionals such as occupational therapists, speech
language pathologists, physicians, and neuropsychologists.

Such teams working together may begin to obtain an understanding
of the mechanisms that underlie the recovery and preservation of cogni-
tive functions after brain damage. It will be important to determine if
there are aspects of affective disorders that can be distinguished from the
cognitive sequelae of acquired brain injury and determine if the brain has
different processing pathways for different types of information after
brain injury (Buckner et al., 1996). For example, it would be possible to
explore whether the cerebellum’s contributions to motor learning gener-
alize beyond the purely motor domain and whether the preserved func-
tion demonstrated by some people with disabling conditions is mediated
by sparing of critical tissue or by compensatory neural pathways. It would
be important to know how a deficit in inhibitory control affects everyday
function; that is, can different aspects of attentional processing (e.g., di-
vided attention, visual search, and vigilance) predict everyday function-
ing, including a complex task like driving or work.

Not all disability comes from within the individual. Each person needs
a supportive environment to perform at his or her best. A study of cogni-
tion prompts investigators to ask new questions. How does cognitive
activity relate to specific environmental contexts? What is the role of me-
diated action in the actual performance of cognitive and functional tasks
in people with acquired brain injury and those with no cognitive loss?
What role does the environment play in the internal representation and
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processing of visual information? Also, how is it possible to prepare
spouses and families for the multitude of tasks required for life with a
person who is severely disabled because of an acquired head injury?

Such questions can only be addressed when there is a level of analysis
and method of measurement that allows for the description of cognitive
deficits in real-life activities. Functional means of measuring intellect,
motivation, mood, judgment, visual perception, auditory perception,
motor control, visual attention, vigilance and arousal, working memory,
procedural memory, declarative memory, and motion in context must be
developed. The challenge of preventing disabilities in those with cogni-
tive loss cannot be left at the level of functional limitation. New means of
addressing the cognitive needs of individuals must come to the forefront
in science to reduce the devastation of a cognitive impairment on the lives
of the people and their families who must live with the consequences of
the functional limitations brought on by injury and disease.

CONCLUSIONS

Although there is little published research on functional limitations’
responsiveness to rehabilitation, this is only partially traceable to the lim-
ited funded research in this domain. Functional limitations research re-
quires whole-person studies, which are costly and difficult to perform.
Only clinical research that involves the whole person is, by definition,
relevant to functional limitations research. Until functional limitations are
properly studied, the role of the environment in preventing the physical
expression of the person’s capacity (i.e., disability) cannot be understood.
The process of rehabilitation has heretofore focused on impairment-level
interventions, but the economics of rehabilitation, especially in the man-
aged health care sphere, is requiring that people be discharged home as
soon as possible. In turn, functional limitations become paramount con-
cerns because they alone prevent the person from returning to the
premorbid environment after rehabilitation. Altering the environment to
accommodate functional limitations, such as by adding a raised toilet seat
following hip replacement or providing durable medical equipment fol-
lowing major amputation or spinal cord injury, are time-honored reha-
bilitation approaches. The historic reluctance of insurers to pay for such
environmental modifications is understandable if one appreciates that
society, not the insurer, benefits from improved functional capacity and
thus decreased need for “external” support. If the functional capacity of a
person, for example, a person with chronic back pain, increases as a result
of rehabilitation and the person is able to return to work, society obtains
an income tax-paying and less healthcare resource-consuming, member.
The insurer benefits directly only inasmuch as the person consumes fewer
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health care resources. More functional limitations research is urgently
needed to determine the optimal role of rehabilitation for individuals
with disabling conditions compared with interventions at the societal or
environmental level.

RECOMMENDATIONS

Recommendation 5.1 The National Institutes of Health (NIH) should
ensure that rehabilitation scientists in general, and functional limi-
tation researchers in particular, are well represented on study sec-
tions. NIH also should expand the research capacity of its Institutes
to include functional limitations and rehabilitation research as im-
portant aspects of their missions.

Recommendation 5.2 A mechanism should be established, possibly
through consensus panels, to frame the questions about functional
limitations that would help to draw the link between impairments
and functional limitations for the purpose of building the science of
rehabilitation.

Recommendation 5.3 The Computer Retrieval of Information on Sci-
entific Projects system and other databases used to track research
funded by federal agencies should use a governmentwide code or cod-
ing mechanism to describe rehabilitation research that includes the
concepts and definitions of pathology, impairment, functional limi-
tation, and disability presented in this report. This would allow for
the more appropriate classification of functional limitations and re-
habilitation research.

Recommendation 5.4 A commonly used terminology and taxonomy*

should be developed and used that would allow scientists and profes-
sionals to communicate more effectively with each other across dis-
ciplines. This would include terminology regarding methodologies,
measures, the enabling–disabling process, and other descriptors of
performance and functional limitations.

Recommendation 5.5 More research is needed to obtain an understand-
ing of the factors that determine the changes in and causal relationships
among impairments, functional limitations, and disabilities, and move-

*Appendix C contains a preliminary draft of an outline of a taxonomy.
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ment among these states. Such research should be clearly focused on
improving public health from a lifelong perspective.

Recommendation 5.6 More research is needed to improve the under-
standing of the impact of aging and other lifelong disabling condi-
tions on functional limitations and secondary conditions.

Recommendation 5.7 The science supporting functional limitations
depends on integrative studies of the whole person. Behavioral mea-
surement and the development of valid functional limitation mea-
sures, should be high priorities in rehabilitation research.
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Disability and the Environment

In the past four decades the prevailing wisdom about the cause of
disability has undergone profound change. Previous models of absolute
determinism that viewed pathology and disability interchangeably and
that excluded consideration of the environment have been replaced by
models in which disability is seen to result from the interaction between
the characteristics of individuals with potentially disabling conditions
and the characteristics of their environment.

The 1991 version of the Institute of Medicine (IOM) model of disabil-
ity did not explicitly identify the environment as a factor in disability.
Building upon the model presented in Chapter 3, this chapter considers in
some depth the ways that the environment can be either enabling or
disabling for a person with a pathological condition.

The chapter describes in greater detail how cultural norms affect the
way that the physical and social environments of the individual are con-
stituted and then focus on a few—but not all— of the elements of the
environment to provide examples of how the environment affects the
degree of disability. The overall message of this chapter is that the amount
of disability is not determined by levels of pathologies, impairments, or
functional limitations, but instead is a function of the kind of services
provided to people with disabling conditions and the extent to which the
physical, built environment is accommodating or not accommodating to
the particular disabling condition. Because societies differ in their willing-
ness to provide the available technology and, indeed, their willingness to
provide the research funds to improve that technology, disability ulti-
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mately must been seen as a function of society, not of a physical or medi-
cal process.

As described in Chapter 3, disability is not inherent in an individual
but is, rather, a relational concept—a function of the interaction of the
person with the social and physical environments. The amount of disabil-
ity that a person experiences depends on both the existence of a poten-
tially disabling condition (or limitation) and the environment in which
the person lives. For any given limitation (i.e., potential disability), the
amount of actual disability experienced by a person will depend on the
nature of the environment, that is, whether the environment is positive
and enabling (and serves to compensate for the condition, ameliorate the
limitation, or facilitate one’s functional activities) or negative and dis-
abling (and serves to worsen the condition, enhance the limitation, or
restrict one’s functional activities).

Human competencies interact with the environment in a dynamic
reciprocal relationship that shapes performance. When functional limita-
tions exist, social participation is possible only when environmental sup-
port is present. If there is no environmental support, the distance between
what the person can do and what the environment affords creates a bar-
rier that limits social participation.

The physical and social environments comprise factors external to the
individual, including family, institutions, community, geography, and
the political climate. Added to this conceptualization of environment is
one’s intrapersonal or psychological environment, which includes inter-
nal states, beliefs, cognition, expectancies and other mental states. Thus,
environmental factors must be seen to include the natural environment,
the built environment, culture, the economic system, the political system,
and psychological factors. The categories and factors in these tables are
not exhaustive and are provided as examples of the very broad and per-
vasive influence of a person’s environment. This chapter illustrates how
each of these environmental factors can have an impact on disability.

IMPACT OF THE PHYSICAL ENVIRONMENT
ON THE DISABLING PROCESS

As discussed in Chapter 3, the environmental mat may be conceived
of as having two major parts: the physical environment and the social and
psychological environments. The physical environment may be further
subdivided conceptually into the natural environment and the built envi-
ronment. Both affect the extent to which a disabling conditions will be
experienced by the person as a disability.

Three types of attributes of the physical environment need to be in
place to support human performance (Corcoran and Gitlin, 1997). The
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first attribute is object availability. Objects must be in a location that is
useful, at a level where they can be retrieved, and must be organized to
support the performance of the activity. Neither a sink that is too high for
a wheelchair user nor a telecommunications device for the deaf (TDD)
that is kept at a hotel reception desk is available. The second attribute is
accessibility. Accessibility is related to the ability of people to get to a
place or to use a device. Accessibility permits a wheelchair user to ride a
bus or a braille user to read a document. The third attribute is the avail-
ability of sensory stimulation regarding the environment. Sensory stimu-
lation, which can include visual, tactile, or auditory cues, serves as a
signal to promote responses. Examples of such cues could include beep-
ing microwaves, which elicit responses from people without hearing im-
pairments, or bumpy surfaces on subway platforms, which tell users with
visual impairments to change their location.

Table 6-1 presents some examples of enabling and disabling factors in
the natural environment.

The Natural Environment

The natural environment may have a major impact on whether a
limitation is disabling. For example, a person who has severe allergies to
ragweed or mold, which can trigger disabling asthma, can be free of that
condition in climates where those substances do not grow. The physical
conditions still exist, but in one environment they may become disabling
and in another environment they might not. Another example might be
that a person who has limited walking ability will be less disabled in a flat
geographical location such as Chicago than he or she would be in a hilly
location such as Pittsburgh, although the person would also be more

TABLE 6-1  Some Enabling and Disabling Factors in the Physical
Environment

Type of Environment

Type of Factor Natural Environment Built Environment

Enabling Dry climate Ramps
Flat terrain Adequate lighting
Clear paths Braille signage

Disabling Snow Steps
Rocky terrain Low-wattage lighting
High humidity Absence of flashing light alerting systems
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disabled in both places during the winter than during the summer. Thus,
the natural environment, including topography and climate, affect
whether or to what degree a functional limitation will be disabling.

The Built Environment

The physical environment is a complex interaction of built-in objects
(Corcoran and Gitlin, 1997). Built objects are created and constructed by
humans and vary widely in terms of their complexity, size, and purpose.
Built objects are created for utilitarian reasons and also for an outlet for
creativity. For instance, built objects such as dishwashers and computers
have the potential to enhance human performance or to create barriers.

Assistive Technology

Another aspect of the built environment is assistive technology. The
Technology-Related Assistance for Individuals with Disabilities Act of
1988 (Public Law 100-407), also known as the Tech Act, defines assistive
technology devices as “any item, piece of equipment, or product system,
whether acquired commercially off-the-shelf, modified, or customized,
that is used to increase, maintain, or improve the functional capabilities of
an individual with a disability.” Thus, assistive technology affects the
level to which a functional limitation is disabling. As an illustration, a
person whose visual impairment can be corrected by corrective lenses
does not technically have a disability. There are numerous other examples
of how the environment affects the amount of disability associated with
any functional limitation through the use of assistive technology. A per-
son with a hearing impairment who has a TDD can make phone calls to
other people who also possess such devices. If there is a relay service, in
which an operator translates from TDD to voice telephone, the person
who owns a TDD can call anyone. In these situations the impairment does
not cause a disability. This example, however, illustrates the fact that it is
the intersection of technology and social factors that can be more enabling
than just the technology itself. Other examples are that a person who has
a speech impairment can “speak” using a computer voice synthesizer or
that people with low vision or blindness can read office memoranda or
correspondence if he or she has the right computer software. These tech-
nologies do not always need to be complex: a person who uses a wheel-
chair and who works in an office could work effectively if the simple
technology of an adjustable desk allowed the desk to be raised to allow
the wheelchair to fit under the desk.

Through the passage of Public Law 100-407, the federal government
affirmed the importance and benefits of assistive technology for the mil-
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lions of U.S. citizens with disabilities who need this technology to make
their lives more functional and independent. The goals of this law have
been operationalized through the National Institute on Disability and
Rehabilitation Research (NIDRR) with an annual budget of $39,065,414
(fiscal year 95 allocations for state technology assistance) for the 50 states
and U.S. territories that are participating in this program. However, de-
spite the money spent implementing the Tech Act amendments of 1994,
many key issues still remain, according to a 1995 report on Technology
and People with Disabilities prepared for the U.S. Congress by the Office
of Technology Assessment. The report states that, in spite of states’ tech-
nology-related assistance programs carried out under the Tech Act, there
remains “a need to support systems change and advocacy activities to
assist States to develop and implement consumer-responsive, compre-
hensive state-wide programs of technology-related assistance for indi-
viduals with disabilities of all ages.” Even with these limitations, more
individuals than ever before are using assistive technology to compensate
for their disabling conditions and enhance the environment in which they
live and work.

Universal Design

It is frequently the case that the built environment can be modified
permanently so that functional limitations become less disabling and per-
sonal or temporary assistive technologies are not needed. For example,
the presence of ramps increases the ability of wheelchair users to get
around and thus decreases the degree to which the condition that led to
their use of a wheelchair is disabling. White and colleagues, (1995) found
an increased frequency of trips out of the house and into the community
for two-thirds of wheelchair users after ramps were installed in their
houses. Wider doors, lower bathroom sinks, and grab bars are other ex-
amples of modifications to built environments that decrease the degree to
which a building itself may be disabling. Lighting patterns and the mate-
rials used for walls and ceilings affect the visual ability of all people, even
though the largest impact may be on improving the ability of the person
who is hard of hearing to hear in a particular room or the ability of a
person who is deaf to see an interpreter or other signers.

Universal design is based on the principle that the built environments
and instruments used for everyday living can be ergonomically designed
so that everyone can use them. Traditionally, architecture and everyday
products have been designed for market appeal, with a greater focus on
fashion rather than function. However, as the population of older adults
and people with disabling conditions increases, there has been a greater
trend toward universal design.
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Today, with the influence of consumer demand and through thought-
ful disability policy, greater emphasis is placed on the development of
built materials that are ergonomically friendly to users, regardless of their
abilities. Universal design is an enabling factor in the environment that
allows the user with a functional limitation to become more independent,
yet without an additional cost or stigma attached to the particular prod-
uct. For example, people who were deaf previously had to purchase an
expensive closed-captioning unit to attach to their television sets to view
closed-captioned programs. Today, as a result of new federal legislation,
all new television sets are manufactured with a closed-captioning micro-
chip that allows any user access to broadcast closed captioning. Thus, it is
useful not only for deaf users but also for immigrants wishing to learn
English, older individuals who are starting to lose their audio acuity, or a
person watching a late-night talk show in the bedroom who does not
want to wake his or her partner.

In all of these ways, the environment affects the degree to which a
functional limitation is disabling for a person. However, decisions about the
use of technology or built environments are social decisions. The next major
section considers the effects of the social and psychological environments on
the extent to which a particular functional limitation will be disabling or not.

Modifying the Environment

External environmental modifications can take many forms. These
can include assistive devices, alterations of a physical structure, object
modification, and task modification (Corcoran and Gitlin, 1997). Table 6-
2 gives some examples of these.

The role of environmental modification as a prevention strategy has
not been systematically evaluated, and its role in preventing secondary
conditions and disability that accompany a poor fit between human abili-
ties and the environment should be studied. Environmental strategies
may ease the burden of care experienced by a family member who has the
responsibility of providing the day-to-day support for an individual who
does not have the capacity for social participation and independent living
in the community. These environmental modifications may well be an
effort at primary prevention because the equipment may provide a safety
net and prevent disabling conditions that can occur through lifting and
transfer of individuals who may not be able to do it by themselves.

Rehabilitation must place emphasis on addressing the environmental
needs of people with disabling conditions. Environmental strategies can
be effective in helping people function independently and not be limited
in their social participation, in work, leisure or social interactions as a
spouse, parent, friend, or coworker.
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TABLE 6-2 Examples of Environmental Modification

Environmental Modification Can
Occur Through the Use of:

Mobility aids

Communication aids

Accessible structural elements

Accessible features

Job accommodations

Differential use of personnel

Such as:

Hand orthosis
Mouth stick
Prosthetic limb
Wheelchair (manual and/or motorized)
Canes
Crutches
Braces

Telephone amplifier or TDD
Voice-activated computer
Closed or real-time captioning
Computer-assisted notetaker
Print enlarger
Reading machines
Books on tape
Sign language or oral interpreters
Braille writer
Cochlear implant
Communication boards
FM, audio-induction loop, or infrared systems

Ramps
Elevators
Wide doors
Safety bars
Nonskid floors
Sound-reflective building materials
Enhanced lighting
Electrical sockets that meet appropriate
 reach ranges
Hardwired flashing alerting systems
Increased textural contrast

Built up handles
Voice-activated computer
Automobile hand controls

Simplification of task
Flexible work hours
Rest breaks
Splitting job into parts
Relegate nonessential functions to others

Personal care assistants
Notetakers
Secretaries
Editors
Sign language interpreters
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IMPACT OF THE SOCIAL AND PSYCHOLOGICAL
ENVIRONMENTS ON THE ENABLING–DISABLING PROCESS

The social environment is conceptualized to include cultural, politi-
cal, and economic factors. The psychological environment is the
intrapersonal environment. This section examines how both affect the
disabling process. Table 6-3 provides an overview of some of the points to
be made below.

Culture and the Disabling Process

Culture affects the enabling–disabling process at each stage; it also
affects the transition from one stage to another. This section defines cul-
ture and then considers the ways in which it affects each stage of the
process.

Definition of Culture

Definition of culture includes both material culture (things and
the rules for producing them) and nonmaterial culture (norms or rules,
values, symbols, language, ideational systems such as science or reli-
gion, and arts such as dance, crafts, and humor). Nonmaterial culture
is so comprehensive that it includes everything from conceptions of
how many days a week has or how one should react to pain
(Zborowski, 1952) to when one should seek medical care (Zola, 1966)
or whether a hermaphroditic person is an abomination, a saint, or a
mistake (Geertz, 1983). Cultures also specify punishments for rule-
breaking, exceptions to rules, and occasions when exceptions are per-
mitted. The role of nonmaterial culture for humans has been com-
pared to the role of instincts for animals or to the role of a road map
for a traveler. It provides the knowledge that permits people to be
able to function in both old and new situations (Geertz, 1973).

Both the material and nonmaterial aspects of cultures and subcul-
tures are relevant to the enabling–disabling process. However, this sec-
tion focuses primarily on the role of nonmaterial culture in that process.

Cultures have an impact on the types of pathologies that will occur as
well as on their recognition as pathologies. The former case is the realm of
epidemiological studies and so is not relevant here. (Albrecht [1992] has
discussed the relationship between culture, social structure, and the types
of disabilities that arise from the types of pathologies most likely to be
present in those societies.) However, if a pathology is not recognized by
the culture (in medical terms, diagnosed), the person does not begin to
progress toward disability (or cure).
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Pathway from Pathology to Impairment to Functional Limitation

Culture can affect the likelihood of the transition from pathology to
impairment. A subculture, such as that of well-educated Americans, in
which health advice is valued, in which breast cancer screening time-
tables are followed, and in which early detection is likely, is one in which
breast tumors are less likely to move from pathology to impairments. In a
subculture in which this is not true, one would likely see more impair-
ments arising from the pathologies.

Cultures can also speed up or slow down the movement from pathol-
ogy to impairment, either for the whole culture or for subgroups for

TABLE 6-3 Enabling and Disabling Factors in the Social and
Psychological Environments

Element of Social and Psychological Environment

aSSDI, Social Security Disability Income.

Type of Factor

Enabling

Disabling

Culture

Expecting
people with
disabling
conditions
to be
productive

Expecting
everyone to
know sign
language

Stigmatizing
people with
disabling
conditions

Valuing
physical
beauty
(Hahn,
1985)

Psychological

Having an
active coping
strategy

Cognitive
restructuring

Catastrophizing

Denial

Political

Mandating
relay systems
in all states

Banning
discrimination
against
people who
can perform
the essential
functions of
the job

Segregating
children with
mobility
impairments
in schools

Voting
against
paratransit
system

Economic

Tax credits to
hire people
with disabling
conditions

Targeted
earned income
tax credits
(Yelin and
Katz, 1994)

Economic
disincentives to
get off SSDIa

benefits

No subsidies or
tax credits for
purchasing
assistive
technology
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whom the pathway is more or less likely to be used. For example, in
Bangladesh, where Muslim rules of purdah apply, women are less likely
to seek health care because it means a man must be available to escort
them in public, which is unlikely if the males are breadwinners and must
give up income to escort them, and women are also less likely to seek
health care if the provider is male. Thus, their culture lessens the likeli-
hood that their pathology will be cured and therefore increases the likeli-
hood that the pathology will become an impairment.

Culture clearly has an impact on whether a particular impairment
will become a functional limitation. Impairments do not become limiting
automatically. Rather, cultures affect the perception that the impairment
is in fact the cause of the limitation, and they affect the perception that the
impairment is in fact limiting.

If a society believes that witchcraft is the reason that a woman cannot
have children, medical facts about her body become irrelevant. She may
in fact have fibroids, but if that culture sees limitation as coming from the
actions of a person, there is no recognition of a linkage between the im-
pairment and the functional limitation. Rather, any enabling–disabling
process must go through culturally prescribed processes relating to
witches; medically or technologically based enabling–disabling processes
will not be acceptable.

If the culture does not recognize that an impairment is limiting, then
it is not. For example, hearing losses were not equivalent to functional
limitations in Martha’s Vineyard, because “everyone there knew sign lan-
guage” (Groce, 1985). Or, if everyone has a backache, it is not defined by
the culture as limiting (Koos, 1954). There are many cross-cultural ex-
amples. In a culture in which nose piercing is considered necessary for
beauty, possible breathing problems resulting from that pathology and
impairment would be unlikely to be recognized as being limiting. Or, in a
perhaps more extreme case, female circumcision is an impairment that
could lead to functional limitation (inability to experience orgasm), but if
the whole point is to prevent female sexual arousal and orgasm, then the
functional limitation will not be recognized within that culture but will
only be recognized by those who come from other cultures. In all these
examples, if the culture does not recognize the impairment, the rehabilita-
tion process is irrelevant—there is no need to rehabilitate a physical im-
pairment if there is no recognized functional limitation associated with it.

Pathway from Functional Limitation to Disability

Perhaps the most important consideration for this chapter is the ways in
which the transition from functional limitation to disability is affected by
culture. A condition that is limiting must be defined as problematic—by the
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person and by the culture—for it to become a disability. Whether a func-
tional limitation is seen as being disabling will depend on the culture. The
culture defines the roles to be played and the actions and capacities neces-
sary to satisfy that role. If certain actions are not necessary for a role, then the
person who is limited in ability to perform those actions does not have a
disability. For example, a professor who has arthritis in her hands but who
primarily lectures in the classroom, dictates material for a secretary to type,
and manages research assistants may not be disabled in her work role by the
arthritis. In this case, the functional limitation would not become a disabil-
ity. For a secretary who would be unable to type, on the other hand, the
functional limitation would become a disability in the work sphere.

A disability can exist without functional limitation, as in the case of a
person with a facial disfigurement (Institute of Medicine, 1991, p. 81)
living in cultures such as that in the United States, whose standards of
beauty cannot encompass such physical anomalies (Hahn, 1988). Culture
is thus relevant to the existence of disabilities: it defines what is consid-
ered disabling. Additionally, culture determines in which roles a person
might be disabled by a particular functional limitation. For example, a
farmer in a small village may have no disability in work roles caused by a
hearing loss; however, that person may experience disabilities in family
or other personal relationships. On the other hand, a profoundly deaf,
signing person married to another profoundly deaf, signing person may
have no disability in family-related areas, although there may be a dis-
ability in work-related areas. Thus, culture affects not just whether there is
a disability caused by the functional limitation but also where in the
person’s life the disability will occur.

Culture is therefore part of the mat; as such, it can protect a person
from the disabling process and can slow it down or speed it up. Culture,
however, has a second function in the disabling process.

As discussed above, there is a direct path from culture to disability;
the following section presents the indirect paths. The indirect function
acts by influencing other aspects of personal and social organization in a
society. That is, the culture of a society or a subculture influences the
types of personality or intrapsychic processes that are acceptable and
influences the institutions that make up the social organization of a soci-
ety. These institutions include the economic system, the family system,
the educational system, the health care system, and the political system.
In all these areas, culture sets the boundaries for what is debatable or
negotiable and what is not. Each of these societal institutions also affects
the degree to which functional limitations will be experienced by indi-
viduals as disabling.

All of the ways in which intrapsychic processes or societal institu-
tions affect the enabling–disabling process cannot be considered here.
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However, the remainder of this section presents some examples of how
the enabling–disabling process can be affected by three factors: economic,
political, and psychological (see also Table 6-3).

Economic Factors and Disability

Chapter 2 described the economic impact of disability and rehabilita-
tion on society. This section summarizes how economic factors affect the
disability-rehabilitation process and the expression of disability.

There is clear evidence that people with few economic assets are more
likely to acquire pathologies that may be disabling. This is true even in
advanced economies and in economies with greater levels of income
equality. The impact of absolute or relative economic deprivation on the
onset of pathology crosscuts conditions with radically different etiolo-
gies, encompassing infectious diseases and most common chronic condi-
tions. Similarly, economic status affects whether a pathology will proceed
to impairment. Examples include such phenomena as a complete lack of
access to or a delay in presentation for medical care for treatable condi-
tions (e.g., untreated breast cancer is more likely to require radical mas-
tectomy) or inadequate access to state-of-the-art care (e.g., persons with
rheumatoid arthritis may experience a worsened range of motion and
joint function because disease-modifying drugs are not used by most pri-
mary care physicians). In turn, a lack of resources can adversely affect the
ability of an individual to function with a disabling condition. For ex-
ample, someone with an amputated leg who has little money or poor
health insurance may not be able to obtain a proper prosthesis, in which
case the absence of the limb may then force the individual to withdraw
from jobs that require these capacities.

Similarly, economic resources can limit the options and abilities of
someone who requires personal assistance services or certain physical
accommodations. The individual also may not be able to access the ap-
propriate rehabilitation services to reduce the degree of potential disabil-
ity either because they cannot afford the services themselves or cannot
afford the cost of specialized transportation services.

The economic status of the community may have a more profound
impact than the status of the individual on the probability that disability will
result from impairment or other disabling conditions. Research on employ-
ment among persons with disabilities indicates, for example, that such per-
sons in communities undergoing rapid economic expansion will be much
more likely to secure jobs than those in communities with depressed or
contracting labor markets. Similarly, wealthy communities are more able to
provide environmental supports such as accessible public transportation
and public buildings or support payments for personal assistance benefits.
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An earlier section of this chapter described how community can be
defined in terms of the microsystem (the local area of the person with the
disabling conditions), the mesosystem (the area beyond the immediate
neighborhood, perhaps encompassing the town), and the macrosystem (a
region or nation). Clearly, the economic status of the region or nation as a
whole may play a more important role than the immediate microenviron-
ment for certain kinds of disabling conditions. For example, access to
employment among people with disabling conditions is determined by a
combination of the national and regional labor markets, but the impact of
differences across small neighborhoods is unlikely to be very great. In
contrast, the economic status of a neighborhood will play a larger role in
determining whether there are physical accommodations in the built en-
vironment that would facilitate mobility for people with impairments or
functional limitations, or both.

Finally, economic factors also can affect disability by creating incen-
tives to define oneself as disabled. For example, disability compensation
programs often pay nearly as much as many of the jobs available to people
with disabling conditions, especially given that such programs also pro-
vide health insurance and many lower-paying jobs do not. Moreover,
disability compensation programs often make an attempt to return to
work risky, since health insurance is withdrawn soon after earnings begin
and procuring a job with good health insurance benefits is often difficult
in the presence of disabling conditions. Thus, disability compensation
programs are said to significantly reduce the number of people with im-
pairments who work by creating incentives to leave the labor force and
also creating disincentives to return to work.

Political Factors and Disability

The political system, through its role in designing public policy, can
and does have a profound impact on the extent to which impairments and
other potentially disabling conditions will result in disability, as a few
examples from recent legislation may indicate. Until the passage of the
Americans with Disabilities Act of 1990 (ADA), the civil rights legislation
for people with disabilities, employers were free to suppose that people
with disabling conditions did not have the capacity to take on certain,
specific jobs. With the passage of this legislation the onus shifted, so that
such people were legally entitled to be treated as any applicant: employ-
ers had to assume that an individual applying for a job did have the
capacity to do that job’s essential features even if that capacity could only
be achieved by reasonable accommodations. Before the passage of ADA it
was legal to deny individuals access to work because they could not do
the auxiliary aspects of a job, even though they had the capacity to do a

Enabling America: Assessing the Role of Rehabilitation Science and Engineering

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/5799


160 ENABLING AMERICA

job’s essential features. Thus, an applicant for a clerical position could be
denied the job on the basis of an inability to make coffee, for example,
even if he or she could use a computer and type. The ADA also ensures
equal access to public services, housing, transportation, and systems of
communication, all with the goal of improving the ability of people with
disabling conditions to function in all aspects of daily life.

There is much question as to the vigor with which the ADA has
been and will be enforced, but there is no question that if it is well
enforced it will profoundly improve the prospects of people with dis-
abling conditions for achieving a much fuller participation in society,
in effect reducing the font of disability in work and every other do-
main of human activity.

Other public policies affect the extent to which the goals of the ADA
will be achieved. The extent to which the built environment impedes
people with disabling conditions is a function of public funds spent to
make buildings and transportation systems accessible and public laws
requiring the private sector to make these accommodations in nonpublic
buildings. The extent to which people with impairments and functional
limitations will participate in the labor force is a function of the funds
spent in training programs, in the way that health care is financed, and in
the ways that job accommodations are mandated and paid for. Similarly,
for those with severe disabling conditions, access to personal assistance
services may be required for participation in almost all activities, and
such access is dependent on the availability of funding for such services
through either direct payment or tax credits. A final example—one very
germane to this report—of how public policy influences the extent to
which people with disabling conditions will be able to function in every-
day life is the level of public investment in research of all kinds, from
discovering the mechanisms by which disabling pathologies arise through
developing assistive technologies and finding out the best way of financ-
ing their distribution.

Thus, the potential mechanisms of public policy are diverse, ranging
from the direct effects of funds from the public purse, to creating tax
incentives so that private parties may finance efforts themselves, to the
passage of civil rights legislation and providing adequate enforcement.
The sum of the mechanisms used can and does have a profound impact
on the functioning of people with disabling conditions.

Psychological Factors and Disability

This section focuses on the impact of psychological factors on how
disability and disabling conditions are perceived and experienced. The
argument in support of the influence of the psychological environment is

Enabling America: Assessing the Role of Rehabilitation Science and Engineering

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/5799


DISABILITY AND THE ENVIRONMENT 161

congruent with the key assumption in this chapter that the physical and
social environments are fundamentally important to the expression of
disability.

Several constructs can be used to describe one’s psychological
environment, including personal resources, personality traits, and
cognition. These constructs affect both the expression of disability
and an individual’s ability to adapt to and react to it. An exhaustive
review of the literature on the impact of psychological factors on dis-
ability is beyond the scope of this chapter. However, for illustrative
purposes four psychological constructs will be briefly discussed: three
cognitive processes (self-efficacy beliefs, psychological control, and
coping patterns) and one personality disposition (optimism). Each
section provides examples illustrating the influence of these constructs
on the experience of disability.

Social Cognitive Processes

Cognition consists of thoughts, feelings, beliefs, and ways of viewing
the world, others, and ourselves. Three interrelated cognitive processes
have been selected to illustrate the direct and interactive effects of cogni-
tion on disability. These are self-efficacy beliefs, psychological control,
and coping patterns.

Self-Efficacy Beliefs Self-efficacy beliefs are concerned with
whether or not a person believes that he or she can accomplish a
desired outcome (Bandura, 1977, 1986). Beliefs about one’s abilities
affect what a person chooses to do, how much effort is put into a task,
and how long an individual will endure when there are difficulties.
Self-efficacy beliefs also affect the person’s affective and emotional
responses. Under conditions of high self-efficacy, a person’s outlook
and mental health status will remain positive even under stressful
and aversive situations. Under conditions of low self-efficacy, mental
health may suffer even when environmental conditions are favorable.
The findings from several studies provide evidence of improved be-
havioral and functional outcomes under efficacious conditions for in-
dividuals with and without disabling conditions (Maddux, 1996).

How do self-efficacy beliefs affect disability? Following a stroke, for
example, an individual with high self-efficacy beliefs will be more likely
to feel and subsequently exert effort toward reducing the disability that
could accompany any stroke-related impairment or functional limitation.
The highly self-efficacious individual would work harder at tasks (i.e., in
physical or speech therapy), be less likely to give up when there is a
relapse (i.e., continue therapy sessions even when there is no immediate
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improvement), and in general, feel more confident and optimistic about
recovery and rehabilitation. These self-efficacy beliefs will thus mediate
the relationship between impairment and disability such that the indi-
vidual would experience better functional outcomes and less disability.

Psychological Control Psychological control, or control beliefs, are
akin to self-efficacy beliefs in that they are thoughts, feelings, and beliefs
regarding one’s ability to exert control or change a situation. A volumi-
nous amount of literature has been written on the beneficial aspects of
control and the need that people have for control over their lives. The
research suggests that self-generated feelings of control improve outcomes
for diverse groups of individuals with physical disabilities and chronic
illnesses (Taylor et al., 1991).

The onset of a disabling condition is often followed by a loss or a
potential loss of control. What is most critical for adaptive function-
ing is how a person responds to this and what efforts the person puts
forth to regain control. Perceptions of control will influence whether a
disabling condition is seen as stressful and consequently whether it
becomes disabling.

Individuals with disabling conditions who perceive that they have
control over the management of their health, rehabilitation, and related
outcomes will fare better. Under conditions of perceived lack of control,
people with disabling conditions are not likely to engage in behaviors
(e.g., attend therapy or advocate for civil rights) to reduce disabling con-
ditions and improve functional outcomes. Under these circumstances, the
relationship between impairment and disability becomes circular. Once
disability increases, so may the level of impairment and functional limita-
tion as a result of not pursuing rehabilitation therapy. Conversely, under
conditions of perceived control, a person is likely to engage in behaviors
that will subsequently reduce disability. Once disability is reduced, one’s
level of impairment may subsequently be reduced.

Under conditions of perceived loss of control, the individual may
actively cope to restore control through primary control efforts (e.g., en-
gaging in behaviors directed at changing the external environment to fit
the needs of the person) and secondary control efforts (e.g., engaging in
thoughts and actions directed at changing one’s views of self through
mechanisms such as setting goals and adjusting expectations). An ex-
ample of primary control would be a person with decreased mobility
moving from a building with no elevators to a building with elevators. An
example of secondary control would be when this individual changed his
or her beliefs about the importance of mobility. What is relevant in this
case is not whether the individual has actual control but whether the
person perceives that he or she has control.
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Coping Patterns Coping patterns refer to behavioral and cognitive
efforts to manage specific internal or external demands that tax or exceed
a person’s resources to adjust (Lazarus and Folkman, 1984). Generally,
coping has been studied within the context of stress (Young, 1992; Zautra
and Manne, 1992). Having a disabling condition may create stress and
demand additional efforts because of interpersonal or environmental con-
ditions that are not supportive.

Several coping strategies may be used when a person confronts a
stressful situation (Stewart and Knight, 1991; Affleck et al., 1992). These
strategies may include the following: seeking information, cognitive re-
structuring, emotional expression, catastrophizing, wish-fulfilling fanta-
sizing, threat minimization, relaxation, distraction, and self-blame.

The beneficial effects of certain coping efforts on adaptive and func-
tional outcomes among individuals with disabling conditions have been
demonstrated in several studies (Revenson and Felton, 1989; Kleinke,
1991; Affleck et al., 1992; Brown et al., 1993; Hanson et al., 1993; Zea et al.,
in press). In general, among people with disabling conditions, there is
evidence that passive, avoidant, emotion-focused cognitive strategies (e.g.,
catastrophizing and wishful thinking) are associated with poorer out-
comes, whereas active, problem-focused attempts to redefine thoughts to
become more positive are associated with favorable outcomes (Affleck et
al., 1992; Young, 1992; Zautra and Manne, 1992; Brown et al., 1993; Hanson
et al., 1993). An adaptive coping pattern would involve the use of primary
and secondary control strategies, as discussed earlier. What seems useful
is the flexibility to change strategies and to have several strategies avail-
able (Stewart and Knight, 1991; Dunkel-Schetter et al., 1992).

In one study, Jarama (1996) investigated the role of active coping on
mental health and vocational outcomes among people with diverse dis-
abling conditions. The findings from that study indicated that active cop-
ing is a significant predictor of mental health and employment-related
outcomes.

Under conditions in which individuals with disabling conditions use
active and problem-solving coping strategies to manage their life circum-
stances, there will be better functional outcomes across several dimen-
sions (e.g., activities of daily living, and employment) than when passive
coping strategies are used.

An important component in the coping process is appraisal. Apprais-
als involve beliefs about one’s ability to deal with a situation (Young,
1992; Zautra and Manne, 1992). Take, for example, two people with iden-
tical levels of impairment. The appraisal that the impairment is disabling
will result in more disability than the appraisal that the impairment is not
disabling, regardless of the objective type and level of impairment. Ap-
praisal is related to self-efficacy in the sense that one’s thoughts and cog-
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nition control how one reacts to a potentially negative situation. When a
person feels that he or she can execute a desired outcome (e.g., learn how
to use crutches for mobility), the person is more likely to do just that.
Similarly, under conditions in which an individual appraises his or her
disabling conditions and other life circumstances as manageable, the per-
son will use coping strategies that will lead to a manageable life (i.e.,
better functional outcomes).

Personality Disposition

Optimism is a personality disposition that is included in this chapter
as an example of a personality disposition or trait that can mediate how
disabling conditions are experienced. Several other interrelated personal-
ity factors could be discussed (e.g., self-esteem, hostility, and Type A
personality). Optimism (in contrast to pessimism) is used for illustrative
purposes because it relates to many other personality traits. Optimism is
the general tendency to view the world, others, and oneself favorably.
People with an optimistic orientation rather than a pessimistic orientation
fare better across several dimensions. Optimists tend to have better self-
esteem and less hostility toward others and tend to use more adaptive
coping strategies than pessimists.

In a study of patients who underwent coronary artery bypass sur-
gery, Scheier at al. (1989) found that optimism was a significant predictor
of coping efforts and of recovery from surgery. Individuals with optimis-
tic orientations had a faster rate of recovery during hospitalization and a
faster rate of return to normal life activities after discharge. There was
also a strong relationship between optimism and postsurgical quality of
life 6 months later, with optimists doing better than pessimists. Optimism
may reduce symptoms and improve adjustment to illness, because it is
associated with the use of effective coping strategies. This same analogy
can be extended to impairment. Optimistic individuals are more likely to
cope with an impairment by using the active adaptive coping strategies
discussed earlier. These in turn will lead to reduced disability.

Summary Four constructs of the psychological environment (i.e., self-
efficacy beliefs, psychological control, coping patterns, and optimism) were
highlighted to illustrate the influence of these factors on disability and the
enabling–disabling process. These psychological constructs are interrelated
and are influenced to a large extent by the external social and physical
environments. The reason for the inclusion of the psychological environ-
ment in this report is to assert that just as the physical and social environ-
ments can be changed to support people with disabling conditions, so can
the psychological environment. In fact, voluminous empirical research sup-
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ports the fact that psychological interventions directed at altering cognition
lead to improved outcomes (i.e., achievement, interpersonal relationships,
work productivity, and health) across diverse populations and dimensions.
However, relatively little research has been directed at understanding the
process by which the psychological environment can be enhanced for people
with disabilities. This research is needed.

The Family and Disability

The family can be either an enabling or a disabling factor for a person
with a disabling condition. Although most people have a wide network of
friends, the networks of people with disabilities are more likely to be
dominated by family members (Norris et al., 1990; Knox and Parmenter,
1993). Even among people with disabilities who maintain a large network
of friends, family relationships often are most central and families often
provide the main sources of support (Schultz and Decker, 1985; Brillhart,
1988). This support may be instrumental (errand-running), informational
(providing advice or referrals), or emotional (giving love and support)
(Clark and Rakowski, 1983; Croog et al., 1989; Norris et al., 1990).

Families can be enabling to people with functional limitations by pro-
viding such tangible services as housekeeping and transportation and by
providing personal assistance in activities of daily living. Families can also
provide economic support to help with the purchase of assistive technolo-
gies and to pay for personal assistance. Perhaps most importantly, they can
provide emotional support. Emotional support is positively related to well-
being across a number of conditions. In all of these areas, friends and neigh-
bors can supplement the support provided by the family.

It is important to note, however, that families may also be disabling.
Some families promote dependency. Others fatalistically accept functional
limitations and conditions that are amenable to change with a supportive
environment. In both of these situations, the person with the potentially
disabling condition is not allowed to develop to his or her fullest poten-
tial. Families may also not provide needed environmental services and
resources. For example, families of deaf children frequently do not learn
to sign, in the process impeding their children’s ability to communicate as
effectively as possible. Similarly, some well-meaning families prematurely
take over the household chores of people with angina, thereby limiting
the opportunity for healthy exercise that can lead to recovery.

Current Research Efforts

As part of its general review and assessment of current rehabilitation-
related research (e.g., abstracts from the various federal agencies, surveys
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of consumer groups, and focus groups), the committee made a concerted
effort to identify and evaluate activities and areas of interest that focused
on the environment as an independent variable, that is, where the focus is
on the effects of the environment in causing disability.

Abstracts

Of the original sample of abstracts that were retrieved from Com-
puter Retrieval of Information on Scientific Projects and from the other
(non-Public Health Service) agencies and that were reviewed by the entire
committee (a total of 388), 130 were identified as including some focus on
“disability.” These abstracts were subsequently reviewed further for their
focus on the environment as a causal factor, that is, as an independent
variable in a study that evaluated disability in some manner.

It was often difficult to assess the particular relevance of the environ-
ment in the individual studies. Those that did in fact seem to address the
environment in some clear fashion were very small in number (see Table
6-4). The conclusion that can be drawn as a result of this qualitative as-
sessment is that very little research focuses on the environment as an
independent variable. Only 34 abstracts seemed to include any aspect of
the environment as an independent variable.

TABLE 6-4  Review of Abstracts Describing
“Disability” for How Environment Is Included
in Study Design: Summary of Findings

Number of
Focus of the Abstracts Abstracts

Research, environment as:
Dependent 4
Independent 34
Unknown 29
Other 4
Neither 2

Assistive technology 41

Center grants, environment as:
Dependent 1
Independent 13
Unknown 8
Other 8
Neither  0
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CONCLUSIONS AND RECOMMENDATIONS

This chapter has suggested that the environment and characteristics
of the individual conjointly determine disability. This chapter has cited
numerous examples of how the natural and built environments, the cul-
ture of society and its social and economic structures, and the intra-
personal processes of the individual affect whether disability arises from
any particular medical condition. Table 6-5 reviews some of this informa-
tion. It indicates not only what is known about the contribution each
makes to the enabling–disabling process, but also where there are gaps in
our knowledge. It shows that much research is needed in order to specify
ways in which different aspects of environments contribute to this pro-
cess. The importance of the environment in increasing or decreasing the
font of disability is reflected in such recent legislation as the ADA, which
mandates equal opportunity to participate in all dimensions of life and
which requires reasonable accommodation in the environment to achieve
that goal. The importance of the environment is also reflected in the pub-
lished guidelines for funding of the two major federal research organiza-
tions concerned with disability: the National Institute of Health’s NCMRR
and the U.S. Department of Education’s NIDRR.

Despite the growing recognition of the importance of the environ-
ment in determining the prevalence of disability, the committee could
find relatively little research that explicitly focuses on the impact of the
environment on disability. Even though environmental variables do ap-
pear in the research, they are seldom the independent variable. Moreover,
in much of the research included in the total number of abstracts, the
environmental focus is only a small part of a larger project or center grant.
Accordingly, the true magnitude of the effort spent on environmental
research is much less than even the relatively small total would indicate.

Table 6-5 presents a summary of what is known and what is un-
known and needed in the way of information with respect to cultural,
psychological, political, and economic factors that affect disability. In ad-
dition, the committee offers the following specific recommendations:

Recommendation 6.1 In accordance with the current understanding
of the importance of the environment in causing disability, more re-
search is needed to elucidate and clarify that relationship. Such clari-
fication will facilitate the development of more and improved inter-
vention strategies, both preventive and rehabilitative. More
specifically, research is needed to:

• explicitly determine the relationships between the environment
and disability where environmental factors are the independent
variables, and disability, is the dependent variable,
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TABLE 6-5  Rehabilitation Science and Engineering Needs in Disability

Condition or
Category

Culture

Psychology

Economic factors

Political factors

What Is Known
or Available

Culture affects
the acceptance
of functional
limitations

Psychological
factors (e.g,
traits, beliefs,
thoughts, and
coping
strategies)
affect how
limitations and
disability are
experienced

Economic
factors affect
the extent to
which
disability is
experienced

Public policy
affects the
objective and
subjective
experience of
disability

What Needs to Be Known
(unknown/needed)

1. Are cultures more (or less) accepting of
functional limitations?

2. What characteristics of U.S. culture are more or
less accepting of different types of functional
limitations?

3. What characteristics of other cultures make
them more accepting of functional limitations?

4. What values and beliefs of subcultures in the
United States affect how disability is perceived
and ultimately experienced?

1. What is the relative contribution of different
psychological factors on how disability is
experienced?

2. How do psychological factors interact with
culture to affect the experience of disability?

3. At what stage of the disabling–enabling
process are psychological factors likely to have
the greatest impact on how disability is
experienced?

4. What is the differential impact of the type of
psychological interventions on the experience
of disability?

1. To what extent do the economic resources of
the person and family affect ability to purchase
such services as personal assistance and
assistive technology?

2. How do differences in the economic resources
of adjoining communities affect the extent to
which impairments and limitations will result
in disability?

3. How do major differences in the economic
resources of nations affect the extent to which
impairments and limitations will result in
disability?

1. Has the ADA affected the practices of hiring
people with limitations?

2. To what extent are public and private entities
improving accessibility to their facilities—
either retrofitting old ones or making new ones
that comply with architectural standards?

3. Have efforts to educate children with and
without disabling conditions together
decreased discriminatory attitudes and
behaviors among those without disabling
conditions

4. How do the different definitions of disability in
such federal programs as Social Security,
Vocational Rehabilitation, and Individuals with
Disabilities Education Act affect the extent to
which people with limitations participate in
work or school?
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• identify critical factors in work, family, and community environ-
ments that enable people with functional limitations.

Recommendation 6.2 The composition of study sections at NIH and
other agencies that have relevance to disability issues should be
broadened to include the expertise and awareness that is reflected in
the model of disability that is described in this report.
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7
Research on the Organization,

Financing, and Delivery of
Health Services

This chapter focuses on the current status and need for health services
research (HSR) as it pertains to the delivery of health services and health-
related support services for people with disabling conditions. As investi-
gators continue to develop a better understanding of the pathology of
physical impairments and how specific therapeutic interventions and ad-
vances in engineering assist in restoring and enhancing function, they
must also learn how best to organize, deliver, and finance these interven-
tions so that they can be readily accessed and effectively used by those
who need them. This must be done, however, in an environment that
continually challenges providers and insurers to contain costs and pro-
mote efficient use of limited resources.

The multidisciplinary field of health services research has been
successful in developing approaches for studying the roles of organi-
zation, finance, personnel, technology, and prevention in the provi-
sion of health services and their impact on utilization, cost, and qual-
ity of care (Steinwachs, 1991). These methods have been applied across
a broad range of populations and specific health conditions. There are
limited examples, however, in which these methods have been spe-
cifically applied to evaluating the organization, financing, and deliv-
ery of services to people with disabling conditions. To the extent that
HSR has included disability and rehabilitation in its agenda, it has
focused primarily on issues regarding the care of children and the
elderly; few studies have focused on the special needs of working-age
adults with physical limitations (DeJong et al., 1989). Yet the number
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of working-age adults is growing faster than any other segment of the
population with disabling conditions.

In general, there has been little interaction between the fields of HSR
and rehabilitation science and engineering. In a review of articles pub-
lished in 1986 in the Archives of Physical Medicine and Rehabilitation, Fuhrer
(1988) found that only 6 percent were in the area of HSR. In 1995 this had
increased to 22 percent—although nearly one half of these articles de-
scribed the development or evaluation of functional outcome and disabil-
ity measures without reference to the evaluation of services. Similarly,
very few reports (less than 5 percent) in the major journals in HSR (e.g.,
Medical Care and Health Services Research) focus on issues of rehabilita-
tion services delivery and outcomes.

HEALTH SERVICES RESEARCH AGENDA

Influencing Trends

The development of a more comprehensive HSR agenda in rehabilita-
tion science and engineering will be heavily influenced by three impor-
tant trends in the epidemiology of disability and in the way that health
services are organized and delivered (Batavia and DeJong, 1990). First, as
significant strides in the clinical management of disabling conditions con-
tinue to be made, there will be increasing numbers of people with dis-
abling conditions who are living longer and more active lives. This trend
underscores the need for research that incorporates a life-long perspec-
tive and that focuses attention on the special needs of people who are
aging with a disabling condition. Of critical importance is the develop-
ment and evaluation of health delivery models that integrate a health
promotion strategy that facilitates greater individual control over the de-
terminants of health (Wallerstein, 1992). Equally important, however, is
the recognition that disabling conditions are not deficits, but rather condi-
tions of life. The management of a medically stable disabling condition is
a personal matter first and a medical matter second (DeJong, 1979). It will
be important to evaluate the success of alternative health care delivery
models in terms of these parameters.

Second, due in large part to the independent living movement, the
expectations of people with disabling conditions have changed drasti-
cally and will continue to change in important ways. People with dis-
abling conditions have determined that they are no longer willing to ac-
cept life-long dependent relationships, and they want to promote a view
of disability as a socially constructed phenomenon. Independent living
recognizes that people with disabling conditions are consumers of ser-
vices rather than patients or clients. At the same time that the indepen-
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dent living movement is gaining momentum and increased acceptance
and visibility, the U.S. society is witnessing a revolution in health care,
that in general, places more emphasis on consumer preferences and ex-
pectations (Relman, 1988). Never before has the consumer’s point of view
of how well he or she is doing been so important. Their views and prefer-
ences are being used by clinicians in making treatment choices, by third-
party payers in deciding what to pay for and what not to pay for, and by
administrators and policy makers who are making difficult decisions re-
garding the allocation of expensive resources at the level of the individual
practice as well as across society as a whole (Ellwood, 1988; Epstein,
1990). These similar perspectives on the important role of the consumer
provide a unique opportunity for the fields of rehabilitation science and
engineering and HSR to work together closely in the development and
evaluation of health care delivery models that incorporate a consumer
orientation toward the identification of needs and appropriate strategies
for meeting those needs.

A third and important trend that will influence the agenda of HSR in
rehabilitation science and engineering is the continued interest in health
care reform with an emphasis on cost-containment and value. New and
innovative approaches to the organization, financing, and delivery of
health services are being proposed. It is imperative that the rehabilitation
field take aggressive and proactive steps toward evaluating the potential
impacts of these changes on access, quality, and outcomes of services for
people with disabling conditions.

Priorities

The following pages summarize the major HSR issues that need to be
addressed over the next decade. These issues have been identified through
a review of several major publications that have documented the need for
and current deficiencies in the current HSR agenda as it pertains to people
with disabling conditions. This review is followed by a discussion of
alternative strategies for improving the interface between the fields of
HSR and rehabilitation science and engineering.

Before proceeding, however, it is important to point out two caveats
to the discussion. First, the committee chose to focus on the current status
and needs for HSR as it pertains to the delivery of health services and
health-related support services only. These services have been defined as
encompassing (1) medical rehabilitation services required for improving
and maintaining function, (2) primary health care services for health main-
tenance and the prevention of secondary conditions, (3) long-term institu-
tional care for those unable to live in the community, and (4) support
services including personal assistance services and assistive technologies
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to assist people with disabling conditions (Batavia and DeJong, 1990). In
limiting the discussion to these services only, the discussion will not di-
rectly address the organization, financing, and delivery of social and vo-
cational services that, although important to the enabling process, are not
traditionally thought of as part of the health care system. However, it is
important to underscore the need to develop and evaluate better mecha-
nisms of integrating the delivery of health and social-vocational services;
the existing fragmentation of these services is of major concern.

Second, this chapter primarily focuses on the organization, financ-
ing, and delivery of post-acute care services. The committee recognizes
the important role that access to quality care in the acute clinical care
setting plays in minimizing the life-long consequences of disabling
injuries and illness. It also recognizes that although a growing litera-
ture exists on the clinical effectiveness of acute care interventions,
much of this literature falls short in identifying the impact of alterna-
tive treatment strategies on long-term functional outcomes and qual-
ity of life. The needs for research in this area, although not detailed in
this chapter, are critical to an overall strategy of improving and en-
hancing life following major illness or injury.

Several landmark publications have discussed HSR priorities in reha-
bilitation and engineering (DeJong et al., 1989; Batavia et al., 1991; U.S.
Department of Health and Human Services, 1995) The agenda for re-
search encompasses a broad range of substantive and methodological
issues; the committee chose to focus on three areas in which more re-
search is particularly important if society is to better ensure that people
with disabling conditions have access to the best possible care at costs that
are affordable to the individual consumer and to society as a whole. They
are as follows:

• Demonstrating the cost-effectiveness of clinical interventions and
alternative service delivery models. This research must incorporate a
broad range of outcomes, including impairment, functional status, and
quality of life, as measures of effectiveness.

• Evaluating how primary health care and long-term support ser-
vices are accessed, organized, and delivered for people with disabling
conditions. The impacts of these services on the prevention of secondary
conditions and promotion of well-being over the lifecourse should be
given the highest priority.

• Evaluating the impact of managed care delivery systems on access
to and use of services, quality of care, costs, and outcomes. This work
should extend beyond the evaluation of Medicaid and Medicare pro-
grams to include assessments of innovative programs targeted at work-
ing adults with disabling conditions.
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Cost-Effectiveness Research

Perhaps most important to the HSR agenda in rehabilitation science
and engineering is an urgent need for a comprehensive program in clini-
cal effectiveness and outcomes research. Outcomes research is not new to
the field of rehabilitation. Yet, the breadth and rigor of the research are
not sufficient for serving as a basis for shaping policy, defining treatment
services guidelines, developing quality of care criteria, or developing in-
novative delivery models with greater integration of services.

It is already known that people with disabling conditions use a dis-
proportionate share of health care resources compared to those without
disabling conditions. Trupin and colleagues estimate that approximately
17 percent of the population with an activity limitation account for 47
percent of total medical care expenditures (Trupin and Rice, 1996). These
individuals incur medical care costs four times as great as people without
disabling conditions. Overall, people with disabling conditions account
for an estimated $282 billion (in 1993 dollars) in health care expenditures,
or 3.1 percent of the gross domestic product (GDP). These figures are only
likely to increase given the growing number of people with chronic dis-
eases and disabling conditions, improved availability and access to ser-
vices, and the proliferation of high-cost technologies. The investment in
these expenditures is expected to be outweighed by the economic, social,
and personal benefits accrued from getting people back to work or school
and living independently. Unfortunately, very few studies have ad-
equately examined the extent to which rehabilitation achieves these
goals—and the relationship of achieving these goals to costs. In today’s
climate of rising health care expenditures and emphasis on cost-contain-
ment, it is incumbent upon the rehabilitation community to demonstrate
what works best and at what cost. If something costs less, rehabilitation
professionals need to make sure it is of comparable value, and if more is
to be spent, there should be measurable benefits. Rehabilitation services
and outcomes studies should not only focus on the cost-effectiveness of
specific treatments and therapies, as discussed in Chapter 4, but should
also address the costs and benefits of innovative models and systems for
delivering care.

HSR has long recognized that the area of clinical effectiveness and
outcomes research is central to its agenda. In the past several years, how-
ever, outcomes research has received increased attention from the public
and private sectors because of its potential for providing scientific infor-
mation on which to base decisions (embodied in practice guidelines, in-
surance coverage, and payment policies) regarding the delivery of cost-
effective and efficient health care. Through its multidisciplinary approach
to the study of the organization, financing, and delivery of care, HSR has
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developed new (and has refined existing) paradigms and methodological
approaches for examining the relationship between quality of care, costs,
and health outcomes (Foundation for Health Services Research, 1991;
Grady, 1992;  Maklan, Greene, and Cummings, 1994). These approaches
to outcomes research have been successfully used in evaluating the cost-
effectiveness of specific surgical procedures and alternative approaches
to managing acute medical conditions. The results are being effectively
communicated among providers and policy makers and are significantly
influencing the practice of medical care.

There are very few examples, however, in which HSR methods
have been applied to evaluating the effectiveness of rehabilitation
services. Yet it is known that substantial variations in practice pat-
terns exist. Variations in the clinical management of disabling condi-
tions and the implications of these variations on outcome were dis-
cussed in Chapter 4. In addition to examining the relative effectiveness
of specific clinical interventions, attention must also be focused on
how services are organized and delivered across different settings
and by different types of providers.

Rehabilitation services remain one of the fastest-growing sectors
of the health care industry. The characteristics of its growth, however,
have changed dramatically over the past several years due to an in-
creased emphasis on managed care as well as changing expectations
of providers and consumers. In the 10 years between 1985 and 1994,
the number of freestanding rehabilitation hospitals increased from 68
to 187 hospitals (175 percent), and the number of rehabilitation units
in acute care hospitals increased from 386 to 804 (118 percent) (DeJong
and Sutton, 1994; Wolk and Blair, 1994). With the more recent and
growing emphasis on managed care and cost-containment, however,
increased emphasis is being placed on lower-cost alternatives to tra-
ditional (specialized) inpatient rehabilitation (DeJong et al., 1996). In
a study of three advanced managed care markets (San Diego, Califor-
nia; Minneapolis-St. Paul, Minnesota; and Worcester, Massachusetts)
DeJong et al. (1996) reported a decline in occupancy rates in rehabili-
tation hospitals of up to 40 percent; the average length of stay de-
clined from 30 to 35 days to 20 days. Inpatient rehabilitation is now
often reserved for individuals with only a handful of conditions.

An increasing number of individuals who were traditionally dis-
charged to inpatient rehabilitation are now being referred for subacute
care. Subacute care generally refers to a broad range of medical and reha-
bilitation services and settings that provide care to post acute patients
(Lewin-VHI, 1995). These services are being offered in a variety of set-
tings, including (1) traditional inpatient rehabilitation providers who have
diversified and are offering subacute care alternatives, (2) skilled nursing
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facilities that have added a rehabilitation component, and (3) a growing
number of national for-profit chains of providers specifically focused on
the delivery of subacute care. Since subacute care day rates are generally
half those of inpatient rehabilitation ($500 versus $1,000), substantial cost
savings are potentially realized by substituting subacute care for conven-
tional inpatient rehabilitation. These cost savings are generally realized
by providing less intensive services (Keith et al., 1995). Very little is
known, however, about the comparative merits of these alternative ap-
proaches to rehabilitation. It will be important to look at the quality of
rehabilitation services provided by subacute care facilities and to com-
pare outcomes for patients treated in subacute care versus conventional
inpatient rehabilitation settings. Critical to such a comparison will be
adequate control for differences in the casemix of patients treated in
alternative settings. In addition, given the diversity in quantity and
type of services provided by both subacute care as well as rehabilita-
tion units, it will be important to characterize the mix of services
provided within any given setting and to correlate the mix of services
with patient outcomes.

As mentioned above, outcomes research is by no means new to the
field of rehabilitation. Indeed, some of the earliest contributions to the
literature on functional outcomes assessment were made by rehabilitation
specialists (Mahoney and Barthel, 1965; Granger et al., 1979). The Func-
tional Independence Measure (FIM) evolved from this early work and is
now widely recognized and used as a standard measure of outcomes in
medical rehabilitation (Keith et al., 1987). Although further testing of FIM
is warranted, it holds promise as an effective tool for routine outcomes
assessment for inpatient medical rehabilitation. As discussed in more de-
tail below, however, FIM does not encompass broader issues of outcome
such as role activity, psychological well-being, and general health percep-
tions. It has also been criticized for its lack of sensitivity to the range of
disabling conditions associated with traumatic brain injury and other con-
ditions associated with cognitive impairment.

Despite these major advances in outcomes measurement, most ex-
perts in the field would agree that a large share of the rehabilitation
services delivery and outcomes research being conducted today is defi-
cient in both scope and scientific rigor. Major deficiencies are summa-
rized below.

Measuring Outcome When evaluating the effectiveness of compre-
hensive rehabilitation services and programs of care, it is important to
move beyond the use of narrowly defined measures of morbidity, impair-
ment, and ADL and IADL performance to include more global measures
of health status and health-related quality of life (HRQL) (Fawcett et al.,
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1993; Ware, 1995). Examples of these types of measures include the Sick-
ness Impact Profile, the Short Form of the Health Status Questionnaire
(SF-36), the Child Health Questionnaire, the Functional Status Question-
naire, the Quality of Life Survey and the Quality of Well-Being Scale
(Bergner et al., 1985; Jette et al., 1986; Kaplan et al., 1989; Ware and
Sherbourne, 1992;  Landgraf et al., 1996). Although these measures vary
in form and content, they all share two important characteristics in com-
mon which distinguish them from measures like FIM. First, they measure
function across several domains, including not only physical health, cog-
nitive and mental health, and social function, but also role function and
general health perceptions. Perhaps most important, health status and
HRQL measures assess outcomes from the consumer’s point of view
through the use of consumer questionnaires.

It is important to emphasize that HRQL measures should not replace
the more traditional measures of impairment, functional capacity, and
performance. Rather, they should complement these measures in an at-
tempt to better elucidate the relationships between impairment, func-
tional limitation, disability, and quality of life. An important challenge in
outcomes research is choosing an appropriate measure that is meaningful
in a clinical or policy context but that is also sensitive enough to detect
important differences or changes in outcome.

It is also important to note that these broader measures of outcome
and effectiveness greatly expand the power of evaluation research. With
these broader measures that are applicable across types of disabilities and
programs, it becomes possible to compare evaluation results across types
of programs. This is critically needed for addressing resource allocation
questions in a time of constrained funding for services (Patrick and
Erickson, 1993).

Lack of Comparison Groups A common methodologic deficiency
in rehabilitation services and outcomes research is the infrequent use
of comparison groups; the use of randomized controlled trials (RCT)
is almost nonexistent. In many instances, one can appropriately argue
that a RCT is not feasible, too costly, or unethical. However, well-
conceived and executed nonrandomized, or quasiexperimental stud-
ies that incorporate appropriate, although not randomized, compari-
sons can provide critically important and often compelling inference.
Increasingly, nonexperimental data are being used to guide program
and policy decisions. HSR has played an important role in improving
the collection, interpretation, and communication of nonexperimental
data (Fowler, 1989; Sechrest et al., 1990). These methods, although
challenging, must be more widely applied to the evaluation of reha-
bilitation services and programs.
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Need for Conceptual Framework and Longitudinal Designs In ad-
dition to incorporating appropriate comparison groups, priority should
be given to longitudinal studies of outcome. Both the disabling and en-
abling processes are complex and longitudinal. To better understand the
course of disability, the role of multiple risk factors, and the opportunity
for intervention, it is essential that a “lifecourse” perspective be given
more attention in research. This research, however, must be undertaken
within a theoretical or conceptual framework that emphasizes the impor-
tant role of nonmedical factors in influencing outcomes. Individuals vary
greatly in their ability to adapt to an impairment or functional limitation
(Yelin, 1989; Wilson and Cleary, 1995). Variability in outcome depends
on a host of personal, social, and environmental factors, many of which
are not addressed adequately in rehabilitation services and outcomes
research.

Some might argue that such studies do not fall strictly under the
purview of health services and outcomes research since many of the ser-
vices aimed at getting people back to work are focused on educational
and training interventions and relate to broader social issues. Yet it is
apparent that many of the failures in getting people back to work after the
onset of a disabling condition (and keeping them employed) are due to
the fragmented nature of the services provided and the lack of communi-
cation between the providers of health services on the one hand and
psychosocial and vocational services on the other. Better ways to inte-
grate these services are needed. Outcomes studies must take a broad
perspective in looking at the multiple determinants of recovery so that
appropriate interventions can be identified and effectively targeted. A
major challenge of rehabilitation services research is defining and im-
proving the interface between the traditional health care system and the
social and vocational services system.

Application of CBA/CEA Cost-benefit analysis and cost-effective-
ness analysis (CBA/CEA) of rehabilitation services can be greatly
strengthened by incorporating a broader scope of outcome measures.
More global measures can facilitate comparison and integration of results
across types of disabilities and programs and thereby enhance the power
of the analysis. Efforts to incorporate outcomes measures based on con-
sumer input are also important. To date, CBA/CEA studies that value
outcomes have tended to focus on measures such as increases in earnings
or reduced costs of related public services. The consumer’s own valua-
tions of greater community integration, improved quality of life, and in-
creased independence have not been factored into the CBA/CEA calcula-
tions. Thus, CBA/CEA have omitted major aspects of program
effectiveness that should be recognized if the full value of rehabilitation
service programs is to be reckoned.
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In the broader health services literature on CBA/CEA, more global
outcomes measures based on consumer input and valuation have only
recently become widely recognized. The use of these measures has be-
come the focus of a new subfield within health services CBA/CEA, com-
monly referred to as “cost-utility” analysis (Russell et al., 1996). Extend-
ing this cost-utility literature to rehabilitation services is an important
research priority.

Broad Framework of Health Systems Finally, it is important that the
effectiveness of rehabilitation services and programs be examined within
the broad context of the entire health care system. J. Paul Thomas (p. 36)
points to the lack of this broader perspective as a serious deficit in reha-
bilitation services research and training: “It fails to impart an adequate
understanding of the larger American health care system of which we are
all a part. If we evaluate the efficacy of our clinical efforts without consid-
ering the larger health care system, much of our work may become irrel-
evant and of little use to our clientele” (Batavia et al., 1991).

In an effort to reduce the lengths of stay for hospitalization, for acute
care, patients are being discharged earlier, often with a poorer functional
status. This approach to cost-containment for hospitalization for acute
care is likely to increase the demand for and expenditures associated with
outpatient rehabilitation. In the long run, however, overall costs for
achieving equivalent, if not better, outcomes may be lowered. It may well
be that in an effort to reduce overall costs of health care, the volume and
total expenditures for rehabilitation may, in fact, increase (or remain
stable). The appropriate timing, intensity, and mix of rehabilitation ser-
vices may accelerate the recovery process as well as decrease the long-
term demand for acute care services for secondary conditions. Thus, the
development and application of an “episode approach” to examining the
relationship between the use and costs of services (both acute health care
and rehabilitation) and outcomes should be given high priority.

It is also important to emphasize that many of the problems associated
with poor outcomes in rehabilitation relate back to problems of access to
services and its relationship to health insurance and employment (National
Council on Disability, 1993). Clearly, these issues are prominent in the na-
tional debate on health care reform. Therefore, any studies of access and its
relation to outcome must be undertaken in the context of this debate.

Assessing and Meeting the Primary Health Care and Long-Term
Support Needs of People with Disabling Conditions

A much-neglected HSR issue in rehabilitation and engineering is the
organization, delivery, and cost-effectiveness of services aimed at the pri-
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mary health care and long-term support needs of people with disabling
conditions (Batavia and DeJong, 1990). These services are critical to the
prevention of secondary conditions and to the maintenance and improve-
ment of function and well-being over the lifecourse. Yet little attention
has been paid to the development of a coherent policy on the provision of
these services for people with physical limitations. The committee has
identified three broad areas of research that should be given high priority
to ensure that people with disabling conditions receive the appropriate
primary care and support services they need and are afforded every op-
portunity to achieve independence, equality, full participation, and eco-
nomic self-sufficiency. These areas are consistent with the research priori-
ties established at a national consensus conference focused on the primary
health care needs of people with physical disabilities (DeJong et al., 1989;
Burns et al., 1990).

Primary Health Care Needs and Impediments to Access to Services
First, it is important that a better understanding of the primary health
care needs of people with disabling conditions and the barriers that im-
pede access to appropriate services be developed. Intrinsic to primary
care practice is the promotion of health and the prevention of disease
through a sustained partnership between patients and clinicians and
within the context of family and community (Institute of Medicine, 1996).
In this regard, access to appropriate primary health care is as important to
people with disabling conditions as quality medical rehabilitation aimed
at restoring function. People with disabling conditions are not only sus-
ceptible to acute and chronic health conditions that are typically associ-
ated with aging or exposure to environmental hazards or unhealthy
lifestyles, but they are also at risk of secondary conditions directly related
to their primary condition. It is well known that people with disabling
conditions are particularly vulnerable to acute health problems such as
decubitus ulcers, urinary tract infections, and contractures. The Centers
for Disease Control and Prevention (CDC) through their community based
surveillance and prevention programs have fostered the wide recognition
of secondary conditions as a significant health problem among persons
with disabilities (Graitcer and Maynard, 1990; Toal et al., 1993). These
problems not only affect individual quality of life but are also associated
with high health care costs, often paid for by public sources. Although a
better understanding of the factors related to their incidence is still needed,
there is substantial evidence to suggest that many of these problems are
avoidable through the promotion of self-care and counseling, screening
for early detection, appropriate and timely treatment, and early recogni-
tion and reduction of known risk factors (Marge, 1988; Institute of Medi-
cine, 1991; Toal et al., 1993).
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Somewhat less is known about patterns in incidence of chronic health
problems among people with disabling conditions. There is some evi-
dence to suggest, however, that because of their low margin of health,
people with disabling conditions are at risk of developing common
chronic health problems such as heart disease and arthritis at an earlier
age than the general population (Burns et al., 1990). Furthermore, the
impacts of these problems on the individual are often magnified due to
the presence of the underlying limitation or disability. More work is
needed to better understand the risk of chronic disease among people
with disabling conditions. Even more important, however, is research on
effective ways of reducing known risks or ameliorating the consequences
of common chronic conditions among people with disabling conditions.
Much attention has been focused in recent years on the development and
evaluation of effective health promotion and disease prevention strate-
gies for reducing an individual’s risk of chronic conditions (U.S. Preven-
tive Task Force, 1989). These strategies include protocols for weight re-
duction, regular exercise, reducing substance abuse, as well as ensuring
access to and use of screening protocols for heart disease, cancer, and
diabetes. Although some of these strategies may be directly transferable
to people with physical limitations, many are not (De Jong et al., 1989;
Patrick et al., 1994).

Although one can effectively argue for the importance of primary
care services for people with disabling conditions, little is known about
how they are accessed and used and even less is known about their qual-
ity and impact on well-being and costs. What is known is that existing
services are fragmented and often inadequate in addressing (in a timely
and cost-effective manner) the constellation of health problems experi-
enced by people with disabling conditions once they are discharged from
rehabilitation. Primary care providers are not typically trained to recog-
nize the general health care needs of people with disabling conditions. In
the absence of this training, they too often focus on the specific limitation
and underlying physical and cognitive impairment and not on the
individual’s increased susceptibility to acute and chronic health condi-
tions. It also happens that primary care providers who are ill-equipped to
address the multiple health problems of a person with a disabling condi-
tion inappropriately make referrals to multiple specialty care providers,
often resulting in delayed treatment and high health care costs (DeJong et
al., 1989). More research is needed to define indicators of quality primary
health care for people with disabling conditions and the factors that im-
pede access to appropriate use. This research should refine existing frame-
works that have been developed for looking at access, use of and quality
of primary health care, and incorporating parameters that are particularly
relevant for people with disabling conditions (IOM, 1993, 1996). In identi-
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fying factors related to the use of services, for instance, existing frame-
works often underemphasize the role that unrecognized need and
provider attitudes and perceptions play in accessing and using ser-
vices. Furthermore, quality indicators do not typically address issues
of consumer empowerment and the important role that nonmedical
support services play in maintaining health and avoiding hospitaliza-
tions (Burns et al., 1990).

Access to Use and Quality of Long-Term Support Services Related
to issues of access to and quality of primary health care are issues related
to the access, use, and quality of long-term support services. The need for
long-term support services to assist people with a disabling condition
compensate for a functional limitation is well recognized. These services
generally consist of attendant or personal assistance services, assistive
technology, as well as institutional care for people with very severe limi-
tations that require daily assistance from medical personnel. Not only do
these services help the person with a disabling condition maintain his or
her health, but they are also often required for performing activities of
daily living comfortably and safely. In many cases, adequate attendant
services and assistive technology provide an effective alternative to insti-
tutional care. There are very few published studies, however, that scien-
tifically demonstrate the value of these services in improving health and
well-being while reducing overall costs to the health care system and
society at large (Nosek, 1993). The conduct of these studies will be critical
in arguing for adequate coverage of these services by insurers and man-
aged care organizations.

The importance of research on the access to and cost-effectiveness of
support services was highlighted at the consensus conference on research
priorities in the area of primary health care needs of people with dis-
abling conditions mentioned above (Burns et al., 1990). Developing a bet-
ter understanding of how personal attendant services are used and fi-
nanced and their impact on the health and well-being of people with
disabling conditions was consistently ranked among the highest priori-
ties. Of particular note is that conference participants ranked access to
appropriate attendant services as the number one issue to be addressed in
reducing the high rate of rehospitalization among people with disabling
conditions. Quantitative research is needed to establish the extent and
nature of the relationship between personal assistance and health.

It is important that research focused on the use of and value of long-
term support services recognize the critical role of the consumer in fram-
ing appropriate research questions and developing appropriate indica-
tors of access and quality (Williams, 1994). Often, too little attention is
paid to the needs and preferences of the consumer, leading to dissatisfac-
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tion with services, and the disuse and abandonment of technologies. In a
review of the literature on the use of prosthetic devices by lower limb
amputees, Grisé and colleagues (1993) found that rates varied consider-
ably from 47 to 96 percent. They attribute these differences to variable
case definitions as well as to inconsistencies in the definition of “success-
ful prosthetic use.” The studies reviewed were even less consistent re-
garding the factors that influence use and typically did not relate use to
functional outcomes and quality of life. Some effort has been directed,
however, in developing useful frameworks for looking at these issues.
Grisé developed a framework for identifying the predisposing, en-
abling, and reinforcing factors that are likely to influence use of pros-
thetic devices. Batavia and Hammer (1990) used a small focus group
to develop consumer-based criteria for the evaluation of the quality of
assistive technologies (Batavia and Hammer, 1990). Similar efforts are
needed to assist in the evaluation of personal assistance services
(Ratzka, 1986; Nosek, 1993).

Organization and Financing of Primary Health Care and Long-Term
Support Services A third critical area for future research pertains to the
organization and financing of both primary health care and long-term
support services for persons with disabilities. A major (although clearly
not the only) barrier to accessing and appropriately using primary care
and long-term support services relates to how these services are orga-
nized within the current health care system and how they are financed.
The coordination of these services together with more traditional medical
rehabilitation services is critical for ensuring life-long continuity of care.
The role of innovative approaches to the organization and financing of
these services to ensure this coordination and integration should be given
high priority in the HSR agenda for rehabilitation and engineering. The
issues that need to be addressed in the context of this agenda are dis-
cussed in more detail below.

It should be emphasized here that in studying how support services,
in particular, are organized and financed, it is critical that a better under-
standing of the appropriate role of the informal caregiver be developed.
Recent reports indicate that only a small proportion of those needing
these services are receiving them from formal caregivers (Nosek, 1993;
Ratzka, 1986). In most cases family members are providing the assistance.
Although research is limited regarding the impact of these arrangements
on the family environment, there is sufficient evidence to raise serious
questions about the wisdom of this approach in many cases. At the same
time there is also evidence to suggest that the care rendered by informal
caregivers is not always as effective as the care provided by paid, non-
family members. More research is needed to better understand the trade-
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offs involved in providing personal assistance through formal versus in-
formal caregivers. In doing so, it will be important to develop adequate
measures of the quantity and quality of service use. Also, when compar-
ing costs of formal versus informal assistance, both direct expenditures as
well as indirect costs accruing to family members should be examined.

Impact of Managed Care

The increasing trend toward managed care in both the public and the
private sectors will no doubt have a significant impact on people with
disabling conditions. Although good information is lacking regarding the
participation of people with disabling conditions in managed care plans,
there is evidence to suggest that the percent who are enrolled in some
type of managed care organizations (MCO) is similar to that estimated for
people without disabling conditions (DHHS, 1995). It will be important
for the field of rehabilitation science and engineering to work closely with
health services researchers to proactively evaluate the potential impacts
of various models of managed care on access to and use of services, qual-
ity of care, costs, and outcomes.

The term managed care has been used to describe a diversity of inte-
grated service delivery models proposed as alternatives to the traditional
fee-for-service indemnity health insurance plan (Weiner and de Lissovoy,
1993). These alternative delivery systems range from managed indemnity
plans in which the insurer uses a variety of utilization controls to manage
the practices of its providers (who are still paid on a fee-for-service basis)
to health maintenance organization (HMOs) or prepaid organized deliv-
ery systems where physicians are typically paid on a capitation basis but
have financial incentives linked to productivity and efficiency. What these
models have in common is an integrated approach to managing service
delivery for an enrolled population.

The goal of managed care is to “control health care costs and improve
access to and continuity and coordination across a continuum of ser-
vices.” (DHHS, 1995). If this goal were truly realized, a managed care
approach to the delivery of health services and health-related services for
people with disabling conditions would hold great promise. At present
there is little evidence to judge whether or under what conditions these
goals can in fact be met. The disability community, however, remains
skeptical about the potential success of managed care in meeting its
present and evolving needs (see Focus Group discussion in Appendix A).
This skepticism is largely based on a lack of information and meaningful
evaluation of currently proposed service delivery models. Most of the
research and evaluation to date on the impact of managed care for people
with disabling conditions has focused on elderly people (DHHS, 1995).  A
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variety of demonstrations have been mounted with funding from the
public and private sectors. These include the Social Health Maintenance
Organizations (SHMOs), the Program of All Inclusive Care for the Elderly
(PACE), and HMOs established under the Medicare Risk Program (and
implemented under the Tax Equity and Responsibility Act or TEFRA).
These programs have met with varying success; a largely unanswered
question is the extent to which they can be successfully extended to
younger populations (DHHS, 1995).

The Office of Disability, Aging and Long-Term Care Policy (of the
Office of the Assistant Secretary for Planning and Evaluation, U.S. De-
partment of Health and Human Services) has developed a comprehensive
research agenda on managed care and disability. The committee endorses
this agenda and recommends that federal and private funding agencies
use it as a template for establishing their individual priorities in this im-
portant area of research. Some of the critical research questions identified
in the report include the following:

• What is the impact of different managed care models on access
to and use of rehabilitation professionals such as occupational
therapy, physical therapy, speech-language therapy, audiology, cog-
nitive therapy, and assistive technologies? If MCO case managers have
a good understanding of the service needs and preferences of people
with disabling conditions, one can envision systems in which in-
creased access to an appropriate mix of services (i.e., preventive ver-
sus curative services and community-based versus institutional care)
may result in lower overall costs, increased consumer satisfaction,
and better outcomes. Most of the documented and anecdotal evidence
accumulated to date, however, suggests that MCOs (particularly pri-
vate MCOs) are increasingly restricting access to and use of rehabili-
tation services primarily through the imposition of annual or lifetime
caps on use (DHHS, 1995). The impact of these restrictions on con-
sumer outcomes has not been adequately evaluated. Better classifica-
tion systems and casemix measures are needed to prospectively esti-
mate the services and resources needed to care for people with
disabling conditions within an MCO environment. There has been
limited success in developing such systems and measures for use in
setting hospital reimbursement rates for people with physically dis-
abling conditions. The extent to which these approaches can be used
in the context of an MCO has not been evaluated but may hold some
promise (Wilkerson et al., 1992; Harada et al., 1993; Stineman et al.,
1994). Further research is also needed to evaluate the widely held
belief that if MCOs covered needed services on a long-term and ongo-
ing basis that secondary conditions would be avoided and costs sav-
ings would be realized through a decrease in hospitalizations
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• To what extent and how should both acute care and long-term
support services be integrated into a single, consolidated managed
care arrangement? What models of integration are most promising?
As described above, personal assistance services are critically impor-
tant to the enabling process. Integrated service delivery models that
offer and coordinate long-term care and support services in addition
to acute care have the potential of reducing overall health care costs
while improving consumer health status and quality of life. Substan-
tial cost savings can be realized since personal assistance and support
services are often a less expensive alternative to institutional care.
Integrated systems range in character from vertical integration in
which all services are provided under a capitated arrangement and
within a single delivery system to network arrangements in which
providers coordinate services across a wide range of settings (Weiner
and de Lissovoy, 1993). A limited amount of research has been fo-
cused on the success of these alternative models for integrating ser-
vices. Again, most of this research has focused on frail elderly people
and is process as opposed to outcomes oriented. One exception to this
rule has been the evaluation of Boston’s Community Medical Alliance
(CMA), which is one of the first MCOs to target services exclusively to
adults with severe disabling conditions (Meyers and Masters, 1989).
Limited evaluation of this program suggests both cost savings and
quality care. Critical to this area of research is the development of
metrics for assessing the degree of integration.

• What are the advantages and disadvantages of designing and
implementing specialized managed care systems for people with dis-
abling conditions (so-called targeted MCOs) versus models that include
people with disabling conditions along with the general population? A
related question is whether it is more effective and efficient for a targeted
MCO to address the needs of all people with potentially disabling condi-
tions versus those of one particular subpopulation (e.g., people with spi-
nal cord injuries)? Although there would appear to be several advantages
to MCOs that specialize in managing service delivery for people with
disabling conditions, there are major concerns regarding the fiscal viabil-
ity of such programs. Further concern is raised about the potential for
developing a separate but unequal health care system for people with
disabling conditions that is constrained in its practice because of limited
resources, thereby resulting in inferior care. Although several plans with
a targeted focus on delivering care to people with disabling conditions
have been implemented, their evaluation has been limited or absent. More
research focused on this critical element in the design of MCOs should be
given high priority.
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• What are the advantages and disadvantages of various risk-shar-
ing arrangements and risk adjustment methods to MCOs? There are few
if any financial incentives that presently encourage MCOs to include
people with disabling conditions in their practice plans. Given current
knowledge, it is exceedingly difficult to predict the costs associated with
serving a population with disabling conditions, making it difficult for
MCOs to set reasonable and realistic rates. Moreover, if higher premiums
are charged, healthier, low-risk participants are likely to disenroll in favor
of lower-cost plans. It is critical that more effective strategies for spread-
ing financial risk between payers and providers and between providers
and plans be developed and evaluated. For instance, partially capitated or
specialty carve-out programs that incorporate reinsurance or stop-loss
provisions are used by many states to encourage MCOs to serve high-risk
populations. The success to which these programs can effectively serve
the needs of people with disabling conditions while ensuring that provid-
ers are protected from large financial losses must be examined.

Another important focus of research efforts should be the develop-
ment of improved methods of risk adjustment. The development of effec-
tive adjustment methods has been difficult due to the wide variability in
service needs and utilization among people with disabling conditions as
well as the disproportionately high use by a small and unpredictable
subgroup of the population. For the most part MCOs currently rely on
prior utilization and cost data to forecast expected expenditures. There is
a growing consensus, however, that effective risk adjustment methods
must incorporate appropriate measures of functional status to better pre-
dict potential resource utilization and costs (Wilkerson et al., 1992; DeJong
and Sutton, 1994; Heinemann et al., 1994, Stineman, 1995).

In summary, much work is needed to better understand the advan-
tages and disadvantages of various managed care models of service de-
livery. In conducting this research it will be important to carefully distin-
guish among the range of managed care arrangements and practices and
to determine what aspects of each are associated not only with lower costs
but also with improved outcomes and consumer satisfaction. To do this,
the field of rehabilitation science and engineering must develop appropri-
ate measures of quality of care that are relevant to the ongoing and life-
long needs of people with disabling conditions. It will also be important
to examine the impact of managed care for people across the broad spec-
trum of types and levels of disabling conditions since service needs and
effective strategies for addressing these needs may vary substantially.
Finally, the needs of the working age population need to be of higher
priority in the development and evaluation of new strategies to provide
sufficient care.
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Summary

This chapter has attempted to summarize some of the health services
research issues in rehabilitation and engineering that deserve priority
attention. It is clear that what is needed to address each of these issues is
better data and access to information systems that can be used to identify
needs and evaluate access, use, quality, outcomes, and costs of services to
address these needs. The Interagency Committee on Disability Research
through its Disability Statistics Subcommittee has reviewed in detail the
federal databases that include information about disabling conditions.
They point to several inadequacies of these databases, including lack of
uniform definitions of disability, a lack of attention to the needs of chil-
dren and working age people with disabling conditions, limited measures
of disability that do not encompass dimensions of health beyond activi-
ties of daily living, as well as the decentralization of many data systems.
In addition, there exist no longitudinal or panel data maintained on a
national level to track the needs of people with disabling conditions over
the lifecourse. The 1994–1995 Disability Supplement to the National
Health Interview Survey (NHIS) was the first exhaustive survey on dis-
abling conditions undertaken since 1978 (see Chapter 2). It holds great
promise as a rich source of data on many issues important to the agenda
in HSR research in rehabilitation science and engineering. Unfortunately,
the 1994–1995 Disability Survey is currently planned as a one-time supple-
ment to the NHIS. Developing the supplement into a panel study would
be of enormous value to the research community.

DEVELOPING A HEALTH SERVICES RESEARCH CAPACITY IN
REHABILITATION SCIENCE AND ENGINEERING

To address the research agenda discussed above adequately, it will be
important to develop a stronger HSR capacity in the field of rehabilitation
science and engineering. As previously discussed, there is little interac-
tion between traditional rehabilitation researchers on the one hand and
health services researchers on the other. Few providers of rehabilitation
have been adequately trained in the methods needed in HSR. At the same
time, few health services researchers have focused their work on issues
related to the organization, delivery, financing, and quality of services for
people with disabling conditions. The field of aging research has estab-
lished an extensive HSR agenda focused on elderly people with disabling
conditions. Yet there is still very limited interaction between this field and
the disability and rehabilitation research community. Often, the two fields
speak different languages and espouse different paradigms for examin-
ing similar issues. The values and perspectives of both are important and
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should be better integrated to address the multiplicity of issues in ensur-
ing that services to people with disabling conditions of all ages are pro-
vided in a cost-effective and cost-efficient manner.

The committee recommends two approaches to facilitate the develop-
ment of a broader HSR capacity in rehabilitation science and engineering.
First, it recommends that transdisciplinary doctoral and postdoctoral train-
ing programs be developed in HSR with a concentration in rehabilitation
science and engineering. These programs should be designed both for clini-
cians who require additional training in the issues and techniques of HSR as
well as for health services researchers who are interested in applying their
knowledge and skills to the study of rehabilitation service delivery. The
training programs should emphasize the cross-disciplinary and interdisci-
plinary nature of the field. Several federal programs have endorsed the
establishment of training programs as a high priority. Often, however, these
priorities are not translated into appropriations of sufficient funds. Further-
more, few opportunities exist for training specific to HSR.

A second strategy for developing the HSR capacity is the establish-
ment of Centers for the Organization, Delivery, and Financing of Health
and Health-Related Services to People with Disabilities. These centers
should be collaborative ventures across departments and schools in a
university setting that has well-established programs in both rehabilita-
tion science and engineering as well as health services research. One pos-
sible model that can be used in establishing these centers is the one used
by the National Institute of Mental Health to establish its Centers on the
Organization and Financing of Care to People with Severe Mental Illness.
These centers have been very successful in forwarding the agenda in HSR
and mental health through the establishment of transdisciplinary research
collaborations and training and the creation of a sustaining environment
to support researchers and research. The Injury Prevention and Research
Centers funded by the National Center for Injury Control and Prevention
at the CDC have also been successful in forwarding the research agenda
needed to reduce the incidence and impact of traumatic injuries. These
centers, which currently number 10, are specifically designed to integrate
multiple disciplines in addressing the prevention and control of injuries.
They have successfully stimulated the development of new teams of in-
jury researchers that have been critical to the development of the science
of injury control.

RECOMMENDATIONS

Recommendation 7.1 Highest priority should be given to research in
the following three areas:
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• Cost-effectiveness of specific clinical interventions and service de-
livery systems. This research should incorporate a broad range of
outcomes including impairment, functional status, and quality of
life as measures of clinical and program effectiveness.

• Access to and organization and delivery of services that address
the primary health care and long-term support needs of people
with disabling conditions. The impacts of these services on the
prevention of secondary conditions and promotion of well-being
over the lifecourse should be given the highest priority.

• The impact of managed care on access to and use of services, qual-
ity of care, cost, and outcomes. This work should extend beyond
the evaluation of Medicaid and Medicare programs to include as-
sessment of innovative programs targeted at working-age adults.
Add-ons to major demonstrations of managed care delivery sys-
tems should be funded. These add-ons should specifically examine
the impact of managed care on people with disabling conditions.

Recommendation 7.2 Establish Centers for the Organization, Deliv-
ery, and Financing of Health and Health-Related Services to People
with Disabilities. These centers should be collaborative ventures
across departments and schools in a university setting and should
incorporate components of research, teaching, and community out-
reach service.

Recommendation 7.3 Develop transdisciplinary doctoral and post-
doctoral training programs in health services research with an em-
phasis in rehabilitation and engineering. These programs should be
designed for both clinicians and nonclinicians and emphasize the
cross-disciplinary and interdisciplinary nature of the field. Special
efforts should be made to encourage and facilitate such training
among persons with disabilities. Additional funding would be re-
quired to support this activity.

Recommendation 7.4 Develop and maintain longitudinal databases
that track the health care needs of people with disabling conditions,
their use of services, and outcomes or health status. Specifically, the
1994–1995 Disability Supplement to the NHIS should be developed
into a panel study and supported over time to perform maintenance
and analysis activities. Additional funding would be required to sup-
port this activity.
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8

Translating Research into
Practical Applications

Scientific discoveries must be translated into clinical practice to ben-
efit humanity. Technology transfer is the transmittal of developed ideas,
products, or techniques from a research environment to one of practical
application, and thus is an important component of rehabilitation science
and engineering. By disseminating the knowledge and products that re-
searchers have developed, their science attracts more attention and suc-
cess and has value to society by improving the health and quality of life of
those who ultimately benefit from the knowledge. No topic is likely the
focus of more discussion but less productive action than technology trans-
fer. The reason is simple: technology transfer is difficult and problematic.
Rogers (1983, p. 1), in Diffusion of Innovations, says, “One reason why there
is so much interest in the diffusion of innovations is because getting a new
idea adopted, even when it has obvious advantages, is often very diffi-
cult.”

In the context of governmental agency support for research, the idea
of technology transfer usually means moving the results of government-
sponsored research and development (R&D) out of laboratories and into
practical application. With companies, it means developing or obtaining
new technologies for their business enterprises. The technology may be
products or devices, procedures, techniques, processes, software, knowl-
edge, concepts, and so forth. Once the technology or knowledge is avail-
able, the issue becomes how it should be diffused throughout society. For
purposes of this discussion it is assumed that technology transfer repre-
sents positive action for society.
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THE CURRENT STATE OF TECHNOLOGY
TRANSFER IN REHABILITATION

This definition of technology transfer has application for rehabilita-
tion science: the biomedical and engineering applications of rehabilitation
research can follow some, but not all, of the traditional technology trans-
fer mechanisms. Rehabilitation research does pose a new challenge that
requires additional mechanisms for transfer, because much of the research
results in therapeutic interventions that are applied in exercise techniques
and educational strategies by professionals, not through the use of drugs
or equipment.

In traditional pharmaceutical clinical research, after a drug is synthe-
sized in the laboratory and tested with animal models or after the device
is developed and bench tested, it is subjected to clinical (phase I to IV)
trials—research studies designed to address specific questions about the
safety and effectiveness of new methods or tools in prevention or treat-
ment—supervised by the U.S. Food and Drug Administration (FDA).
Phase I trials focus on safety and usually involve small samples (20 to 100)
of healthy volunteers. Phase II trials test the efficacy of the drug, usually
in studies with dozens or hundreds of patients and often in randomized
controlled trials. Phase III trials test the safety, efficacy, and possible ad-
verse reactions, usually in multicenter, randomized, and blinded trials.
Phase IV studies usually compare the new therapy with the available
alternative interventions and determine its long-term effectiveness and
side effects and the cost-effectiveness of the intervention(s) (Pocock, 1987).
Most clinical research is funded by private industry (biotechnology or
pharmaceutical companies) or the federal government (e.g., the National
Institutes of Health [NIH], the National Science Foundation, the Centers
for Disease Control and Prevention, or the National Institute on Disability
and Rehabilitation Research [NIDRR]).

The successful transfer of rehabilitation interventions such as thera-
peutic exercise and physical modalities from research to practice poses a
different set of problems than the transfer of drugs. Drugs are discrete
entities and are thus easily regulated by the federal government, but reha-
bilitation interventions are more generic and are less amenable to FDA
regulation. Indeed, most such interventions would be “grandfathered”
because despite subtle differences in approach, practice regimen, and
other details, most rehabilitation interventions would still be “exercise”
and thus not subject to regulation. Nonetheless, initiatives such as the
stroke care guidelines of the Agency for Health Care Policy and Research
provide valuable federal guidance to local practitioners (Gresham et al.,
1995) by offering structure to the best and evidence-based practices that
should result in comparable care for individuals following a stroke. Reha-
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bilitation relies at least in part on methods such as this for the dissemina-
tion of interventions proven to be effective by research.

Those who require access to information generated from rehabilita-
tion research include professionals in practice and in training, rehabilita-
tion scientists, people with disabling conditions and their families, archi-
tects, and policy makers including elected officials, insurers, and
administrators. Research findings should foster high-quality care and ser-
vices for people with disabling conditions, enable better disability pre-
vention, build community networks of care to guide the development of
effective and efficient rehabilitation services, and stimulate further re-
search efforts.

No organized mechanism for the development of rehabilitation sci-
ence exists, however, nor does a formal mechanism for distributing the
findings of rehabilitation science to those providing services. Few jour-
nals focus on interdisciplinary research. Although the U.S. Department of
Veterans Affairs (VA) publishes and distributes free for the asking The
Journal of Rehabilitation Research and Development, VA does not presume
that it publishes all the information that the federal government should
disseminate. In part because the journal is chronically underfunded, the
delay between the time of submission and the time of publication is, on
average, longer than 1 year, and the journal is not widely distributed, so it
lacks the prestige of major journals. More funding would help to improve
the turnaround time for articles in this journal and to improve the pres-
tige of this journal and others like it. An additional dissemination prob-
lem results from the fact that rehabilitation professionals are taught ac-
cording to an individual profession’s criteria and traditions; few
opportunities for cross-disciplinary interaction are available and the pro-
fessions are not knowledgeable about the science of the other professions.

Models are needed to increase cross-disciplinary communication.
Rehabilitation is an interdisciplinary field and ultimately patients will
only benefit when professionals have access to information that will sup-
port their patients through their recovery and re-entry to their family,
work, and community lives. One such model for rehabilitation science
and engineering to consider for dissemination is the extension model
used by the U.S. Department of Agriculture (USDA). This model allows
physicians, farmers, homemakers, and scientists alike to obtain state-of-
the-art information from USDA county extension agents, pamphlets, and
from USDA-sponsored information services. The Administration on Dis-
ability and Rehabilitation Research could facilitate transfer of information
among (See Chapter 10), to give nurses, therapists and physicians access
to information that would support organizations, professions, consumer
groups, providers, and others access to accurate, evidence-based rehabili-
tation information. Just as USDA’s sponsorship of home economics classes
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encouraged better nutrition nationwide, similar encouragement related
to disability prevention and the adaptation of a healthy lifestyle could be
provided if information were readily available.

Perhaps the proposed Administration on Disability and Rehabilita-
tion Research could foster the development of dissemination centers to
address the regional needs of rehabilitation providers. A model such as
the Dartmouth Atlas of Health Care (Center for the Evaluative Clinical Sci-
ences, Dartmouth Medical School, 1996) documents a substantial nation-
wide variability in many health care interventions and there is no reason
to believe that rehabilitation interventions would be more homogeneous
nationwide. Therefore, the federal government through the ADRR could
facilitate the provision of information on scientifically based practices to
all locales to prevent the selective implementation on the basis of the
specific characteristics of a locale.

PRESUPPOSITIONS FOR TECHNOLOGY TRANSFER

Technology transfer presupposes several conditions; otherwise, it can-
not come about. Some of the presuppositions are described in the follow-
ing sections.

A Technology Must Exist

Technologies must exist to be transferred. This seems obvious, but
technologies do not appear de novo. Someone must bring them into exist-
ence. Usually, new technologies come from R&D programs, although a
limited number of technologies may result from innovation or invention
processes that may not be strictly classified as R&D. For much technology
transfer to come about, sponsored R&D projects, public or private, need
to exist. There will not be much technology transfer if there is not strong,
productive research, and funds must be available for R&D efforts. A sup-
ply of competent and creative researchers must also exist. The existence of
productive scientists and engineers in laboratories presupposes that good
educational programs exist. The preparation of people for careers in R&D
is fundamental to new technology development. In short, a strong R&D
effort and infrastructure for technological development must exist before
technology can be transferred.

Organizational Structures and Mechanisms

Organizational structures and mechanisms that can foster technology
transfer need to exist. A structured method or mechanism is needed to
promote the process of technology transfer and to help eliminate barriers
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to the transfer process. People involved in R&D frequently do not want or
have the skills required for technology transfer. Technology transfer offic-
ers facilitate the process in some research organizations. Unless someone
or some group accepts responsibility for the transfer process, it is likely to
wither and stop. Even if assistance is available, the process often halts
after the demonstration of concept.

Even if transfer to commercialization takes place, the technology still
needs to be diffused into society. Rogers (1983, p. 5) says, “Diffusion is the
process by which an innovation is communicated through certain chan-
nels over time among the members of a social system.” For example, VA
has a Technology Transfer Section within its Rehabilitation Research and
Development Program that attempts to transfer technology developed
through VA-sponsored rehabilitation research. This unit has the capacity
to fund technology transfer by soliciting the manufacture of prototype
devices from manufacturers and by evaluating the prototypes in VA medi-
cal centers. Positive evaluation leads to VA approval of the technology for
purchase. This process stimulates the commercialization of the product.
The Small Business Innovative Research (SBIR) process is a mechanism
that the U.S. Congress set up to stimulate technology transfer by provid-
ing start-up funding to small companies that develop technologies that
may come out of agency-funded research. NIDRR funds a center that has
the mission of fostering technology transfer. From about 1950 to 1975 the
Committee on Prosthetics Research and Development of the National
Research Council coordinated prosthetics research efforts and conducted
evaluation studies, which often resulted in technology transfer.

Private companies encourage technology transfer by two primary
means. First, some of them conduct in-house R&D and transfer the tech-
nology directly. Second, large companies often purchase small companies
to obtain the technologies that they want. This purchasing technique is an
efficient means of obtaining technologies that are desirable, and it has
become a prevalent method as companies have decreased their own in-
volvement in R&D. Because rehabilitation is generally a service rather
than a product, the purchasing method is not a viable option unless health
systems have an incentive to develop the service as a product.

Wherever technology transfer occurs, it often involves the patent pro-
cess, trade secrets, licensing arrangements, and other legal matters. A
number of laws concerning technology transfer have been passed by Con-
gress. Many believe that the Technology Transfer Act of 1986 (Public Law
99-502), which amends the Stevenson-Wydler Act of 1980, is the most
significant, particularly with respect to government laboratories and pri-
vate organizations.

Rogers (1983, p. 159) believes that the agricultural extension model,
which involves a research system, county extension agents, and state ex-
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tension specialists, has been the most successful federal agency model in
securing users’ adoption of research results, although not everyone shares
his viewpoint. He points out that the extension program spends about the
same amount on technology transfer that is spent on agricultural research.
Most federal agencies apparently spend only about 4 to 5 percent of their
research funding on transfer and diffusion activities, which is nowhere
near the amount spent in the agricultural extension model. Several gov-
ernment agencies, such as the National Cancer Institute’s Community
Clinical Oncology Program, have tried to copy the agricultural extension
model with mixed success. It is clear that dissemination requires a com-
mitment of resources that must be built into the mission of the agency and
must be funded.

Promoters and Champions of Technology

Intelligent decision makers and promoters need to exist. It ap-
pears that few technologies are ever transferred without a person or
groups of people to champion their cause, sometimes over a long
period of time (see Box 8-1). This person may be a technology transfer
officer, the developer(s), or some other interested party. It is clear that
considerable effort and perseverance are needed by this advocate if
the technology transfer is to come about. The supporter often is some-
one who has a vision of what the technology can become. In this
respect, champions for technology transfers are like good scientists;
they have intuition concerning what technologies should be pushed
for transfer and what should be left alone. They may have administra-
tive acumen, and good administrators may know how to cut through
red tape and bureaucratic delay. Few experts on technology transfer
exist, however, and the field is not systematized. Market research can
help, but it is not a complete answer. Consumers do not always know
what they need or what they would purchase. Marketing managers in
companies regularly launch new products, some of which have gone
through extensive marketing surveys, but according to Rogers (1983,
p. 74), only 1 of every 540 ideas results in a successful product and
only 8 percent of the approximately 6,000 new consumer items intro-
duced each year have a life expectancy of 1 year or longer.

Although intelligence and experience are needed in the technol-
ogy transfer process, they do not ensure success. Even products or
ideas that are clearly superior to those that already exist are not al-
ways successful. For example, from an ergonomic viewpoint, the
Dvorak keyboard for typewriters and computers is clearly advanta-
geous over the commonly used QWERTY arrangement. Nevertheless,
even though a conversion would be technically very simple today
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with computers, involving only some software changes, there has yet
been no movement to the Dvorak system.

Goal-directed R&D is effective if knowledge concerning what is
needed exists and if the technology to produce what is needed exists. In
rehabilitation research, the application must be of use to people with
disabling conditions. Thus, the research process requires consumer in-

BOX 8-1
Technology Transfer: A Sometimes Lengthy Process

Although success stories in research and development and in technology trans-
fer abound, one seldom knows about the tortuous path, effort, and time associated
with a transfer. Likewise, one is seldom aware of the research and development
work that does not pan out or that for some reason does not reach users. Only a
small amount of research and development work is successful all the way to tech-
nology transfer. That does not mean that most research and development is not
vital. It is as important to find out what does not work as to find what does, and
even perhaps more so. In the long run, negative results may help science and
engineering more than positive results, because research—whether it results in
positive or negative results—advances knowledge and knowledge is the founda-
tion on which all further advances are based.

For example, blood substitutes that can be stored for long periods of time, that
do not have to be Rh matched to recipients, and that can be made free of patho-
gens will soon be available for clinical use. This new product of research and
development is predicted to save thousands of lives annually in trauma manage-
ment alone. By the time commercial production begins and the product is available
in the United States, probably in 1998, 14 years will have elapsed since the substi-
tute’s active components, stitched hemoglobin molecules, were demonstrated in a
University of Iowa laboratory. This example illustrates that even discoveries of
great medical importance and high potential profit often take a long time to be
transferred from the bench to the bedside. Technology transfer is seldom rapid
and often takes longer than the research itself. Therefore, the research team that
made the discovery usually moves on to other important research work, and rightly
so. Only when the product or technique has someone who serves as its champion
or when there are excellent possibilities for financial profits does the technology
have much chance of being transferred.

Technology transfer out of federal agency-backed research programs is ardu-
ous, but similar difficulties exist even when the product is developed by a private
company’s own research laboratories. For example, it is well known that scientists
and engineers at Xerox Corporation’s Palo Alto Research Center developed the
precursors of today’s personal computers, with mice and graphical user interfaces,
10 to 12 years before the Apple Corporation introduced the Macintosh and more
than 20 years ahead of Windows 95. The technology was there, but its importance
was initially not understood or acted upon. Consequently, technology transfer did
not occur. This kind of difficulty with technology transfer is more common than
might be expected by those who have not had experience with the process.
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volvement in the design and implementation of studies if the results are
to have wide applicability. Basic research often creates the knowledge
concerning what needs to be done. It also often creates the knowledge
necessary to produce the needed technology. Basic research and goal-
directed research are both important. Technology transfer withers if ei-
ther is missing for a period of time.

The Market

A market must exist for innovations. Technology transfer and diffusion
cannot proceed without customers. Even though there are millions of people
with disabling conditions, their problems are individual and their resources
for technology are limited, so markets are generally small and the products
needed are extremely varied. There is no mass market, but the needs are
nevertheless great. Some of the markets are similar to “orphan drug” mar-
kets and might be called “orphan product” markets. Societal assistance may
be necessary to meet some needs for orphan products in rehabilitation. Other
needs are frequently met by small companies that can be effective in niche
markets. Mass-produced products of major companies can often be modi-
fied to effectively meet rehabilitation needs, and rehabilitation engineers
have taken the lead with such modifications. The concept of universal de-
sign is generally a good one for the design of products. Often, small modifi-
cations can make major products accessible to almost everyone. Design of
this nature can come about naturally through communications with compa-
nies about the need for universal design; however, laws concerning access
can also be effective in bringing about design that permits access by as many
people as reasonably possible.

The Role of Federal Agencies

Agencies must want the innovations that they research to be trans-
ferred. Most universities have technology transfer officers and incubation
facilities for small companies, some started with SBIR funding. In rehabilita-
tion, the Committee on Prosthetics Research and Development of the Na-
tional Research Council was effective in research coordination and technol-
ogy transfer during a previous era. Whether the R&D milieu in Washington,
D.C., permits such action today is questionable. The SBIR process appar-
ently seems to be working well in some areas of medicine, but its influence
on rehabilitation product transfer remains undetermined. The Technology
Transfer Section of the Rehabilitation R&D Program in VA has been success-
ful in technology transfer, and although it is limited to developments made
by VA medical centers, its organizational and functional structure can be
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applauded. The NIDRR model, which uses a center to advance technology
transfer matters, has yet to be scientifically evaluated.

NIH has the Office of Technology Transfer (OTT), but it apparently
does not involve rehabilitation science and engineering. Each of the insti-
tutes, centers, and divisions within NIH conducts its own dissemination
and technology transfer activities. NIH as a whole uses OTT as a focal
point for coordinated technology transfer in the planning stages of the
research process. This office uses Cooperative Research and Development
Agreements to forge joint government–industry research projects and
Material Transfer Agreements to facilitate the exchange of research mate-
rials. OTT also handles the intellectual property portfolio, which includes
patenting, for NIH scientists and research.

The National Cancer Institute (NCI), through its Community Clinical
Oncology Program (CCOP), has been particularly successful at technol-
ogy transfer by providing patients access to state-of-the-art care. Estab-
lished in 1983, the program focuses on clinical trials as its primary vehicle
for dissemination. Central to the success of this program is the linkage of
patients and providers, each with their own incentives. By increasing the
number of patients and physicians who can participate in clinical trials,
CCOP hopes to bring the latest techniques and technologies to a larger
number of people at the community level while increasing the knowledge
base of cancer treatment research as a whole.

Because, as noted earlier, most rehabilitation interventions do not
require FDA approval, the federal control exerted in a program such as
CCOP alone cannot work in transfer of rehabilitation technology. Con-
trolling access to powerful anticancer drugs gives the government a lever
to encourage patients to enroll in clinical trials; only in trials involving a
medical device (e.g., prosthetic and orthotic) would this encouragement
be apt. To be done properly, strong federal support is required, but occa-
sionally, innovative individuals can generate important new contribu-
tions to the science. Therefore, the committee does not recommend that a
restrictive system such as CCOP be adopted to enhance rehabilitation
technology transfer. The CCOP system could, however, be adapted to the
rehabilitation science and engineering environment to encourage
multicenter trials. As such, a system coordinated by the ADRR would
need to be developed with the expressed mission to:

• improve quality of care;
• serve as continuing education for physicians and other health pro-

fessionals;
• support a diversified research agenda spanning many scientific

disciplines and foster interdisciplinary efforts;
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• provide a mechanism for the linkage and participation of basic,
clinical, behavioral, and social scientists;

• serve as an umbrella for fundamental as well as applied research,
thus enhancing the activities of the investigators;

• create bridging mechanisms to link prevention and clinical studies
with ongoing research activities;

• provide a mechanism to manage the explosion of new information
and assimilate new information into clinically meaningful concepts for
dissemination to practicing clinicians;

• support broad social policy to spread the benefits of treatment of
the population to control research;

• create a spirit of cooperation both within the institution and among
institutions working on the same disease or disorder;

• be cost-effective by reducing the need for repetitive samples, (stud-
ies at multiple centers allow for multiple analyses); and

• allow for the timely accomplishment of an effort.

Two additional benefits could be achieved by having a technology trans-
fer mechanism:

• individuals with disabling conditions can function as consultants
to centers to bring validity to the questions and methods used to identify
and study the constructs, and

• a registry of people involved in studies will bring together
resources for long term follow-up and analysis.

As noted at the beginning of this chapter, technology transfer is diffi-
cult and complicated. It is an important human process, however, that is
chaotic, unstructured, and problematic. It is also full of promise, opportu-
nity, and excitement.

BARRIERS TO INFORMATION TRANSFER

The barriers to translating rehabilitation research into clinical practice
are rooted in limited mechanisms to transfer the research. Clinical reha-
bilitation research is severely underfunded and thus is still in its early
stage. Likewise, because several disciplines are involved, little formal
theory has emerged across the disciplines and formal mechanisms for
transferring knowledge are limited. More research in rehabilitation sci-
ence and engineering would likely change this situation. However, more
research requires formal mechanisms for transferring knowledge to mul-
tiple disciples. There currently is not a joint journal or conference to facili-
tate communication among the rehabilitation sciences like the Gerontol-
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ogy Society which has a medical science, behavioral science and social
science division.

Because few rehabilitation procedures have undergone rigorous clini-
cal trials, treatments are based on theoretical rationale rather than data
from tests with people with disabling conditions. Most rehabilitation re-
search to date has been focused at the pathology and impairment levels
and not at the levels that relate to functional limitation and how people
with disabling conditions interact with the environment (see Chapter 4 of
this report) (Jette, 1995). For example, no randomized prospective trials
on even the most frequently used rehabilitation treatments, such as post-
cruciate ligament repair surgery, have been conducted. Few models exist
that bring the patient, the physician(s), therapists, scientist, engineers,
and communities together to solve problems that limit disabilities. One of
the first issues that the federal effort in rehabilitation research needs to
address is this shortage of knowledge.

Limited funding for rehabilitation research also limits the number of
trained and experienced researchers and artificially lowers the demand
for training in clinical research. At this time, only a few universities offer
formal degree-granting programs in clinical investigations. With in-
creased funding, rehabilitation could develop a cadre of researchers who
could establish formal theories that would drive future rehabilitation sci-
ence and engineering.

Finally, formal mechanisms of knowledge transfer are not well devel-
oped in rehabilitation science. The availability of as well as access to
properly controlled outcomes research is very limited. To build the most
effective mechanisms for the transfer of products of research, a partner-
ship among the researchers, the government programs that fund the re-
search, educators, health service providers, and consumers will be re-
quired. To increase the likelihood of successful technology transfer,
rehabilitation research needs a market link. This involves tying the prod-
ucts of R&D to the market economy and increasing the knowledge avail-
able to the consumers of rehabilitation products to increase market de-
mand. This will strengthen the interest of people with disabling conditions
who have needs that can only be served by knowledgeable professional
and private enterprise. The demands should invigorate research and tech-
nology transfer, similar to the relationship that research now has with
drug companies, which fund the majority of clinical trials.

TECHNOLOGY TRANSFER MECHANISMS
IN THE PRACTICE PROFESSIONS

Traditional mechanisms intended to engender evidence-based clini-
cal practice are largely untested. It is widely assumed that clinicians read
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and update their fund of knowledge from peer-reviewed research ar-
ticles, review articles based on the these research articles, and textbooks.
The quality of review articles varies substantially, from those that are
based on studies performed by controlled, scientific approaches to those
with clearly biased perspectives. The Cochrane Collaboration is an ongo-
ing effort to assemble and disseminate clinical research evidence perti-
nent to best clinical practices (Silagy and Lancaster, 1995). The Cochrane
Collaboration has volunteers reviewing “every trial of a medical treat-
ment ever done,” most of which “have been either forgotten or simply
lost” (Taubes, 1996). This “diffusion gradient” approach, however, as-
sumes that clinicians simply need access to sufficient quantities of rel-
evant research to change their beliefs and practice habits. No such col-
laboration exists in rehabilitation. Moreover, not all clinical research is
equally valid. As many as half of the published randomized, blinded
clinical trials may have been inadvertently unblinded by inadequate con-
cealment (Schulz et al., 1994, 1995). Instead, clinicians apparently demand
that all new ideas look like old ideas: “Proposed changes in practice are
much more likely to succeed when they are compatible with existing
beliefs” (Graham, 1996).

Continuing education programs also stimulate change in practice be-
haviors. Practicing clinicians either spend their own money or decide to
use a continuing education allocation for a given continuing education
offering and therefore have a strong incentive to implement the findings
described during a continuing education course. In rehabilitation in par-
ticular, continuing education courses are most often taught not by scien-
tists or clinical researchers who have published peer-reviewed research
articles, but by clinicians who often offer charismatic presentations based
on dogma and their own anecdotal experience. Indeed, so little clinical
research is conducted in rehabilitation that charisma and persuasive rheto-
ric are often the main criteria on which professionals can judge continu-
ing education courses; course content is almost never based on outcomes
research or other forms of clinical investigation, and thus is forced to rely
on anecdotal experience (Rothstein, 1992).

Finally, peer, consumer, and payer pressures shape some aspects of
clinical decision-making in rehabilitation. If the community standard is to
provide myofascial release or trigger point therapy for back pain, then the
local physiatrist and therapist will be expected to offer this modality,
irrespective of its basis in science or logical rationality. In fact, a number
of MCOs are beginning to recognize and pay for methods of rehabilita-
tion services that have not been tested scientifically. Clearly, some better
mechanisms need to be put in place to offer accountability to consumers
who have disabling conditions that require management and may benefit
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from a much more comprehensive approach that considers the factor that
will contribute to their return to family, work, and community life.

Clinical Research Evidence

U.S. health care practice, and rehabilitation practice in particular, is
not now bound by patient-oriented research evidence. It could, however,
reasonably be guided by clinical research evidence. At least three impedi-
ments now exist: (1) lack of evidence pertinent to the clinical decision, (2)
paucity of training and techniques for effectively transferring the evi-
dence that does exist to the practicing clinician and to the rehabilitation
consumer, and (3) lack of incentives and inappropriate priorities that can
be used to guide clinicians in implementing their existing knowledge of
best practices.

Lack of Clinical Research

Evidence-based health care practices are not the norm, particularly in
rehabilitation (Benjamin, 1995; Taubes, 1996). The first barrier to conform-
ing to best practices-based clinical care is the extreme paucity of clinical
effectiveness research. Few data documenting controlled randomized tri-
als of even the most common interventions and procedures in rehabilita-
tion exist, primarily because of a lack of direct institutional and federal
support for resource and incentive structuring of strong research and
training programs in rehabilitation (Selker, 1994).

Clinical or patient-oriented research is defined as the type of research
performed while the patient and clinician or care provider are in direct
contact. Clinical research is chiefly oriented toward determining what
works rather than the cellular or detailed mechanisms by which an inter-
vention is effective. However, properly controlled clinical research pro-
vides insight into treatment mechanics and will guide future research by
helping to generate theoretical explanations for what works (Gresham et
al., 1995).

Rehabilitation has a limited tradition of clinical research. Only a few
residency programs and entry-level therapist programs train clinicians in
data collection and research designs that are congenial to rehabilitation
research in clinical settings (Selker, 1994). Traditional research design
classes assume that research in phase I to IV trials is the norm in the clinic
when in fact few rehabilitation practitioners have any hope of applying
such designs in the clinical setting. Clinical research can be divided into
outcomes and translational research. Outcomes research usually encom-
passes treatment effectiveness and, in some cases, cost-effectiveness. Be-
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cause so little effectiveness research is done, cost-effectiveness research is
largely conjecture and is based on estimates of indirect benefits.

Translational research takes bench research directly to the bedside,
usually when the risks are small or the benefit could be overwhelming.
For example, there is little risk in translating orthotic materials research
directly from improved metal alloys to use of the alloys in improved leg
braces. Greater risk may be acceptable when the disease will surely and
swiftly lead to death; gene therapy, in such cases, may be an attractive,
albeit little tested, alternative. Gene therapy offers another example of a
new means of intervening in many genetically induced, chronic illnesses,
including cystic fibrosis, Tay-Sachs disease, and many other inherited
diseases. Although such therapy may well obviate cystic fibrosis in the
future, similar to the way that vaccinations against polio virus eradicated
polio and changed the rehabilitation needs of people who had polio. How-
ever, the consequences of polio in an aging population remain untested
and the side effects will remain unknown until large-scale studies, includ-
ing phase I to IV clinical trials, are complete (Blaese et al., 1995).

Such bench-to-bedside translational research may bring a revolution
to rehabilitation if familial diseases can be eradicated or ameliorated, but
it is too soon to know the impact of such “cure” research. For example, if
congenital limb deformities can be prevented, pediatric upper limb pros-
thetics will be essentially unneeded unless they are needed as a result of,
for example, farm injuries (Krebs and Fishman, 1984). Translational re-
search can also take observations from the bedside, that is, from direct
patient observation, to the laboratory, where disease mechanisms can be
investigated in reductionistic cell or animal models with the ultimate
purpose of better understanding the fundamental nature of the disease
process.

Translational research can also benefit tradition rehabilitation “care”
research. Anatomy laboratory observations of joint arthrokinematics
translate into the now commonly accepted practice of joint mobilization—
the practice of applying linear motions (e.g., distraction and gliding) to
increase angular range of motion, rather than simply forcibly flexing or
extending a stiff extremity or spinal joint.

It is also notable that surgical interventions are largely immune from
control, in the manner of pharmaceutical interventions. A surgeon desir-
ing to take a posterior rather than a lateral approach to, for example,
femoral neck fractures, need not complete FDA-supervised clinical trials
before doing so. Similarly, most rehabilitation interventions are not regu-
lated by FDA, as discussed earlier. The lack of clinical outcomes research
over the short term, however, can lead to nonbeneficial, costly expendi-
tures on interventions and devices. For example, Salter’s continuous pas-
sive motion machines were beneficial to postcasting and postsurgical rab-
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bit knees, but continuous passive motion has yet to be shown to be effec-
tive in humans, even though it is widely used.

Perhaps the most important conclusion to be drawn from the evi-
dence presented is that more experiments that explicitly and empirically
determine the best approaches to encouraging clinicians to implement
results from clinical research are needed. Training and incentives pro-
vided by the federal government are lacking, but a fuller understanding
of clinicians’ beliefs and how they can be modified cannot be attained
without systematic federally sponsored research (Graham, 1996).

Clinical research is more expensive than bench research because the
researcher must control not only the intervention but also the environ-
mental influences that are different for people who are outside the labora-
tory. NIH, notwithstanding the limited budget of the National Center for
Medical and Rehabilitation Research ($15 million), could fund such
multicenter, human research. Because of competing priorities and study
sections’ insistence on applying animal-model standards to human re-
search if more money was available, however, clinical research is being
performed on only a few of the most prevalent diseases, such as heart
disease, which has also received attention from NIH.

A recent trend shows Medicare, Medicaid, and many managed care
organizations (MCOs) now instituting an anti-research treatment reim-
bursement. That is, if any part of the patient’s care is experimental, then
the entire costs of the hospitalization must be borne by the research proto-
col, making clinical research even more expensive and impractical. For
example, if a patient is hospitalized for amputation and he or she were
offered an experimental direct attachment (Branemark) prosthesis, the
costs of amputation, medications, and rehabilitation and all other charges
would accrue to the experimental protocol. Such direct attachment de-
vices have been used in Sweden since the early 1990s, but they have yet to
debut in the United States. More clinical research is needed to build first-
class rehabilitation science that can guide practice and that is equivalent
in rigor, prestige, and funding to basic and other medical sciences. Some
of this research can be conducted in the course of care, but only if mecha-
nisms for payment allow it.

Incentives and opportunities for the insurance and MCO indus-
tries must be changed to require that best practices be offered to reha-
bilitation consumers. Currently, short-term costs are the dominant
concern of provider organizations and the insurance industry, but
rehabilitation is not a short-term problem. Long-term or lifetime costs
should be the dominant concern because of the prevalence of second-
ary conditions that emerge when patients are not encouraged to learn
skills or adopt practices that will achieve a healthful management
strategy to avoid the secondary conditions. This approach requires a
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life-long management strategy. In addition, public education and in-
creasing consumer demand for the clinical research product might
provide market-driven incentives. To effect this shift in incentives,
more federally funded model care centers (such as NIDRR’s Rehabili-
tation Engineering Research Centers) should be funded to provide
clinical research and transfer its findings to consumers by providing
the best possible care. Models such as these could be coordinated by
the proposed Administration on Disability and Rehabilitation Re-
search. Finally, best practices should be widely disseminated through
various public media, including television “health news” reports, the
World Wide Web, and newspapers (such as the technique used by the
Journal of the American Medical Association and the New England Journal
of Medicine, which de facto requires that physicians read the latest
research from those journals to be able to answer their patients’ ques-
tions the next day).

Lack of Training and Techniques to Transfer Existing Evidence to Practice

Despite the importance of clinical investigations, current rehabilitation
education opportunities for physicians and other clinicians are inadequate.
There are only a few formal degree-granting programs in “Clinical Investi-
gations.” The Institute of Medicine has written persuasively that training in
and support of clinical investigation is “fragmented, frequently underval-
ued, and potentially underfunded” (Kelley and Randolph, 1994). So few
investigators with formal training exist that currently, most clinical investi-
gators obtain their training via informal postdoctoral experiences or by ap-
prenticing themselves to someone who also has no formal training as a
clinical investigator. Formal training in clinical investigation should become
a requisite for both doctorally prepared principal investigators and
nondoctorally prepared study coordinators and other team members.

The lack of funded mentors with training in clinical investigation is a
great impediment to future rehabilitation treatment efficacy research.
Because the federal government has neglected clinical investigations in
rehabilitation for so long, some private foundations (e.g., the American
Occupational Therapy Foundation) have developed mentored rehabilita-
tion research funds and, indeed, NIH-like program project grants and
clinical research centers (Foundation for Physical Therapy, 1994). The
apparent motivation of these private foundations is to generate sufficient
treatment outcomes evidence to prevent denial of services in an increas-
ingly competitive environment. A more sagacious approach would be for
the federal government, probably through NIDRR or NIH, to assemble
disinterested parties to assess treatment outcomes as impartially as pos-
sible, but subjecting the treatments to usual standards of scientific in-
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quiry. Moreover, such an approach might be more likely to generate a
new treatment paradigm rather than simply test the custom-based para-
digms currently taught in rehabilitation.

Incentives and Priorities

Despite years of clinical research, federal incentives to change the
practice habits of health care providers remain insufficient. Several main-
stream-medically oriented examples exist: for two decades it has been
clear the tourniquet applied to maintain a blood-free operative field dur-
ing knee surgery causes 30 to 60 percent of the subjects to have frank
neuropathy (Krebs, 1982, 1989); nonetheless tourniquets continue to be
used in virtually all limb surgery, in part because the neuropathies usu-
ally resolve spontaneously (Krebs, 1982). Moreover, thirty percent of du-
rable medical equipment used for rehabilitation is thrown out by the first
month following its issue to the patient. (For further evidence, one need
only think of all the walkers, canes, and crutches in one’s own basement!
The basements of persons with permanent functional limitations are often
more stalwart silent sentinels to insufficient technology matching.) The
former example clearly demonstrates the extraordinarily slow process of
technology transfer (or the transfer of ideas in this case) from research to
implementation in clinical practice; the latter demonstrates how better
treatment guidelines could save money, which could help fund best prac-
tice guidelines research. Currently, MCOs’ interests may seem to be best
served by playing Old Maid (a children’s card game whose objective is to
entice the competition to take the unwanted card) with people with dis-
abling conditions; MCOs can lower their short-term costs by reducing or
denying care (Ware et al., 1996). If federal regulations required MCOs to
provide the best care possible to people with disabling conditions, long-
term MCO incentives would change to incorporate prevention and ad-
vances in health science at all levels (Rubin, 1996).

Saving money alone cannot be an ethical health care goal. Indeed, effi-
ciency is an institutional value; individuals, by contrast, value access to care,
quality of care, health-related quality of life, and treatment effectiveness.
The necessary tension between collective and individual goals in an MCO
has led to some disability rights groups considering class-action suits to
better balance the needs of corporations and individuals (Hadorn, 1992).
Recent evidence indicates that at least some MCOs deny care to people with
chronic illnesses, resulting in poorer outcomes than those for patients who
have less restricted, fee-for-service access to care (Ware et al., 1996).

Technology transfer incentives need federal attention not just among
clinicians and patients but also among engineers, architects, and politi-
cians. Until the 1990s building designers informally consulted friends
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who might be rehabilitation professionals or consumers to determine the
widths of accessible ramps, restrooms, and doors to make buildings ac-
cessible to people with potentially disabling conditions. After passage of
the Americans with Disabilities Act of 1990 (ADA), many architects estab-
lished formal guidelines for acceptable barrier reduction. Such guidelines
however, are not comprehensive, for example, retrofitting to make exist-
ing buildings accessible. It is the federal government’s role to set national
standards, which has begun in part because of the guidelines set forth in
ADA. Much remains to be done, however, from the prosaic, such as en-
suring that all city crosswalks have audible cues, curb cuts, and suffi-
ciently long Walk/Don’t Walk ratios, to the more exotic, such as deter-
mining Social Security Insurance disability standards that correctly
separate “can’t work” from “won’t work.” Transferring research findings
into clinical and societal practice cannot occur if only the short-term cost
to the builder or care provider is at stake. The federal government’s inter-
est in enhancing work opportunities for all Americans must be crafted
into incentives that require people with disabling conditions to partici-
pate at all levels of society.

Clinical Practice Guidelines

Clinical practice guidelines, defined as “systematically developed state-
ments to assist practitioner and patient decisions about appropriate health
care for specific clinical circumstances,” can be an integral part of technology
transfer (Institute of Medicine, 1990, p. 38). Guidelines, usually constructed
through informal consensus development, refine the clinical question and
balance trade-offs, attempt to address issues relevant to the decision, em-
phasize clinical contexts, and usually make specific recommendations (Hay-
ward et al., 1995). To be useful in the technology transfer process, clinical
practice guidelines include rigorous science-based procedures as part of
their development, focus on specific clinical circumstances, and must be
practical and definite (Lohr, 1995). Clinical practice guidelines are therefore
expected to achieve a number of goals, including improving the quality of
health care, protecting professional autonomy, reducing litigation risk, mini-
mizing practice variation, providing standards for auditing medical records,
reducing health care costs (and therefore health care premiums), defining
areas of practice, improving the efficiency of practice, and identifying inap-
propriate care (Woolf, 1990).

Clinical practice guidelines can be instrumental in verifying the re-
sults of new or innovative research. Also, by exposing the results to scru-
tiny by different types of specialists, the intervention or procedure gains
credibility and exposure to the professional community. As such, the
guidelines can then serve their clear purpose: to guide the practice of
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rehabilitation. If practitioners can access and correctly implement the
guidelines, then the process has effectively transferred newly researched
ideas to the care of individuals with disabling conditions.

Clinical practice guidelines can have positive and negative impacts
on patient care. By using currently synthesized scientific information and
expert opinion, properly developed guidelines can provide clear informa-
tion regarding clinical decisions. However, if recommendations are im-
practical, poorly justified, biased, or otherwise flawed, rigid enforcement
could interfere with appropriate health care decision making. A clinician
must be able to review and evaluate the usefulness of clinical practice
guidelines in daily practice situations (Hayward et al., 1995).

The larger issue, however, is the impact of the guidelines. With re-
gard to physician practices, expanding medical knowledge is the most
likely outcome, as opposed to changing attitudes or behaviors, in part
because of the varied quality of the present practice guidelines or the
scientific evidence on which they are based (Woolf, 1993). Disclosure of
the process and methodology used to develop guidelines is an initial step
in allowing clinicians, policy makers, and others to make informed choices
about the quality of the guidelines and how they should be used (Woolf,
1993). Physicians continue to express concern about “cookbook medi-
cine” approaches to patient management and possible effects on au-
tonomy of practice (Harding, 1994). Issues of implementation and en-
forcement have yet to be clarified. Guidelines, pathways, and audits have
been used for quality assessment and physician performance measures in
a variety of ways (Parker, 1995; AMA report, 1995). Implementation strat-
egies have been directed at the local, regional, state, and national levels
(Woolf, 1993; Gates, 1995; Kalunzy et al., 1995). Most success has been
made locally or as a part of MCOs. What has become clear is that guide-
lines must be translated to the local environment to be accepted and
effective. Support from the health care system is also important for mak-
ing changes in behavior.

Conducting symposia that facilitate the development of clinical practice
guidelines should be a priority of the agencies sponsoring rehabilitation
research. A program that does this is the Consensus Development Program
of NIH’s Office of Medical Applications of Research. Convening an expert
panel to review recent research results can heighten the scientific com-
munity’s awareness of the agency’s activities and the professional com-
munity’s awareness of the agency’s results. By funding conferences or semi-
nars to this end, the agency would disseminate the results of the research,
and therefore increase the effectiveness of its research budget.
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Participatory Action Research

People with disabling conditions can play a vital role in technology
transfer as consumers. Unfortunately, they are often viewed as passive
individuals whose only role is to reap the benefits from newly developed
technologies. Contrasting this dated notion is the increasing attention that
is given to a more active role for consumers. Increasing attention is being
given to the philosophy and practice of participatory action research,
which is described below.

The spirit of collaboration that is the heart of participatory action
research (Whyte, 1991) calls for the involvement of participants as active
partners in the process of research and the dissemination of research
findings. Thus, this relationship places the researcher in the role of learner
as he or she better understands the participants’ experiences with respect
to their disabling conditions and other relevant issues. For some research-
ers, such collaborations are viewed as a waste of time and energy. For
others it is invited, appreciated, and used to develop a research process
leading to outcomes that are of higher quality and relevance. Fawcett
(1991) provides three suggestions to actively involve constituents in the
research process: First, constituents should assess the social significance
of the research goals (e.g., Is the research likely to lead to outcomes that
will be beneficial to the constituent populations to whom it is targeted?);
Second, constituents should validate the social appropriateness of the
procedures (e.g., How effective or practical is this procedure or interven-
tion for me?); Third, constituents should have opportunity to validate the
social importance of the proximal, intermediate, and distal effects of the
intervention (e.g., Is there an increased amount of function? Will it allow
me to become more independent? Could I live alone?).

Many factors present potential challenges to developing the consumer’s
role in the project team. Plausible obstacles include the availability or will-
ingness of constituents to participate in the research process, the lack of
transportation to attend scheduled meetings, the education level of potential
constituents, and the lack of funding to include constituents (and their per-
sonal assistants if needed) in the research process. Although these and other
formidable obstacles may act as potential deterrents to research programs,
rehabilitation and engineering researchers must be steadfast and proactive
in involving their consumers in the research process.

CURRENT GOVERNMENTAL MECHANISMS

Many government agencies are designed to facilitate technology trans-
fer. Some of the best opportunities for technology transfer occur either at
entry and planning stages of a research project or at its conclusion. The
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former involves bringing participants from other research, academic, and
industrial communities into the research and development program as part-
ners who then have a stake in the research and who are free to commercial-
ize or market the findings. The latter depends on disseminating the findings
of research to the greater corporate, industrial, or health related communi-
ties. Implementation usually consists of conferences, publications, or other
means of promulgating the results of the research. National Institutes of
Health and the Veterans Administration provide two examples of how gov-
ernment research handles technology transfer.

NIH Mechanisms

As mentioned above, NIH has several means of transferring research
results. The Office of Technology Transfer and the Community Clinical
Oncology Programs are two mechanisms for this. Other offices that NIH
has at its disposal are described below.

Office of Medical Applications of Research

The Office of Medical Applications of Research (OMAR) is another
means of technology transfer for NIH as a whole, focusing on disseminat-
ing the results of research rather than developing partnerships for re-
search. By linking the individual technology transfer sections of each in-
stitute, OMAR provides a coordinated effort in disseminating medical
technologies and the applications of medical research, principally through
the Consensus Development Program. Through this program NIH holds
conferences on the most recent developments in medical research. The
conferences bring together the scientific, governmental, industrial, and
consumer communities and result in a NIH consensus statement, pre-
pared by a nonadvocate, nonfederal panel of experts. The statement is
based on (1) presentations during a 2-day public session by investigators
working in areas relevant to the consensus questions, (2) questions and
statements during open discussion periods from conference attendees
that are part of the public session, and (3) closed deliberations by the
panel. This statement is an independent report of the panel and is not a
policy statement of NIH or the federal government. The conferences and
consensus statements attract attention to new technologies and methods
and corroborate the evidence with an independent, expert appraisal.

Other Technology Transfer Efforts

Most institutes maintain their own offices and programs for tech-
nology transfer. Some of these have goals and methods similar to
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those of NIH’s Office of Technology Transfer, whereas others have
different methods for encouraging dissemination. For example, some
institutes, such as NCI, also offer a Technology Transfer Fellowship
Program. This type of program provides an opportunity for profes-
sionals to receive specialized training in methods of technology trans-
fer and become familiar with the issues and activities of technology
transfer through 1- or 2-year fellowships. The program addresses
strategies for dissemination, intellectual property development and
management, mass communication, and market research, but it also
personalizes each fellowship to meet the background and interests of
the participants.

VA Mechanisms

Technology Transfer Section

The Rehabilitation Research and Development Service of VA includes
a Technology Transfer (TT) Section that serves as its primary means of
cooperation with and dissemination to industry. The TT Section initially
brings in industry and other research partnerships at the beginning and
planning stages of a project. Its goals are identifying potential products
for development (the Product Recruitment Program, see Box 8-2), estab-
lishing criteria and processes for evaluating products, and commercializ-
ing government-developed products in the marketplace. The Rehabilita-
tion Research and Development Service also works at the other end of the
research process, distributing the findings through publications, holding
conferences, and managing the interdisciplinary professional relations of
the TT Section. By making developed products available to the market
and making research findings accessible to clinicians and physicians, the
Veterans Health Administration transfers and disseminates rehabilitation
products to the private sector, where they can reach the most veterans
with disabling conditions.

NIDRR Mechanisms

Although most governmental sponsored technology transfer activi-
ties focus on a specific product or piece of research, some programs exist
exclusively for the purpose of disseminating extant technology. NIDRR
has two such programs that focus on linking individuals with disabilities
with organizations involved in research in assistive rehabilitation tech-
nology. These are the consumer assistive technology transfer network
and ABLEDATA. A description of these two programs follow.
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Consumer Assistive Technology Transfer Network

The Consumer Assistive Technology Transfer Network (CATN) is
a 2-year project funded by NIDRR. The grant was awarded to the
New Mexico Technology Assistance Program and is administered by
Career Services for Persons with Disabilities, a consumer-driven or-
ganization in Albuquerque, New Mexico. Initiated in late spring 1996,
CATN has established a network to link the primary stakeholders in
the technology transfer process. It is anticipated that the network will
eventually maintain itself.

CATN links consumers, family members, and service providers
through the Rehabilitation Engineering Research Center for Technology
Evaluation and Transfer that links federally funded research and devel-
opment projects, manufacturers, and suppliers of assistive technology
with the state technology projects and their companies. A National Board
of Directors provides technical assistance. The Rehabilitation Engineering
and Assistive Technology Society of North America’s also provide sup-
port to link relevant activities within Tech Act programs.

CATN will provide the network through which advanced technology
can be located to address disability-related issues and a means by which
consumers may express unmet technology needs, researchers can obtain

BOX 8-2
VA Product Recruitment Program

The goal of the VA Product Recruitment Program is to seek projects that have
the potential to satisfy worthwhile ongoing clinical projects in the Neuromuscular
Systems, Orthopedic Biomechanics, and Human Machine Integration sections of
the Palo Alto Rehabilitation Research and Development Center and to seek projects
with potential from clinical services in VA Medical Centers. The program conducts
clinical needs assessments, solicits wish lists, holds focus groups, and contacts phy-
sicians and therapists to allow them to provide their input into this process.

Falls due to impaired balance present a serious health hazard to people
who are elderly as well as to people who have just had surgery and people
who are partially disabled but ambulatory. Balance, as well as hearing and
vision, declines with age or injury. Each year one third of elderly people living
at home will fall. Approximately 1 in 40 of these people will be hospitalized as
a consequence of the fall. Impaired mobility due to balance deficits or a fear of
falling can diminish a person’s ability to perform activities of daily living, and
often makes the difference between living independently at home or being
supervised in a nursing home facility.

SOURCE: Sacks et al. (1994).
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consumer and industry direction for the application of emerging tech-
nologies, and product developers can find commercialization assistance.

The use of the Internet is central to CATN, particularly because of the
Internet’s multimedia accessibility capabilities for people with disabili-
ties. The CATN Internet’s communication coordination facilitates and
demonstrates the distribution and translation of assistive technology
transfer requests or “cases” between consumers–providers and the engi-
neers, researchers, and product developers.

ABLEDATA

The National Rehabilitation Information Center (NARIC) is an infor-
mation service established by NIDRR in 1979. NARIC attempts to collect
and disseminate publications and material pertinent to disability issues,
as well as the results of federally funded research projects; NARIC acts as
a library in that regard. Another information resource is ABLEDATA, is a
national database that contains descriptions of some 22,000 commercially
available assistive devices and new designs for accessibility. This pro-
vides the opportunity to link companies, universities, or individuals who
have new rehabilitation equipment with others who need those products.
Both ABLEDATA and NARIC provided information on disk and cassette,
in large print, in braille, and over the Internet. Staff members of both
projects can assist with a search if necessary. However, the utility of
NARIC and similar approaches is largely unknown, and should be sub-
jected to scientifically acceptable cost-benefit analyses.

CONCLUSIONS AND RECOMMENDATIONS

One of the major objectives of rehabilitation science and engineer-
ing research is to develop interventions that effectively limit disabling
conditions and the environmental factors that contribute to the dis-
abling process. Accomplishing this will require an effective dissemi-
nation of knowledge, both to consumers and to others who can de-
velop products and services. Barriers to such dissemination include:
(1) limited research, and (2) even more limited mechanisms for tech-
nology transfer. In contrast to other medically oriented technology
transfer methods, rehabilitation science and engineering requires
transfer mechanisms that go beyond physicians to include the spec-
trum of rehabilitation professionals, as well as people with disabling
conditions and their families, architects, engineers, and policy makers
(including elected officials, insurers, and administrators).

The following recommendations are presented to facilitate the devel-
opment of technology transfer mechanisms that will improve the commu-
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nication among relevant disciplines, bring consumers appropriately into
the research process, and facilitate the translation of research from the
bench to the consumer.

Recommendation 8.1 Mechanisms for the transfer of rehabilitation
technology should be enhanced to ensure that consumers have access to
the knowledge and technology generated with federally funded reha-
bilitation research. This includes developing models of technology
transfer that involve local medical agents (including therapists, nurses,
and physicians), particularly in underserved areas of the country.

Recommendation 8.2 Mechanisms should be developed to foster an
evidence-based paradigm of rehabilitation practice, driven by scien-
tifically based models that are tested or testable through clinical
research. To assist in the development of this paradigm, a standard-
ized database should be developed that allows for the characteriza-
tion of the national variability in the provision of rehabilitation
services. Characteristics of this paradigm would include:

• effective intervention strategies that have been validated in out-
comes and/or process-oriented research;

• reliable and responsive measures of impairments, functional limi-
tations, disability, and quality of life that have predictive value
for outcomes and which will promote standardization of rehabili-
tation services;

• patients and clients who are empowered with a greater ability to
manage the long-term consequences of disabling conditions; and

• technology transfer mechanisms that provide incentives for prac-
titioners to conform to best practice standards. At minimum, those
health care programs that the federal government is currently in
charge, including Medicare, Medicaid, VA, and CHAMPUS (Civil-
ian Health and Medical Program of the Uniformed Services) should
provide clear stipulations for practitioners to conform to best prac-
tice standards as they design and implement programs to meet the
patients’ or clients’ needs.

Recommendation 8.3 Consumers with potentially disabling condi-
tions should be involved, whenever possible, throughout the process
of research design, technology development, and dissemination to
ensure that researchers understand the issues faced by consumers as
they live their lives with disabilities.
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Recommendation 8.4 More clinical research is needed to foster the
development of rehabilitation science that can guide practice. This
research must be equivalent in rigor, prestige, and funding to basic
and other medical sciences. This includes but is not limited to more
clinical outcomes studies. In particular, clinical research on func-
tional limitations, disability, and the environment are needed to help
guide clinical decisions.

Recommendation 8.5 The federal government should not allow pay-
ers to limit rehabilitation research conducted in the context of care.
Such restrictions will impede the progress of medical research that is
necessary to improve the health of the public and reduce the cost of
care.

Recommendation 8.6 Clinical practice guidelines should be devel-
oped by the federal government that include not just diagnosis-
related guidelines but also guidelines for rehabilitation of impair-
ments, functional limitations, and disabilities.

Recommendation 8.7 University and federal researchers should seek
partners in private industry to cooperate on the research and devel-
opment of technologies that can ultimately benefit people with dis-
abling conditions.

Recommendation 8.8 More rehabilitation-related research should be
published in the peer-reviewed literature. Making material available
on the Internet or directly to the public does not relieve rehabilita-
tion scientists and engineers of their obligation to submit their work
to peer-review.
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9

Education and Training in
Rehabilitation Science and Engineering

This chapter examines education and training as it prepares scientists
and engineers to contribute to rehabilitation science and engineering and
the status of current support and opportunities for such education and
training. The chapter first outlines the committee’s findings regarding the
present status and need for the organization of a more widely recognized
field of study, but not a new profession, of rehabilitation science and
engineering. This is followed by a summary of the major sources of fed-
eral support for training in rehabilitation and opportunities in training
and education among the practices and disciplines of rehabilitation. Fi-
nally, based on an analysis of the current status and needs, the committee
presents several recommendations that are designed to encourage inter-
disciplinary education and training, and expanded capacity in the field.

THE FIELD OF REHABILITATION
SCIENCE AND ENGINEERING

As a part of its task, the committee considered the status and
needs for education and training related to research in rehabilitation
science and engineering,* and the potential need for a new discipline.

*As defined in Chapter 1, the committee uses the term rehabilitation science and engineering
to emphasize the importance of both science and engineering in advancing rehabilitation
efforts and addressing the needs of people with disabling conditions.
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In doing this, the committee considered historical examples and ratio-
nale for the establishment and growth of other fields. It also consid-
ered the differences between academic and scientific fields of study
and professional disciplines.

Assessing the Field

In analyzing the current state of knowledge and education related to
rehabilitation science and engineering, the committee came to three initial
observations. First, rehabilitation-related research is conducted within a
variety of disciplines, and although this research is integral to each disci-
pline, it is not dominant. Second, each of the separate existing disciplines
has complementary and distinct perspectives on disability and rehabilita-
tion, yet all address the enabling–disabling process as a fundamental con-
cept. The third observation is that the research in the separate health,
health professional, and engineering disciplines, although complemen-
tary, is not optimally interfaced or balanced. A distinct field of study—
one that would contribute to other disciplines but that gives a conceptual
structure across disciplines—could be beneficial if it enhances the current
research, stimulates innovations, and coordinates the growth of knowl-
edge. The following sections discuss each of these three findings.

Rehabilitation-Related Research in Existing Disciplines

The committee found that the existing health professional disci-
plines generate and use rehabilitation-related knowledge as the basis
for preparing practitioners and delivering services. Many health pro-
fessional disciplines participate in generating knowledge relevant to
rehabilitation and the prevention of disability in the presence of dis-
abling conditions. The most prolific and productive professional dis-
cipline in this regard is medicine and its subrealm of physical medi-
cine and rehabilitation. Physical medicine and rehabilitation has also
successfully coordinated with engineering in generating new knowl-
edge and clinical therapeutic devices. Rehabilitation-related research
is conducted from the perspectives of the disciplines of nursing (reha-
bilitation nursing), physical therapy, occupational therapy, and other
health care professions. In each case, the professional disciplines all
conduct research that contributes not only to their profession but also
to the field of rehabilitation science and engineering. In each of these
disciplines, however, rehabilitation-related research represents only a
subset of knowledge and activity. Other areas of research are often
more dominant in these disciplines, such as those related to acute
illnesses, primary prevention of acute illnesses, health promotion, pro-
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fessional issues, or ethical issues related to health care. Thus, rehabili-
tation-related research, although integral to each discipline, is not
dominant.

Multiple Perspectives on a Common Goal

The committee’s second observation about the state of rehabilitation-
related research was that each of the separate health professional, basic
science, and engineering disciplines has complementary yet distinct per-
spectives on disability and rehabilitation reflecting the practical aims of
the discipline. Medicine, for example, has pioneered the application of
biological, medical, and engineering sciences in the elucidation of the
pathological and pathophysiological bases of disabling conditions. The
therapies developed by medicine are directed primarily toward prevent-
ing, treating, or ameliorating disease and the manifestations of disease
that underlie disabling conditions. Medicine has developed innovative
and effective therapies for reversing or compensating for losses in human
functional capacity as a result of disabling conditions and disease. Medi-
cal therapies usually involve interventions directed toward the individual
person. This success of medicine has been accomplished in part by the
joining of forces of medical scientists with engineering scientists to de-
velop assistive devices that replace body structures (e.g., artificial limbs),
replace normal organ function (e.g., cardiac pacemaker), create changes
in the physical environment to allow for independent living (e.g., smart
environments), and prevent secondary conditions (e.g., pressure-con-
trolled seats).

Engineering science has focused primarily on manipulation of the
physical environment and development of assistive devices for use by
medicine. Physical therapy emphasizes preservation and recovery of
joint and muscle function for performing tasks related to independent
living. Occupational therapy emphasizes a client-centered approach
to help individuals gain skills and modify environments so that indi-
viduals with disabling conditions can perform the tasks and activities
of self-maintenance and work. Nursing interventions are intended to
promote health and optimize performance of activities of daily living,
an independent and autonomous lifestyle, and achievement of overall
comfort and well-being, despite the continued presence of disease
and functional limitations.

Public health adds yet another perspective in developing the meth-
ods and knowledge to view disability and rehabilitation from a popula-
tion perspective as opposed to the individual person- and person–envi-
ronment-based foci of the preceding examples. Public health also offers
knowledge for evaluating the cost-effectiveness of care and health pro-
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motion at the population level. Thus, the knowledge generated through
public health research is important to changing the attitudinal and gen-
eral societal views of disability and to changing health care policy. The
other health-related disciplines (speech-language pathology, audiology,
recreation, etc.) have similar distinct perspectives and research emphasis
areas that are important to providing an understanding of disability and
rehabilitation.

In each of these examples, it is evident that respective disciplines
are investigating the same subject: the enabling-disabling process. The
health professional disciplines and engineering are the primary sites
for the integration of knowledge from the basic sciences (the physical,
biological, social, and behavioral sciences) into conceptualizations that
result in effective and innovative clinical interventions that constitute
the basis of the enabling process. As explained in Chapter 3, this pro-
cess encompasses (1) minimization of environmental barriers to inde-
pendent functioning and (2) maximization of autonomous, indepen-
dent functioning of the person in the face of a disabling condition(s).
Because of this, the breadth of perspectives is essential in addressing
the concerns of consumers and society. Some consumers request that
disability be “demedicalized” by focusing on altering the social and
physical environments for people with disabling conditions. Some
consumers want to be cured. Society in general expresses a concern
for the use of cost-effective strategies including prevention and rever-
sal of functional limitations of people with disabling conditions. Each
discipline, then, contributes to the process that addresses these mul-
tiple requests, concerns, and mandates. Although each discipline ap-
proaches the enabling–disabling process from its own area of exper-
tise, ultimately they unite in the common goal of promoting health
and preventing disease and disability in people with disabling condi-
tions. This is the essence of rehabilitation science and engineering and
a major reason that academic and scientific structure needs to orga-
nize the field of rehabilitation science and engineering.

Integrating the Multiple Perspectives

The third major finding of the committee is that the research in the
separate health, health professional, and engineering disciplines, although
complementary, is not optimally interfaced or balanced. This is especially
noteworthy given that people with disabling conditions are demanding
access to changes and interventions that range from reversal of the pa-
thology (i.e., cure) to removal of all environmental constraints and barri-
ers without altering the person with the disabling condition. There is a
clear consumer mandate for options allowing personal choice and a pro-
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vider mandate for cost-effective approaches. These mandates challenge
the disciplines to build a balanced, coordinated, and broad scope of re-
search. Research and core knowledge of this scope and balance are un-
likely to emanate from the separate health, basic science, and engineering
disciplines now conducting rehabilitation-related research without a
mechanism to view each discipline’s contribution within the context of an
organizing situation, such as that offered by a field of study.

As mentioned above, a wide range of health care professionals is neces-
sary to address the needs of people with disabling conditions and to prevent
primary and secondary disabling conditions. Furthermore, changes in the
health care delivery system show trends toward the greater use of primary
care providers (including physicians, therapists, and nurse practitioners),
multidisciplinary professional health care teams, and case management of
clients by nonphysicians and diminished access to specialists. These forces
do not call for a new type of rehabilitation clinician or practitioner; the roles
and licensure of existing health care providers are established and comple-
mentary. There is, however, a growing need for better integration of the
health care disciplines in the rehabilitative processes. This requires a com-
mon knowledge base upon which other disciplines can build. The commit-
tee sees an increased need for rehabilitation-related education in and across
all existing health care professions so that knowledge pertaining to rehabili-
tation science and engineering can be integrated into the knowledge base of
all general and primary care providers.

Assessing the Need for a New Discipline

The number and nature of disciplines have changed over time with
the emergence of new disciplines, the merging of existing disciplines, and
the loss of disciplines due to obsolescence of the knowledge (Flint, 1975).
The committee explored the need for a new discipline of rehabilitation
science and engineering with the understanding that new disciplines of-
ten are recognized as fields of study until their structure is well-estab-
lished and organized. The process of organizing a new field of study
usually stimulates the increased and coordinated generation of knowl-
edge by scholars and researchers. This developmental perspective of the
creation of new scientific disciplines guided the committee’s evaluation,
conclusions, and recommendations regarding the need for academic and
scientific structure in the field of rehabilitation science and engineering.

The Nature of a Discipline

The nature of academic and scientific disciplines is to coordinate,
emphasize the importance of, and stimulate research. By having a con-
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ceptual structure, disciplines provide an opportunity to coalesce the
knowledge in a given field. Anthropology is an example from more than
a century ago (Flint, 1975). A more contemporary example is the neuro-
sciences, although this is more correctly considered to be an affinity group
by most in the field. In both cases, however, the new science overlapped
parts of the disciplinary matrix of existing disciplines; this did not neces-
sitate removal of content or research from any existing disciplines.

Rehabilitation science and engineering is and should continue to be a
part of the research in each of the contributing scientific, professional, and
engineering disciplines. The existence of separate health professional and
engineering disciplines represents an opportunity to generate and inte-
grate knowledge for practice and to prepare the appropriate mix and
numbers of health care team members knowledgeable in rehabilitation
science and engineering for the emerging managed health care system.
Still, it is necessary to understand the nature of the field as proposed here.
Rehabilitation science and engineering is a scientific and academic field of
study—but not a professional discipline—whose purpose is to generate
new knowledge for use by professionals and consumers. Although reha-
bilitation science and engineering is not yet at a stage where it could call
itself a discipline, the committee believes it to be an emerging field of
study that could evolve into a discipline.

Scientific Disciplines Disciplinary syntax, that is, the methods and cri-
teria for the acceptance of knowledge (Schwab, 1964), is the basis for distin-
guishing the sciences from the arts and humanities. Scientific disciplines use
rigorous, objective methods and criteria to determine acceptable knowledge
because they embody knowledge that is generalizable, predictable, and in
the form of general laws describing the nature or behavior of events or
phenomena. The sciences share a common assumption that some degree of
predictability and order exists in the phenomena that make up the world
and the universe (Flint, 1975). Empiricism, as a philosophy of science, uses
the syntax of the rehabilitation-related scientific disciplines. Empiricism has
evolved over time and was significantly changed into its modern form by
Thomas Kuhn (1962). Kuhn characterized science as problem solving (Kuhn,
1979) rather than the means to absolute truth and emphasized the impor-
tance of prevailing paradigms, or world views, and revolutionary changes
in paradigms (Kuhn, 1962). Contemporary empiricism requires deductive
reasoning, objectivity, theoretical models, and substantiation of theoretical
claims by observable or detectable and measurable phenomena (Cronbach
and Snow, 1977; Serlin, 1987).

The committee considers rehabilitation science and engineering to be
a field of study that fits well in the context of the existing scientific disci-
plines and within the context of contemporary empiricism.
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Academic Versus Professional Disciplines Disciplines that are
purely academic differ from those with a professional component
(Donaldson and Crowley, 1978). Disciplines in both categories are sci-
ences by virtue of their syntax. The distinction between academic and
professional disciplines has to do with the intended use of the knowledge
and the resultant requirements for the disciplinary theoretical matrix. The
primary aim of an academic discipline is to elucidate and understand
phenomena. Basic research in the academic disciplines is discovery for
discovery’s sake, and applied research is discovery of the applicability (i.e.,
real-world practicality) of the knowledge. In contrast, the professional
disciplines (e.g., medicine, nursing, speech-language pathology, audiol-
ogy, and occupational and physical therapy) have practical aims and gen-
erate knowledge to serve as the basis for service delivery. Professional
disciplines discover how to use knowledge in the real world. The profes-
sional disciplines deal with the actual implementation of knowledge in a
practical sense (Donaldson and Crowley, 1978). Prescriptive theories are
thus the scientific basis for the clinical therapeutic interventions used by
health care professionals.

Academic disciplines have educators and research scholars, whereas
professional disciplines alone additionally have practitioners who use the
knowledge to provide service and to influence the use of societal re-
sources and implementation of policies addressing professional issues
(Donaldson and Crowley, 1978). The academic versus professional disci-
plinary status of rehabilitation science and engineering was an important
consideration for the committee. Ultimately, it was agreed that rehabilita-
tion science and engineering should not be developed into a new profes-
sional discipline—neither is it an academic or scientific discipline. Reha-
bilitation science and engineering is, however, emerging as an organized,
multidisciplinary field of study and as such makes unique contributions
to the health, productivity, and quality of life of people with disabilities.
Rehabilitation science and engineering also has the capacity to evolve into
an academic and scientific discipline that will further enhance the growth
(scope and balance) of knowledge and allow for a new perspective of
rehabilitation, perhaps transcending and crosscutting the perspectives of
the existing basic and applied sciences and professional disciplines.

Defining the Field of Rehabilitation Science and Engineering

The findings presented above led the committee to conclude that the
organization of rehabilitation science and engineering as a field of study
is key to stimulating innovations and coordinating the growth of knowl-
edge emanating from rehabilitation-related research. The field is ripe for
major advances through coordinated research efforts and the field’s broad
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perspective of rehabilitation, engineering, and disabling conditions. Ex-
panding research in the field is likely to provide the knowledge to re-
spond to the needs of consumers with disabling conditions, health care
providers, and policy makers. The developing field of rehabilitation sci-
ence and engineering needs to be responsive to all of these mandates.

The Purpose of Rehabilitation Science and Engineering

Organizing rehabilitation science and engineering as a defined field
of study that is more widely accepted as such should help generate new
knowledge for use by professionals and consumers. As a science, rehabili-
tation science and engineering would crosscut and share with, rather than
subsume or replace, research emphases in the existing health and engi-
neering disciplines. This field would also identify and address gaps in
knowledge and provide direction for multiperspective research and ser-
vice unlikely to be accomplished within the separate, single-perspective
health and engineering disciplines. Rehabilitation science and engineer-
ing could offer its own doctorate or provide a graduate minor curriculum
for doctoral students in other programs.

The knowledge generated within the field of rehabilitation science
and engineering can be used as a basis for practice by all health care
professionals and can serve to train researchers in separate disciplines.
Thus, a physician, nurse, physical therapist, occupational therapist, pub-
lic health officer, basic scientist, or engineer might receive a part of his or
her research training in rehabilitation science and engineering; this could
be as a predoctoral or postdoctoral fellow. Rehabilitation science and en-
gineering will create organizational units that can also serve as centers of
excellence and training to expand the resources and services of the exist-
ing rehabilitation-related disciplines. The knowledge generated from the
science should provide information to guide service delivery, support
policy development, and propose strategies that will improve the lives of
people with disabling conditions and their families.

Developing Paradigms in Rehabilitation Science and Engineering

As an emerging field of study, rehabilitation science and engineering
operates under few accepted paradigms. Paradigms, defined as “univer-
sal achievements that for a time provide model problems and solutions to
a community of practitioners,” guide research and unite the ideas and
terminology of a scientific field (Kuhn, 1962). The absence of paradigms
in rehabilitation science and engineering should not be looked upon nega-
tively; it is a state that all sciences pass through. When this is the case,
however, agreement on the direction of action is difficult. Kuhn says, “In
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the absence of a paradigm or some candidate for paradigm, all of the facts
that could possibly pertain to the development of a given science are
likely to seem equally relevant” (Kuhn, 1962). Without paradigms, fact
gathering tends to be random and to lack direction, and one practitioner’s
ideas are as valid as any other’s. Kuhn suggests that when this is the case,
practitioners write books to present their own views and that the material
is often directed as much toward other schools of thought (or other prac-
titioners) as toward the topic under consideration.

Is it practical to think that some aspects of rehabilitation can become a
mature science? The process requires placing stronger emphasis on em-
pirical knowledge through experimentation, case studies, and informa-
tion gathering to learn how to best address the problems faced by people
with disabling conditions. Ultimately, a global paradigm for rehabilita-
tion science and engineering may never develop, but smaller areas, such
as locomotion science, movement science, occupational science, nursing
science, and others, may supplement developing or mature sciences that
are already connected with the rehabilitation field (e.g., neurosciences,
brain science, and medical science). In addition, the contributions made
by the development of rehabilitation science and engineering will lead to
more evidence-based practice in the clinical disciplines and which should
result in more effective services for people with disabling conditions.

Summary

Rehabilitation science and engineering, defined in this report as
encompassing basic and applied aspects of biology, medicine, and
engineering as they relate to restoring human functional capacity and
improving a person’s interactions with the surrounding environment,
is beginning to emerge as an organized, multidisciplinary field of
study. As a field, rehabilitation science and engineering focuses on
multidisciplinary research and provides a common knowledge base
for individuals working on a rehabilitation team. Because the com-
mittee has determined that rehabilitation science and engineering is
an evolving scientific and academic field of study, and that current
professional fields will remain, the important issue in education and
training becomes how to train researchers in an increasingly interdis-
ciplinary field and how to educate professionals in the common
knowledge of the many disciplines that make up the field of rehabili-
tation. Currently, many mechanisms exist for the purposes of provid-
ing training and education in rehabilitation science and engineering.
The following section examines those mechanisms to illustrate the
breadth of both the present opportunities and the needs in the field.
The final section of this chapter outlines some general approaches
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that will encourage the development of the field of study rehabilita-
tion science and engineering and the interdisciplinary use of new
knowledge.

SUPPORT FOR EDUCATION AND RESEARCH
TRAINING IN REHABILITATION

SCIENCE AND ENGINEERING

Support for education specific to rehabilitation science and en-
gineering is substantial in many respects. However, it is difficult to
determine accurately the extent and nature of this support. Part of the
difficulty is due to the various perceptions and definitions of rehabili-
tation and what actually constitutes rehabilitation research. In some
instances it is evident that the activities supported by programs are
within the mainstream of rehabilitation with respect to education,
training, and research, but the relative priorities and commitments
among these areas are not always evident.

National Institute on Disability and Rehabilitation Research

The National Institute on Disability and Rehabilitation Research
(NIDRR) is part of the Office of Special Education and Rehabilitative
Services of the U.S. Department of Education. NIDRR’s mission is to
contribute to the independence of people with disabling conditions.
NIDRR accomplishes this mission by funding research, demonstra-
tion projects, training, and other related activities to maximize the full
inclusion and integration of people with disabling conditions into so-
ciety. Through grants, contracts, and cooperative agreements, NIDRR
funds research designed to improve systems, products, and practices
in the rehabilitation field. NIDRR is also charged with ensuring the
widespread distribution of practical scientific and technological in-
formation in usable formats.

The research funded by NIDRR covers all aspects of disability, in-
cluding brain injury, spinal cord injury, multiple sclerosis, and back pain,
and broader areas, such as technology, accessibility, aging, service deliv-
ery, policy, ethics, recreation, and community integration. These programs
are described in detail in Appendix B.

The exact nature of the education and training varies from project to
project. In most instances project activities include the development of
curricula and the presentation of training seminars. The target audiences
are health and rehabilitation providers and people with disabling condi-
tions. The educational and training activities carried out through these
programs vary widely with respect to field, scope, content, audience,
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duration, medium, and other considerations. Education and training are
targeted to health and rehabilitation professionals, individuals with dis-
abling conditions and their families, students preparing for rehabilitation
research careers, selected segments of the general public, and prospective
employers of individuals with disabling conditions. The areas of training
and education supported range from science and engineering design ac-
tivities over an extensive range of applications to behavioral studies and
social applications. The formulation and delivery of education and train-
ing to these audiences also vary considerably and include both informal
and highly structured approaches and methods. The content areas sup-
ported by NIDRR projects reflect the widest spectrum that may be in-
ferred in the scope of rehabilitation science and engineering. However,
NIDRR supports two programs designed to train disability researchers.

Research Training Grants

The purpose of the NIDRR research training grants is to expand the
capability in the field of rehabilitation research by supporting projects
that provide advanced training in rehabilitation research. These projects
provide research training and experience at an advanced level to indi-
viduals with doctoral or similar advanced degrees who have clinical or
other relevant experience, including experience in the management of
basic science research in fields pertinent to rehabilitation, to qualify those
individuals to conduct independent research on problems related to dis-
ability and rehabilitation.

Fellowships

Fellowships, named for the late Mary E. Switzer, build future re-
search capacity. NIDRR makes awards on two levels: Distinguished fel-
lowships go to individuals of doctorate or comparable academic status
who have had 7 or more years of experience relevant to rehabilitation
research. Merit fellowships are given to people in earlier stages of their
research careers.

National Center for Medical Rehabilitation Research

The National Center for Medical Rehabilitation Research (NCMRR)
was established within the National Institutes of Health (NIH) by legisla-
tion passed in 1990. The center is a component of the National Institute of
Child Health and Human Development. The mission of NCMRR is to
foster development of the scientific knowledge needed to enhance the
health, productivity, independence, and quality of life of people with

Enabling America: Assessing the Role of Rehabilitation Science and Engineering

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/5799


228 ENABLING AMERICA

disabling conditions. This is accomplished by supporting research on en-
hancing the rehabilitation and health care of people with disabling condi-
tions and on assisting them with achieving the functional capabilities of
relevance in their daily lives. A primary goal of the center is to bring the
health-related problems of people with disabling conditions to the atten-
tion of the best scientists in the United States to capitalize on the advances
occurring in the biological, behavioral, and engineering sciences.

The research initiatives and opportunities recommended in the Re-
search Plan for the National Center for Medical Rehabilitation Research are
discussed in terms of seven cross-cutting areas in which increased re-
search effort is needed. Those areas are as follows:

• improving functional mobility;
• promoting behavioral adaptation to functional losses;
• assessing the efficacy and outcomes of medical rehabilitation thera-

pies and practices;
• developing improved assistive technology;
• understanding responses of the whole body system to physical

impairments and functional changes;
• developing more precise methods of measuring impairments, dis-

abilities, and societal and functional limitations; and
• training research scientists in the field of rehabilitation.

Research grants make up the largest category of NCMRR research
funding, but special grant categories are designed to train researchers in
the field of rehabilitation.

The First Independent Research Support and Transition Award

The goal of the First Independent Research Support and Transition
(FIRST) Award is to encourage new investigators (including those who
have interrupted early promising research careers) in basic or clinical
science disciplines to develop their research interests and capabilities in
biomedical and behavioral research and to help bridge the transition from
training status to established investigators.

To be eligible for a FIRST Award, the proposed principal investigator
must be genuinely independent of a mentor, yet at the same time must be
at the beginning stages of his or her research career, with no more than 5
years of research experience since completing postdoctoral research train-
ing or its equivalent. If the applicant is in the final stages of training, it is
permissible to apply for the award, but no FIRST Award will be made to
individuals in training. An important principle with regard to eligibility
is that the more extensive the prior independent research experiences,
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regardless of funding sources, the greater likelihood for diminished en-
thusiasm among reviewers for the FIRST Award application.

FIRST Award applications must request 5 years of research support,
and the principal investigator must commit to at least 50 percent of the
research effort. The total direct costs requested must not exceed $350,000
for the 5-year period; no more than $100,000 may be requested in any 1
year. Funds for technical support, supplies, publication costs, travel, and
equipment may be requested. The FIRST Award is not renewable, how-
ever, proposals to continue research originally supported by a FIRST
award can be submitted as R01 Research Project Applications.

Mentored Clinical Scientist Development Award

The goal of the Mentored Clinical Scientist Development Award is to
support the development of outstanding clinician-research scientists by
providing specialized study for clinically trained professionals commit-
ted to a career in research. Individuals possessing a doctoral-level clinical
degree and postgraduate clinical training are eligible for up to $50,000 per
year plus $15,000 for other support.

Institutional Rehabilitation Medicine Scientist Development Program

The Institutional Rehabilitation Medicine Scientist Development Pro-
gram provides physiatrists who recently completed their residency train-
ing with an opportunity to obtain intensive basic science experience with
a highly qualified mentor. Participants’ activities are divided into two
phases. The first phase consists of a minimum of 2 years of training with
an outstanding mentor in a basic science discipline. Thirty potential men-
tors in the fields of neuroscience, bioengineering, biomechanics, and or-
thopedics are identified by a 12-member steering committee. In the sec-
ond phase, the individual joins a sponsoring department of physical
medicine and rehabilitation at the junior faculty level for further research
skill development. NIH provides support for the first 2-year period, and
the sponsoring department supports the candidate for the last 3 years.
The program provides $50,000 in salary for full-time research effort and
$10,000 for other expenses.

Institutional National Research Service Award

The goal of the Institutional National Research Service Award is
to enable institutions to make to individuals selected by them Na-
tional Research Service Awards for predoctoral and postdoctoral re-
search training in specified shortage areas. Grant funds may be used
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for personnel, equipment, supplies, trainee stipends (both pre- and
postdoctoral), and related costs.

Postdoctoral Individual National Research Training Award

The Postdoctoral Individual National Research Training (NRTA)
Award provides postdoctoral research training to individuals to broaden
their scientific background and extend their potential for research in speci-
fied health-related areas. NRTA Awards provide stipends to postdoctoral
researchers as a subsistence allowance to help defray living expenses dur-
ing the research training experience and are based on the number of years
of relevant postdoctoral experience at the time that the award is provided.

National Research Service Awards for Senior Fellows

The National Research Service Awards for Senior Fellows provide
opportunities for experienced scientists to make major changes in the
direction of their research careers, to broaden their scientific background,
to acquire new research capabilities, to enlarge their command of an al-
lied research field, or to take time from their regular professional respon-
sibilities for the purpose of increasing their capabilities by engaging in
health-related research. The award provides up to 2 years of support at
up to $32,300 per year.

Research Supplement Awards for Underrepresented Minorities

Research Supplement Awards for Underrepresented Minorities are
administrative supplements for ongoing research projects that provide
funds to support and enhance the research capabilities of students and
investigators belonging to a particular ethnic or racial group that has been
determined by the grantee institution to be underrepresented in biomedi-
cal or behavioral research nationally. Support is provided throughout the
continuum from high school to faculty level at grantee institutions.

Research Supplements to Promote the Recruitment of Individuals with
Disabilities into Biomedical Research Careers

Research Supplements to Promote the Recruitment of Individuals
with Disabilities into Biomedical Research Careers provide funds for on-
going research projects to support and enhance the research capabilities
in biomedical research of individuals with disabling conditions. They
promote the recruitment of individuals with disabling conditions who are
interested in biomedical research along the continuum from high school
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to established investigator status, as well as established investigators who
become disabled.

National Science Foundation

The National Science Foundation (NSF) is an independent federal
agency created to promote and advance scientific progress in the United
States. NSF is responsible for the overall health of science and engineering
across all disciplines. In contrast, other federal agencies support research
focused on specific missions, such as health or defense. NSF is also com-
mitted to ensuring the nation’s supply of scientists, engineers, and science
educators. NSF is led by a Presidentially appointed director and the Na-
tional Science Board composed of 24 scientists, engineers, and educators
from universities, colleges, industry, and other organizations involved in
research and education.

All seven directorates in NSF support individual projects related to
disabling conditions. These are typically investigator-initiated projects
that are recommended for funding during regular competitive review
cycles. NSF operates several programs dedicated specifically to research
for people with disabling conditions.

Program for Persons with Disabilities

The Program for Persons with Disabilities in the Directorate for Edu-
cation and Human Resources is dedicated to achieving full inclusion and
participation of students with disabling conditions in science and math
studies and in career development opportunities in science, engineering,
mathematics, and technology. Many of the projects focus on developing
instructional materials, media, and educational technologies that are us-
able by all students.

Experimental Projects for People with Disabling Conditions

Experimental projects for people with disabling conditions provide
support for the development and demonstration of exemplary strategies
for the recruitment, education, and retention of students with disabling
conditions in science, engineering, and mathematics.

Model Projects for People with Disabling Conditions

Model projects for people with disabling conditions are designed to
promote the development and dissemination of innovative intervention
strategies to reduce the barriers that inhibit the interest, retention, and
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advancement of students with disabling conditions in science, engineer-
ing, and mathematics education and career tracks.

Facilitation Awards for Scientists and Engineers with Disabilities

Facilitation awards are an NSF-wide program that provides funding
for students and faculty with disabling conditions to obtain special equip-
ment and services needed to reduce or remove barriers so they can par-
ticipate in the research and training activities supported by NSF.

Centers for Disease Control and Prevention

The mission of the Centers for Disease Control and Prevention (CDC)
is to promote health and quality of life by preventing and controlling
disease, disability, and injury. To accomplish this mission, CDC works
with partners throughout the United States and the world to monitor
health, detect and investigate health problems, conduct research to en-
hance prevention, develop and advocate sound public health policies,
implement prevention strategies, promote healthy behaviors, foster safe
and healthful environments, and provide leadership and training.

The Disabilities Prevention Program, located within the National Cen-
ter for Environmental Health, has two major goals: (1) to reduce the inci-
dence and severity of primary and secondary disabling conditions and (2)
to promote the independence and productivity of people with disabling
conditions and to further their integration into the community. Similarly,
the National Center for Injury Prevention and Control (NCIPC) has as its
goal the reduction of the incidence and severity of adverse outcomes
(including secondary conditions) among injured individuals, with a spe-
cial emphasis on traumatic brain injury and spinal cord injury. To accom-
plish this goal NCIPC: (a) establishes population-based injury surveil-
lance systems, (b) develops population based outcomes surveillance
systems, (c) identifies risk factors for adverse outcomes, and (d) develops
community-based interventions to prevent adverse outcomes including
secondary conditions.

CDC offers several opportunities for research, education, and train-
ing. The Epidemic Intelligence Service (EIS) is a 2-year program of train-
ing and service in applied epidemiology including infectious and chronic
diseases, nutrition, reproductive health, injuries including those that oc-
cur as a result of violence, environmental health, and occupational health
and safety. Each year 60 to 70 people are selected for the EIS program. The
majority are physicians and include those in specialties such as preven-
tive medicine and occupational medicine, but participation of profession-
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als from other fields is increasing. EIS includes doctoral-level epidemiolo-
gists, statisticians, and nurses.

CDC also offers a Postdoctoral Research Associates Program, a Visit-
ing Scientist Program, Visiting Associate Program, and a Guest Researcher
Program.

U.S. Department of Veterans Affairs

Research and development in the U.S. Department of Veterans Af-
fairs (VA) advances the diagnosis and treatment of health problems preva-
lent among patients who are veterans by applying findings of VA medical
research studies throughout the hospital system. The scope of the VA-
funded research portfolio extends from basic laboratory research on the
cause, treatment, and cure of a variety of diseases and disorders to funda-
mental clinical research on patient care and management. There is em-
phasis on diseases and disorders affecting veterans, but the results are
applicable to the health care of all Americans. VA is not a granting agency,
but rather funds an intramural program for investigators at VA medical
centers. The VA program encompasses three areas of research and devel-
opment: medical research, health services research and development, and
rehabilitation.

The VA rehabilitation research and development program inte-
grates the multiple disciplines of science, engineering, and medicine
to investigate and develop concepts, processes, and products that di-
rectly meet the special needs of veterans with disabling conditions.
Scientific investigation is carried out in areas of physical orientation,
mobility, and manual skills enhancement, spinal cord injury; pros-
thetics, amputation management, and orthotics, communication; cog-
nition; auditory and visual sensory aids; vocational placement; and
recreational opportunity. Priority emphasis is given to those investi-
gator-initiated studies whose results benefit veterans with war-related
injuries. Current special emphasis areas are

• orthopedics: prosthetics, orthotics, and amputation management;
• neurology: spinal cord injury, traumatic brain injury, and nerve

injury;
• communications, cognition, and sensory aids: vision, audition,

speech, and deglutition; and
• disabling conditions and conditions associated with aging: cardio-

respiratory, metabolic, muscular, skeletal, and stability conditions.

VA investigators are guided by letters of information stating the
current foci within these priority areas. Internal letters of information
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are developed through strategic planning workshops with the partici-
pation of rehabilitation clinicians and researchers, as well as users of
rehabilitation technology.

VA currently operates four training and support programs, each tar-
geting several different levels of investigators. Clinician investigators are
trained either in the Medical Research Service or in the Health Services
Research and Development Service Career Development Programs. Basic
scientists are supported in Medical Research Service and Health Services
Research Development Research Career Scientist Programs. VA recently
completed a review of its research and training programs by the Research
Realignment Advisory Committee (RRAC). This committee reviewed the
restructuring of the VA system from a medical center-based system to a
system based on integrated service networks, the current demographics
of patients in VA medical centers, and the structure and function of the
three VA research services (medical, health services, and rehabilitation),
including the various training and career development programs associ-
ated with these research programs.

In a review draft released June 26, 1996, RRAC recommended that
the Rehabilitation Research Service and Development Service con-
sider a career development program similar in structure and funding
to those in the Medical Research Service and Health Services Research
and Development Service Career Development Programs. This career
development program would include clinician-scientist career devel-
opment consisting of three levels of awards: an entry level and two
higher levels corresponding to an assistant professor and a more se-
nior investigator. The Research Career Scientist Program would pro-
vide support for the recruitment and retention of basic science inves-
tigators. Career scientist awardees would be expected to seek
extramural salary support and would be reviewed annually. Annual
reviews should encourage excellence in at least two of the following
three areas: VA service on committees, organized activities that con-
tribute to clinical interest and the intellectual climate at the local VA
medical center, and mentoring, including coauthorship of papers and
grants.

PROFESSIONAL REHABILITATION
EDUCATION AND TRAINING

Each profession within the scope of rehabilitation science and engi-
neering maintains its own credentialing system for practitioners and an
accrediting body for professional education. The following is a brief over-
view of current educational and certification requirements for rehabilita-
tion practitioners.
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Physical Medicine and Rehabilitation

Physical medicine and rehabilitation, also referred to as rehabilitation
medicine or physiatry, is the primary medical specialty concerned with
evaluating, diagnosing, and treating patients with disabling conditions
that involve the musculoskeletal, neurological, cardiovascular, or other
body systems. There are physicians in the fields orthopedic surgery and
neurology who have received rehabilitation training. The primary focus
of rehabilitation medicine is on maximal restoration of physical, psycho-
logical, social, and vocational function and on evaluation of pain. For
diagnosis and evaluation, a physician may include the techniques of elec-
tromyography and electrodiagnosis as supplements to the standard his-
tory and physical, X-ray, and laboratory examinations. In addition to tra-
ditional treatment modes, specialists in rehabilitation medicine may use
therapeutic exercise, prosthetics, orthotics, and mechanical and electrical
devices. Physiatrists are certified by the American Board of Physical Medi-
cine and Rehabilitation through the administration of written and oral
examinations that assess candidate performance in basic sciences and
clinical aspects of rehabilitation practice. Upon approval of the applica-
tion and the candidate’s successful completion of the examinations, the
board grants a certificate to the candidate. The recipient of the certificate
is known as a certificant or a diplomate of the American Board of Physical
Medicine and Rehabilitation. In addition, an application and examination
process are being developed for certification of special qualifications in
spinal cord injury medicine.

The specialty of physical medicine and rehabilitation has 79 accred-
ited residency programs. In 1994–1995 the training programs offered 1,313
residency positions, and 1,277 (97 percent) of these were filled. The board
has given written and oral examinations annually since 1947 and has
certified 4,940 physicians as diplomates; 2,562 of these have been certified
in the past 10 years, with 298 certified in 1995.

Rehabilitation Engineering

Although the baccalaureate degree is most common in engineering
practice, many engineers obtain master’s degrees after they go into prac-
tice in order to specialize or to change career directions. Practicing bio-
medical engineers frequently have master’s degrees. The doctorate has
become more prevalent in engineering since the late 1950s and is still
regarded as a research degree although that view has changed somewhat
over the last few years as persons with doctoral degrees have become
involved at decision-making levels related to development, implementa-
tion, or acquisition of new technologies. Engineering schools still empha-
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size practical application, uniting hand skills and intuitive knowledge
with the precision of mathematics and the physical sciences. This blend-
ing of the practical and the theoretical was beneficial to good, practical
engineering. Sometimes this creative kind of union of the practical and
theoretical appears in individual persons, and sometimes it comes about
mainly through design teams.

Future rehabilitation engineers who provide service to clients
probably will need either education at least to the master’s level in
engineering, dual education in engineering and in a rehabilitation
specialty (e.g., Physical Therapy, Occupational Therapy, Prosthetics
or Orthotics, etc.), or specialized advanced degrees in rehabilitation
science and engineering. Research in rehabilitation engineering will
be led largely by engineering doctorates, doctorates dually educated
in engineering and in rehabilitation (e.g., Physical Medicine and Re-
habilitation or Occupational Therapy), or those with advanced de-
grees in rehabilitation science. Education programs will also need to
have counterpart programs that foster the development of technical
personnel in the rehabilitation field. Much of the practical day-to-day
aspects of rehabilitation technology can be sustained by highly skilled
people with appropriate technical backgrounds.

Rehabilitation Nursing

Professional schools of nursing prepare nurses for general practice in
a variety of settings including the community. Graduates receive a bacca-
laureate degree from colleges or universities whose nursing program(s) is
accredited by the National League for Nursing (NLN). Advanced practice
nurses (clinical specialists, nurse practitioners) complete requirements for
a master’s degree in a given clinical area such as rehabilitation nursing
(accredited by NLN). Doctoral nursing programs prepare nurses in theory
and research to increase the body of nursing knowledge and practice.

In addition to the academic requirements for the levels of nursing
practice, nurses may sit for a certification exam in rehabilitation. The
Certified Rehabilitation Registered Nurse (CRRN) certification program
was developed by the Association of Rehabilitation Nurses and is di-
rected and implemented by the Rehabilitation Nursing Certification
Board. The CRRN certification program has grown every year since its
inception in 1984, and more than 12,400 rehabilitation nurses hold the
CRRN credential. The goals of the CRRN program are to promote exper-
tise in rehabilitation nursing, provide a standard for recognizing qualifi-
cations, and validate specialized knowledge to enhance the care of people
affected by disabling conditions and chronic illness. Registered nurses
with a minimum of 2 years of work experience as a registered profes-
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sional nurse in rehabilitation nursing within the previous 5 years are
eligible to take the examination. The certification is valid for 5 years.
Renewal or certification may be obtained by reexamination or by achiev-
ing points of credit through a combination of continuing education, for-
mal course work, professional publication, presentations, or submission
of test items for the CRRN examination.

Assistive Technology

Rehabilitation Engineering and Assistive Technology of North
America (RESNA) administers a credentialing program for rehabilitation
professionals involved in assistive technology or rehabilitation engineer-
ing service delivery. Individuals with degrees in rehabilitation science
who, in addition, have work experience related to assistive technology
are eligible to take the credentialing examination. A rehabilitation science
degree is defined as a degree in one of the following: occupational therapy,
physical therapy, speech or language pathology, special education, medi-
cal doctor, nursing, rehabilitation counseling, orthotics, or prosthetics.
RESNA offers two credentials: assistive technology practitioner, for service
providers most frequently involved in a assessment of a consumer’s need
or training in the use of a particular device, and assistive technology sup-
plier, for service providers most frequently involved in the sale and ser-
vice of assistive technology devices. Requirements for credentialing are a
combination of education, field of study, and work experience specific to
client service in the area of assistive technology. RESNA’s Rehabilitation
Engineering Professional Specialty Group is in the process of developing
the requirements for a rehabilitation engineer credential.

Rehabilitation Counseling

The Council on Rehabilitation Education (CORE) is a not-for-profit
corporation that is the accrediting body for master’s degree programs in
rehabilitation counselor education. The purpose of CORE accreditation of
rehabilitation counselor education programs is to promote the effective
delivery of rehabilitation services to individuals with disabling condi-
tions by promoting and fostering continuing review and improvement of
master’s degree-level rehabilitation counselor education programs. An-
other goal is to meet the personnel needs of both public and private reha-
bilitation agencies by providing graduates who have the skills, knowl-
edge, and attitudes necessary to provide rehabilitation counselor services
to individuals with physical, mental, or emotional needs. There are 84
accredited master’s degree programs in rehabilitation counselor educa-
tion.
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Physical Therapy

Physical therapy exams, treats, and instructs individuals in methods
to correct, alleviate, and limit physical disability. Physical therapy, which
is the care and services provided by or under the direction of a physical
therapist, includes the following activities:

1. Examining and evaluating individuals with impairment, functional
limitation, and disability or other health-related conditions to determine a
diagnosis, prognosis, and intervention. The tests and measures used may
include assessment of functional capabilities in self-care and home man-
agement and in work, community, and leisure activities; balance and
locomotion abilities; musculoskeletal, neuromuscular, cardiopulmonary,
and integumentary systems; sensory and neurophysiologic functions (e.g.,
by electromyographic and motor nerve conduction testing); pain; need
for and use of assistive, adaptive, orthotic, protective, supportive, or pros-
thetic devices; and environmental barriers.

2. Alleviating impairment, functional limitation, and disability by
designating, implementing and modifying therapeutic interventions that
may include patient-related instruction; therapeutic exercise; functional
training in self-care and home management and in community, work,and
leisure activities (including activities of daily living, instrumental activi-
ties of daily living, work hardening, and work conditioning); manual
therapy techniques (including mobilization and manipulation); prescrip-
tion, application, and, as appropriate, fabrication of assistive, adaptive,
orthotic, protective, supportive, or prosthetic devices and equipment; air-
way clearance techniques; wound management; and electrotherapeutic,
physical, and mechanical modalities;

3. Preventing injury, impairment, functional limitation, and disabil-
ity, including the promotion and maintenance of fitness, health, and qual-
ity of life in all age populations.

4. Engaging in consultation, education, and research.

As of October 1996, the United States had 155 accredited physical
therapy programs (48 at the bachelor’s level, 102 at the master’s level, 2 at
the doctor of physical therapy level, and 195 accredited physical therapy
assistant programs. The Commission on Accreditation in Physical
Therapy Education of APTA determines the accreditation status of educa-
tion programs for the physical therapist and physical therapist assistant.
To meet the increasing need for qualified faculty, APTA recently initiated
a program to support doctoral education for qualified physical therapists.

According to APTA, the United States has an estimated 97,000 li-
censed physical therapists. Of this number, 74 percent (71,780) practice
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full time, 19 percent (18,430) practice part time, and 7 percent (6,790) are
not practicing or are retired. Thus, the current supply of physical thera-
pists is estimated to be 90,210.

Occupational Therapy

Occupational therapy uses selected tasks and activities to restore,
reinforce, and enhance performance in people with disabling conditions
by facilitating learning of those skills and functions essential to help an
individual adapt and achieve the capacity to perform with satisfaction to
self and others those tasks and roles essential to productive living and to
the mastery of self and the environment.

Occupational therapy serves a diverse population in a variety of set-
tings such as hospitals and clinics, rehabilitation facilities, long-term care
facilities, extended care facilities, industry sheltered workshops, schools
and camps, private homes, and community agencies. Occupational thera-
pists both receive from and make referrals to appropriate health, educa-
tional, or medical specialists.

The National Board for Certification in Occupational Therapy is the
credentialing organization for occupational therapists. To become a regis-
tered occupational therapist, an individual must (1) be a graduate of an
accredited occupational therapist education program and have success-
fully completed all therapist-level field work required by the education
programs (but not less than 6 months) and (2) have successfully com-
pleted the certification examination for registered occupational therapist.
There are currently 71,335 registered occupational therapists in the United
States, and of these, the estimated workforce is 47,785 (Health Policy Al-
ternatives, Inc. 1996).

The Accreditation Council for Occupational Therapy Education of the
American Occupational Therapy Association accredits programs for occu-
pational therapists. The council establishes, maintains, and promotes appro-
priate standards of quality for educational programs in occupational therapy
and provides recognition for educational programs that meet or exceed the
minimum standards. The standards are used for the development, evalua-
tion, and self-analysis of baccalaureate and postbaccalaureate entry-level
professional occupational therapy programs.

Orthotics and Prosthetics

An orthotist provides care to patients with congenital or traumatic
disabling conditions of the musculoskeletal structure of the body by evalu-
ating, designing, fabricating, fitting, and aligning braces knows an
orthoses. A prosthetist provides care to patients with a partial or total
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absence of a limb by evaluating, designing, fabricating, fitting, and align-
ing those artificial limbs known as prostheses. There are currently 3,000
certified orthotists, prosthetists, and prosthetist-orthotists in the United
States. Education programs are accredited by the National Commission
on Orthotic and Prosthetic Education.

The American Board for Certification in Orthotics and Prosthetics,
Inc. (ABC), is a credentialing body established by the orthotic and pros-
thetic professions to identify those practitioners who have satisfied the
minimum qualifications to render public health services in these disci-
plines. ABC conducts examinations to test the competencies of those indi-
viduals engaged in or intending to be engaged in the practice of orthotics
or prosthetics who voluntarily apply for the examination process. Three
examinations are required: written, clinical patient management, and writ-
ten simulation examinations. Examination content assesses performance
in five domains: clinical assessment, patient management, technical imple-
mentation, practice management, and professional responsibility.

Audiology and Speech Pathology

The American Speech-Language-Hearing Association issues certifi-
cates of clinical competence to individuals who present evidence of their
ability to provide independent clinical services to people who have disor-
ders of communication. Individuals who meet the standards specified by
the association’s Council on Professional Standards may be awarded a
certificate of clinical competence in speech-language pathology or a cer-
tificate of clinical competence in audiology. Individuals who meet the
standards in both professional areas may be awarded both certificates.

The American Speech-Language-Hearing Association represents
87,060 members and nonmember certificate holders. There are cur-
rently 11,211 certified audiologists and 69,334 certified speech-lan-
guage pathologists in the United States. Individuals holding dual cer-
tifications totaled 1,413 in 1996, which represents a decrease for the
second consecutive year. More than one-third of audiologists are em-
ployed in a private practice setting, whereas 25 percent of speech-
language pathologists are employed in such settings. More than 50
percent of speech-language pathologists are employed in a school set-
ting and 39 percent are employed in a health care facility. Audiolo-
gists are generally employed in health care facilities (72 percent): 47
percent in nonresidential health care facilities such as physician or
audiologist offices, 23 percent in hospitals, and 4 percent in residen-
tial health care facilities. The majority of speech-language patholo-
gists (82 percent) and audiologists (80 percent) reported their primary
employment function as clinical service provider.
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ACADEMIC REHABILITATION EDUCATION PROGRAMS

The committee recommends interdisciplinary training in rehabilita-
tion science and engineering and encourages the development of aca-
demic programs that promote research training for clinicians. Building a
rehabilitation science requires highly trained professionals who can de-
velop a knowledge base that can be disseminated to consumers of re-
search and used to promote evidence-based rehabilitation practices. Fore-
most is the need for clinical trials of therapeutic interventions that rely
less on clinical experience and more on systematic investigation by using
standardized outcomes measures.

Support for rehabilitation science and engineering should be concen-
trated in environments that recognize and emphasize the interdependence
of research, clinical service, education, and training. Education and train-
ing in rehabilitation science should also recognize and address the inter-
dependence of professional disciplines serving the field of rehabilitation.

Examples of Existing Programs

Examples of such integrated academic programs include the master
of arts in disability and rehabilitation currently offered at Washington
University in St. Louis, Missouri. A doctoral program in rehabilitation
science is planned to begin in the near future. An interdisciplinary doctor-
ate program in rehabilitation science was initiated by the University of
Pittsburgh with the admission of eight students in the fall of 1995. An
additional 10 candidates were accepted to this program in the fall of 1996.
This response reflects a significant demand for advanced research degree
opportunities in rehabilitation science and engineering. The establishment
of these programs reflects a trend in doctoral level study in rehabilitation
science in the United States. Doctoral programs in rehabilitation science
are also available in Canada (e.g., University of Alberta in Edmonton,
University of Toronto, and McGill University) and in Australia (e.g.,
Curtin University in Perth). Although these programs have taken differ-
ent approaches and vary with respect to their primary areas of emphasis,
all embrace the concept of rehabilitation science as a contemporary aca-
demic discipline. The emergence of rehabilitation science and engineer-
ing education at this level seems quite consistent with the conclusions
reached by the committee.

Such programs have been initiated because health professionals are
now required to have an expanded set of skills and to work in interdisci-
plinary teams. The Pew Commission report Healthy America: Practitioners
for 2005 (1991) challenges faculty to give students a broad understanding
of the determinants of health and to prepare them to be able to work with
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others to integrate a range of services that promote, protect, and improve
the health of the public. Students must be trained to manage and use large
volumes of scientific, technological, and patient information and to ad-
dress issues spanning from basic mechanisms of cellular function to ap-
plied clinical science and policy. A rehabilitation science program is
needed to guide rehabilitation practice and shape policies that will im-
prove services and access for individuals with disabling conditions.

Programs in disability and rehabilitation provide students with ad-
vanced knowledge of the physiological, psychological, cognitive, social,
and technological mechanisms that are related to and support the perfor-
mance of individuals in everyday activities such as self-maintenance,
school, work, leisure, and interaction with others. A rehabilitation science
core curriculum of basic and advanced statistics and research design,
measurement, and policy should link knowledge from the realms of
pathophysiology, impairment, functional limitation, and disability to the
performance of individuals with or at risk of developing disabling condi-
tions. This would increase understanding of the mechanisms and issues
that affect the lives of people with disabling conditions, including their
specific health, work, cognitive, and social needs.

Rehabilitation science programs should be supported by an interdis-
ciplinary faculty with diverse and complementary areas of expertise to
build knowledge required to understand the factors that influence and
improve the function of people with disabling conditions, and prevent
unnecessary disabilities through the use of modified behaviors, technol-
ogy, and environmental support.

RECOMMENDATIONS

All recommendations related to rehabilitation science and engineer-
ing are based on the presumption that research and training in this field
will be consistent with the model of disability and rehabilitation pre-
sented in this report. In addition, it is assumed that many academic disci-
plines will be involved in these recommendations. This includes some
that are not traditionally associated with rehabilitation, including health
services research, public health, sociology, psychology, history, econom-
ics, and political science, among others.

Recommendation 9.1 Universities with extant programs in disci-
plines related to rehabilitation science and engineering should de-
velop and offer doctoral and postdoctoral education in the field of
rehabilitation science and engineering to help encourage the develop-
ment of the field and respond to the expanding research needs.
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Recommendation 9.2 The federal programs that support rehabilita-
tion-related research and training should

• tailor training grants to support professional education programs
that integrate rehabilitation science and engineering into the knowl-
edge base of primary care.

• encourage scientists from related fields to join in rehabilitation
efforts to mentor rehabilitation scientists and engineering scien-
tists in their formative years.

• develop new and improved mechanisms for enhancing multi-
perspective transdisciplinary rehabilitation-related research rep-
resenting the separate perspectives of the health professional and
engineering disciplines.

• coordinate with and develop joint efforts with programs that sup-
port training and research in the separate health professional, en-
gineering, and preclinical science disciplines, in order to facilitate
the integration and translation of rehabilitation science and engi-
neering knowledge into the full spectrum of issues related to the
health and well-being of people with disabilities, from individual
clinical care to health delivery systems to social policy reform.

Recommendation 9.3 Researchers conducting rehabilitation-related
research in the various existing disciplines should consider how their
work fits into a broader concept of rehabilitation science and engi-
neering described in this report.

Recommendation 9.4 Professional associations of rehabilitation-
related disciplines (e.g., medicine, nursing, occupational therapy,
physical therapy, speech-language pathology, prosthetics, orthotics,
neuropsychology, and rehabilitation psychology) should collaborate
in exploring opportunities to improve and enhance transdisciplinary
activities among rehabilitation professionals.
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Organization and Administration of
Federal Research Programs

As described in Chapter 1, the U.S. government has a long tradition of
establishing programs designed to aid Americans with disabling condi-
tions. Today, more than 30 distinct federal programs exist to address
either directly or indirectly the needs of people with disabling conditions.
These needs have gained renewed national attention in recent years, partly
in response to the Americans with Disabilities Act of 1990. One aspect of
this renewed attention has been a focus on rehabilitation-related research.

As part of its charge from Congress, the committee reviewed and
assessed the individual efforts of the major federal programs that support
rehabilitation-related research, as well as the combined, overall federal
effort. A series of options for improving the federal organization and
administration of rehabilitation research was developed and is presented
in this chapter as examples of what the committee considered in its delib-
erations. The chapter concludes with the committee’s recommendations
for improving the overall effort.

SCOPE OF FEDERAL RESEARCH EFFORTS

Federal expenditures in programs whose missions emphasize reha-
bilitation-related research are presented in Figure 10-1, showing that the
National Institute on Disability and Rehabilitation Research (NIDRR) has
the largest single program—accounting for 48 percent ($70 million) of the
total ($147 million). Twenty-three percent ($32 million) of the funds are
spent by the U.S. Department of Veteran Affairs (VA). The National Cen-
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ter for Medical Rehabilitation Research (NCMRR) supports 8 percent ($12
million) of the federal spending on rehabilitation-related research. The
Centers for Disease Control and Prevention (CDC) and the National Sci-
ence Foundation (NSF) support 7 percent ($9.5 million) and 5 percent
($6.5 million), respectively. Five other federal agencies and programs with
research activities focused specifically on rehabilitation spend the remain-
ing nine percent of the federal government’s rehabilitation-related re-
search funds (the U.S. Department of Housing and Urban Development
[HUD], the Office of Disability, Aging and Long Term Care of the U.S.
Department of Health and Human Services [DHHS], the Social Security
Administration [SSA], the U.S. Department of Transportation, and the
Architectural and Transportation Barriers Compliance Board).

VA 23%

NIDRR
48%

NCMRR
8%

Other
9%

CDC 7%

NSF 5%

National Institute on Disability and Rehabilitation
Research (NIDRR) $69,625,000

U.S. Department of Veterans Affairs (VA) 32,398,000
National Center for Medical Rehabilitation

Research (NCMRR)  11,707,000
Centers for Disease Control and Prevention (CDC) 9,500,000
National Science Foundation (NSF) 6,582,000

Other includes: 13,100,000
Architectural and Transportation Barriers

Compliance Board  300,000
Office of Disability, Aging, and Long-Term Care Policy  5,000,000
Social Security Administration 5,000,000
U.S. Department of Housing and Urban

Development, Office of Policy Development
and Research  100,000

U.S. Department of Transportation 2,700,000

FIGURE 10-1  Traditional view of federal spending in rehabilitation-related re-
search.
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Other federal programs support and conduct research that is rel-
evant to rehabilitation. Perhaps most notably is the NIH activity out-
side of NCMRR that is focused on a variety of areas, but that some-
times includes aspects of rehabilitation-related research (see NIH
Research Priorities and Funding, below). In addition, but on a smaller
scale, the National Aeronautics and Space Administration’s work in
engineering and space technology has had spin-offs in technology
transfer to products for people with disabling conditions, although it
does not directly fund rehabilitation research. The U.S. Department of
Energy also supports projects (e.g., in hearing, visual modalities, and
computer technology) with potential applications for people with dis-
abling conditions. The net result is a highly diverse, but potentially
complementary set of rehabilitation-related federal research activities
that includes biomedical research, technological development, engi-
neering, demonstration projects, outreach, and training.

In reviewing the scope of the federal programs, it is also important to
consider congressional oversight of the programs. The numerous federal
programs are authorized by various laws and are in the jurisdictions of
different congressional committees. The largest rehabilitation-related fed-
eral research programs, however, i.e., NIH and the U.S. Department of Edu-
cation, are both under the jurisdiction of the Labor, Health and Human
Services and Education Subcommittee. Other programs have separate com-
mittees; for example, the VA Rehabilitation Research and Development Ser-
vice is under the jurisdiction of the Veterans’ Affairs Committee, and the
Social Security Administration’s efforts are under the jurisdiction of the
Labor, Health and Human Services and Education Subcommittee. In the
U.S. House of Representatives, the programs are similarly dispersed. All
programs undergo separate authorization and appropriations processes con-
ducted by different committees in both bodies.

In assessing the overall federal effort, the committee limited its re-
view to the five largest programs that focus specifically on rehabilitation-
related research (those with research budgets of more than $5 million, see
Figure 10-1): NIDRR, VA, NCMRR, CDC, and NSF. Rehabilitation-related
research at NIH, in addition to that which is supported by NCMRR, was
also assessed. The following section provides a brief description and as-
sessment of each of these.

MAJOR AGENCIES INVOLVED IN
REHABILITATION-RELATED RESEARCH

As mentioned above, numerous federal agencies have authority for
and are conducting research in the field of rehabilitation science and engi-
neering. To evaluate the major trends in federally funded research in
rehabilitation science and engineering, the committee examined five agen-
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cies in greater detail. The following summary of the committee’s findings
includes a brief description of the each agency’s mission, research priori-
ties, and current funding level, and an assessment of the strengths and
weaknesses of each agency. Appendix A details the actions that the com-
mittee took to collect information from the agencies (and other sources),
and Appendix B contains a summary of relevant information for federal
programs involved in rehabilitation-related research, as well as other pro-
grams that provide services, ensure compliance, or collect data.

National Institutes of Health

NIH is organized into 25 separate Institutes, Centers, and Divisions
(ICDs), each with a specific focus on either a disease, an organ system, or
a profession (e.g., cancer, musculoskeletal disorders, and nursing research,
respectively). Disability and rehabilitation research is a part of many ICDs,
but it is the central focus of only one, NCMRR, which is part of the Na-
tional Institute of Child Health and Human Development (NICHD). The
following sections discuss the overall effort of NIH (ICDs other than
NCMRR) and NCMRR specifically.

Overall Effort of NIH

The goal of all NIH research is to acquire new knowledge to help
prevent, detect, diagnose, and treat disease and disability, from the rarest
genetic disorder to the common cold. NIH works toward that mission by
conducting research in its own laboratories; supporting the research of
nonfederal scientists in universities, medical schools, hospitals, and re-
search institutions throughout the country and abroad; helping in the
training of research investigators; and fostering communication of bio-
medical information.

Research Priorities and Funding To assess rehabilitation-related re-
search at NIH, the committee collected abstracts from two sources: the
Computer Retrieval of Information on Scientific Projects (CRISP) and the
Institutes themselves (see Appendix A). As presented in Table 10-1, CRISP
provided the committee with 764 abstracts (representing $114 million);
the Institutes provided the committee with 973 abstracts (representing
approximately $158 million). All 1,480 abstracts were reviewed to deter-
mine (1) relevance to rehabilitation, (2) state of the enabling–disabling
process that was examined, and (3) type of experimental subject. An over-
lap of 17 percent (i.e., the percentage of total number of abstracts that
were collected from both sources) was identified and duplicates were
eliminated from the analysis, as were projects that were determined to be

Enabling America: Assessing the Role of Rehabilitation Science and Engineering

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/5799


248 ENABLING AMERICA

non-rehabilitation related. Center grants were considered separately be-
cause rehabilitation was a minor component of their activities. The result-
ing total funding for individual rehabilitation-related research projects
was $206 million. Although the committee’s analysis (see Appendix A)
indicated that NIH supported considerable research outside of NCMRR,
that was determined to be relevant, the true focus of these activities lay
elsewhere.

Although research priorities are established within individual ICDs,
the analysis indicated the trends within NIH as a whole. Figure 10-2
shows that 12 percent (based on expenditures) of the abstracts were not
related to rehabilitation science and engineering, 37 percent included a
focus on rehabilitation science, another 39 percent focused on a single
state of the enabling–disabling process (illustrated in Chapter 3), and 12

TABLE 10-1   Medical Rehabilitation-Related Research at the National
Institutes of Health ($thousands), 1995

Institute Reporteda CRISP Calculatedb

National Cancer Institute $23,512 $8,394 $20,050
National Heart, Lung, and Blood Institute 17,831 20,382 36,238
National Institute of Dental Research 9,559 930 8,193
National Institute of Diabetes and Digestive

and Kidney Diseases 5,057 2,483 5,083
National Institute of Neurological Disorders

and Stroke 17,742 19,089 30,337
National Institute of Child Health and

Human Development (National Center
for Medical Rehabilitation Research) 15,459 14,020 19,206

National Eye Institute 3,293 3,821 5,769
National Institute on Aging 20,790 25,715 22,650
National Institute of Arthritis and

Musculoskeletal and Skin Diseases 13,670 6,897 17,095
National Institute of Deafness and

Other Communication Disorders 19,941 9,429 27,466
National Center for Research Resources 9,504 212 7,041
National Institute of Nursing Research 1,680 2,619 4,130
National Institute of Allergy and Infectious

Diseases 825 302
National Institute of General Medical Sciences 2,062 2,029
National Institute of Environmental

Health Sciences 2,402 612
Total 158,038 113,991 206,201

aValues reported by Medical Rehabilitation Coordinating Committee August 29,
1996, in reponse to IOM committee request to NIH Director Harold Varmus.

bValues calculated by IOM committee according to review of individual abstracts.
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percent involved rehabilitation engineering.1 Within these categories of
relevance, Figure 10-3 shows how many of the abstracts included a focus
on the individual states of the enabling–disabling process. As expected,
NIH research had a focus on pathology and impairment, as is appropriate
with NIH’s mission. A great majority of the single-state projects focused
on pathology, and much of the identifiable rehabilitation-related research

Rehabilitation
Related (single state)

39%

Rehabilitation
Engineering

12%

Rehabilitation
Science

37%

Not Related
12%

Amount Number of Percent
Relevance Category Funded Projects Funding

Rehabilitation science $87,116,381 448 37
Rehabilitation engineering $27,693,617 160 12
Rehabilitation related (single state) $91,390,968 470 39
Not related $29,091,590 184 12
Totals $235,292,556 1,262 100

FIGURE 10-2  Percentage of research funding (not including center grants, which
are summarized in Table 10-2) in four categories of  relevance to rehabilitation
research for the fiscal year 1995 program at the National Institutes of Health.
Rehabilitation science: Projects that address movement among states in the en-
abling–disabling process. Rehabilitation engineering: Projects that address devic-
es or technologies applicable to one of the rehabilitation states. Rehabilitation
related (single state): Projects that address one rehabilitation state exclusively.
Not related: Projects that do not clearly address any rehabilitation state. For addi-
tional information, see Appendix A.

1See Appendix A for details of the committee’s analysis.
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FIGURE 10-3  Number of abstracts within each category of relevancea that ad-
dress the specific states of the enabling–disabling processb for Fiscal Year 1995.
NOTE: Many abstracts address multiple states. For additional information, see
Appendix A.

aRehabilitation science: Projects that address movement among states in the
enabling–disabling process. Rehabilitation engineering: Projects that address de-
vices or technologies applicable to one of the rehabilitation states. Rehabilitation-
related (single state): Projects that address one rehabilitation state exclusively.
Not related: Projects that do not clearly address any rehabilitation state.

bNo disabling conditions: Research that addresses the state of function or use
of subjects with no disabling conditions to investigate mechanisms that are po-
tentially relevant to assessing and treating disabling conditions. Pathology: Re-
search that examines changes of molecules, cells, and tissues that may lead to
impairment, functional limitation, or disability, distinguished from pathology by
manifestation at organ or system level. Impairment: Research that analyzes chang-
es in particular organs, systems, or parts of the body. Impairment is distinguished
from functional limitation due to emphasis on organ and components instead of
whole body. Functional limitation: Research that examines functional changes
involving the entire subject, manifested by task performance.  Disability: Research
that focuses on the interaction of the subject with and in the larger context of the
physical and social environment.
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does not focus purposefully on rehabilitation. Approximately 17 percent
of the NIH grants that the Institutes identified as being related to rehabili-
tation research involved materials, tissues, or subjects with no disabling
conditions, as opposed to subjects in other rehabilitative states. In con-
trast, only one percent of the rehabilitation science projects dealt with
subjects with no disabling conditions. In addition to individual research
projects, broader-based center grants and community clinical oncology
programs that also include rehabilitation-related activities receive funds
amounting to $125 million dollars (see Table 10-2).

Strengths and Weaknesses There are many strengths in the rehabili-
tation-related research at NIH. As the center for biomedical research in
the federal government, NIH maintains a high level of critical review that
ensures high-quality research. In addition, the multiple perspectives of
the many Institutes provide for significant potential synergy in address-
ing the array of rehabilitation-related issues. The drawback is that the
overall effort is not well defined or coordinated, and rehabilitation per se
is not a priority across all Institutes. Although a special emphasis panel on
geriatrics and rehabilitation medicine was established in the Division of
Research Grants to review rehabilitation-related research project applica-
tions, rehabilitation science still lacks a study section of its own.

NIH has a coordinating body for rehabilitation-related research in the
Medical Rehabilitation Coordination Committee (MRCC) (see the
NCMRR discussion below). The coordinating committee was established
to facilitate communication among the Institutes engaging in rehabilita-
tion-related research, but meaningful coordination seems to be lacking.
The coordinating committee depends on the Institutes to conduct and
report their efforts but has no effective mechanism for tracking these
efforts independently or raising priorities within other Institutes. The re-
sult is a discordant effort in which even the definitions of rehabilitation-
related research vary among the Institutes (see Appendix A).

Finally, although NIH now has a center for such research in NCMRR,
rehabilitation-related research seems to receive relatively low priority

TABLE 10-2  National Institutes of Health Rehabilitation Funding
Outside of Individual Research Projects

Activity Amount Funded Number of Projects

Center grants $97,007,389 94
Community clinical oncology projects $28,872,175 73
Total $125,879,564 167
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among the Institutes. Rehabilitation, although arguably one of the nation’s
most pressing needs, receives significantly less attention from NIH than
other national health concerns (see Figure 10-4). Although NIH provides
more than half of the gross federal effort in rehabilitation-related research,
this seems to be more a result of the size of the aggregate budget than any
special attention on the part of NIH.

National Center for Medical Rehabilitation Research

NCMRR was established within NIH by legislation passed in 1990
(Public Law 101-613). The mission of the Center, a component of NICHD,
is to “conduct and support research and research training, the dissemina-
tion of health information, and other programs with respect to the reha-
bilitation of individuals with physical disabilities resulting from diseases
or disorders of the neurological, musculoskeletal, cardiovascular, pulmo-
nary, or any other physiological system” (Public Law 101-613). Beyond
this, NCMRR strives to foster development of the scientific knowledge

FIGURE 10-4  Funding levels within the National Institutes of Health: Compari-
son of funding for rehabilitation-related research with the total budgets for se-
lected institutes, fiscal year 1996 estimates.
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needed to enhance the health, productivity, independence, and quality of
life of people with disabling conditions. A primary goal of the Center is to
bring the health-related problems of people with disabling conditions to
the attention of the best scientists in the United States in order to capital-
ize on the advances occurring in the biological, behavioral, and engineer-
ing sciences.

NCMRR also has responsibility as a federal coordinating body.
Like the Interagency Committee on Disability Research (ICDR) of
NIDRR, the MRCC, with the director of NCMRR as its chair, is autho-
rized by legislation to “review and assess Federal research priorities,
activities, and findings regarding medical rehabilitation research, and
shall advise the Director of the Center and the Director of the Institute
on the provisions of the Research plan” (Public Law 101-613). Its goals
have actually been more modest in scope, choosing to work within
NIH rather than across federal agencies. MRCC strives to foster com-
munication among Institutes that have a significant interest in dis-
ability issues and rehabilitation research, but has met with limited
success due to limitations in support and visibility.

Research Priorities and Funding  NCMRR funded $15 million in
research during fiscal year 1995. Between 17 and 23 percent of the NCMRR
budgets between 1993 and 1996 were devoted to research training and
career development. This level of support for research training is consid-
erably higher than the norm for most components at NIH, but it is consis-
tent with the emphasis on expanding research capacity that is called for in
the NCMRR’s research plan. The variety of funding mechanisms used by
NICHD is used by NCMRR except for cooperative agreements, funding
for clinical trials, and center grants. Centers tend to be expensive activities
and have not been funded by NCMRR because overall budget restrictions
have dictated that priority be given to less costly forms of research sup-
port. Supporting appropriately organized centers is a future priority of
NCMRR, depending on the availability of funds.

As the focal point for rehabilitation-related research within NIH,
NCMRR was of particular interest to the committee. NCMRR funded
rehabilitation science to a slightly greater degree (43 percent of its re-
search budget) than did NIH as a whole (37 percent), according to the
committee’s analysis. Likewise, rehabilitation engineering received 27
percent of NCMRR’s budget as opposed to 12 percent from NIH. Many of
the unrelated projects (22 percent) in NCMRR were training grants, and
therefore not considered research in this definitional scheme. The empha-
sis of NCMRR’s research tended to focus on pathologies and impairments
(see Figures 10-5 and 10-6); 20 percent of the research awards address
disability as defined in the committee’s conceptual model (see Chapter 3).
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Strengths and Weaknesses As part of NIH, NCMRR is influenced by
the predominant medical orientation of NIH. This is considered by some as
a strength and by others as a potential weakness. The benefit is that NIH
ensures rigorous review and a scientific basis for research findings. On the
other hand, critics contend that the medical theory of disability is determin-
istic and frequently loses sight of the person. Although the Research Plan for
the National Center for Medical Rehabilitation Research (NCMRR, 1993) focuses
on the person with a disabling condition and on how that person’s func-
tional limitations are affected by interacting biological, personal, and soci-
etal forces, most emphasis seems to be on the biological underpinnings of

Rehabilitation
Related (single state)

8%

Rehabilitation
Engineering

27%

Rehabilitation
Science

43%

Not Related
22%

Amount Number of Percent
Relevance Category Funded Projects Funding

Rehabilitation science $6,256,000 39 43
Rehabilitation engineering $3,949,000 27 27
Rehabilitation related (single state) $1,153,000 17 8
Not related $3,266,000 27 22
Totals $14,624,000 110 100

FIGURE 10-5  Percentage of research funding (not including center grants) in
four categories of  relevance to rehabilitation research for the fiscal year 1995
program at the National Center for Medical Rehabilitation Research. Rehabilita-
tion science: Projects that address movement among states in the enabling–dis-
abling process. Rehabilitation engineering: Projects that address devices or tech-
nologies applicable to one of the rehabilitation states. Rehabilitation related (single
state): Projects that address one rehabilitation state exclusively. Not related: Train-
ing grants and projects that do not clearly address any rehabilitation state. For
additional information, see Appendix A.

Enabling America: Assessing the Role of Rehabilitation Science and Engineering

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/5799


ORGANIZATION AND ADMINISTRATION 255

0

5

10

15

20

25

30

35

40

Rehabilitation
Science

Rehabilitation
Engineering

Rehabilitation
Related

(single state)

Categories of Relevance

N
um

be
r 

of
 A

bs
tr

ac
ts

Not Related Totals

45 No Disabling Conditions

Rehabilitation States

Pathology

Impairment

Functional Limitation

Disability

FIGURE 10-6  Number of abstracts within each category of relevance that ad-
dress the specific states of the enabling–disabling process for the fiscal year 1995
program at the National Center for Medical Rehabilitation Research.

NOTE: Many abstracts address multiple states. Rehabilitation science: Projects
that address movement among states in the enabling–disabling process. Rehabil-
itation engineering: Projects that address devices or technologies applicable to
one of the rehabilitation states. Rehabilitation related (single state): Projects that
address one rehabilitation state exclusively. Not related: Projects that do not clear-
ly address any rehabilitation state. No disabling conditions: Research that ad-
dresses the state of function or use of subjects with no disabling conditions to
investigate mechanisms that are potentially relevant to assessing and treating
disabling conditions. Pathology: Research that examines changes of molecules,
cells, and tissues that may lead to impairment, functional limitation, or disability,
distinguished from pathology by manifestation at organ or system level. Impair-
ment: Research that analyzes changes in particular organs, systems, or parts of
the body. Impairment is distinguished from functional limitation due to empha-
sis on organ and components instead of whole body. Functional limitation: Re-
search that examines functional changes involving the entire subject, manifested
by task performance and can be readily distinguished from disability which in-
volves interaction with the environment. Disability: Functional changes stem-
ming from the interaction of the subject with and in the larger context of the
physical and social environment. For additional information, see Appendix A.
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conditions. The goals of NCMRR’s research portfolio include methods of
effecting greater and faster recovery from injury and disease and improving
a person’s ability to live independently.

MRCC, like ICDR, has problems with effective coordination of pro-
grams and research and also suffers from insufficient funds and staff.
Rehabilitation-related research is not a general priority within NIH and
helps to explain the limited success that MRCC has experienced in its
effort to mold a coordinated and effective effort among the many NIH
programs.

National Institute on Disability and Rehabilitation Research

The mission of NIDRR, a part of the Office of Special Education and
Rehabilitative Services in the U.S. Department of Education, is “to con-
tribute to the independence of persons of all ages who have disabilities by
seeking improved systems, products, and practices in the rehabilitation
process.” NIDRR accomplishes this mission by funding research, demon-
stration projects, training, and other related activities to maximize the full
inclusion and integration of this population into society. Through grants,
contracts, and cooperative agreements, NIDRR funds research designed
to improve systems, products, and practices in the rehabilitation field.
NIDRR is also charged with ensuring the widespread distribution of prac-
tical scientific and technological information in usable formats.

Research Priorities and Funding

The research funded by NIDRR covers almost every aspect of disabil-
ity including brain injury, spinal cord injury, multiple sclerosis, and back
pain, as well as broader areas such as technology, accessibility, aging,
service delivery, policy, ethics, recreation, and community integration. In
fiscal year 1995, NIDRR funded approximately $57 million in rehabilita-
tion-related research, which included individual research grants, center
grants, and fellowships. NIDRR reported that $19 million of this went to
medical rehabilitation, applied research that focuses on methods for im-
proving function, and efforts aimed at reintegrating people with disabling
conditions into the community (Seelman, 1996). A total of $13 million was
directed toward engineering and technology development. In addition to
supporting centers that include training in their activities, NIDRR also
funded more than $2 million in individual research training grants and
$200,000 in academic disability studies. Lastly, NIDRR funded approxi-
mately $2.5 million in dissemination and projects that pertained to ADA.

In addition to its operating budget of $70 million, NIDRR controls $39
million of State Technology Assistance under the Technology-Related
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Assistance for Individuals with Disabilities Act of 1988 (Public Law 100-
407; the Tech Act). This program supports consumer-driven plans for the
delivery of assistive technology. The purpose of these grants is to estab-
lish a program of statewide, comprehensive technology-related assistance
for individuals of all ages with disabling conditions.

Using NIDRR’s fiscal year 1995 Annual Program Directory to obtain
abstracts for the projects NIDRR funded, the committee determined that
approximately $10 to 13 million of NIDRR’s $70 million operating budget
went to training, ADA compliance support, and contracts, leaving ap-
proximately $57 million to fund research through various means such as
individual research grants, center grants, small business cooperatives,
and fellowships. A large portion of this ($44 million) supports centers—
Rehabilitation Research and Training Centers, Rehabilitation Engineering
Research Centers, and Model Spinal Cord Injury Centers (see Table 10-3).

Center grants compose the largest portion (78 percent) of NIDRR’s
$57 million research budget. Rehabilitation Research and Training Cen-
ters and Rehabilitation Engineering Research Centers conduct research
targeted toward the production of new knowledge that will improve re-
habilitation methodologies and service delivery systems, alleviate or sta-
bilize disabling conditions, and promote maximum social and economic
independence. They also institute related teaching and training programs
that are used to disseminate and promote the use of research findings
focusing on new engineering solutions to problems of disability.

NIDRR further supports projects for academic disability studies and
issues pertaining to implementation of the ADA, leaving approximately
$11 million to fund individual research projects into several areas of reha-

TABLE 10-3  National Institute on Disability and Rehabilitation
Research Funding for Center Grants, Americans with Disability Act
(ADA) Assistance, and Disability Studies in Fiscal Year 1995

Activity Amount Funded Number of Projects

Center Grants
Rehabilitation Research and Training

Centers $24,536,852 47
Rehabilitation Engineering Research

Centers $10,844,615 16
Model Spinal Cord Injury Centers $6,714,000 18
Total $42,095,467 81

ADA assistance $2,529,172 4
Disability studies $198,787 8
Total $44,823,426 174
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bilitation investigation. The committee’s analysis2 showed that 49 percent
($5.4 million) of the approximate $11 million went toward rehabilitation
science in fiscal year 1995 (see Figure 10-7), 17 percent ($1.9 million) of the
funding supported rehabilitation engineering, 31 percent ($3.4 million)
was single-state research, and 3 percent ($0.4 million) funded research

Rehabilitation
Related (single state)

31%

Rehabilitation
Engineering

17%

Rehabilitation
Science

49%

Not Related
3%

Amount Number of Percent
Relevance Category Funded Projects Funding

Rehabilitation science $5,482,738 42 49
Rehabilitation engineering $1,901,059 29 17
Rehabilitation related (single state) $3,430,567 32 31
Not related $374,618 3 3
Total $11,188,982 106 100

FIGURE 10-7  Percentage of research funding (not including center grants, dis-
ability studies, or Americans with Disability Act-assistance projects; these are
summarized in Table 10-3) in four categories of  relevance to rehabilitation re-
search for the fiscal year 1995 program at the National Institute on Disability and
Rehabilitation Research. Rehabilitation science: Projects that address movement
among states in the enabling–disabling process. Rehabilitation engineering:
Projects that address devices or technologies applicable to one of the rehabilita-
tion states. Rehabilitation related (single state): Projects that address one rehabili-
tation state exclusively. Not related: Projects that do not clearly address any reha-
bilitation state. For additional information, see Appendix A.

2 See Appendix A for details on the committee’s analysis.
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that was not related. Although NIDRR does fund some projects that ad-
dress pathology and impairment, the bulk of its projects focus on func-
tional limitation and disability (see Figure 10-8).

Strengths and Weaknesses

NIDRR is a valuable program with a unique mission that the commit-
tee believes should be preserved. The most important distinction that
separates NIDRR from other agencies is its attention to consumers’ needs
and its emphasis on the interaction of the person and the environment.
Most of the weaknesses seem to be derived from NIDRR’s administrative
placement within the U.S. Department of Education. The GAO (U.S. Gen-
eral Accounting Office, 1989) described NIDRR’s poorly developed peer
review process, its insufficient personnel, and its lack of authority over its
own affairs as being due in large part to the policies and infrastructure of
the U.S. Department of Education. Former NIDRR directors and others
have expressed the view that—despite the efforts of NIDRR staff—the
policies, procedures, and general interests of the U.S. Department of Edu-
cation continually hinder the program. In addition, the core funding of
center grants consumes a large portion of the agency’s funds for 5-year
periods, thereby reducing flexibility.

The weaknesses in the peer review process are manifold. The experi-
ence of past directors and staff indicates that the primary weaknesses of
the process are that the panels are too small and there is no continuity
between panels; these review panels are composed of only a few (3–5)
reviewers who meet for just one review session rather than standing study
sections or peer review panels that meet on a consistent basis. In addition,
grant applications are occasionally not sent out prior to review meetings.
Holding only one round of reviews per year for the field initiated re-
search program is inadequate.

Reform of the peer review process would improve the quality of re-
search, discipline the awards process, and attract quality scientists and
personnel, but directors of NIDRR and secretaries of the U.S. Department
of Education have been unable to implement the necessary changes. An-
other problem is the ineffectiveness of ICDR as a federal coordinating
body. Congress and the executive branch established ICDR within NIDRR
through the Rehabilitation Act of 1973, acknowledging the multiplicity of
agencies engaged in rehabilitation-related research and the need to pro-
mote coordination and cooperation among those federal programs. Au-
thorized by the Rehabilitation Act of 1973, the charge to the director of
NIDRR, as the chair of ICDR, is “to identify, assess, and seek to coordinate
all Federal programs, activities, and projects, and plans for such pro-
grams, activities, and projects with respect to the conduct of research
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FIGURE 10-8  Number of abstracts within each category of relevance that ad-
dress the specific states of the enabling–disabling process for the fiscal year 1995
program at the National Institute on Disability and Rehabilitation Research.

NOTE: Many abstracts address multiple states. Rehabilitation science: Projects
that address movement among states in the enabling–disabling process. Rehabil-
itation engineering: Projects that address devices or technologies applicable to
one of the rehabilitation states. Rehabilitation related (single state): Projects that
address one rehabilitation state exclusively. Not related: Projects that do not clear-
ly address any rehabilitation state. No disabling conditions: Research that ad-
dresses the state of function or use of subjects with no disabling conditions to
investigate mechanisms that are potentially relevant to assessing and treating
disabling conditions. Pathology: Research that examines changes of molecules,
cells, and tissues that may lead to impairment, functional limitation, or disability,
distinguished from pathology by manifestation at organ or system level. Impair-
ment: Research that analyzes changes in particular organs, systems, or parts of
the body. Impairment is distinguished from functional limitation due to empha-
sis on organ and components instead of whole body. Functional limitation: Re-
search that examines functional changes involving the entire subject, manifested
by task performance and can be readily distinguished from disability which in-
volves interaction with the environment. Disability: Functional changes stem-
ming from the interaction of the subject with and in the larger context of the
physical and social environment. For additional information, see Appendix A.
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related to rehabilitation of individuals with disabilities” (Public Law 93-
112, as amended). The Rehabilitation Act did not, however, give ICDR the
proper tools, that is, control of funding, to achieve this mission. Thus, it
lacks the ability to entice cooperation or ensure compliance, which se-
verely limits its effectiveness. Moreover, ICDR has no staff, budget, or
real control, and thus does not have the ability to carry out its stated
mission. In its present state it cannot exert the influence necessary to
coordinate the overall federal efforts in rehabilitation-related research.

Perhaps because disability is not a priority of the U.S. Department of
Education and because NIDRR does not have the budget to demand at-
tention, NIDRR is neglected by the department and is not given adequate
priority.

U.S. Department of Veterans Affairs

The VA program in rehabilitation-related research began shortly after
the end of World War II as part of the effort to improve the quality of
health care being provided to returning veterans with disabling condi-
tions. VA medical research programs in general are meant to enhance the
overall mission of the Veterans Health Administration (VHA), contribute
new knowledge benefiting the nation as a whole, and provide training for
future health care clinicians and researchers. The goals of VA’s research
program derive from its legislated mission as well as a continuously evolv-
ing shared vision of veterans’ needs and VA’s research potential. The VA
Research and Development Office is divided into three services: the Medi-
cal Research Service, the Health Services Research and Development
(HSR&D) Service, and the Rehabilitation Research and Development (Re-
hab R&D) Service.

Research that is relevant to rehabilitation can be found in almost all
VA research activities. In addition to the services mentioned above, for
example, the VA Geriatric Service maintains 16 Geriatric Research, Edu-
cation, and Clinical Centers that include some rehabilitation-related re-
search as it pertains to aging. The principal division for rehabilitation-
related research within VA, however, is the Rehab R&D Service. Focusing
most clearly on the needs of veterans with disabling conditions, the Re-
hab R&D Service:

• develops concepts, products, and processes that promote greater
functional independence and improve the quality of life for “impaired
and disabled veterans”;

• supports a comprehensive program of investigator-initiated re-
search, development, and evaluation of rehabilitation technology;

• provides for the immediate transfer of rehabilitation technology
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and rapid dissemination of information into the VA health care delivery
system; and

• contributes to the nation’s knowledge about disease, disability, and
rehabilitation.

Under the leadership of the Under Secretary for Health, VA effected a
major reorganization of VHA at the beginning of Fiscal Year 1996. It is, as
of this writing, not yet fully implemented. Incident to this reorganization
and the associated staffing reduction for VA’s Central Office, the Rehab
R&D Service, having for some time been a separate office, was moved
back under the Assistant Chief Medical Director for Medical Research
and Development. Because of the overlapping areas of investigation, re-
search that is relevant to patient rehabilitation can be found in the various
VA research programs and services. VA leadership now believes this
integrated organizational structure provides a linear model of interac-
tions among the three categories (medical, rehabilitation, and health ser-
vices) of research and encourages interservice coordination and support.
Assurances has been given to this committee that the structural and func-
tional integrity of the Rehab R&D Service will be maintained.

Research Priorities and Funding

The VA Rehab R&D Service received $26.7 million of the fiscal year
1995 VA budget, but unlike the VA Medical Research and HSR&D Ser-
vices, which receive extramural support from other agencies, the Rehab
R&D Service has no source of funding outside VA itself. In fiscal year
1995, the Rehab R&D Service supported 147 projects and about 150 prin-
cipal investigators at VA medical centers. In addition, other departments
in the Research Office fund rehabilitation projects amounting to approxi-
mately $6 million, itemized under the following categories:

Career Development  $234,000
Cooperative Studies  33,899
HSR&D Service 1,198,000
Biomedical 4,833,000.

Because of its legislative mandate and its appropriate historical role
of supporting U.S. veterans, VA focuses a significant amount of its re-
search efforts on rehabilitation. Research in VA’s Rehab R&D Service is
focused on prosthetics and orthotics, spinal cord dysfunction, aging, and
cognitive and sensory impairments. The rehabilitation program is geared
to improving functional independence and the quality of life of veterans
with disabling conditions.
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3 See Appendix A for details of the committee’s analysis.

To assess rehabilitation-related research at VA, the committee re-
viewed abstracts that were provided by VA’s Rehabilitation Research and
Development program (funding amounts were not available for each
project). Analysis3 of the abstracts indicated that 33 percent were rehabili-
tation science (See Figure 10-9); rehabilitation engineering represented a
full 46 percent of the studies funded in fiscal year 1995; 20 percent of the
abstracts covered single-state research, and 1 percent were not related to
rehabilitation. Within these categories of relevance, Figure 10-10 shows
how many of the abstracts included a focus on the individual states in the
enabling–disabling process. The distribution of VA research along the
rehabilitative states reflected VA’s mission, with most of the research
concentrating on functional limitations.

Strengths and Weaknesses

VA research is a needs-based program, setting its priorities from the
health care requirements of its veteran clientele. There is also a synergistic
relationship between VA research and the veteran population that it serves.
U.S. veterans display a proprietary interest in VA programs, are advocates
for VA research, and are a unique test bed for VA clinical research and
device studies. No other health care system, public or private, has a similar,
unified research program with the breadth and depth of VA’s.

Many of VA’s research outcomes not only benefit veterans but serve
national interests as well. Certain characteristics, however, make the VA
research program unique. Research assignments commonly come to VA
and DOD directly from Congress with legislative oversight of their
progress and outcome. Not unlike VA’s mandated clinical mission of
combat contingency backup to the military medical services, VA’s re-
search department is DoD’s primary designated agency for medical re-
search support, as exemplified in VA’s current multimillion dollar invest-
ment in Persian Gulf War veterans’ illness.

Combat has many consequences. Most critical are the men and women
with severe and permanent injuries. These veterans of war face complex
issues throughout their lives. A VA program of Rehabilitation Research and
Development gives flexibility to find solutions to these programs, whether
they present themselves early on when as an injured soldier returns from
Bosnia, or later, as disabled veterans of the Persian Gulf, Vietnam, Korea and
World War II enter their fifties, sixties and seventies.

The comprehensive nature of the program is, in itself, unique. The VA
Research and Development Office is organized in a way that reflects the
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interrelated research questions that can be posed when a particular health
outcome is desired. The acquisition of new knowledge spans the entire
spectrum of research from basic to applied research to outcomes research,
with each component of that spectrum being linked to the other. VA
makes the strong claim that its intramural coordination of research, policy,
and planning favors that linkage of interests.

Rehabilitation
Related (single state)

20%

Rehabilitation
Engineering

46%

Rehabilitation
Science

33%

Not Related
1%

Amount Number of Percent of
Relevance Category Funded Projects Projects

Rehabilitation science NA 53 33
Rehabilitation engineering NA 74 46
Rehabilitation related (single state) NA 33 20
Not related NA 2 1
Totals $26,700,000 162 100

NA = Not available.

FIGURE 10-9  Percentage of research projects (not including center grants) in
four categories of relevance to rehabilitation research for the fiscal year 1995 pro-
gram at the Department of Veterans Affairs. Rehabilitation science: Projects that
address movement among states in the enabling–disabling process. Rehabilita-
tion engineering: Projects that address devices or technologies applicable to one
of the rehabilitation states. Rehabilitation related (single state): Projects that ad-
dress one rehabilitation state exclusively. Not related: Projects that do not clearly
address any rehabilitation state. For additional information, see Appendix A.
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FIGURE 10-10  Number of abstracts within each category of relevance that ad-
dress the specific states of the enabling–disabling process for the fiscal year 1995
program at the Department of Veterans Affairs.

NOTE: Many abstracts address multiple states. Rehabilitation science: Projects
that address movement among states in the enabling–disabling process. Rehabil-
itation engineering: Projects that address devices or technologies applicable to
one of the rehabilitation states. Rehabilitation related (single state): Projects that
address one rehabilitation state exclusively. Not related: Projects that do not clear-
ly address any rehabilitation state. No disabling conditions: Research that ad-
dresses the state of function or use of subjects with no disabling conditions to
investigate mechanisms that are potentially relevant to assessing and treating
disabling conditions. Pathology: Research that examines changes of molecules,
cells, and tissues that may lead to impairment, functional limitation, or disability,
distinguished from pathology by manifestation at organ or system level. Impair-
ment: Research that analyzes changes in particular organs, systems, or parts of
the body. Impairment is distinguished from functional limitation due to empha-
sis on organ and components instead of whole body. Functional limitation: Re-
search that examines functional changes involving the entire subject, manifested
by task performance and can be readily distinguished from disability which in-
volves interaction with the environment. Disability: Functional changes stem-
ming from the interaction of the subject with and in the larger context of the
physical and social environment. For additional information, see Appendix A.
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VA’s research laboratories serve national interests as well. These
VAMC based facilities, as a constituent element of the VA academic affili-
ation with 105 medical schools, provide an intimate coupling of advanced
research activity with the nation’s single largest source of graduate medi-
cal education. Today, more than 60 percent of doctors in the United States
have received all or part of their training at VA medical centers.

Centers for Disease Control and Prevention

The mission of CDC is to promote health and quality of life by pre-
venting and controlling disease, disability, and injury. To accomplish this
mission, CDC works with state authorities and partners throughout the
United States and the world to monitor health, detect and investigate
health problems, conduct research to enhance prevention, develop and
advocate sound public health policies, implement prevention strategies,
promote healthy behaviors, foster safe and healthful environments, and
provide leadership and training. Two of the centers have rehabilitation-
related programs. The National Center for Environmental Health (NCEH)
includes the Disabilities Prevention Program (DPP), and the National
Center for Injury Prevention and Control (NCIPC) includes the Division
of Acute Care, Rehabilitation Research, and Disability Prevention.

DPP, which funded $9 million in disability prevention research in
fiscal year 1995, has two major goals: (1) to reduce the incidence and
severity of primary and secondary disabling conditions and (2) to pro-
mote the independence and productivity of people with disabling condi-
tions and further their integration into the community. To achieve these
goals, DPP

• provides states with technical and financial assistance to build dis-
ability prevention capacity,

• establishes surveillance systems for disabling conditions,
• identifies risk factors for disabling conditions, and
• identifies and develops appropriate interventions to prevent sec-

ondary disabling conditions.

The goals of the Division of Acute Care, Rehabilitation Research, and
Disability Prevention are to maximize the quality of life and productivity,
minimize the health care costs of injured people, and reduce the impacts
of injuries by improving acute care and rehabilitation services and sys-
tems. The division spends $500,000 to $600,000 annually on disability
prevention, with a special interest in community-based injury and out-
comes surveillance and research to prevent the occurrence of or reduce
the severity of secondary conditions among people with traumatic brain
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and spinal cord injuries. Research includes identifying risk factors associ-
ated with adverse outcomes in the community setting, describing the
natural history of the occurrence of adverse outcomes and secondary
conditions, and evaluating interventions in the community setting.

Research Priorities and Funding

In fiscal year 1995, the two programs mentioned above supported
a total of almost $10 million in rehabilitation-related research. Their
grant-making process is modeled after that of NIH, but no training
grants are available. Resources from both NCIPC and NCEH are used
in a complementary fashion, occasionally within the same request for
proposal, to cover a range of injury-related rehabilitation research
that focuses on measuring the frequency and extent of disabling con-
ditions caused by injury, measuring the secondary conditions, and
developing and evaluating community-based interventions to prevent
or reduce these disabling conditions. Secondary conditions are the
clearest priority in CDC’s disability and rehabilitation agenda, and
the majority of CDC abstracts that the committee reviewed explicitly
addressed this issue. Other abstracts described research involving pre-
vention of disabling injury in the community.

The small number and uniform nature of the abstracts received from
CDC made categorization through the abstract review process unneces-
sary. The projects funded by CDC consistently address prevention, spe-
cifically of secondary conditions among individuals with cerebral palsy,
postpolio syndrome, spinal cord injury, or traumatic brain injury. All of
the CDC abstracts were considered pertinent to rehabilitation research
and a valuable contribution to the field.

Strengths and Weaknesses

The CDC program has several strengths including a community- or
population-based approach to prevention and intervention, strong link-
ages with states, especially state health departments, and a history of
effective surveillance activities. These links also help involve consumers
in the process of setting research priorities.

CDC’s focus on prevention as a means of reducing disabling condi-
tions sets it apart from other federal programs and is an essential compo-
nent of the overall federal effort. The CDC program makes a clear connec-
tion between prevention and rehabilitation, especially with its focus on
preventing secondary conditions. Preventing secondary conditions as part
of rehabilitation is an important area of research, especially from the per-
spective of aging with disabling conditions.
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 Monitoring events such as traumatic brain and spinal cord injuries,
and the adverse outcomes associated with these injuries, also contributes
to the goals of rehabilitation science and engineering. CDC’s public health
surveillance activities measure the incidence and prevalence of these inju-
ries, and community-based intervention programs contribute to their pre-
vention and control.

The weaknesses in the CDC program are the same as those seen in
most other agency programs. For example, there is a need for more vis-
ibility within the agency and more involvement of other internal pro-
grams. Other centers (e.g., National Center for Chronic Disease Preven-
tion and Health Promotion) should be more involved in the total effort.
There is also a need to strengthen the links between CDC and other fed-
eral agencies to identify, validate, and adopt more uniform measurement
strategies and terminologies in databases, as well as determining priori-
ties and synergistic activities.

National Science Foundation

Established as an independent federal agency by the National Science
Foundation Act of 1950, NSF is responsible for the overall health of sci-
ence and engineering across all scientific disciplines and for promoting
and advancing scientific progress in the United States. In contrast, other
federal agencies support research focused on specific missions, such as
health or defense. NSF is also committed to ensuring the nation’s supply
of scientists, engineers, and science educators.

All seven directorates in NSF support some projects related to rehabili-
tation, and in fiscal year 1995, NSF spent approximately $7 million on
projects in this general area. The projects are typically investigator initiated
and are recommended for funding during regular competitive review cycles.
Most of the rehabilitation-related projects are supported through the Direc-
torate for Engineering, which funds research pertinent to rehabilitation sci-
ence and engineering through its Division of Bioengineering and Environ-
mental Systems. The division operates two programs that support research
for people with disabling conditions: the Biomedical Engineering Program
and Research Aiding Persons with Disabilities (RAPD).

The Biomedical Engineering Program supports fundamental engi-
neering research that has the potential to contribute to improved health
care. The RAPD program is directed toward the characterization, restora-
tion, and substitution of function in humans and tends to focus on basic
science at the level of cells, tissues, organs, and organ systems. Emphasis
is placed on the advancement of fundamental engineering knowledge,
but many grants support product development. The program anticipates
that the research will lead to the development of new technologies or the
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novel application of existing technologies by supporting research and
training in basic science.

Research Priorities and Funding

One of NSF’s goals is to expand the capacity for research, and therefore,
the agency places importance on training. Approximately 20 percent of the
abstracts that the committee reviewed for fiscal year 1995 involved training
in research or product design. Although NSF does support faculty and
graduate work, roughly three quarters of the training grants related to reha-
bilitation science and engineering went to undergraduate training.

Abstracts from NSF for fiscal year 1995 were retrieved from FastLane,
the agency’s on-line database, for the RAPD program. Figure 10-11 indi-
cates that (on the basis of expenditures) 76 percent of the funding for
rehabilitation-related research supported rehabilitation engineering ac-
tivities. Single-state research represented 12 percent of the funding, and
another 12 percent was not related to rehabilitation. None of the research
was determined to be in the category of rehabilitation science. Within
these categories of relevance, Figure 10-12 shows that most of the research
tended to focus on functional limitation, disability, and impairment, in
descending order.

The clearest priority is engineering. Not only did more than half of
the abstracts that the committee reviewed pertain to rehabilitation engi-
neering research, but the majority of the training grants funded rehabili-
tation engineering projects as well. The engineering grants tended to em-
phasize basic research, but many, including the training grants, were
designed to advance product development. The accent on basic science
continued in biomedical research as well, and the majority of all NSF
research focused on impairment. NSF also sponsored grants that ad-
dressed health services, and all of these focused on cost reduction.

Strengths and Weaknesses

The strengths of NSF research emanate from its emphasis on basic
science and rehabilitation engineering, a focus that is essential to the over-
all federal effort. NSF also addresses educational needs through the un-
dergraduate design projects that recruit young engineers to the rehabilita-
tion field. The relative size of the program, however, limits its ability to
influence the overall field of rehabilitation science and engineering. NSF
programs also experience a lack of coordination with other federal pro-
grams, thus limiting the potential synergy among the projects being sup-
ported by other agencies.

Additionally, none of the research projects emphasize rehabilitation
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science as defined by this committee, that is, concentration on the move-
ment between the states in the enabling–disabling process (see Chapter
3). Although the research that NSF funds is an important component of
the mix of interdisciplinary research in the field, the majority focuses on
impairment without reference to other states. Thus, the focus of most NSF
research is within each stage of the enabling–disabling process rather
than the process itself. Only the grants aimed at products for individuals
with disabling conditions offer the opportunity to provide an understand-
ing of not only engineering principles but also effective rehabilitation and
the interaction between the individual and the environment. Given ad-

Rehabilitation
Related (single state)

12%

Rehabilitation
Engineering

76%

Rehabilitation
Science

0%

Not Related
12%

Amount Number of Percent
Relevance Category Funded Projects Funding

Rehabilitation science $0 0 0
Rehabilitation engineering $2,658,776 30 76
Rehabilitation related (single state) $422,833 2 12
Not related $420,314 4 12
Totals $3,501,923 36 100

FIGURE 10-11  Percentage of research funding (not including center grants) in
four categories of  relevance to rehabilitation research for the fiscal year 1995
program at the National Science Foundation. Rehabilitation science: Projects that
address movement among states in the enabling–disabling process. Rehabilita-
tion engineering: Projects that address devices or technologies applicable to one
of the rehabilitation states. Rehabilitation related (single state): Projects that ad-
dress one rehabilitation state exclusively. Not related: Projects that do not clearly
address any rehabilitation state. For additional information, see Appendix A.
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FIGURE 10-12  Number of abstracts within each category of relevance that ad-
dress the specific states of the enabling–disabling process for the fiscal year 1995
program at the National. Science Foundation.

NOTE: Many abstracts address multiple states. Rehabilitation science: Projects that
address movement among states in the enabling–disabling process. Rehabilitation
engineering: Projects that address devices or technologies applicable to one of the
rehabilitation states. Rehabilitation related (single state): Projects that address one
rehabilitation state exclusively. Not related: Projects that do not clearly address any
rehabilitation state. No disabling conditions: Research that addresses the state of
function or use of subjects with no disabling conditions to investigate mechanisms
that are potentially relevant to assessing and treating disabling conditions. Patholo-
gy: Research that examines changes of molecules, cells, and tissues that may lead to
impairment, functional limitation, or disability, distinguished from pathology by
manifestation at organ or system level. Impairment: Research that analyzes changes
in particular organs, systems, or parts of the body. Impairment is distinguished
from functional limitation due to emphasis on organ and components instead of
whole body. Functional limitation: Research that examines functional changes in-
volving the entire subject, manifested by task performance and can be readily dis-
tinguished from disability which involves interaction with the environment. Dis-
ability: Functional changes stemming from the interaction of the subject with and in
the larger context of the physical and social environment. For additional informa-
tion, see Appendix A.
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equate funds, NSF should support clinical research efforts, perhaps in
rehabilitation engineering centers, that involve a more comprehensive
view of the enabling process.

Other Agencies

Several other federal agencies are also involved in rehabilitation sci-
ence and engineering (see Appendix B). SSA for example, funded ap-
proximately $5 million in fiscal year 1995 in research for the purposes of
developing intervention and service delivery models such as returning
beneficiaries to work. SSA also recently initiated an Institute of Medicine
(IOM) study for the purposes of reviewing its research plans for a revised
process of determining whether a person has a disability.

In addition to the NIH and CDC programs described above, DHHS
also administers a program in the Office of the Assistant Secretary for
Planning and Evaluation (ASPE). This office is responsible for the devel-
opment, coordination, research, and evaluation of DHHS policies and
programs that support the independence, productivity, health, and secu-
rity of children, working-age adults, and older people with disabling con-
ditions. Within ASPE, the Office of Disability, Aging, and Long-Term
Care Policy, along with other ASPE offices, provides staff support to the
assistant secretary in carrying out these functions. One of this office’s
chief priorities concerns personal assistance services, which involve all
forms of assistance, both human and technological, that enable people
with disabling conditions to accomplish basic and instrumental daily liv-
ing activities. In fiscal year 1995 ASPE funded $2.5 million in research that
focused on the policy needs concerning personal assistance services and
the delivery of those services.

Finally, it seems reasonable that the U.S. Department of Defense
would be engaged in rehabilitation science and engineering research, but
a survey conducted at the committee’s request by the Assistant Secretary
of Defense for Health Affairs revealed an insignificant volume of rehabili-
tation research being conducted within the military medical services. The
U.S. Department of Defense does, however, subsidize, under contract,
certain unspecified rehabilitation-related research. Various levels of clini-
cal rehabilitation services are also provided in all military hospitals.

GENERAL ASSESSMENT OF FEDERAL
REHABILITATION PROGRAMS

In addition to reviewing the individual federal programs that focus
on rehabilitation-related research, the committee also reviewed the over-
all organization and administration of these programs for the purpose of
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assessing their combined adequacy in addressing the health needs of
people with disabling conditions. In assessing a constellation of programs
of this size and complexity with the overall mission of addressing health
needs of such magnitude, it is not surprising to find some apparent prob-
lems. Foremost among these are the need for improved coordination
among the various and numerous federal research programs and the need
for additional research in rehabilitation science and engineering that will
help to improve the health, quality of life, and productivity of the 49
million Americans with disabling conditions.

Further analysis of these programs—including the related efforts out-
side NCMRR at NIH—revealed certain trends in the overall federal re-
search effort in rehabilitation science and engineering (see Figures 10-13
and 10-14). Given the current constraints and limitations of funding, these
findings show a generally good balance of effort, but with most of the
research focusing on pathology and impairment, and a relatively smaller
proportion of research focusing on disability per se.

Adequacy of Current Efforts

The size of the combined federal research effort in the field of reha-
bilitation science and engineering is not adequate to address the health
needs of people with disabling conditions. A clear disproportionality ex-
ists between the magnitude and significance of the health issues related to
disability and rehabilitation and the amount of research that is currently
supported to address them. This is not a new situation, as indicated by the
NCMRR research plan from 1993, which states that one of the most im-
portant barriers “to improving rehabilitation research is inadequate fund-
ing. . . . Given the large numbers of Americans with disabilities, the social
and economic impact of disability, and the opportunities for improve-
ment of function through research, a significantly greater effort to fund
medical rehabilitation research is clearly justified” (NCMRR, 1993, p. 48).

Chapter 2 of this report describes the significance of disabling condi-
tions in various terms, including prevalence of conditions and the associ-
ated costs of health care and lost productivity. In 1996, for example, Trupin
and colleagues used the National Medical Care Expenditures Survey to
estimate that approximately 47 percent of the total medical care expendi-
tures were for 17 percent of the population with an activity limitation.
Expressed in 1994 terms, these medical care expenditures (direct costs) for
people with disabling conditions would amount to $205.7 billion, or 3.1
percent of the gross domestic product (U.S. Bureau of the Census, 1995).
Other studies, most notably Chirikos (1989), have estimated both direct
and indirect costs. Expressed again in 1994 terms, the medical care expen-
ditures (direct costs) would amount to $163.1 billion, and the indirect
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costs (lost productivity) would total $155 billion, for a grand total of more
than $300 billion annually—more than 4 percent of the gross domestic
product.

These cost estimates for disability and rehabilitation are in stark con-
trast to the relatively small amount of funding (approximately $245 mil-
lion) that is directed toward research in rehabilitation science and engi-
neering. Current expenditures amount to approximately $7 in research
per year for each person with a disabling condition, whereas the costs of
disability due to expenditures of health care and lost productivity, at
about $7,500 per capita, are almost 1,000 times as great. Most importantly,

Rehabilitation
Related (single state)

36%

Rehabilitation
Engineering

16%

Rehabilitation
Science

37%

Not Related
11%

Amount Number of Percent
Relevance Category Funded Projects Funding

Rehabilitation science $101,105,292 543 37
Rehabilitation engineering $44,129,995 293 16
Rehabilitation related (single state) $100,540,664 540 36
Not related $30,207,510 193 11
Totals $275,983,461 1,569 100

FIGURE 10-13  Percentage of research funding (not including center grants) in
four categories of  relevance to rehabilitation research for the fiscal year 1995
program for overall federal research. Rehabilitation science: Projects that address
movement among states in the enabling–disabling process. Rehabilitation engi-
neering: Projects that address devices or technologies applicable to one of the
rehabilitation states. Rehabilitation related (single state): Projects that address
one rehabilitation state exclusively. Not related: Projects that do not clearly ad-
dress any rehabilitation state. For additional information, see Appendix A.
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FIGURE 10-14  Number of abstracts within each category of relevance that ad-
dress the specific states of the enabling–disabling process for the fiscal year 1995
program of overall federal research.

NOTE: Many abstracts address multiple states. Rehabilitation science: Projects
that address movement among states in the enabling–disabling process. Rehabil-
itation engineering: Projects that address devices or technologies applicable to
one of the rehabilitation states. Rehabilitation related (single state): Projects that
address one rehabilitation state exclusively. Not related: Projects that do not clear-
ly address any rehabilitation state. No disabling conditions: Research that ad-
dresses the state of function or use of subjects with no disabling conditions to
investigate mechanisms that are potentially relevant to assessing and treating
disabling conditions. Pathology: Research that examines changes of molecules,
cells, and tissues that may lead to impairment, functional limitation, or disability,
distinguished from pathology by manifestation at organ or system level. Impair-
ment: Research that analyzes changes in particular organs, systems, or parts of
the body. Impairment is distinguished from functional limitation due to empha-
sis on organ and components instead of whole body. Functional limitation: Re-
search that examines functional changes involving the entire subject, manifested
by task performance and can be readily distinguished from disability which in-
volves interaction with the environment. Disability: Functional changes stem-
ming from the interaction of the subject with and in the larger context of the
physical and social environment. For additional information, see Appendix A.
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however, significant savings in health care costs and reduced emotional
costs may well be realized by enhancing research in rehabilitation science
and engineering and improving the health, productivity, and quality of
life of people with disabling conditions.

Coordination of Current Efforts

To be most effective, any set of research programs must be well
coordinated. This is especially true for the set of federal research pro-
grams in rehabilitation science and engineering because of their dis-
tribution among so many different agencies and departments. More-
over, given the relatively limited amount of funding that is available
for these research programs, good coordination is essential to maxi-
mize their combined productivity.

Despite a legislative mandate to NIDRR for coordination among the
various and numerous federal agencies and programs there is a signifi-
cant shortfall in achieving this important objective. Poor coordination and
communication among programs severely limits their ability to develop
and implement a cohesive vision for the overall federal effort or to estab-
lish well-defined research priorities that could complement one another.
Territorial tension among the programs accentuates the problem and fur-
ther limits possible interagency and multidisciplinary activities that are
typically the hallmark of rehabilitation science and engineering.

Although some argue that there are benefits to the fact that responsi-
bility for conducting and supporting current research in rehabilitation
science and engineering is currently scattered among several agencies
(e.g., multiple funding sources and replication of research), there are also
drawbacks in terms of poor coordination and possible unnecessary dupli-
cation of effort. Inadequate monitoring of rehabilitation-related research
activities among the various programs contributes to the potential prob-
lem of duplication of effort, and the different terminologies used by the
various agencies complicate the issue even further, often making it nearly
impossible to determine what is being done, and by whom. Moreover,
although most programs have some means of cataloging and monitoring
their respective research activities, each has its problems. For example,
comparison of NIH research activities in rehabilitation and disability that
are identifiable through the Computerized Retrieval of Information on
Scientific Projects (CRISP) database with those activities identified by the
NIH Institutes themselves shows only an 17 percent agreement (see Fig-
ure 10-15). In other words, most activities that were identified in CRISP as
being rehabilitation-related research were not identified by the Institutes
as such, and vice versa.

Even within agencies there are problems of coordination and communi-
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cation. The definition of rehabilitation-related research, for example, is not
consistent among the Institutes at NIH (see Box A-2 in Appendix A). As
described in Appendix A, this results in a variety of problems, including
difficulty in even describing the current status of research. Moreover, with
respect to NIH specifically, the lack of a study section to review rehabilita-
tion-related research applications raises the question of whether there is a
well-coordinated research effort in this field among the Institutes.

By law, the responsibility for coordinating federal disability research
programs rests with ICDR, which is to be chaired by the director of NIDRR
and whose membership includes 11 different agencies. The level of activ-
ity and relative success of ICDR, however, vary and are a function of both
the energy and attention that ICDR receives from NIDRR and the good-
will, cooperation, and voluntary participation of its members.

Although ICDR has the potential (and the legislative mandate) to
serve as a forum for agencies to discuss issues of mutual interest and
concern and as a mechanism for them to identify research priorities and
coordinate their research agendas, it has been relatively unsuccessful in
these regards. This primarily seems to be a result of the fact that ICDR has
no authority to ensure cooperation or even participation. It also has no
full-time staff to manage and operate ICDR, nor any real means of provid-
ing incentives for member agencies to participate. Agency participation
in ICDR meetings varies because the benefits of participation are not
necessarily clear and the lack of participation has no observable negative
effects on individual programs. Thus, the Holy Grail of effective coordi-
nation remains elusive, despite a clear need and the often valiant efforts

FIGURE 10-15  Sources of National Institutes of Health abstracts.
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Overlap
17%
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on the part of NIDRR to compel and persuade the various agencies to
participate.

One result of this disjointed effort is that potentially important areas of
research in rehabilitation science and engineering may be either overlooked
or underemphasized. For example, there seems to be inadequate attention to
education and training of researchers in the field, especially nonmedical
investigators, and health services research has largely been neglected. Per-
haps the single greatest consequence of this disjointed effort, however, seems
to be the lack of an appropriate emphasis on disability research per se, that
is, the interaction of the person and the physical and social environments.
NIDRR activities seem to address this particular area to a greater extent than
the activities of other programs do, but the need still eclipses the effort. Far
more studies are needed to address the environment as an independent
variable and to identify and develop strategies for reducing and preventing
disability and secondary conditions.

A well-coordinated federal effort in rehabilitation science and engi-
neering with adequate funding and visibility is needed. This effort would
address the following nine objectives:

• monitor the range of research activities in rehabilitation science
and engineering among the various and numerous federal programs,

• ensure the highest-quality research (e.g., through peer review),
• identify and establish clear research priorities that would be comple-

mentary and mutually beneficial among the different federal programs,
• ensure interagency collaboration and joint research activities and

reduce unnecessary duplication of effort,
• enhance the development of a cadre of rehabilitation scientists and

engineers,
• develop effective technology transfer activities,
• help establish and maintain the use of consistent definitions and

terminologies among agencies,
• optimize productivity through resource sharing and other cost-

saving activities, and
• conduct clinical trials of therapeutic and environmental strategies

to reduce and prevent disabling and secondary conditions.

The remainder of this chapter describes three of the many options
that the committee developed and considered as means of addressing the
problems and needs associated with inadequate support and coordina-
tion of federal programs in rehabilitation science and engineering. This is
followed by recommendations for achieving enhanced coordination and
visibility of the overall federal effort in rehabilitation science and engi-
neering and for overarching areas of priority research.
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SUMMARY OF POSSIBLE OPTIONS

The assessment of the current organization and administration of fed-
eral research in rehabilitation science and engineering described above
reveals the deficiencies to be inadequate support, visibility, and coordina-
tion. Thus, any attempt to address these deficiencies must include strate-
gies to increase support, enhance visibility, and improve coordination.
More specifically, to improve the health, quality of life, and productivity
of people with disabling conditions, the constellation of federal programs
needs to address the nine objectives listed above.

In formulating its recommendations for the organization and admin-
istration of research in rehabilitation science and engineering by the fed-
eral government that address the needs and objectives articulated above,
the committee considered several options. A summary of three of these is
described below to characterize the spectrum of possibilities that the com-
mittee considered in developing the final recommendation.

Option 1: Improvement of NIDRR

All of the current programs that conduct and support research in
rehabilitation science and engineering are important and make significant
contributions to the overall need to improve the health of people with
disabling conditions. If there is one program, however, that not only has
possibly the largest potential for contributing to this effort but that is also
the most limited by administrative and organizational constraints, it is
NIDRR. The NIDRR mission and its constituency of people with dis-
abling conditions are fundamentally important to the research agenda of
rehabilitation science and engineering espoused by this committee.
NIDRR has vigorously pursued this mission, but in the committee’s esti-
mation and as described above, it has been restricted in its ability to fully
execute its mission primarily by virtue of its administrative position
within the U.S. Department of Education, and the ICDR’s lack of real
authority.

Option 1 is designed to improve the overall constellation of federal
programs by focusing on improving one of the most important compo-
nents: NIDRR. In summary, this option would (1) improve peer review of
grant applications at NIDRR and (2) move current medical research ac-
tivities from NIDRR to NIH/NCMRR, limiting the focus in NIDRR to
transportation, employment, independent living, parenting, and disabil-
ity studies.

As discussed previously, the review of grant applications in
NIDRR needs to be changed to improve its consistency and quality.
To do this, review panels need to be established that would meet over
a period of time rather than just once. In addition, although NIDRR is
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to be commended for its success in including consumers in the review
of applications, there is a need to enhance the quality of the technical
review.

One important aspect of the NIDRR program is its focus on person-
environment interactions with an emphasis on the whole person. Imple-
menting this option would refocus the NIDRR mission to emphasize the
impacts of interventions and assistive technologies on improving the lives
of people with disabling conditions in the following areas: employment,
transportation, independent living, parenting, and disability studies.
Thus, NIDRR would focus on programs that emphasize environment as
an independent variable.

The advantages of keeping NIDRR in U.S. Department of Education
include the following: constituencies remain intact, continuity of funding
is ensured for Rehabilitation Research and Training Centers and Rehabili-
tation Engineering Research Centers, and costs of relocation are avoided.
Because of its importance and particular focus of research activities, im-
proving the NIDRR program would help to improve the present condi-
tion of the overall situation. However, these are minimal improvements
that would improve only one important part of the constellation of activi-
ties and would not adequately address the need for a well-coordinated
and well-supported overall federal effort.

Option 2: Consolidation of All Programs into a New Agency

Option 2 is at the opposite end of the spectrum of possible options for
addressing the need for change in the organization and administration of
research programs in rehabilitation science and engineering. This option
would move all programs that currently support research in rehabilita-
tion science and engineering into a single, newly created agency or de-
partment. The committee considered this option because the research is-
sues related to the health of people with disabling conditions are
significant enough, and large enough, to deserve such visibility and atten-
tion.

Many of the advantages and disadvantages of this option are readily
apparent. With such consolidation of programs there would be econo-
mies of scale and potential savings in reduced bureaucratic waste. How-
ever, there would also be the costs associated with uprooting and displac-
ing the many existing meritorious programs. Although the visibility of
such a large, consolidated program would seem to be clearly justified, the
hybrid vigor that results from various perspectives would be lost. In other
words, consolidation would probably reduce the various agencies’ broad
range of approaches—and solutions—to the problems faced by people
with disabling conditions. Finally, although the creation of a new agency
or department with such a mandate is intriguing for many reasons, in-
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cluding the fact that it might facilitate the establishment of an integrated
program with clear goals and vision, the fiscal and political realities of
creating a new program of this size are probably unsurmountable at
present.

Option 3: Move NIDRR to Create ADRR

The overall problems of coordination, visibility, support, and moni-
toring of federal programs are too large to be resolved by adjustments to
the NIDRR program alone (Option 1). Consolidation into a single agency
(Option 2) is similarly unacceptable, although for different reasons. A
middle-ground approach is proposed as Option 3. This option would (1)
move NIDRR to DHHS creating an Agency on Disability and Rehabilita-
tion Research (ADRR) within DHHS that would coordinate the various
federal programs, (2) establish a small set-aside fund from the agencies
involved in rehabilitation research to support the coordination effort and
help ensure participation, and (3) elevate other programs within their
respective agencies to enhance visibility.

The committee believes that the unique mission of NIDRR needs to be
preserved because it is fundamentally important to the research agenda
of rehabilitation science and engineering espoused by this committee.
NIDRR has vigorously pursued this mission as best as possible within the
constraints of its administrative location. Moving NIDRR from U.S. De-
partment of Education to DHHS, however, would facilitate, if not require,
the implementation of a new system for grant application, review, and
management—a major benefit to improving the quality of research.

There are three initial advantages and benefits to be gained from
moving NIDRR to DHHS. First of all, the move would be an opportunity
to review the program’s mission and personnel, and make appropriate
changes to the program’s structure. Secondly, it would move NIDRR
closer administratively to NIH and CDC, which should facilitate coordi-
nation among the agencies. Finally, it would allow NIDRR to amend its
peer review process. In an environment more conducive to research,
NIDRR could establish larger, more permanent peer review panels. These
larger panels would allow review of a more heterogeneous mix of appli-
cations, and allow for broader representation (including people with dis-
abling conditions) on the review panels. With increased investment in
peer review, staff could make more site visits, making the peer review
process more rigorous, attracting high quality scientists interested in re-
habilitation-related research. Standing committees would have more time
for reviewing and need less time getting to know the process.

After carefully considering all three options, the committee arrived at
the conclusions and recommendations that follow.
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CONCLUSIONS AND RECOMMENDATIONS

The current organization and administration of federal programs that
support research in rehabilitation science and engineering are such that
each program has a unique, worthwhile, and complementary mission.
CDC investigates prevention and secondary conditions, NSF and NCMRR
research basic engineering and medical rehabilitation, respectively,
NIDRR focuses on disability and the whole person in the environment,
and VA is able to tailor its research agenda to the needs of its constituents.
This represents a sound spectrum of rehabilitation research. In general,
weaknesses in the spectrum are not due to inappropriate priorities or
other problems within the programs themselves, but rather to a general
insufficiency in the magnitude of the overall program of research, its
limited visibility, and lack of effective coordination of the overall constel-
lation of programs. Thus, correcting this situation will require additional
research activities, greater visibility within the administrative structure,
and improved coordination. Any potential reorganization or restructur-
ing of the rehabilitation science and engineering activities of the federal
government should be designed to achieve these objectives and also pass
the test of implementability, with an eye towards long term, effective
function for the foreseeable future.

Due consideration was given to a spectrum of options for improving
the current situation and achieving the objectives of expanded research,
enhanced visibility, and improved coordination. Of the many options
considered, three of which are described above, Option 3 was determined
to be the most reasonable, appropriate, and effective one for addressing
the identified needs for improved coordination and enhanced visibility
for federal research in rehabilitation science and engineering. The com-
mittee therefore recommends that this option be implemented as a means
of enhancing the overall federal effort in rehabilitation research and im-
proving the health, quality of life, and productivity of people with dis-
abling conditions (see Recommendation 10.1 below).

RECOMMENDATION 10.1 The committee recommends that the
NIDRR program of activities and its annual appropriation of ap-
proximately $70 million should be moved from the U.S. Department
of Education to HHS and serve as the foundation for the creation of a
new Agency on Disability and Rehabilitation Research (ADRR).
ADRR would assume the tasks that were formerly assigned to the
Interagency Committee on Disability Research (ICDR) and be given
enhanced authority through review of disability and rehabilitation
research plans and control of funding for interagency collaboration.
To further support and enhance the overall federal effort, all major
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programs in disability and rehabilitation research should be elevated
within their respective agencies or departments.

There would be immediate benefits to the improvement of the quality
and coordination of rehabilitation-related research from an administra-
tive relocation of NIDDR to HHS. Expanding the overall research effort,
however, will require additional funding. Table 10-4 shows what an ex-
panded research effort such as this might cost.

Move NIDRR to Create ADRR

The major purposes of moving NIDRR are threefold: first, to explant
it administratively to a more nurturing and supportive environment; sec-
ondly, to raise the visibility of disability and rehabilitation research as im-
portant health issues; and lastly to serve more effectively as the core of an
interagency coordinating body. In serving as the basis for a new agency, the
move would provide an opportunity to develop a better coordinated federal
effort with enhanced visibility and well-defined, complementary goals for
the overall effort. Moving NIDRR to DHHS and elevating it to an agency-
level program (ADRR) would correct many of the deficiencies and problems
that have been described above, and improve the overall productivity of
federal research in rehabilitation science and engineering.

Moving NIDRR out of the Department of Education is an important
component of the recommended changes to improve the overall federal
effort. As indicated by the GAO in 1989, the U.S. Department of Educa-
tion has not provided adequate resources to the development of NIDRR
(GAO, 1989), and seems unlikely to do so in the future. Such things as the
lack of consistent announcement dates for grant competitions and ad hoc
review panels with only a few members prevent or at best interfere with
high-quality reviews. The constant change in peer reviewers does not
allow applicants to receive constructive criticism from the review process
or the opportunity to respond to the same reviewers. Hence, investigators
are discouraged from applying.

Administrative locations other than DHHS were considered by
the committee, but the most reasonable choice seemed to be within
DHHS, at the level of the Administration on Aging. There is also an
historic precedent in that the origins of NIDRR reside in the former
U.S. Department of Health, Education, and Welfare. But more impor-
tantly, and among other reasons, being located in DHHS would facili-
tate cross-fertilization with other relevant programs and activities,
such as the Administration on Aging, the Bureau of Maternal and
Child Health, the Administration on Developmental Disabilities. Mov-
ing to DHHS, as opposed to creating an independent agency, would
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also obviate the need to create a large workforce to handle the sup-
port functions of personnel, purchasing, and legal and public affairs,
all of which would already be available in the department. Moreover,
other agencies within DHHS (e.g., NIH and CDC) already perform
the majority of disability and rehabilitation-related research.

To enhance its coordinating authority, ADRR would review plans for
research in the following year submitted by all agencies with significant
efforts in rehabilitation science and engineering. Such an evaluative func-
tion would allow ADRR to help ensure quality in each agency’s research,
eliminate duplication, identify priorities, and sustain a national agenda.
ADRR would also maintain a database of projects and activities. Special
efforts should be directed to the development of a common database for
rehabilitation science and engineering that would facilitate monitoring,
coordination, and priority-setting among the programs.

Part of ADRR’s support could come from a set-aside fund (e.g., one
percent) from each of the major programs that support research in reha-
bilitation science and engineering. These funds would be used to enhance
coordination and interagency participation, as well as collaborative re-
search activities.

ADRR should be provided with the authority to award research
grants, contracts, cooperative agreements, and research and development
with a rehabilitation science or engineering focus. Eligible entities would
include universities, rehabilitation facilities, nonprofit organizations, and
for-profit corporations. ADRR should also have the authority to award
supplemental research funds. All award announcements should have pro-
posal receipt dates that coincide with those of NIH, which will permit
applicants to plan their research activities better.

This committee recognizes the strengths of center grant research and
recommends continued support by ADRR. The committee further recom-
mends, however, that ADRR enhance field-initiated research projects,
environmental modifications training for people with disabling condi-
tions and their families, and training for health and engineering person-
nel. Finally, ADRR staff should be grounded in relevant fields of rehabili-
tation science and engineering. Sufficient staffing, salary, equipment, and
expenses must be provided to permit fulfillment of the defined missions.

Preferably, ADRR would be organized in a manner that reflects
the major substantive activities of the program: coordination of fed-
eral research efforts, research, education, and dissemination. This
would facilitate the implementation of a mission that focuses on sub-
stantive, multidisciplinary activities as opposed to those of the sepa-
rate, individual disciplines.

The following section describes the committee’s view on some of the
details of the organization of the new agency.
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Organization of ADRR

ADRR would have five divisions that would address the following
areas: coordination and linkage; rehabilitation and disability research;
engineering and environmental research; training for researchers and
people with disabilities; and integration of rehabilitation-related research,
practice and technology information. The sections that follow discuss each
of these in detail.

Coordination and Linkage Division The coordination activities of
this division would take on the responsibilities of ICDR currently as-
signed to NIDRR, but the division would have increased authority to
fund colloborative activities. If NIDDR is moved to DHHS to create
ADRR, but no additional funding is provided (e.g., one percent set-aside
from other agencies), then support would need to be drawn from other
internal programs for this purpose.

Interagency Committee The budget for these activities would need to
cover staff salary, database management, conferences, cross-agency staff
training and interagency committee meetings. The interagency commit-
tee would be composed of rehabilitation experts outside government,
representatives of the major government funding agencies, major founda-
tions funding rehabilitation-related research, leaders of organizations that
provide services to people with disabling conditions, and people with
potentially disabling conditions who represent major constituencies.

Multiple-Agency Projects A second branch of this division would
support linkage projects that cross the boundaries of the missions of
the various agencies. The projects would be on designated topics rec-
ommended by the interagency committee. Each participating agency
would be required to dedicate some funds to the projects. Founda-
tions and for-profit companies would be encouraged to cofund
projects. Funding for these linkage activities would provide incen-
tives for government agencies to cooperate in planning directed re-
search activities, reduce costs of recruiting separate populations for
studies of the same condition at different times in the course of the
condition, and allow for more detailed cross-environmental studies of
similarities and differences in societal level problem solving. The ac-
tivities ideally funded at a level of approximately $1 million, would
be supported through an interagency transfer of funds to a desig-
nated lead agency that would be responsible for managing the award.

Rehabilitation Resource Support Centers A second type of linkage pro-
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gram would be funded through a third branch of this division of ADRR
and would provide funds to meet deficits in the study of the person–
environment interaction. There is a need to support rehabilitation-related
research projects that involve community sites that have not been tradi-
tionally funded through government agencies (e.g., in the cultural set-
tings of minority groups, rural communities, inner cities, and home and at
work). Moving from a laboratory-based approach to one based in com-
munities will require new approaches that have little current research
support. By using a variety of human assistance resources and physical
environmental modifications, such studies will provide answers to ques-
tions regarding the participation by people with disabling conditions in
major life activities. The idea would be to empower people with disabling
conditions by using results based on scientific studies of what optimal
conditions are best for each of life’s major activities. The funds for these
activities would provide support for community-based, longitudinal stud-
ies. The funds would be awarded through a peer reviewed, competitive
process that would be managed by ADRR staff.

Rehabilitation and Disability Research Division The research on
disability and rehabilitation currently funded by NIDRR would continue
to be funded, but it would be funded by ADRR and would be managed by
ADRR staff. Initially, no currently funded activities would be terminated
and currently funded activities would continue through the existing
award period. The program would be divided into two broad branches:
rehabilitation science and disability studies.

Rehabilitation Science The rehabilitation science branch could be orga-
nized by topic areas rather than by the type of funding mechanism (i.e.,
via centers and field-initiated research). The mechanisms used to fund
these activities could include special-emphasis projects, centers of excel-
lence in areas of rehabilitation (such as Model Spinal Cord Injury Cen-
ters), research program grants, research and demonstration projects, new
investigator awards, small grant awards, minority investigator awards,
and awards to people with disabling conditions. The mechanisms would
support work in topic areas by using a variety of funding mechanisms
that could be awarded to sites at various locations. Thus, this branch
could have several sections for programming and managing topics in-
cluding but not limited to engineering, health and fitness, employment,
transportation, housing, independent living, community integration, per-
sonal assistant services, and policy. The current effort in investigator-
initiated research, currently funded at a level of approximately $39 mil-
lion, is inadequate to meet the expansion to an inclusive approach to
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rehabilitation and disability recommended by this committee. It should
be a priority to increase this effort.

Disability Studies A significant portion of the funding for this divi-
sion of ADRR would be apportioned to support the field of disability
studies. The committee encourages the development and support for the
examination of people with disabling conditions and cultural response
through a variety of lenses, including but not limited to economics, politi-
cal science, religion, law, history, architecture, urban planning, literature,
and fine arts.

Engineering and Environmental Research Division The activities
of this committee revealed a significant weakness in the overall research
activities related to rehabilitation engineering and environmental modifi-
cation. Notably, the lives of people with disabling conditions can be en-
hanced through environmental strategies, including assistive technology
and universal design, among others.

Assistive Technology and Engineering Few resources are allocated to
studying the development, deployment, and use of assistive technologies.
The coordination of these resources is minimal. The major source of cur-
rent research effort, Rehabilitation Engineering Research Centers, which
are currently funded through NIDRR, would continue to be funded for
the existing award period. Again, the topics for funding would provide
the organizational structure for the ADRR rather than the funding mecha-
nism (e.g., Rehabilitation Engineering Research Centers). The topics in
this branch of ADRR would include robotics, orthotics, prosthetics, wheel-
chairs, communication devices, visual aids, and others.

Universal Design A second branch in this division would fund those
projects that are directed at modifying the built environment and assessing
the natural environment for access. This branch would fund studies of uni-
versal design, special needs environments, mass transit vehicles (e.g.,
lightrail, passenger trains, airplane seating, and buses) and the structural
and product engineering aspects of technologies. The branch would foster a
Framingham-type study for several site examinations of the influence of
changes in environmental access and accommodation mandated by the
Americans with Disabilities Act of 1990 and how they change the participa-
tion of people with potentially disabling conditions in major life activities.

Training and Career Development Division This division would
focus on three different areas of training. Not only would it include tradi-
tional career development awards to attract scientists and engineers to
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rehabilitation science and engineering but it would also provide training
to caregivers and would bring scientists and engineers with disabling
conditions into the field of rehabilitation-related research.

Allied Health and Engineering This branch would provide funding for
training in sciences and engineering necessary for conducting research in
rehabilitation-related topics that are not covered by NIH training pro-
grams. Support would be provided for early career development,
midcareer transition and later career special summary projects. Several
areas of research that have received little support for training personnel
to conduct research would be funded by this branch (see Chapter 9).

Services Training A second branch within this division would provide
training funds for professional development for those who provide ser-
vice to people with disabling conditions. These professions include but
are not limited to Occupational Therapy, Physical Therapy, Psychology,
Physical Medicine and Rehabilitation, rehabilitation nursing, orthotics,
and prosthetics. Additional efforts should be made to expand this pro-
gram to train personal assistance providers, urban planners, architects,
environmental specialists, lawyers, tax consultants, and other profession-
als who are beginning to develop programs for enhancing the lives of
people with potentially disabling conditions.

Recruitment of Scientists with Potentially Disabling Conditions The third
branch of this division would provide funding for training people with
potentially disabling conditions and their families in the skills needed to
understand, conduct, and participate in research. The funds would be
provided as training supplements to existing grants, targeted fellowships,
specialized career development grants, and small grants to advocacy or-
ganizations for short-term training in understanding and using research
findings.

Information Integration and Dissemination Division Information In-
tegration  A one-time contract would be awarded to integrate the existing
literature databases and to develop links to and from existing databases
(e.g., NARIC, ERIC, and MEDLINE). The award would be in the range of
$1 million to $2 million. The information division staff would then main-
tain the system.

Dissemination Information dissemination activities would be man-
aged through this division. This would include making existing data ac-
cessible to the public, and the information would include publications
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and material pertinent to disability issues, as well as the results of feder-
ally funded research projects and clinical practice guidelines.

Elevate Other Existing Programs

The fact that focal points for most the rehabilitation research cur-
rently reside at the lower administrative levels—that is, programs, divi-
sions, and centers as opposed to institutes and departments—indicates
that rehabilitation is not yet the priority that it should be across the fed-
eral government.

The general levels of research activities within each program are the
primary barrier to adequate attention to the pressing issues in rehabilita-
tion research. The priorities within each program, although in need of
coordination, seem appropriate within their respective missions. The
problem lies not in the particular rehabilitation programs but in the con-
straints and limited visibility that they experience within their respective
agencies or departments. Increasing the capacity of one program or di-
recting another program to focus on a specific problem is not the solution
to the general needs of rehabilitation-related research. The necessary pro-
grams exist, but they must be elevated and funded to more appropriate
levels, increasing the resources, visibility, and importance of rehabilita-
tion across the agencies.

The committee believes that NCMRR, for example, should at least be
a separate Center at NIH. As a free-standing center, NCMRR could form
one or more special emphasis review committees managed by the Divi-
sion of Research Grants, NIH. This approach would follow the standard
NIH operation of separating DRG study sections from Institutes and al-
lowing the science of the projects to be reviewed for funding consider-
ation by several institutes. The special emphasis panels would have scien-
tists with experience in rehabilitation-related topics, giving these types of
applications a more favorable chance for funding than currently exists at
NIH. The net result would improve the science and encourage more ap-
plications in the area of medical rehabilitation. NCMRR should also be
given the ability to support multidisciplinary research centers. This would
allow NCMRR to fund thematic program projects in areas such as mobil-
ity, psychosocial, multiple organ systems, assessment and measurement,
treatment effectiveness, and use of assistive technology (specifically pros-
thetics). Additionally, NCMRR would be able to fund clinical trials for
effectiveness of old and new treatments, multiple organ system studies,
cross condition comparisons, longitudinal studies of the natural course,
primary health care for long-term illness and disabling conditions, and
managed care.

Similarly, the DPP should be elevated within the CDC, perhaps to the
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CDC Directors’ office level. Like minority health and women’s health,
disability and rehabilitation-related research is a cross-cutting area that
transcends definition at the Center level. Placement within the CDC
Director’s office would afford rehabilitation science and engineering the
visibility that it deserves and help to ensure that these issues would be
integrated into all programmatic activities.

Summary

By moving NIDRR to create ADRR, the federal government would
take a very important step in enhancing the productivity, relevance, and
coordination of the programs which support rehabilitation research. Each
of the current programs provides vital information for various communi-
ties of people with disabling conditions, but heightened visibility of the
individual programs would enhance their effectiveness. By augmenting
the current research efforts, strengthening the efforts in coordination, and
magnifying visibility, federal research efforts should become more pro-
ductive and relevant. The following chapter describes the committee’s
overarching recommendations for improving the field of rehabilitation
science and engineering.
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11

Overarching Recommendations and
Priorities

The previous chapters have illustrated the large potential for improv-
ing the health, productivity, and quality of life for the 49 million Ameri-
cans with disabling conditions. Significant savings in health care costs,
lost wages, and reduced emotional costs may well be realized by enhanc-
ing research in rehabilitation science and engineering. With this in mind,
three fundamental needs emerged from the committee’s assessment of
the content, quality, and adequacy of the research and knowledge base in
rehabilitation science and engineering. The first is a need to more widely
recognize and accept rehabilitation science and engineering as an aca-
demic and scientific field of study, the continued development of which
should result in significant contributions to the field, and ultimately to
consumers. The second is a need to focus on a set of priorities for research
that will advance the field of study and improve the health, productivity,
and quality of life for people with disabling conditions. And perhaps
most importantly, the third is a need to enhance the federal effort in
rehabilitation science and engineering by expanding research, raising vis-
ibility, and improving coordination.

Each of these needs is important to improving research and enhanc-
ing knowledge. Enhanced education and training in rehabilitation science
and engineering as a distinct multidisciplinary field of study will result in
higher quality researchers and research. Setting research priorities will
help focus the limited amount of energy and funding, and enhancing
federal efforts should improve both the quantity and effectiveness of cur-
rent federal efforts.
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Three overarching recommendations are presented below to address
these needs.

RECOGNIZE THE FIELD OF STUDY

Rehabilitation draws from a wide variety of disciplines—it is truly a
multidisciplinary activity. Rehabilitation science and engineering is the
body of knowledge that exists at the confluence of these disciplines—
drawing from, and contributing to each. The continued development of a
common knowledge base in rehabilitation science and engineering will
be important to future research that can benefit people with disabling
conditions.

At this point in the evolution of the science there is a sufficient knowl-
edge base and level of research to justify the recognition of a new field of
study. Such recognition would facilitate accelerations in multidisciplinary
education, training, and research, all of which would combine to advance
the field of rehabilitation science and engineering and more effectively
address the needs of people with disabling conditions. For these reasons,
the first overarching recommendation focuses on establishing rehabilita-
tion science and engineering as a recognized field of study, as follows.

Overarching Recommendation 1. Rehabilitation science and engineer-
ing should be more widely recognized and accepted as an academic and
scientific field of study. As such, the field should receive greater finan-
cial support, serve as the basis for developing new opportunities in
multidisciplinary research and education, and ultimately improve the
health and quality of life of people with disabling conditions. This new
field should be consistent with the model of the enabling–disabling
process that is defined and described in this report.

EMPHASIZE PRIORITIES

Several chapters of this report provide specific recommendations for
future research in rehabilitation science and engineering. In addition,
Appendix A contains suggested research priorities from various profes-
sional associations.

Many topics and areas require investigation, and identifying priori-
ties is not simple. The process cannot be based on prevalence alone or
simply on cost. Moreover, the entire field has critical ecumenical needs
such as creating a common terminology and taxonomy, agreeing on a
model, and quantifying functional limitations and disability. Because of
this, setting specific priority research topics may not be as important for
this committee as setting general priorities for the field.
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Acknowledging the limited ability of any assembly of individuals to
identify research priorities with great acuity or detail, the committee chose
instead to describe general priorities that should be fundamentally im-
portant to any rehabilitation-related research and to the advancement of
rehabilitation science and engineering as a whole. Thus, the second
overarching recommendation focuses on establishing general priorities
for rehabilitation science and engineering.

Overarching Recommendation 2. As the field of rehabilitation sci-
ence and engineering continues to evolve and gain recognition as an
academic and scientific field of study, there are three general priori-
ties that will and should be of fundamental importance to its growth
and to the ultimate improvement of health, productivity, and quality
of life for people with disabling conditions: strengthen the science,
focus on the enabling–disabling process, and transfer the technology.
(See Box 11-1.)

Within the context of these priorities, resource distribution should
somewhat favor activities that address the states of functional limitation
and disability. This would help to correct a current imbalance to the basic
science end of the spectrum. These priorities are appropriate and relevant
for all federal agency programs that were reviewed by this committee.

ENHANCE THE FEDERAL EFFORT

In general, weaknesses in the current spectrum of federal programs in
disability and rehabilitation research are not due to inappropriate priori-
ties or other problems within the programs themselves, but rather to a
general insufficiency in the magnitude of the overall program of research,
its limited visibility, and a lack of effective coordination of the overall
constellation of programs. Thus, the constellation of federal research pro-
grams in rehabilitation science and engineering needs to be reorganized
and administered in a fashion that will improve interagency coordina-
tion, enhance visibility, and expand research for the purposes of improv-
ing the health, independence, productivity, and quality of life for people
with disabling conditions.

As the largest federal program with a focus on disability and rehabili-
tation research, NIDRR’s program was of major interest to the committee.
The NIDRR mission and its constituency of people with disabling condi-
tions are fundamentally important to the research agenda of rehabilita-
tion science and engineering espoused by this committee. The committee
concluded, however, that despite vigorous pursuit of its mission, NIDRR
has been restricted in its ability to fully execute its mission primarily by
virtue of its administrative position within the U.S. Department of Educa-
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tion, and the Interagency Committee on Disability Research’s lack of real
authority. An important example of the former is the need for improved
peer review processes that are unobtainable in the present administrative
location.

For the purpose of improving the overall federal effort and address-
ing the priorities described in the second overarching recommendation,
the committee restates Recommendation 10.1 as the third overarching
recommendation since its implementation has such broad potential im-
pact and significance.

Overarching Recommendation 3. The committee recommends that the
NIDRR program of activities and its annual appropriation of approxi-
mately $70 million should be moved from the U.S. Department of Edu-
cation to DHHS and serve as the foundation for the creation of a new
Agency on Disability and Rehabilitation Research (ADRR). ADRR
would assume the tasks that were formerly assigned to the Interagency
Committee on Disability Research and be given enhanced authority
through review of disability and rehabilitation research plans and con-
trol of funding for interagency collaboration. To further support and
enhance the overall federal effort, all major programs in disability and
rehabilitation research should be elevated within their respective agen-
cies or departments. (Recommendation 10.1)

In keeping with the committee’s task of making recommendations
within differing levels of fiscal expenditure, Chapter 10 presents guid-
ance on how funds could be distributed in a configuration of programs

BOX 11-1
General Priorities for Rehabilitation Science and Engineering

As the field of rehabilitation science and engineering continues to evolve and
gain recognition as an academic and scientific field of study, there are three gen-
eral priorities that will and should be of fundamental importance to its growth and to
the ultimate improvement of health, productivity, and quality of life for people with
disabling conditions.

1. Strengthen the science. Develop and validate accurate tools for measur-
ing and predicting functional limitations, disability, and outcomes.

2. Focus on the enabling–disabling process. Investigate critical factors in
the physical, social, and psychological environments that can affect transitions in
the enabling–disabling process over the lifecourse.

3. Transfer the technology. Develop and implement effective linkages be-
tween research and practice that will involve consumers, assure quality, and en-
hance service delivery.
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TABLE 11-1  Overarching Recommendations and General Priorities for
Rehabilitation Science and Engineering

Overarching
Recommendation

1. Recognize the Field of Study.
Rehabilitation science and
engineering should be more widely
recognized and accepted as an
academic and scientific field of study.
As such, the field should receive
greater financial support, serve as the
basis for developing new
opportunities in multidisciplinary
research and education, and
ultimately improve the health and
quality of life of people with
disabling conditions. This new field
should be consistent with the model
of the enabling–disabling process that
is defined and described in this
report.

2. Emphasize General Priorities. As the
field of rehabilitation science and
engineering continues to evolve and
gain recognition as an academic and
scientific field of study, there are
three general priorities that will be of
fundamental importance to its growth
and to the ultimate improvement of
health, productivity, and quality of
life for people with disabling
conditions.

General Priorities
1. Strengthen the science. Develop

and validate accurate tools for
measuring and predicting
functional limitations, disability,
and outcomes.

2. Focus on the enabling–disabling
process. Investigate critical factors
in the physical, social, and
psychological environments that
can affect transitions in the
enabling–disabling process over
the lifecourse.

3. Transfer the technology. Develop
and implement effective linkages
between research and practice that
will involve consumers, ensure
quality, and enhance service
delivery.

Individual Chapter
Recommendation

7.3, 9.1, 9.2, 9.3

2.1, 2.2, 3.1, 3.2, 4.3,
5.1, 5.4, 6.4, 7.1
(Item 1), 7.2, 7.4,
8.3, 8.4

4.1, 4.2, 5.2, 5.3, 5.5,
5.6, 5.7 6.1, 6.2, 6.3,
7.1 (Items 2 and 3),
9.4

8.1, 8.2, 8.5, 8.6, 8.7,
8.8

10.1

Government Agency
Involved

U.S. Department of
Health and Human
Services (DHHS,)
National Science
Foundation (NSF),
U.S. Department of
Education, U.S.
Department of
Veteran Affairs (VA)

DHHS, NSF, U.S.
Department of
Education, VA

DHHS, NSF, U.S.
Department of
Education, VA
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consistent with this committee’s recommendations. Table 10-4 in Chapter
10 shows the present funding levels and two options for expanded pro-
grams of research at a cost of $100 and $200 million.

Finally, Table 11-1 shows the relationship of the three overarching
recommendations and general priorities to each of the individual recom-
mendations in the preceding chapters.

TABLE 11-1  continued

Overarching
Recommendation

3. Enhance the Federal Effort. The
NIDRR program of activities and its
annual appropriation of
approximately $70 million should be
moved from the U.S. Department of
Education to DHHS and serve as the
foundation for the creation of a new
Agency on Disability and
Rehabilitation Research (ADRR).
ADRR would assume the tasks that
were formerly assigned to the
Interagency Committee on Disability
Research and be given enhanced
authority through review of disability
and rehabilitation research plans and
control of funding for interagency
collaboration. To further support and
enhance the overall federal effort, all
major programs in disability and
rehabilitation-related research should
be elevated within their respective
agencies or departments.

Individual Chapter
Recommendation

10.1

Government Agency
Involved

DHHS, NSF, U.S.
Department of
Education, VA
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A

Data Collection and Analysis

In an effort to be comprehensive in addressing the committee’s
overarching task of assessing the current status of rehabilitation science
and engineering and developing recommendations for future needs in
the field, the committee pursued several avenues of data collection and
analysis. In addition to what might be the obvious, that is, reviewing
federally funded research in the field, the committee also explored many
other sources in a concerted attempt to cast a broad net for the collection
and assessment of information. These sources included discussions with
federal agency representatives, a variety of presentations at committee
meetings, focus groups with consumers and professional associations,
surveys of private and public organizations, and commissioned papers. A
summary description of these follows.

REVIEW OF REHABILITATION RESEARCH ABSTRACTS

As part of the charge to this committee to assess and evaluate federal
rehabilitation research programs and make recommendations for future
research, the committee collected, reviewed, and analyzed research ab-
stracts from the major agency programs in rehabilitation research. The
general purposes were to (1) assess the current status of research, (2)
identify research needs and gaps, and (3) provide an objective basis for
the committee’s consideration in the development of recommendations
for future research. More specifically, the committee was interested in the
following questions (among others):
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1. How much research is clearly related to rehabilitation according to
the committee’s definition of rehabilitation as the “process” of movement
in the enabling/disabling process?

2. How much rehabilitation-related research is being done in the
various categories of pathology, impairment, functional limitation, and
disability?

3. What are the common study designs and experimental subjects?
4. What are the major areas of research emphasis for each federal

agency? Do the areas of research emphasis complement each other?
5. How much rehabilitation-related research focuses on factors such

as: environmental factors, policy issues, developing assistive technology,
secondary conditions, quality of life, and health outcomes.

The remainder of this section describes the process that the commit-
tee used in collecting, reviewing, and analyzing the abstracts, a summary
of the results of the analysis, and a discussion of some of the problems
encountered as part of the process.

Sources and Numbers of Abstracts

Abstracts of rehabilitation-related research activities were obtained
for fiscal year 1995 from the following agencies for review (numbers in
parentheses indicate how many abstracts were received):

• Centers for Disease Control and Prevention (CDC) (17)
• National Institutes of Health (NIH) (1,480)
• Agency on Health Care Policy and Research (AHCPR) (12)
• National Science Foundation (NSF) (124)
• National Institute for Disability and Rehabilitation Research (NIDRR)

(288)
• U.S. Department of Veterans Affairs (VA) (176)

Of the 17 abstracts provided by CDC, 12 were from the Disability
Prevention Program 2 were from National Center for Injury Prevention
and Control, and 3 were from the National Institute on Occupational
Safety and Health. The 124 abstracts from NSF were from its Bioengineer-
ing and Environmental Systems Division. The 288 NIDRR abstracts were
obtained from its Annual Program Directory for fiscal year 1995. All of
the VA abstracts were from the Rehabilitation Research and Development
Program—although other rehabilitation-related research is apparently
conducted by VA, abstracts were not obtainable for review. The 1,894
NIH abstracts were obtained from two different sources. The first set (973
abstracts) was provided in response to a committee request to the director
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of NIH.1 The second set (764 abstracts, 257 of which corresponded with
abstracts identified by the Institutes) was retrieved from the Computer
Retrieval of Information on Scientific Projects (CRISP) database on CD
ROM for fiscal year 1995. The CRISP database is an online computer-
based system that contains information on funded extramural and intra-
mural research in the Public Health Service. CRISP was also the source for
the abstracts from AHCPR that were reviewed. Finally, the committee
received one abstract from the Health Resources and Services Adminis-
tration and three abstracts from the Office of Disability, Aging, and Long
Term Care within the Office of the Assistant Secretary for Planning and
Evaluation. Figure A-1 describes the process that the committee followed
in identifying and retrieving abstracts from CRISP.

1NIH was asked to provide the committee with abstracts from each of the institutes at
NIH, along with their respective definitions of rehabilitation-related research.

FIGURE A-1   PHS research in rehabilitation: process for identifying, retrieving,
and reviewing rehabilitation related abstracts.
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BOX A-1
Major Sections of the Abstract Review Form

1. Relevance to rehabilitation science and engineering
2. Rehabilitation states
3. Experimental subjects
4. Targeted population and condition
5. Study design
6. Other descriptors

In general, the keywords “rehabilitation” and “disability” were used
and the keywords “mental health” and “substance abuse” were excluded.
Through the Medical Rehabilitation Coordinating Committee, the vari-
ous NIH institutes submitted their definitions of rehabilitation research
and a listing of all the rehabilitation or rehabilitation-related research that
was funded in fiscal year 1995.

Review and Analysis of Abstracts

The committee performed a pilot examination of the abstracts using a
form that it created to assess whether certain types of information would
be available for review and analysis. The form included six major sections
(see Box A-1), each with a subset of several variables for evaluation. The
results of the pilot study indicated that the varied quality and limited
amount of information in the abstracts were inadequate to address many
of the committee’s questions and the review needed to be reduced in
scope.

Following the pilot review and in accord with the limited amount of
information available in the abstracts, the abstract review process was
scaled back to address only the first three sections (see Box A-1). All
abstracts from the federal agencies were then reviewed by a subcommit-
tee and staff, and classified according to rehabilitation relevance, rehabili-
tation state addressed, and experimental subject.

The intent of these three categories is to provide a succinct summary
of the rehabilitation science and engineering research that is funded by
the federal government, the extent to which the research projects identi-
fied by the agencies fulfill this committee’s definition of rehabilitation
science, and whether the work involved human subjects, animals, tissue
culture, synthetic materials, or computer models. In this way, the commit-
tee could assess the current range, trends, and general priorities in the
field of federally funded research in rehabilitation science and engineer-
ing. The operational definitions for the different categorizations are de-
scribed below.
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Rehabilitation Relevance

This classification had five mutually exclusive categories (see Table
A-1). “Rehabilitation science” includes research projects that address two
or more rehabilitative states (defined in the following section), and in
some cases can span all of the rehabilitative states from pathology to
disability. Because these are exclusive categories, any project that cut
across rehabilitation states, and therefore met the definition of rehabilita-
tion science, but that was predominantly an engineering modality, was
categorized as “rehabilitation engineering.” The “rehabilitation-related/
single state” category includes projects that are relevant to rehabilitation
but that focus on only one state in the enabling–disabling process (not
transitions among the states). Research involving drug or alcohol abuse
and mental health research were specifically excluded from this
committee’s charge. Finally, the category “not related” described projects
that did not have a research component or that were not clearly relevant
to rehabilitation research. Among such abstracts were grants to purchase
equipment for research, training with no research component, and semi-
nars that did not produce a report.

Rehabilitative States

Under this classification the project abstracts were categorized ac-

TABLE A-1  Rehabilitation Relevance Classification

Category Description of Research

Rehabilitation science Research that addresses the transition between states of the
enabling–disabling process (i.e., pathology, impairment,
functional limitation, and disability)

Rehabilitation Research that emphasizes the development of devices or
engineering other technology applicable to the enabling–disabling

model states

Drug or alcohol abuse Research that addresses rehabilitation of drug and alcohol
and mental health abuse; mental health studies were also classified here

Rehabilitation related Research that is related to rehabilitation but not
(single state) emphasizing transition among rehabilitative states and that

can include studies of materials, tissues, or subjects with
no disabling conditions

Not related Research that is not clearly relevant to rehabilitation
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TABLE A-2  Rehabilitative States Classification

Category Description of Research

No disabling Research that addresses the state of function or use of
conditions subjects with no disabling conditions to investigate

mechanisms that are potentially relevant to assessing and
treating disabling conditions

Pathology Research that examines changes of molecules, cells, and
tissues that may lead to impairment, functional limitation,
or disability, distinguished from pathology by
manifestation at organ or organ system level

Impairment Research that analyzes changes in particular organs,
systems, or parts of the body; impairment is distinguished
from functional limitation due to emphasis on organ and
body components instead of the whole body

Functional limitation Research that examines functional changes involving the
entire subject, manifested by task performance

Disability Research that focuses on the interaction of the subject with
and in the larger context of the physical and social
environments

cording to the states described in the enabling–disabling process devel-
oped by this committee (see Table A-2; for more detailed discussion, see
Chapter 3). The four basic states of pathology, impairment, functional
limitation, and disability are those that were initially described by Nagi
and more recently elaborated by the Institute of Medicine (1991).

A category called “no disabling conditions” was added to accommo-
date research that dealt with nonpathological materials. Note that this
category is intended for studies that focus exclusively on materials or
subjects with no disabling conditions (excluding those that only have
control subjects with no disabling conditions). This category includes re-
search that addresses technology or mechanisms contributing to disabil-
ity without directly studying pathology, impairment, functional limita-
tion, or disability.

Experimental Subjects

A third categorization of the projects is summarized in Table A-3.
Note that this categorization distinguishes between “human” and nonhu-
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man “animal” preparations and that these two categories include both
cadaver and living tissues from these two sources. “Cultures” are differ-
ent in that they involve living cells that are cultured from either human or
animal sources. The “synthetic” category includes both organic and inor-
ganic materials that are used, particularly for prostheses and other de-
vices. Finally, a category of “computer” and other modelling is included.
These are not exclusive categories; many studies involve studies of mul-
tiple subjects, ranging from human to computer modelling.

Results

As mentioned previously, the committee was limited in their efforts
to assess the current status of research by the quality of the abstracts. The
abstracts often did not contain enough detail to ascertain study designs,
for example, or whether the projects adequately addressed environment,
policy, secondary conditions, quality of life, or outcomes measures, among
other concerns. Furthermore, because the data were culled from the ab-
stracts, some of which were quite brief, it is likely that our results do not
reflect every experiment that was supported by the larger grants. Addi-
tionally, the abstract analysis was dependent on the efforts of a small
subcommittee and IOM staff. No formal evaluation of internal validity
was performed, e.g., inter-rater reliability evaluation. The committee does
have confidence, however, these results provide a reasonable indication
of the general trends that currently exist in rehabilitation-related research
in the federal government.

The committee’s specific results which describe each program and its
research priorities can be found in Chapter 10.

TABLE A-3  Subject Classification

Category Description of Research

Human Clinical studies involving human subjects, including noncultured
human tissues such as brain slices, tissues, and blood samples, and
cadaver materials

Animal In vivo studies involving nonhuman animal subjects, including
noncultured animal tissues such as brain slices

Cultures In vitro studies involving animal tissue cultures; this includes cell lines,
as well as primary cell cultures

Synthetic Studies of synthetic materials, both organic and inorganic; this includes
electrodes, plastics, biopolymers, and inorganic materials

Computer Computer and other models, including mathematical models
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General Conclusions

Table A-4 summarizes the federal spending on rehabilitation-related
research, according to the committee’s findings. The committee segre-
gated the programs into two groups. Those with budgets greater than
$5,000,000 were analyzed individually and are listed first; those with bud-
gets less than $5,000,000 were not examined and are listed on the bottom
of the table. The first column enumerates the funding levels reported by
the programs themselves. The second column then lists the amount of the
funding associated with the total number of research abstracts that were
reviewed for each program. NIDRR, for example, has a budget of
$70,000,000, but much of this supports such items as centers and train-
ing—activities that were assessed separately from the examination of re-
search activities. The third column lists the amount of funding that the
committee classified as not related to rehabilitation-related research. The
following three columns then delineate the amounts of the programs’
budgets that support rehabilitation-related research, through individual
research projects, center grants, and other spending, respectively. The
final column provides the committee’s best approximation of the amount
of each program’s budget that supports rehabilitation-related research.

The evaluation process itself led to several important conclusions.
First, the task of identifying and collecting the abstracts illuminated the
need for centralized administrative control of rehabilitation research.
Agencies seemed unsure of their own rehabilitation efforts, much less
those of other agencies. NIH’s lack of a unified definition for rehabilita-
tion research (see Box A-2), for example, and the lack of correlation be-
tween NIH and the CRISP system of projects identified as being rehabili-
tation related indicates a discordant effort inside NIH and reflects the lack
of true coordination throughout the federal government.

The committee also drew conclusions from the size of the research
effort. The relatively small size of the research funding pool suggests that
there are several gaps in the overall research efforts, but this is not meant
to fault any particular agency for ignoring a specific issue. The fiscal
limitation on rehabilitation research limits investigation to a narrow level
of effort in each field. Of the rehabilitation states described above, pathol-
ogy and impairment receive the most attention, primarily because it is
within the mission of NIH to address these and NIH has the largest bud-
get. NIDRR, among others, does focus on functional limitation and dis-
ability, but it only has approximately $12 million to support field-initiated
or other investigative research efforts, as opposed to center grants or State
Technology Assistance, for example.

Rehabilitation has yet to become a high priority for NIH and other
agencies for which rehabilitation is not the primary goal. The current
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level of research activity for NIDRR and other agencies is not sufficient to
address the many pressing issues in rehabilitation today. A coordinating
body equipped with the tools required to organize the federal agencies
would not only bring much needed attention to the field would, but also
increase the quality and efficiency of the present research efforts. The
current status of research in the field of rehabilitation science and engi-
neering is that it is small and could benefit greatly from additional funds,
greater attention, and better overall administrative control.

A majority of the grants regarded by federal agencies to be for reha-
bilitation research involved studies of humans or human materials. Many
studied both animals and human subjects. Rehabilitation research that
involve human subjects and studies of functional limitation and disability
were substantially more costly than grants that dealt with animals, tissue
cultures, or subjects with no disabling conditions. For example, although
only 58 percent of the grants at NIH involved human subjects, those
grants took up a lion’s share of the funds (80 percent). Within rehabilita-
tion science research specifically, human studies dominated and outnum-
bered studies involving animal, tissue culture, synthetic, and computer
models by a 2:1 ratio. A small minority of studies used tissue cultures.
Use of computer models was relatively rare.

Finally, the committee analyzed the research projects of each agency
in terms of the agency’s mission. (The committee used a series of inter-
views and questionnaires to investigate the agencies’ missions, the
method for which is described below, and a more detailed discussion of
the mission and research analysis is available in Chapter 10.) In summary,
each of the primary agencies involved in funding research in rehabilita-
tion science and engineering has a unique mission and identity, and they
do fund projects whose topics are related to the mission of the agency.
The committee found no programs that need to be eliminated or consoli-
dated, but it did feel that the efforts could be better coordinated. In all, the
committee reviewed many promising projects and quality research which
have the potential to influence the lives of people with potentially dis-
abling conditions. There is still a pressing need for more research, and a
better coordinated federal effort.

AGENCY QUESTIONNAIRES AND INTERVIEWS

In order to obtain a better understanding of the federal agencies in-
volved in funding research related to Rehabilitation science and engineer-
ing, the committee developed two questionnaires: one designed to char-
acterize the general mission and composition of each agency (see Box A-3,
the second to characterize training activities (see Box A-4). The committee
also interviewed federal agency representatives in person.
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BOX A-2
Examples of Definitions Used by Various Institutes Within NIH

National Institute of Arthritis and Musculoskeletal and Skin Diseases and
National Institute of Neurological Disorders and Stroke

Rehabilitation is the study of physical disability in a group of diseases, including
neurological, musculoskeletal, cardiovascular, and system disorders in which im-
pairment, disability, and handicap are defined by quantified physiologic, physical,
behavioral, and functional parameters. It is also the study of the reduction of resid-
ual disability, prevention and reduction of secondary complications, the restoration
of physical function, communicative ability, and physiological, social, and vocation-
al adaptation by interventions which include, but are not limited to, physical agents
and exercises, bioengineering applications, and their mode of delivery. Finally, it is
the study of maintenance of function in chronic disorders during the course of the
disorder.

National Institute of Nursing Research
Research is restoring or bringing to a condition of health or useful and con-

structive activity, usually involving learning new ways to do functions that have
been lost. Nursing research addresses many aspects of rehabilitation to restore
lost function and improve quality of life. Examples include such scientific areas as
muscle restoration and urinary incontinence and areas that involve patient and
family adaptation to chronic illness and disability. Nursing research represents a
blending of both the physiological and psychological aspects of rehabilitation.

National Institute of Deafness and Other Communication Disorders
Medical rehabilitation-related research is directed toward acquiring knowledge

on functional restoration, improvement, or stabilization of performance and inde-
pendence. It includes any research—basic, clinical, or applied—that may lead to
the development of improved or new treatment or techniques.

The following agencies responded to the questionnaire:

National Center for Injury Prevention and Control, Centers for Dis-
ease Control and Prevention

Disabilities Prevention Program, Centers for Disease Control and
Prevention

National Institute for Disability and Rehabilitation Research
Clinical Center, Rehabilitation Medicine Department,

National Institutes of Health
National Center for Medical Rehabilitation Research,

National Institutes of Health
National Science Foundation
Social Security Administration
U.S. Department of Veterans Affairs
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U.S. Department of Defense/Army
Rehabilitation Services Administration

PROFESSIONAL ASSOCIATIONS

Over the course of the study, the committee requested and received
presentations and papers from organizations and associations represent-
ing many of the different professional fields involved in rehabilitation
science and engineering. This enabled the committee members to discuss
current issues with representatives with different perspectives and to de-
velop a more complete understanding of the trends and topics within the
rehabilitation field as a whole.

Presentations and Papers

The committee invited a variety of organizations to participate in the
public sessions of each meeting. Committee members heard presenta-
tions and asked questions so that they could become familiar with the
particular issues of the constituency that each organization represented.
A listing of the organizations that addressed the committee and some of
the issues that they presented follows.

BOX A-3
Questions for Federal Agencies

GENERAL DESCRIPTION
1. How is your agency unique (in terms of its mission, context, and research prior-

ities?
2. Who works at your agency (in terms of number of personnel, average educa-

tion, years of service)?
3. Where are the results of the research published?

FUNDING REHABILITATION RESEARCH AND TRAINING
4. Regarding specific research funding awards, describe profiles of principal in-

vestigators, duration of funding, and areas of emphasis.
5. What percentage of the budget is driven by agency announcements targeting

research areas versus field or investigator-initiated research?
6. What percentage of funding is targeted for training?

INTERAGENCY ACTIVITY
7. How well do you communicate with other agencies with similar missions?
8. Discuss interagency overlap in missions, applications, funded grants, and re-

quests for grants or proposals.
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BOX A-4
Current Training Opportunities in the Rehabilitation Sciences

1. Does your agency fund training?
a. What occupations does the training target?
b. Where is the training emphasis?
c. What is considered a success in training?
d. What programs does your agency have for training people with disabling

conditions, women, and minorities?
2. What is the nature of your agency’s training program?

a. What types of research methods are most emphasized in the training programs?
b. What are the predominant approaches used in the training programs?
c. What is the pedagogical balance used in the training program?
d. What disciplines are involved in your training programs?
e. Are your training programs multidisciplinary?
f. Do your training programs focus on multiple disabling conditions?
g. How many trainees do your training programs graduate each year?

3. Who are the mentors of the trainees supported by your agency’s training programs?
4. What is setting for the training program?

a. Laboratory
b. Hospital
c. University clinic
d. Freestanding rehabilitation facility
e. Community health care facility
f. Community advocacy-based facility
g. Home

5. How long is the training experience?
a. Undergraduate
b. Predoctoral training
c. Postdoctoral training
d. Career development
e. Continuing education

6. To what extent are the people being studied involved in the training program?
7. Does your program sponsor training in any of the following areas?

a. Effective and efficient community provision of service
b. Influence of ILCs and, in general, self-help or advocacy groups for a wider

span than rights and political change
c. Environmental mapping for barriers and facilitators of social participation by

people with disabling conditions
d. Measurements (psychometric, clinometric and communometric) that mea-

sure phenomena valued by people with disabling conditions and that have
scientific rigor

e. Social policy influences on resource availability
f. Natural histories and longitudinal studies of the unexpected minorities

(those living with conditions from which they would have died in earlier days)
g. Engineering and assistive technology development, commercialization and

use factors.
h. Academic research training sites for prosthetists and orthotists.
i. Economic analyses (e.g., employment and disability and the health care

costs of disability
8. Who reviews the training grant applications made to your agency?
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American Academy of Physical Medicine and Rehabilitation, American Congress
of Rehabilitation Medicine, Association of Academic Physiatrists (jointly)

 • New models of research centers (multidisciplinary and with clinical
research capacity enhancement) need to be developed and implemented.

 • A governmentwide oversight body is needed to ensure proper di-
rection and coordination of the various individual agencies involved.

 • The multiplicity of funding agencies is an advantage for promot-
ing and conducting rehabilitation research, especially if greater coordina-
tion at the top can occur.

 • New rehabilitation research disciplines are not needed; however,
the creation of collaborative multidisciplinary research teams and envi-
ronments is needed.

 • Much greater financial support ($300 million) is mandatory to sup-
port a truly effective rehabilitation research agenda.

American Physical Therapy Association

 • Rehabilitation practice must shift to an evidence-based paradigm.
 • The training of a cadre of rehabilitation clinicians to become clini-

cal investigators must be supported.
 • Priorities for research in rehabilitation must be established and fo-

cused research programs must be developed to accomplish these priorities.
 • Fewer academic programs and more academically qualified fac-

ulty are needed.
 • Rehabilitation clinicians must open their doors and develop more

collaborative relationships between disciplines.

American Speech-Language-Hearing Association

The general area of communication sciences and disorders covers
a broad spectrum of subdisciplines many of which are involved with
rehabilitation science and engineering. Priorities for research in these
areas are:

 • Augmentative communication, especially devices such as language
boards or computerized synthetic speech instruments

 • Prosthetic laryngeal devices, especially the surgical implantation
of electrolaryngies to be used for sound generation

 • Assistive listening devices including, but not limited to, wearable
hearing aids

 • Cochlear implants which are being surgically implanted to link the
current capability of implanted devices to finer auditory discrimination
involved in speech perception.

 • Static structures (i.e., prostheses) for craniofacial anomalies, especially
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cleft palate, and the sequelae of the removal of structures surgically from the
orifacial region (cheeks, tongue, palate, pharynx, etc.) as a result of cancer.

 • Interventions for childhood and adult neurogenic disorders (e.g.,
cerebral palsy in children and head injuries in both children and adults),
such as behavior therapy and augmentative and prosthetic devices.

Medlantic Research Institute

 • Consumer-driven markets best aid rehabilitation research, making
it more creative, dynamic, and ultimately, more responsive.

 • Market-based health care systems are only effective if there are
organized, informed consumer groups and competition on price and on
quality and outcomes.

 • A consumer-driven system will empower the consumer to make
choices and enable the provider to compete on a level playing field.

Sandia National Laboratories

 • There exists a need in rehabilitation science and engineering for
central integrating projects to draw together existing funded research.

 • Private industry is efficient in molding and proliferating useful
research as products.

 • University and federal researchers must be encouraged to seek
private partners to cooperate with each other to share technologies.

 • Government agencies should be encouraged to cooperate with each
other to share technologies.

 • A legitimate role of government is to promote partnerships with
private industry, and agencies should be allowed and encouraged to ac-
tively establish such partnerships.

Rehabilitation Nurses Foundation/Association of Rehabilitation Nurses

Top 10 clinical rehabilitation nursing research priorities:

1. Interventions to support health-promoting behaviors in people
with disabling conditions

2. Effects of bladder management techniques on urinary tract in-
fections, quality of life, and cost of care in individuals with neuro-
genic bladder

3. Educational strategies to optimize patient and family learning in
rehabilitation

4. Therapeutics that enhance and maintain independence and self-care
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5. Effect of caregiving on family members who care for individuals
with chronic illness/disabilities or disabling conditions in the home

6. Interventions to prevent physiological complications and second-
ary disabilities

7. Family characteristics that contribute to successful functional out-
comes in rehabilitation

8. Efficiency/effectiveness of specific bowel protocols on patient
outcomes

9. Interventions to assess and improve quality of life in people with
disabling conditions

10. Impact of a violence-induced disabling conditions on the rehabili-
tation trajectory

Top 10 contextual rehabilitation nursing research priorities:

1. Relationship of functional outcomes to type, intensity, and length
of rehabilitation services

2. The effect of changing health care priorities on the practice of
rehabilitation nurses

3. Cost and contributions of rehabilitation nurses as a component of
the rehabilitation process

4. Influence of the rehabilitation nursing staff mix on patient out-
comes

5. Impact of case management in the community on patient out-
comes

6. Effects of advanced-practice nursing in ambulatory care on pa-
tient outcomes

7. Relationship between patient acuity, functional index measures,
and patient care staffing

8. Comparisons between comprehensive community-based and fa-
cility-based rehabilitation program outcomes

9. Effect of levels of nursing competence on patient outcomes
10. Issues of transferring newly learned skills to the home environment

Paralyzed Veterans of America

 • Rehabilitation outcomes measures are the clearest priority.
 • Rehabilitation research is woefully misdefined because the line

between basic scientific research and rehabilitation research is increas-
ingly unclear.

 • Rehabilitation program development must increase greatly its fo-
cus toward more immediately affecting the functional limitations of
people with disabling conditions.

Enabling America: Assessing the Role of Rehabilitation Science and Engineering

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/5799


336 APPENDIX A

 • The level of training has fallen increasingly so that the gap
between the rehabilitation clinician and the rehabilitation scientist
has widened.

Submitted Papers

Several of the organizations continued their contribution to the
committee’s efforts by preparing background and position papers. The
committee received the following papers:

• Comments to the Committee Assessing Rehabilitation Science and
Engineering, Pamela Duncan, American Physical Therapy Association

• Comments Regarding the Assessment of Rehabilitation Science and
Engineering—Research Priorities, John Melvin, Research Priorities Task
Force—Physical Medicine and Rehabilitation

• Statement of the Paralyzed Veterans on America Before the Com-
mittee Assessing Rehabilitation Science and Engineering, Frank Morrone,
Paralyzed Veterans of America

• Research Priorities for Rehabilitation Nursing: A Summary, Dor-
othy Gordon, Rehabilitation Nursing Foundation

Educational Standards

To investigate the current state of education, specifically interdiscipli-
nary exposure and training in different specialties, the committee con-
tacted several organizations that certify individuals or accredit institu-
tions. The following boards and associations provided information about
the educational standards in their respective fields:

• American Board for Certification in Orthotics and Prosthetics
• American Board on Physical Medicine and Rehabilitation
• American Occupational Therapy Association
• American Occupational Therapy Certification Board
• American Physical Therapy Association
• American Speech-Language-Hearing Association
• Council on Rehabilitation Education
• Rehabilitation Engineering and Assistive Technology of North

America
• Rehabilitation Nursing Certification Board
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Education and Research Training Survey

To understand the research and training requirements and opportu-
nities within certain academic disciplines better, the committee designed
a short questionnaire inquiring into the levels of research experience of
educators and graduates in certain rehabilitation-related fields. In addi-
tion to the boards and associations contacted for educational standards
(listed above), the committee contacted the following organizations:
American Academy of Pediatrics, American Nurses Association, and the
Institute of Electrical and Electronics Engineers-Engineering in Medicine
and Biology Society.

FOCUS GROUPS

In conjunction with the meetings and conferences, committee mem-
bers held a series of small focus group meetings with the following pro-
fessional and consumer groups:

 • American Academy of Physiatry
 • American Occupational Therapy Association
 • American Physical Therapy Association
 • American Speech-Language-Hearing Association
 • American Spinal Injury Association
 • First International Conference on Aging and Cerebral Palsy
 • National Association of Rehabilitation Research and Training

Centers
 • National Council on Independent Living
 • Society for Disability Studies

Purpose and Method

The focus group sessions were convened to assist the committee in
casting a broad net for the collection of information about the current
state of rehabilitation science and engineering and to help ensure the
inclusion of the unique perspectives of the specific professional or con-
sumer groups (see Box A-5). In this way, the committee was able to hear
firsthand the concerns and desires of the people at the heart of rehabilita-
tion and the people best able to form new directions for the field.

Response and Analysis

The focus groups represented a wide spectrum of individuals in-
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volved in rehabilitation—professionals from different disciplines, re-
searchers, trainers, and consumer groups. Although there was very little
overlap in the responses from the different groups, some themes did
appear. These included the following:

• a desire to see increased funding of research projects, primarily
from the federal government,

• the importance of increased communication between different dis-
ciplines involved in rehabilitation and the emphasis on the interdiscipli-
nary nature of the science as the science grows, and

• the two most common research priorities were identified to be
secondary conditions and aging with disabling conditions.

The following is a summary of the focus groups’ responses to the ques-
tionnaire.

Summary of Responses to Focus Group Questions

In response to the first question, focus group participants identified
several recent government initiatives as good developments for the field
of rehabilitation. NCMRR’s new funding mechanisms and NIDRR’s ap-
plication emphasis were mentioned as improvements in federal adminis-
tration. The NIDRR Spinal Cord Injury Model System is a valuable ex-
ample of how investments in centers of excellence can have an enormous
impact on improving clinical care. Finally, the availability of training pro-
grams from NCMRR and the recent gathering of all the NCMRR trainees
indicates growing cohesion in the field.

BOX A-5
Forum and Focus Group Questions

Question 1: Regarding the various and numerous federal research programs in
rehabilitation, what is good? What is bad? What is missing?

Question 2: What are the important unmet needs in rehabilitation?
Do some of these require new approaches from science and engi-

neering?
Do some of these require new approaches from social and behavioral

sciences?
Question 3: What types of research are needed?
Question 4: What are the problems that could interfere with developing and im-

proving rehabilitation science?
Question 5: What would be the best strategies for achieving the necessary level of

research and professional expertise?
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Some problems with federal programs were also recognized. In gen-
eral, it was felt that not enough programs are funded to handle clinical
studies, due to expense. Furthermore, the lack of a definition of rehabilita-
tion research within the federal programs does not facilitate the integra-
tion of rehabilitation scientists in their studies, and hinders transfer of
findings into applications that can be tested in applied studies. Grant
review committees were also identified as lacking strength and experi-
ence in dealing with applied research as opposed to pathophysiology and
impairment level strategies.

There was also concern about health care delivery. Some felt that
insurance companies currently dictate the standards of patient care, rely-
ing on nonprofessionals and economics rather than the expertise of health
care professionals. A solution for this is to have health care professionals
set the standards of care, which would provide patients with an appropri-
ate quality of life. The dilemma of how decisions will be made about those
disabling conditions that affect only small number of individuals also
caused some concern. The major issue pertains to researching the condi-
tion with so few subjects available. A possible solution might be to spon-
sor consensus conferences (1) to discuss the state of the art, (2) to deter-
mine whether consensus can be reached, and (3) determine where to
concentrate resources. Clinical practice guidelines and consumer infor-
mation might also be developed.

Some felt that the current system lacks real opportunity for research
within rehabilitation science. A limited mentoring system, scarce career
opportunities, and a paucity of funding all restrict the amount of re-
search. There is little research focusing on (1) the environment as a deter-
minant of disabling conditions. Some also felt that (2) prevention does not
receive the attention it deserves. Presently there are no means for identifi-
cation, screening and public education of at-risk groups, for example, the
elderly for falls. Additionally, primary prevention or prerehabilitation is
not reimbursable despite the need to identify medical conditions before
they cause a problem.

The second question addressed unmet needs, and participants identi-
fied education as one such need. Education at the onset of disability
should not take place in so short a period of time, but instead, it should
imitate physician training: A long-term model for learning that involves
simultaneous instruction and experience. Many barriers to independent
living do not develop from a want of services, but from a lack of knowl-
edge about available resources in the community.

There also needs to be a better interface between rehabilitation and
education. The primary and secondary school systems are dealing with
problems which had been handled by pathologists, and therapies de-
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signed for laboratory or office situations are being transferred to school
settings and conducted by people with training in special education.

Rehabilitation needs evaluation of efficacy and cost effectiveness of sur-
gical and behavioral treatments. Especially in regard to assistive technol-
ogy, treatment efficacy must research both the efficacy of the device itself
and the process of teaching the person to use the device. Industry needs
inducements to bring down the costs of technological equipment for those
with disabilities. Often, technology does not reach the consumer because
of the costs associated with possible liability, or because only a limited
number of devices are needed to serve those with a specific disability.

Some of these needs require new approaches from science and engi-
neering. Current rehabilitation models tend to see rehabilitation as the
process encompassing only recovery from acute injury. Re-rehabilitation,
as defined by Frederick Maynard, envelopes rehabilitation as a dynamic
process, with an understanding that people with a disability are at height-
ened risk of secondary conditions. Implementing feedback loops from the
consumer to the rehabilitation professionals regarding quality of care,
and training directed towards replacing the current medical model with
the “Independent Living/Consumer Empowerment” model would im-
prove current services vastly, bridging the gap between medical profes-
sionals and their patients with disabilities who view the quality of life
very differently. End-users of technology and programs should be in-
volved in the earliest part of the design process, especially in regard to
rehabilitation engineering.

Some of these needs require new approaches from social and be-
havioral sciences. There is a need for measurement studies that cap-
ture the issues beyond impairment. The Functional Independence
Measure is a start, but does not look at the factors that support com-
munity integration. Some felt that part of the problem is that Behav-
ioral Medicine is largely missing from current research activities. Psy-
chosocial issues are very important, and individual outcomes
measures should be closely tailored to the individual’s psychology.
There is a real need for Behavioral Medicine to be integrated into
medical education and rehabilitation training, and for long-term care
to take psychosocial needs into account.

The third question addressed current needs in research. Many felt
that secondary conditions themselves need to be better defined and un-
derstood, especially the risk factors involved, the timing of the onset of
certain secondary conditions, and the interventions necessary to prevent
or treat these efficiently. Research of secondary conditions should not be
limited to the frequency and time frame of the occurrence, but should
include subgroups, in order to get a better understanding of how the
disabilities affect specific sets of people. Rehabilitation Science needs lon-
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gitudinal studies that determine the impact of conditions over time, and
studies that bridge the levels of pathophysiology to disability. These stud-
ies should also focus on the time in life at which disability occurs, as it
impacts outcome. This could also involve aging with a disability, specifi-
cally the simultaneous declines in cognitive, auditory, and visual func-
tioning which may accompany aging.

Rehabilitation also needs research into the environment. The effects
of different kinds of family support and health care delivery patterns
were identified as worthy subjects of research. Scientists should also in-
vestigate how capacities can be developed instead of restored, making
progress toward higher levels of functioning that may not have existed
prior to impairment. Finally, one of the largest unmet research needs is
how to measure unmet needs of individuals with disabilities, especially
the “unserved” population.

The fourth question dealt with problems that could interfere with
developing and improving rehabilitation science. The lack of training and
experience of rehabilitation researchers to compete successfully for NIH
funding and the increasing burden of clinical care responsibilities faced
by physicians who care for people with disabilities severely limit ad-
vances to the field were both mentioned as impediments to the develop-
ment of rehabilitation science. Another major obstacle is the perceived
lack of value for the applied sciences. In academe, rehabilitation is “ap-
plied” science and often has “second class citizen” status. This perception
about rehabilitation needs to be changed. In addition, a poorly under-
stood taxonomy for rehabilitation and poor communication among disci-
plines and the disability community contribute to the slow development
within rehabilitation.

Dissemination of rehabilitation-related information was also cited as
a major deterrent to better rehabilitation. First of all, general dissemina-
tion is not adequate to reach the grass roots level. Compounding this is
the fact that critical information comes too quickly to the individual and
the family at the initial onset of the disabling condition; they simply can-
not retain and therefore utilize the material. “Survivors’ Councils” may
be one solution to this, but frequently, the information needed to identify
patients and their families is not available, which is another barrier to
community development and education. Another solution is to dissemi-
nate information better via a variety of sources, for example, the Internet.
Independent Living Centers (ILCs) could also serve as a valuable tool for
informing consumers, but they are largely isolated from other resources.
Frequently, contacts in housing accessibility associations are not
known, and often ILCs, Community Wellness Centers, and Rehabili-
tation Centers need a go-between. Whether the problem is a lack of
services or a lack of coordination and dissemination, it was felt that
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most settings can only currently offer fragmented resources to unin-
formed consumers. Community development should be a major goal
of rehabilitation science so that the community itself becomes a tool
for each individual’s long-term rehabilitation.

The final question asked participants to identify the best strategies for
achieving the necessary level of research and professional expertise. Some
mentioned infusions of federal research dollars: A large investment in
rehabilitation research would change the academic and clinical institu-
tions according to need. In education and training, long-term care and
prevention should be the focal points of a new paradigm. Also, a decrease
in the teaching loads of rehabilitation faculty would allow more time for
research. The teaching loads are too high and need to be decreased if
research productivity is to increase. This could occur if more grant fund-
ing was available.

Dissemination was also identified as a means of developing re-
search. Fostering the sharing of research results in interdisciplinary
journals and scientific conferences, rather than limiting publication to
strictly professional publications, would aid communication. A reha-
bilitation world wide web site that links scientists from different dis-
ciplines to the issues, questions, resources, and needs of persons and
communities for knowledge to guide practice and design to limit dis-
ability, and that facilitates career mentorship for faculty, researchers,
and scientists. Some felt that the promotion of community awareness
and building community networks of services and education is key to
establishing a coordinated system of care for the people with disabili-
ties. Independent Learning Centers need to make themselves avail-
able to Vocational Rehabilitation Counseling students of all disci-
plines, because ILCs do what VR should be doing: faster, better,
cheaper, and from a consumer-driven perspective.

Finally, some called for a “War on Disability” similar to the “War on
Cancer” in the 1960s, establishing a National Institute for Rehabilitation
Research with appropriate accompanying study sections.

PRIVATE ORGANIZATIONS

The committee felt that it was important to get as much feedback as
possible from individual consumers and small consumer groups. Because
focus groups could not be held with each constituency, the committee
designed a questionnaire to send to identifiable organizations that might
have interest in rehabilitation science and engineering.
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Method

Questionnaires were mailed to approximately 500 private organizations.
The National Rehabilitation Information Center provided a list of disability-
related organizations with a national constituency. The questionnaires were
sent along with a one-page description of the study, the committee roster,
and a cover letter explaining the committee’s purpose for the information.

The questionnaire consisted of 33 questions designed by the commit-
tee on issues raised in the initial focus group sessions (see Box A-6). The
form identified unique issues or aspects of rehabilitation and asked the
individual to rate the importance of each as a research, educational, or
governmental priority in the current state of rehabilitation as a whole.
The scale ranged from 1 to 7, with 7 being the most important or the most
pressing need. Finally, the questionnaire contained several lines for the
respondents to identify issues not addressed by the questionnaire.

Response and Analysis

The response rate was low: a total of 43 of 488 (less than 10 percent) of
the questionnaires sent. Twenty-seven additional questionnaires were re-
turned due to invalid addresses. Of those that did respond, there was
little deviation from an average score of 5, with the maximum and mini-
mum average scores very seldom fluctuating beyond ±0.7. To enhance the
minor differences, the staff created a relative scale from 0 to 10 in which
the lowest average score rated a 0 and the highest average score rated a
10. The other scores were then given proportional scores within this new
scale. Figure A-2 illustrates this in a graph displaying the relative scores
as a bar chart.

Highest and Lowest Priorities

Acknowledging some overanalysis and enhancement of the findings,
the following is a list of the highest and lowest priorities identified in the
survey of private organizations.

Highest Priority Concerns or Needs

1. Determine what quality means to people who have and who are
restricted in social participation (Question 5; Score: 5.85)

2. Involve consumers in advisory committees to understand the needs
and potential contribution of science to improving social participation of
people with disabling conditions (Question 23; Score: 5.76)
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BOX A-6
Questionnaire for Private Organizations

How important is it to:

1. Attract basic and social scientists to rehabilitation?
2. Describe etiology, implications, and history of secondary conditions and their

impact on the quality of life of people with disabling conditions?
3. Determine the effectiveness of models that coordinate resources and use a

community health orientation to support the health and functional needs iden-
tified by the person requesting services?

4. Determine the impact of rehabilitation science on the health of communities?
5. Determine what quality means to people who have and was restricted in so-

cial participation?
6. Develop a system for career mentorship to build rehabilitation scientists?
7. Develop and test a rehabilitation model to guide research across a continuum

from acute care to community and independent living?
8. Develop methods to determine the needs of people who are underserved?
9. Establish center grants to foster interdisciplinary studies?

10. Evaluate the effectiveness of rehabilitation models that focus on prevention of
secondary conditions?

11. Expand focus on studies of the environment and social participation?
12. Expand training moneys to prepare rehabilitation scientists?
13. Explore long-term outcomes in programs that are medically focused com-

pared to those that are client focused and give people with disabling condi-
tions the right to make their own decisions?

14. Explore the use of community networks as integral components of rehabilita-
tion?

15. Facilitate the use of telecommunication for dissemination from findings of re-
habilitation science?

16. Facilitate the community as a tool for individuals to help in the restorative
process and achieving their goals for independence?

17. Facilitate coordination and communication among federal agencies that sup-
port rehabilitation science?

18. Identify and classify barriers to services with the goal of building better sys-
tems of services?

19. Increase communication among the rehabilitation scientists and disability
community?

20. Increase funding for rehabilitation research?
21. Include independent living centers in studies to be a link to community re-

sources and a mechanism to empower consumers?
22. Integrate behavioral medicine (and rehabilitation science) into medical and

allied health education?
23. Involve consumers in advisory committees to understand the needs and po-

tential contribution of science to improving social participation of people with
disabling conditions?

24. Increase the funding for qualitative and single case study designs?
25. Provide vehicles for interdisciplinary communications among rehabilitation

scientists and consumers?
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 BOX A-6
continued

How important is it to:

26. Put more emphasis on transfer of information?
27. Establish means of supporting measurement studies across the continuum of

rehabilitative services, including those provided in the community?
28. Conduct longitudinal studies to determine implications of conditions over

time?
29. Conduct clinical trials of applied technology?
30. Establish grant review committees that are oriented to the continuum of sci-

ence, from pathology to disability?
31. Develop mechanisms to fund studies that address questions at the functional

limitation, disability, and environmental levels?
32. Study issues of care givers to determine the needs and issues that relate to

their quality of life as well as to the quality of life of the care recipient?
33. Support collaborative grants and initiatives of individual investigators?

*Responses were marked on a scale of 1–7.

FIGURE A-2     Responses to the survey of private rehabilitation organizations:
scores on a relative scale.
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3. Identify and classify barriers to services with the goal of building
better systems of services (Question 18; Score: 5.66)

4. Increase communication among the rehabilitation scientists and
disability community (Question 19; Score: 5.63)

5. Determine the effectiveness of models that coordinate resources
and use a community health orientation to support the health and func-
tional needs identified by the person requesting services (Question 3;
Score: 5.63)

Lowest Priority Concerns or Needs

1. Establish center grants to foster interdisciplinary studies (Question
9; Score: 4.56)

2. Support collaborative grants and initiatives of individual investi-
gators (Question 33; Score: 4.57)

3. Increase the funding for qualitative and single case study designs
(Question 24; Score: 4.62)

4. Determine the impact of rehabilitation science on the health of
communities (Question 4; Score: 4.63)

5. Expand focus on studies of the environment and social participa-
tion (Question 11; Score: 4.76)

MISCELLANEOUS ACTIVITIES

The committee and staff also engaged in other activities to collect the
pertinent information needed for this report. These activities ranged from
obtaining necessary texts to conducting interviews with related agencies
and programs. The Administration on Aging, for example, was contacted
to discuss its methods and means for carrying out its charge. Former
directors from pertinent agencies or programs were also contacted to
collect other knowledgeable perspectives from people other than current
government employees. Staff of committee members attended formal
meetings conducted by such groups as the Subcommittee on Disability
Statistics of the Interagency Committee on Disability Research and the
NCMRR Advisory Panel. Finally, committee members or staff attended
or made presentations to academic meetings and consumer groups, such
as the Amputee Coalition. These activities put committee members and
staff into contact with many different perspectives and ideas, all of which
contributed to the whole of the report.
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Summary of Information Sources on
Disability and Rehabilitation Research

Christine Domzal
Conwal Incorporated, McLean, Virginia

INTRODUCTION

The purpose of this summary is to present a brief description of fed-
eral agencies primarily involved in disability and rehabilitation research.
It also provides brief descriptions of agencies that provide services and
benefits, advise on policy, enforce compliance with federal statutes and
regulations, and collect data on disability.

In February 1995, the 27 members of the Interagency Committee on
Disability Research (ICDR) were invited to describe the information sys-
tems their agencies use to announce funding priorities, track the progress
of funded research, and catalog and disseminate final reports of funded
research. Not all members of the ICDR are funding agencies. Some agen-
cies fund services, others are primarily responsible for enforcement of
compliance with federal statutes and regulations, and some serve an ad-
visory function. The 10 agencies that submitted information on their re-
search programs represent the broad range of federal research activity in
disability and rehabilitation.

This summary is organized by federal department. For each agency
within the department, there is a brief description of its mission and the
type of disability research it funds. Next, there is a description of the
methods used to announce the availability of research funding, track in-
progress research, and disseminate research reports.
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ARCHITECTURAL AND TRANSPORTATION BARRIERS
COMPLIANCE BOARD (ACCESS BOARD)

The Architectural and Transportation Barriers Compliance Board, also
known as the Access Board, is an independent federal agency responsible
for developing accessibility guidelines for buildings, facilities, and transit
vehicles. Consequently, the Board’s research program is focused on acces-
sibility research pertaining to architecture and design, communication,
and transportation. The Americans with Disabilities Act (ADA) of 1990
significantly broadened the Board’s responsibility for developing design
guidelines. Since passage of the ADA, the Board has given priority to
research that supports the development of ADA design guidelines and of
technical assistance materials.

Funding: $280,000 in fiscal year 1995.

Disability Research: Research projects are currently selected in the fol-
lowing order of priority:

1. research pertaining to issues or areas not currently covered by the
Board’s guidelines or scheduled for future rulemaking;

2. research addressing issues of compliance or clarity concerning spe-
cific provisions of the guidelines; and

3. research that reevaluates existing specifications that are long-stand-
ing and possibly dated.

The Board plans to continue to focus on design issues related to its ADA
guidelines in fiscal years 1995 and 1996. Recent research projects under-
taken by the Board include:

• Technical requirements for ramps. A study on existing specifica-
tions for ramps, including those for slope, landing, and length.

• Detectable warnings. A project to study the need for detectable
warnings for persons with visual impairments at intersections and at haz-
ardous vehicular areas.

• Design requirements for persons using powered mobility aids.
Some of the provisions in ADA Accessibility Guidelines (ADAAG), such
as those for clear floor space, maneuvering clearances, and reach ranges,
are based on anthropometric data derived from studies involving persons
using manual wheelchairs. This project investigated design specifications
appropriate for persons using powered wheelchairs, scooters, and other
motorized mobility aids.
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• ADAAG manual. Development of a comprehensive manual on
the ADAAG and recommendations on a distribution system for revisions
and updates to the manual.

• Recreation guidelines: regulatory impact analysis. Impact assess-
ment of proposed recreation guidelines.

• Access to water transportation. Additional funding for a project
the Department of Transportation is undertaking to assess the feasibility
and impact of making an established inventory of passenger vessels and
related facilities accessible.

• Swimming pool accessibility. A project to develop guidance ma-
terials on the design options and products available for providing wheel-
chair access into swimming pools.

Announcing Funding Priorities: Announcements seeking public com-
ment on priorities for the next two fiscal years are published in the Federal
Register. Typically, a subsequent notice is published listing priorities as
finalized by the Board. Priorities are also announced in the agency quar-
terly newsletter Access America and through direct mailing using an in-
house mailing list.

Progress Reports on Funded Research: Under its current budget, the
Board funds only one to three major research projects per year. Status
reports on the progress of projects are prepared primarily for in-house
use and briefing Board members. This information is available to the
public upon request. The quarterly newsletter, Access America, also re-
ports the status of projects and completion of tasks.

Final Reports on Funded Research: Final reports of funded research are
available through Access America, and BBS. The Board also disseminates
its research reports through the National Technical Information Service
(NTIS). The Board may consider making research reports available
through its electronic bulletin board enabling the public to download the
information. Currently, only the notice of the availability of such reports
is provided in BBS.

DEPARTMENT OF EDUCATION

National Institute on Disability and Rehabilitation Research

The National Institute on Disability and Rehabilitation Research
(NIDRR) is part of the Office of Special Education and Rehabilitative
Services (OSERS) in the U.S. Department of Education (ED). NIDRR’s
mission is to contribute to the independence of people with disabilities.
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NIDRR accomplishes this mission by funding research, demonstration
projects, training, and other related activities to maximize the full inclu-
sion and integration of this population into society. Through grants, con-
tracts, and cooperative agreements, NIDRR funds research designed to
improve systems, products, and practices in the rehabilitation field.
NIDRR is also charged with ensuring the widespread distribution of prac-
tical scientific and technological information in usable formats. This dis-
semination takes such forms as conferences, seminars, workshops, and
publications.

The research funded by NIDRR covers every aspect of disability in-
cluding brain injury, spinal cord injury, multiple sclerosis, back pain, and
broader areas such as technology, accessibility, aging, service delivery,
policy, ethics, recreation, and community integration.

Funding: $70 million in fiscal year 1995.

Disability Research:

• Research and demonstration projects. Rehabilitation priorities are
identified by NIDRR and published in the Federal Register.

• Rehabilitation research and training centers. These centers:

— conduct research targeted toward the production of new knowl-
edge which will improve rehabilitation methodology and service de-
livery systems, alleviate or stabilize disabling conditions, and pro-
mote maximum social and economic independence.

— institute related teaching and training programs to disseminate
and promote the utilization of research findings thereby reducing the
usual long intervening delay between the discovery of new knowl-
edge and its wide application in practice.

• Rehabilitation engineering research centers. Provide support for
advanced research of an engineering or technical nature.

• Field-initiated research. Designed to encourage eligible applicants
to originate ideas for research and demonstrations.

• Innovative Research. Provides financial support to projects that
test new concepts and innovative ideas; demonstrate research results of
high potential benefits; purchase and evaluate prototype aids and de-
vices; or conduct feasibility, planning, and evaluation studies and confer-
ences, and other activities to disseminate specific research findings.

• Small business innovative research. To encourage new ideas and
products useful to people with disabilities and the rehabilitation field.

• State technology assistance. This program, funded under the Tech-
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nology-Related assistance for Individuals with Disabilities Act, supports
consumer-driven plans for the delivery of assistive technology.

• Technology-related projects of national significance. Title II, Part C
of the Technology-Related Assistance for Individuals with Disabilities Act
funds training projects that: (a) educate people with disabilities and other
relevant groups, in developing, demonstrating, disseminating and evaluat-
ing curricula, materials, and methods used to train people to provide tech-
nology-related assistance; and (b) prepare personnel to provide technical
assistance and administer programs or to support the development and
implementation of statewide programs in technology-related assistance.

• Utilization projects. This program supports activities that will en-
sure that rehabilitation knowledge generated from projects and centers
funded by NIDRR and other sources is fully utilized.

• ADA technical assistance programs. NIDRR has funded 10 Re-
gional Disability and Business Technical Assistance Centers which pro-
vide technical assistance training and resource referral on the ADA.

• Model spinal cord injury systems. Provides assistance to establish
innovative projects for the delivery, demonstration, and evaluation of
comprehensive medical, vocational, and other rehabilitation services to
meet the needs of individuals with spinal cord injuries.

• Research Training Grants. Supports projects that provide ad-
vanced training in rehabilitation research.

• Fellowships.
• International projects.

Announcing Funding Priorities: NIDRR announces its funding priorities
in the Federal Register and through electronic bulletin boards.

Progress Reports on Funded Research: Progress on projects is tracked by
Project Officers.

Final Reports on Funded Research: Funded by NIDRR, the National
Rehabilitation Information Center (NARIC) is a national disability and
rehabilitation library and information center that collects and dissemi-
nates the results of NIDRR-funded research projects. Each NIDRR-funded
project is required to provide NARIC with at least one copy of each of its
publications—reports, monographs, journal articles, book chapters, train-
ing materials, and directories. The collection, which also includes com-
mercially published books, journal articles, and audiovisuals, grows at a
rate of 300 documents per month. NARIC currently has more than 44,000
documents on all aspects of disability and rehabilitation.
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U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES

Agency for Health Care Policy and Research

The Agency for Health Care Policy and Research (AHCPR) was es-
tablished in December 1989 under Public Law 101-239 (Omnibus Budget
Reconciliation Act of 1989). AHCPR, a part of the U.S. Department of
Health and Human Services, is the lead agency charged with supporting
research designed to improve the quality of health care, reduce its cost,
and broaden access to essential services. AHCPR’s broad programs of
research bring practical, science-based information to medical practitio-
ners and to consumers and other health care purchasers. The Agency is
comprised of 14 major functional components, with the Office of the Ad-
ministrator directing the activities of the Agency to ensure that strategic
objectives are achieved.

Funding: No special dollars are allocated to specific topics. Interest in
vulnerable populations which includes disability.

Disability Research: The AHCPR research agenda includes eight topic
areas:

1. Patient outcomes research evaluates the effectiveness of health
care interventions to show how they affect results important to patients,
including quality of life and functional status.

2. Quality measurement and improvement develops measurements
and strategies to facilitate improved quality of care.

3. Clinical practice guidelines. AHCPR facilitates the development
of clinical practice guidelines which are based on comprehensive reviews
of the scientific literature. The guidelines help practitioners and consum-
ers determine the best ways to prevent and treat diseases and other health
conditions.

4. Consumer choice provides useful information on quality and value
of health care.

5. Cost and access research is designed to understand trends occur-
ring in health care and their implications for quality and consumer choice.

6. Health care delivery assesses and evaluates the health care mar-
ketplace.

7. Technology assessments provide information on the risks, ben-
efits, and clinical effectiveness of new medical technologies.

8. Data standards and health information systems development
contributes to the simplification of health care information systems.
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Priorities include quality, effectiveness, and outcomes research; investi-
gator initiated research; managed care and its effect on health care sys-
tems; and consumer decision making.

Announcing Funding Priorities: The NIH Guide to Grants and Contracts,
Commerce Business Daily, and the AHCPR Web site at: http://www.ahcpr.gov.

Progress Reports on Funded Research: Grantees are required to prepare
annual progress reports.

Final Reports on Funded Research Research Activities is a digest of re-
search findings that have been produced with support from AHCPR and
is published by AHCPR’s Center for Health Information Dissemination.
Information on funded research is also available on the AHCPR Web site.

Centers for Disease Control and Prevention:
The Disabilities Prevention Program

The mission of the Centers for Disease Control and Prevention (CDC)
is to promote health and quality of life by preventing and controlling
disease, disability, and injury. To accomplish this mission, CDC works
with partners throughout the United States and internationally to moni-
tor health, detect and investigate health problems, conduct research to
enhance prevention, develop and advocate sound public health policies,
implement prevention strategies, promote healthy behaviors, foster safe
and healthful environments, and provide leadership and training.

Funding: $9 million for disability prevention research in fiscal year 1995.

Disability Research: The Disabilities Prevention Program (DPP), located
within the National Center for Environmental Health, has two major
goals: (1) to reduce the incidence and severity of primary and secondary
disabilities; and (2) to promote the independence and productivity of
people with disabilities and to further their integration into the commu-
nity. The DPP: provides states with technical and financial assistance to
build disabilities prevention capacity, establishes surveillance systems for
disabilities, identifies risk factors for disabilities, and identifies and devel-
ops appropriate interventions to prevent secondary disabilities.

• Targeted disabilities. During FY 1992, the DPP funded 28 capac-
ity-building cooperative agreements with state agencies to help recipients
develop their own state-level program for studying, preventing, or mini-
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mizing the effects of disabilities. The projects receiving awards focused
on the following disabilities:

— Fetal alcohol syndrome.
— Mild mental retardation.
— Secondary conditions among children with cerebral palsy, spina
bifida, or sickle cell disease.
— Traumatic head and spinal cord injuries.
— Secondary conditions among people with head and spinal cord
injuries.

• State disabilities prevention projects. The Disabilities Prevention
Program funds 28 capacity-building projects. Each project supports a state
office of disability prevention, an advisory council, a disabilities surveil-
lance system, and activities to develop, implement, and evaluate commu-
nity intervention programs.

The following intervention programs, funded in part through DPP,
show exceptional promise and could serve as models for other states and
communities attempting to establish similar programs.

• A program that uses dramatizations to educate teenage students
about ways of preventing disabilities. Dramatizations focus on (a) alcohol
and other drug use during pregnancy, (b) drinking and driving, and (c)
head and spinal cord injuries caused by improper seat belt use.

• A program that uses story, song, art, and dramatic play to encourage
proper safety belt use among preschool and elementary school children.

• A program to promote health among persons with disabilities by
awarding competitive minigrants to independent living centers.

• A comprehensive plan to develop a population-based fetal alcohol
syndrome surveillance system.

• A statewide training program for professionals in a position to
intervene with women at risk of having children with fetal alcohol syn-
drome or fetal alcohol effects.

• An intervention program to help parents at high risk for abusing or
neglecting their children to recognize and address behaviors that may be
precursors of child abuse and neglect.

• A comprehensive early-notification reporting system for spinal
cord injuries. This system will allow public health officials to develop
strategies for preventing secondary conditions.

• A model community program for promoting bicycle helmet use.
• A program of collaboration among the Governor’s office, volun-

teers, and corporate sponsors to address childhood injury through peer
education.
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Announcing Funding Priorities: Program announcements are published
in the Federal Register.

Progress Reports on Funded Research: Grantees are required to write
semiannual progress reports. These reports are collected for internal use
only.

Final Reports on Funded Research: Final reports are required of grantees
upon completion of the project period. The grantee is responsible for the
preparation and content of the final report. Grantees are also required to
provide copies of any journal publications resulting from the research.

Centers for Disease Control and Prevention:
National Center for Injury Prevention and Control

The Centers for Disease Control and Prevention (CDC) began study-
ing home and recreational injuries in the early 1970s and violence preven-
tion in 1983. From these early activities grew a national program to re-
duce injury, disability, death, and costs associated with injuries outside
the workplace. In June 1992, CDC established the National Center for
Injury Prevention and Control (NCIPC). As the lead federal agency for
injury prevention, NCIPC works closely with other federal agencies; na-
tional, state, and local organizations; state and local health departments;
and research institutions.

Funding: $16.2 million for injury prevention research grants in fiscal year 1996.

Disability Research: The National Center for Injury Prevention and
Control conducts and monitors research on the causes, risks, and preven-
tive measures for injuries outside the workplace including

• prevention of secondary conditions among people with disabili-
ties.

• unintentional injuries related to falls, fires and burns, drowning,
poisonings, motor vehicle crashes (including those with pedestrians), rec-
reational activities, and playgrounds and daycare settings.

• intentional injuries related to suicide, youth violence, family vio-
lence, and firearms.

NCIPC also funds research by universities and other public and private
groups studying the three phases of injury control (prevention, acute care,
and rehabilitation) and the two major disciplines of injury control (epide-
miology and biomechanics).
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The Division of Acute Care, Rehabilitation Research, and Disabil-
ity coordinates a national public health approach to reducing the impact
of injuries by improving trauma care and rehabilitation systems. The pro-
gram includes the prevention of injury-related disabilities and their sec-
ondary conditions. Current activities include:

• Development of guidelines for surveillance of injuries to the cen-
tral nervous system (primarily traumatic brain and spinal cord injuries)

• Research on prevention of secondary conditions such as pres-
sure sores

• Multistate surveillance system for traumatic brain and spinal cord
injury.

The Division of Unintentional Injury Prevention monitors trends in
unintentional injuries, conducts research to better understand risk fac-
tors, and evaluates interventions to prevent injuries due to motor vehicle
crashes, fires, burns, falls, drowning, and poisonings.

The Division of Violence Prevention supports both intramural and
extramural projects and activities to prevent violence. Extramural research
includes studies on the relationship between exposure to violence, risk
behavior, and psychological stress among children; risk and protective
factors associated with interpersonal violence among adolescents and vio-
lence against women; the effects of psychological abuse, violence, and
aggression on women’s physical and mental health; the epidemiology of
injuries to victims of domestic assault; intervention and evaluation re-
search on suicide, intimate violence, and interpersonal violence among
youth. Fourteen evaluation projects on preventing youth violence are cur-
rently under way in 11 cities. The Division also provides financial and
technical support to state and local health departments in their efforts to
prevent violence. These programs define and track injuries, develop in-
terventions, mobilize coalitions for intervention and public education,
and evaluate prevention effectiveness.

Announcing Funding Priorities: Program announcements are published
in the Federal Register and also an the NCIPC Web site. The Guide to Apply-
ing for Injury Research Grants, available from the Office of Research Grants,
provides members of the scientific community with guidance for apply-
ing to NCIPC for research grants.

Progress Reports on Funded Research: Grantees are required to write semi-
annual progress reports. These reports are collected for internal use only.

Final Reports on Funded Research: Final reports are required of grantees
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upon completion of the project period. The grantee is responsible for the
preparation and content of the final report.

NIH/National Center for Medical Rehabilitation Research

The National Center for Medical Rehabilitation Research (NCMRR)
was established within the National Institutes of Health (NIH) by legisla-
tion passed in 1990 (Public Law 101-613). The Center is a component of
the National Institute of Child Health and Human Development
(NICHD). The mission of NCMRR is to foster development of the scien-
tific knowledge needed to enhance the health, productivity, independence
and quality of life of persons with disabilities. This is accomplished by
supporting research on enhancing the rehabilitation and healthcare of
people with disabilities and on assisting them to achieve their functional
capabilities of relevance in their daily lives. A primary goal of the Center
is to bring the health related problems of people with disabilities to the
attention of America’s best scientists in order to capitalize upon the ad-
vances occurring in the biological, behavioral, and engineering sciences.

The Director of NIH was directed by P.L. 101-613 to establish the
National Advisory Board on Medical Rehabilitation Research. The Advi-
sory Board advises the directors of NIH, NICHD, and NCMRR on matters
and policies relating to the Center’s programs. The Advisory Board is
comprised of 12 members representing health and scientific disciplines
related to medical rehabilitation and 6 members representing people with
disabilities.

Funding: $15 million in fiscal year 1995.

Disability Research: The Research Plan for the National Center for Medical
Rehabilitation Research was based on a review of medical rehabilitation
research being supported by various agencies, advice solicited from the
scientific and consumer communities, and three field hearings at which
public comment was obtained. The plan describes a framework for re-
search to be supported by NCMRR and by other agencies that fund medi-
cal rehabilitation research. It focuses on the person with a disability and
on how that person’s functional limitations are affected by interacting
biological, personal, and societal forces. Emphasis is placed on obtaining
better information about the health-related factors that influence how
persons with disabilities interrelate with their families, coworkers, and
communities. Major issues in medical rehabilitation research are re-
viewed, including early and late onset of disability, traumatic injury,
chronic and recurring disorders, and effects of aging.

The research initiatives and opportunities recommended in the Re-
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search Plan for the National Center for Medical Rehabilitation Research are
discussed in terms of seven cross-cutting areas in which increased re-
search effort is needed. Those areas are:

• improving functional mobility;
• promoting behavioral adaptation to functional losses;
• assessing the efficacy and outcomes of medical rehabilitation thera-

pies and practices;
• developing improved assistive technology;
• understanding whole body system responses to physical impair-

ments and functional changes;
• developing more precise methods of measuring impairments, dis-

abilities, and societal and functional limitations;
• training research scientists in the field of rehabilitation.

From FY 92 when NCMRR first began funding research projects until FY
95, 182 projects have been supported, including those funded by inter-
agency agreements.

Announcing Funding Priorities: Research support has been provided
primarily through research project grants, institutional training grants,
and small business innovation research grants. The NIH Guide to Grants
and Contracts is used to announce funding availability.

Progress Reports on Funded Research: Computer Retrieval of Informa-
tion on Scientific Projects (CRISP) is a major scientific information system
containing information on the research programs supported by the U.S.
Public Health Service (PHS).

Final Reports on Funded Research: NCMRR does not publish results of
funded research. Grantees are expected to publish their research findings
in peer-reviewed journals.

Office of Disability, Aging, and Long-Term Care Policy

The Office of the Assistant Secretary for Planning and Evaluation
(ASPE), in the Office of the Secretary for Health and Human Services,
conducts research and policy analysis which is responsive to the needs of
the Secretary and to the Department’s policies and programs. ASPE in-
cludes the Office of Disability, Aging, and Long-Term Care (DALTCP) as
well as offices of Health Policy and Human Services Policy.

DALTCP is responsible for the development, coordination, research
and evaluation of DHHS policies and programs which support the inde-
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pendence, productivity, health and security of children, working age
adults, and older persons with disabilities. The office is also responsible
for policy coordination and research to promote the economic and social
well-being of the elderly.

In particular, the Office is responsible for policies concerning: long-
term care and personal assistance services including informal caregiving;
linkages between the acute, postacute and long-term care systems; long-
term rehabilitation services; children’s disability; employment assistance;
and the encouragement of mechanisms for coordinating the housing,
health, income supports, and education, training and employment needs
of people with disabilities. These responsibilities are carried out through
policy planning, policy and budget analysis, regulatory reviews, formula-
tion of legislative proposals, policy research, and evaluation.

Funding: $5 million for disability related projects in fiscal year 1995.

Disability Research: DALTCP has a mandate from the Assistant Secre-
tary for an expanded program of disability-related research and policy
analysis. In addition, the agendas of other offices within ASPE include
projects relevant to disability. Recent disability-related projects of high
priority in DALTCP include development of the program for long-term
services included in proposed health reform legislation in the 103rd Con-
gress. Experience with this proposed legislation has led to several new
projects. DALTCP has also taken the lead in developing and funding the
Disability Supplement to the 1994 and 1995 Health Interview Surveys.

Ongoing disability-related policy and evaluation research includes

• modeling use and costs of long-term services;
• client-directed personal assistance or home and community-based

services;
• use and impact of managed care on persons with disabilities;
• subacute care and Medicare-funded home health services;
• residential options for persons with disabilities;
• database development; and
• international comparisons of long-term service systems.

Announcing Funding Priorities: Research funding availability is an-
nounced in the Federal Register and in the Commerce Business Daily.

Progress Reports on Funded Research: DALTCP periodically publishes
Research Reports which summarize progress to date of current research
projects as well as findings of completed projects (for example, see Long-
Term Care and Disability Research 1989–1992, May 1992). In addition,
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progress reports may be available from the Policy Information Center
(PIC), a component of ASPE. PIC is a centralized source of information on
in-process, completed, and on-going health and human services evalua-
tions; short-term evaluation research; and policy-oriented projects con-
ducted by DHHS as well as by other federal departments and the private
sector. PIC resources may be accessed in person, via the PIC on-line data-
base query system, or via the Internet.

Final Reports on Funded Research: In addition to periodic Research Re-
ports, DALTCP publishes and puts on-line a List of Reports which contains
abstracts of all reports written by DALTCP staff and research projects
funded through the DALTCP and ASPE.

DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT

The Department of Housing and Urban Development (HUD) has a
mission to help create cohesive, economically healthy communities—com-
munities of opportunity—throughout America.

The Office of Policy Development and Research (PD&R) is respon-
sible for providing advice and information to the Secretary to further the
policy agenda; for maintaining current information to monitor housing
needs, housing market conditions, and the operation of existing programs;
and for conducting research on priority housing and community-devel-
opment issues.

The primary mission of PD&R is to provide reliable and objective
data and analysis to inform policy decision. It focuses on providing de-
finitive answers to questions about what programs work and how they
can be made to work better, through quick-turnaround studies and con-
ferences as well as through long-term evaluations that systematically
measures outcomes over an extended period. In addition, PD&R is com-
mitted to investing in the development of reliable databases describing
housing market conditions and needs, as well as documenting how HUD
programs work, how much they cost, and who they serve.

PD&R forms active partnerships with researchers, practitioners, ad-
vocates, industry groups, and foundations and is committed to involving
a greater diversity of perspectives, methods, and researchers into HUD
research.

Funding: $100,000 for disability-specific projects in fiscal year 1995.

Disability Research: Research priorities within PD&R have been devel-
oped to support and advance these Department policy priorities:
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• Reduce the number of homeless Americans.
• Make public housing a source of pride to communities.
• Expand housing opportunities for low and moderate income

people.
• Open housing markets to minorities.
• Empower communities.
• Bring excellence to HUD Management.

Within these policy priorities, PR&D supports research and information
activities related to:

• Housing for special needs. Addresses housing and supportive ser-
vice options for persons with physical or mental disabilities.

• Fair housing. Research, information, and evaluation on statutes
and programs that protect the housing rights of persons with physical or
mental disabilities.

• Building technology. Research on methods, materials, and trends
affecting the construction and rehabilitation of housing; and improving
housing safety and accessibility.

• Homeownership. Opportunities for persons with special needs.
• Regulatory barriers to affordable housing. Changes in state and

local regulations that can foster development or accessory apartments,
group homes, and other arrangements for community living.

Announcing Funding Priorities: Research is conducted through com-
petitively procured contracts. PD&R announces and solicits proposals for
large-scale research projects through the Commerce Business Daily. The
procurement process is handled by the Office of Procurement and Con-
tracts (OPC). Interested parties can request to be placed on a mailing list
for notification of such procurements.

Progress Reports on Funded Research: Progress on projects is tracked by
the HUD Project Managers using the HUD Project Management System.

Final Reports on Funded Research: Final reports of funded research are
available through HUD USER, a research information service and clear-
inghouse sponsored by PD&R. HUD USER collects, develops, and dis-
tributes housing-related information and offers the following resources
and services:

• Documents
• Audiovisual programs
• Recent Research Results
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• The HUD USER Database is a bibliographic resource that contains
over 5,000 reports, articles, case studies, and other research literature on
topics related to housing and urban development.

• Resource guides
• Directory of Information Resources in Housing and Urban Development,

Third Edition.
• Microfiche copies of noncopyrighted documents on the HUD

USER database.
• Computer packages to address specialized needs for information

on particular subject areas, including the Housing Discrimination Study
Data Tape.

DEPARTMENT OF TRANSPORTATION

Transit Cooperative Research Project

Among its activities, the Department of Transportation (DOT) pro-
vides formula grants for state and local governments to buy new transit
vehicles accessible to persons with disabilities; build accessible rail sys-
tems; modernize older rail car and stations, provide demand-response
paratransit (van) service for those with disabilities unable to use the ac-
cessible fixed route services and fund eligible operating costs. It is also
charged with ensuring accessibility of all modes of transportation under
the ADA and the Air Carrier Access Act of 1986.

The Transit Cooperative Research Program (TCRP) was established
in 1992 to provide a continuing program of applied research on transit
issues. The program is sponsored by the Federal Transit Administration
(FTA) and carried out under a three-way agreement among the National
Academy of Sciences, acting through its Transportation Research Board
(TRB); the Transit Development Corporation, an education and research
arm of the American Public Transit Association (APTA); and the FTA.

The TCRP focuses on issues significant to the transit industry, with
emphasis on developing near-term research solutions to a variety of tran-
sit problems involving facilities, service concepts, operations, policy, plan-
ning, human resources, maintenance, and administrative practices.

Funding: $1.7 million for disability-related projects from August 1992
through December 31, 1994.

Disability Research: In progress or recently completed disability-related
projects include

• Computerized Paratransit Dispatching;
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• Signs and Symbols in Transit Facilities;
• Transit Operations for Individuals with Disabilities;
• Attracting Paratransit Patrons to Fixed-Route Services
• Personal Mobility Aid Securement and Passenger Restraint on

Transit Vehicles;
• Applicability of Low-Floor Light Rail Vehicles in North America;
• Measuring and Valuing Transit Benefits and Disbenefits;
• Quick Response for Special Needs;
• Wheelchair Restraint System;
• New Transit Bus;
• Customer Information at Bus Stops; and
• Low-Floor Transit Buses.

Announcing Funding Priorities: TCRP is intended to concentrate on low-
risk, applied research projects with relatively quick turn-around. The pro-
gram is directed at problems of an immediate, near-term nature that can
be undertaken with moderate research funds. TCRP project-funding lev-
els are typically less than $400,000. Research Project Statements (Requests
for Proposals) are sent to the approximately 4,000 persons on the TCRP
mailing list. TCRP program solicitations are also available through the
Department of Transportation Information Center. In addition, the FTA
will establish an FTA Home Page on the Internet to announce TCRP and
other research project priorities and requests for proposals.

Progress Reports on Funded Research: Progress reports of funded re-
search are available in Transit Research Abstracts and on UMTRIS, which
provides on-line retrieval of abstracts and summaries of TCRP research
projects in progress.

Transit Research Abstracts is an annual DOT publication of abstracts of
completed and ongoing research projects on all public transit modes, in-
cluding specialized ADA transit systems for access by persons with dis-
abilities.

Final Reports on Funded Research: TRB provides a series of research
reports, research results digests, legal research digests, syntheses of tran-
sit practice, and other supporting material developed by TCRP research.
After publication, products are distributed widely through the TRB distri-
bution system. Copies are sent directly to at least 2,000 TRB members who
request transit publications as well as to about 100 libraries, 50 TRB transit
representatives, and more than 150 university-liaison representatives. As
a further means of disseminating the research reports, announcements of
their availability are sent to the trade press. FTA personnel automatically
receive a copy of each published report providing an additional conduit
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through which direct contact with possible users can be initiated. TRB
also lists products annually in the TRB catalog. The FTA also publishes
TCRP final report summaries in Transit Research Abstracts.

In 1994, the TRB published a Research Results Digest entitled Transit
Operations for Individuals with Disabilities, which briefly summarizes the
Phase I findings of the TCRP project of the same title.

Project ACTION

Project ACTION (Accessible Community Transportation in Our Na-
tion) is a national research and demonstration project administered by the
National Easter Seal Society under a cooperative agreement with the Fed-
eral Transit Administration of the U.S. Department of Transportation.
Project ACTION is designed to facilitate cooperation between the transit
industry and disability community in order to improve access to trans-
portation for individuals with disabilities and assist transportation pro-
viders in implementing the Americans with Disabilities Act of 1990
(ADA). The Project ACTION Local Demonstration Program serves as a
vehicle for developing and testing tools, techniques, and strategies to
improve accessible transportation. Through annual solicitations since
1991, Project ACTION has funded 60 local demonstration projects.

Funding: $1 million in project year 1994.

Disability Research: Project ACTION funds transit accessibility demon-
stration projects that:

• identify persons with disabilities and their transportation needs;
• develop outreach and marketing activities to encourage public

transportation use of persons with disabilities;
• provide training for transportation providers to increase their sen-

sitivity to the needs of persons with disabilities;
• provide training for persons with disabilities regarding the use of

public transportation; and
• encourage elimination of barriers to accessible services and facilities.

Complementing Project ACTION local demonstration efforts is the
National Institute for Accessible Transportation (NIAT). The Institute dis-
seminates information and resources developed under the Local Demon-
stration Program. NIAT conducts other activities which involve research,
training, and technical assistance in the area of accessible transportation.

In project year 1994, Project ACTION funded $1 million in local dem-
onstration programs in four categories:
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• Develop and tests model procedures for determining ADA
paratransit eligibility: $400,000.

• Develop and implement innovative methods of dissemination and
replication: $400,000.

• Develop and apply technology to eliminate transportation barri-
ers: $100,000.

• Develop model projects to address other accessibility issues:
$100,000.

Announcing Funding Priorities: Project ACTION conducts its annual
solicitation process through Requests for Proposals. Announcements are
posted and advertised the Federal Register, the Commerce Business Daily,
the Project ACTION Update (the quarterly newsletter), and Project AC-
TION Request for Proposals. Also used are trade publications, National
Easter Seal Societies publications, and federal publications.

Progress Reports on Funded Research: Project ACTION tracks its
local demonstration projects through quarterly reports submitted by
contractors. Contractors produce articles detailing the progress of
their projects in Project ACTION Update and other disability and tran-
sit trade magazines.

Project ACTION also has an on-line bulletin board system and e-mail
which is used to maintain contact and sharing information with contrac-
tors and other agencies who are conducting research. The on-line system
houses a copy of each Project ACTION Update. Abstracts are available via
Project ACTION Update on the electronic bulletin board.

Final Reports on Funded Research: Project ACTION publishes its final
reports through the National Institute for Accessible Transportation
(NIAT). The Institute, the dissemination arm of Project ACTION, distrib-
utes all publications and deliverables developed through Project
ACTION’s local demonstration program. No changes are scheduled by
Project ACTION for reports distribution, but the Federal Transit Admin-
istration plans to provide all ADA transit research reports on the Internet
Website beginning in FY 1996.

DEPARTMENT OF VETERANS AFFAIRS

Research and Development (R&D) in the Department of Veterans
Affairs (VA) advances the diagnosis and treatment of health problems
prevalent among veteran patients by applying findings of VA medical
research studies throughout the hospital system. VA is not a granting
agency, but rather funds an intramural program for investigators at VA
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Medical Centers. The VA program encompasses three areas of research
and development: Biomedical, Health Services, and Rehabilitation.

Funding: $25 million for Rehabilitation R&D in fiscal year 1995.

Disability Research: The VA Rehabilitation R&D program integrates the
multiple disciplines of science, engineering, and medicine to investigate
and develop concepts, processes, and products that directly meet the spe-
cial needs of impaired and disabled veterans. Scientific investigation is
carried out in areas of physical orientation, mobility, and manual skills
enhancement, prosthetics/amputation/orthotics, spinal cord injury, com-
munication, cognition, auditory/visual sensory aids, vocational place-
ment, and recreational opportunity. Priority emphasis is given to those
investigator-initiated studies whose results benefit veterans with war-
related injuries. Current special emphasis areas are

• Orthopedics: prosthetics, orthotics, amputation management;
• Neurology: spinal cord injury, traumatic brain injury, nerve injury;
• Communications, cognition and sensory aids: vision, audition,

speech, deglutition; and
• Disabling conditions and associated aging: cardiorespiratory, meta-

bolic, muscular, skeletal, stability.

VA investigators are further guided by letters of information stating cur-
rent foci within these priority areas. Internal Letters of Information are
developed through strategic planning workshops with the participation
of rehabilitation clinicians and researchers, as well as users of rehabilita-
tion technology.

Announcing Funding Priorities: Internal Letter of Information.

Progress Reports on Funded Research: Program monitors in each Rehab
R&D special emphasis area track and monitor the orderly progress, re-
source use, and timely reporting of merit approved and funded projects.
Funded investigators are required to submit annual Progress Reports for
publication in Rehabilitation R&D Progress Reports. An internally devel-
oped database, Research and Development Information Service (RDIS), is
primarily used to track funding.

Final Reports on Funded Research: Final reports on VA Rehab R&D are
published annually in Rehabilitation R&D Progress Reports and quarterly in
the Journal of Rehabilitation Research and Development. Abstracts from the
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Journal and the Progress Reports are on an electronic bulletin board and VA
Online.

NATIONAL SCIENCE FOUNDATION

The National Science Foundation is an independent federal agency
created to promote and advance scientific progress in the United States.
NSF is responsible for the overall health of science and engineering across
all disciplines. In contrast, other federal agencies support research fo-
cused on specific missions, such as health or defense. NSF is also commit-
ted to ensuring the Nation’s supply of scientists, engineers, and science
educators. The Foundation is led by a presidentially appointed director
and a National Science Board composed of 24 scientists, engineers, and
educators from universities, colleges, industry, and other organizations
involved in research and education.

Funding: $7 million for disability-related projects in fiscal year 1994.

Disability Research: All seven Directorates in NSF support individual
projects related to disabilities. These are typically investigator-initiated
projects that are recommended for funding during regular competitive
review cycles. NSF operates two programs dedicated specifically to re-
search for people with disabilities.

• The Biomedical Engineering and Research Aiding Persons with
Disabilities Program, Division of Bioengineering and Environmental Sys-
tems, located in the Engineering Directorate, supports investigator-initi-
ated research projects recommended for funding by expert panels. The
projects relate to the application of biomedical engineering techniques to
needs of people with disabilities. The Program also supports Student
Engineering Design Projects to stimulate interest among engineering stu-
dents in the needs of people with disabilities that may be addressed
through the application of modern principles of engineering.

• The Program for Persons with Disabilities in the Directorate for
Education and Human Resources is dedicated to achieving full inclusion
and participation of students with disabilities in science and math stud-
ies and in career development opportunities in science, engineering,
mathematics, and technology. Many of the projects focus on developing
instructional materials, media, and educational technologies that are us-
able by all students:

• Experimental Projects for Persons with Disabilities. Provides
support for the development and demonstration of exemplary strategies
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for the recruitment, education, and retention of students with disabilities
in science, engineering, and mathematics.

• Model Projects for Persons with Disabilities. Designed to pro-
mote the development and dissemination of innovative intervention strat-
egies that reduce the barriers that inhibit the interest, retention, and ad-
vancement of students with disabilities in science, engineering, and
mathematics education and career tracks.

• Information Dissemination Projects. Funds proposals for the sup-
port of symposia, workshops, and the development of information on
techniques, instructional materials, technologies, and adaptations that
promote full inclusion and participation of students with disabilities in
science, engineering, and mathematics curricula.

• Facilitation Awards for Scientists and Engineers with Disabili-
ties. This Foundation-wide program provides funding for students and
faculty with disabilities to obtain special equipment and services needed
to reduce or remove barriers so they can participate in research and train-
ing activities supported by NSF.

Announcing Funding Priorities: Programs of funded research are publi-
cized through program announcements and program guides.

Progress Reports on Funded Research: Periodic progress reports are re-
quired of researchers. These reports are collected for internal use only and
are not available to the public.

Final Reports on Funded Research: Final reports are required of research-
ers upon completion of the grant period. The awardee is responsible for
the preparation of the results for publication. The Foundation does not
assume responsibility for the research findings or their interpretation.

OTHER RESEARCH  PROGRAM ACTIVITIES

Department of Education

Office of Special Education Programs

OSEP currently supports research programs in all aspects of the edu-
cation of individuals with disabilities. The research areas supported in-
clude early intervention, instructional methods, curriculum development,
assessment, and teacher training. OSEP is in the process of consolidating
its 14 program authorities into 5 authorities. Field-initiated research ac-
counts for 60% of the research budget.
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Department of Energy

DOE has a research budget of $6.5 billion and some of its research in
hearing, visual modalities, and computer technology has applications for
persons with disabilities.

Department of Health and Human Services

Administration on Developmental Disabilities

The ADD is responsible for planning and implementing programs
that promote self-sufficiency and protect the rights of persons with devel-
opmental disabilities. The ADD accomplishes this primarily though the
University Affiliated Program (UAP), a discretionary grant program.
UAPs provide technical assistance, community service, dissemination,
and interdisciplinary training to professionals. UAP research activities
include empirical research on existing practices and developing models
of practice and service delivery. The ADD funding provides operational
and administrative support to UAPs so that they can attract research
funding from various sources. UAP research topics include infancy, early
intervention, educational inclusion, school-to-work transition, employ-
ment, and aging.

National Institute on Deafness and Other Communication Disorders

NIDCD conducts research in the normal and disordered processes of
hearing, balance, smell, taste, voice, speech, and language. Its $22 million
research budget supports research in disability-related areas such as hear-
ing aids, cochlear implants, telecommunications relay services, and vesti-
bular issues.

National Aeronautics and Space Administration

NASA funds no disability research. However, its work in engineering
and space technology has had spinoffs in technology transfer to products
for persons with disabilities.
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SERVICES AND BENEFITS

Department of Education

Rehabilitation Services Administration

RSA has no research focus, but funds $300 million a year on demonstra-
tion projects and evaluation of service approaches.

Department of Health and Human Services

Indian Health Service

IHS provides health care to American Indian and Alaska Native
people. Its past research budget has been $2 million, with expected reduc-
tions to less than $1 million in the next fiscal year. The research funded by
IHS is oriented toward improving basic health care services. It does not
fund disability research. However, some of its research activities concern
prevention of disability in four areas: (1) fetal alcohol syndrome, (2) hear-
ing loss due to childhood infections (3) amputation due to diabetes, and
(4) motor vehicle accidents.

Department of the Interior Bureau of Indian Affairs

The Branch of Exceptional Education within BIA funds no research. It
provides direct educational services.

Social Security Administration

SSA administers the Social Security Disability Insurance (SSDI) and
Supplemental Security Income (SSI) programs. It conducts studies of its
disability programs and supports intervention and service delivery mod-
els such as returning beneficiaries to work. SSA is in the process of rede-
signing its programs to include a functional assessment instrument and to
identify rehabilitation needs. This redesign will probably result in a
change in the definition of disability which SSA uses to determine eligibil-
ity for benefits.

ADVISORY PANELS

General Services Administration

The Center for IT Accommodation at GSA applies research findings
in emerging technology to ensure that information technologies (e-mail,
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electronic documents, postal kiosks) are accessible to persons with dis-
abilities.

President’s Committee on Mental Retardation

The Committee funds no grants or research. It is responsible for re-
viewing federal policy in relation to research. Its 21 members review
federal and state programs that have an impact on mental retardation.
The Committee sponsors conferences and provides an annual report to
the President.

President’s Committee on Employment of Persons With Disabilities

The Committee works to advance the employment needs of persons
with disabilities. It funds no direct research, but funds a grant to the Job
Accommodation Network (JAN) which provides technical assistance on
job accommodations from 60,000 contacts annually. It has developed a
profile of savings in workers compensation and disability payments. It
has a Disability Communication Network with 6,000 Advocates and a
Business Leadership Network where employers speak to other employers
about hiring and retaining workers with disabilities. It also has organized
a minority initiative.

COMPLIANCE

Department of Justice, Office of Civil Rights

The Office of Civil Rights enforces civil rights laws, provides techni-
cal assistance, and comments on legislation. It provides grants to dissemi-
nate information on how to comply with disability rights laws.

Equal Employment Opportunity Commission

The EEOC funds no direct research, but it uses research. It interprets
and enforces the employment provisions of the Americans with Disabili-
ties Act (ADA) and the Rehabilitation Act of 1973. Because of the backlog
of cases, the EEOC is actively developing alternative dispute resolution
techniques. As a user of disability research, the EEOC is especially inter-
ested in research in the areas of reasonable accommodation, assistive tech-
nology, cost of accommodation, and the role of education, training, and
rehabilitation in the employment for persons with disabilities.
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United States Information Agency

USIA deals with all aspects of disability in student and scholar exchange
programs. Congress has mandated a report on outreach and work with
persons with disabilities.

STATISTICS AND DATA COLLECTION

Department of Commerce

Bureau of the Census

The Bureau of the Census does not fund disability research. How-
ever, it conducts three surveys which are a primary source of disability
data: Current Population Survey (CPS), Survey of Income and Program
Participation (SIPP), the Decennial Census.

Department of Health and Human Services

National Center for Health Statistics

NCHS conducts the National Health Interview Survey (NHIS) which
is a source of disability data. In 1994 continuing through 1996, NCHS is
sponsoring a Disability Supplement to the NHIS which will be a major
source of data on all aspects of disability.

Department of Labor

Bureau of Labor Statistics

BLS funds no disability research. However, it has some limited data
regarding disability through three programs: Current Population Survey
(CPS), the National Longitudinal Survey of Youth (NLSY), and the Occu-
pational Safety and Health Statistics Program.
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Taxonomy

The following is based in part on the International Classification of
Impairments, Disabilities, and Handicaps (ICIDH) proposed by the World Health
Organization, as modified by the Institute of Medicine.1 It is an example of
the beginning of a taxonomy that identifies the consequences of disease
and injury most often of concern to physical therapists, occupational thera-
pists, physicians, and others working with physical disabilities. Measure-
ment of these aspects of a person’s status would be essential both for
providing the basis for treatment planning, and for permitting objective
evaluation of progress toward clearly defined therapeutic goals. This rep-
resents, therefore, a classification of both the problems addressed in physi-
cal rehabilitation and of the therapeutic outcomes sought through treat-
ment of those problems.

A TAXONOMY OF CLINICAL MEASUREMENTS

I. IMPAIRMENTS—Abnormality or absence of structure or function at
the organ level.

A. Musculoskeletal
1. joint mobility (including hyper and hypomobility and methods

1For a description and discussion of the original WHO taxonomy see: International Classi-
fication of Impairments, Disabilities, and Handicaps: a Manual of Classification Relating to the
Consequences of Disease. Geneva: World Health Organization, 1980; see also: Pope AM, Tarlov
AR (eds): Disability in America: Toward a National Agenda for Prevention, Washington, D.C.:
National Academy Press, 1991.
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for differentiating cause as well as describing extent of the im-
pairment)

2. muscle performance (sometimes incorrectly called “strength”)
a.) force (ability to generate peak acceleration of a mass, or

peak torque)
b.) power (ability to develop power in a contraction, usually

torque velocity)
c.) endurance (ability to sustain or repeat a contraction)

3. postural alignment (includes spinal deviations such as scoliosis)
B. Sensory/perceptual

1. pain
2. superficial sensation (touch, temperature, etc.)
3. deep sensation (includes vestibular, position sense and stereog-

nosis)
4. body schema (body image or percept)

C. Neuromuscular
1. muscle innervation (includes root, spinal and peripheral nerve)
2. central nervous system

a.) spasm (associated with pain or tension)
b.) spasticity
c.) rigidity
d.) tremor
e.) clonus

3. coordination
a.) ataxia
b.) athetosis
c.) standing stability and postural reactions
d.) associated movements (i.e., inability to individuate muscle

action)
D. Developmental

1. perceptual-motor
2. musculoskeletal
3. cognitive
4. social

E. Psychological
1. cognitive (includes memory, thinking, consciousness, attention)
2. affective (includes motivation, anxiety and other factors which

influence readiness to respond to and participate in treatment
and to cope with illness and its consequences)

F. Cardiovascular
1. cardiac function
2. peripheral vascular function (includes autonomic)
3. lymphatic (includes edema)
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G. Pulmonary
1. ventilation (rate, volume, and pattern)
2. respiration (blood-gas exchange)
3. secretion clearance

H. Skin and superficial soft tissues
1. tissue breakdown and wound healing
2. scarring and contracture
3. cosmetic problems

II. FUNCTIONAL LIMITATIONS [DISABILITIES in ICIDH]—restric-
tion or lack of ability, resulting primarily or secondarily from an impair-
ment, to perform activities that are generally accepted as essential compo-
nents of everyday life; disturbance of function at the level of the person.

A. locomotor
1. ambulation (including stairs, rough terrain, etc.)
2. transfer (lying, sitting, standing, to and from floor, etc.)
3. transport (use of automobile, bus, etc.)

B. personal care
1. hygiene
2. feeding
3. dressing and grooming

C. dexterity (holding, manipulating, adjusting, etc.)
D. object transport (lifting, carrying, pushing, reaching, balancing, etc.)2

E. work/stress tolerance
1. physical (includes cardiac stress and metabolic costs of activity)
2. psychological (includes ability to tolerate such stress as change,

criticism, uncertainty, need to cooperate, etc.)
F. environmental tolerance (includes ability to tolerate temperature

variations, noise, allergens, smoke, etc.)
G. psychological

1. cognitive—ability to learn new ideas and techniques, to plan
tasks, solve problems, etc.

2. affective—ability to take initiative, accept limitations, adapt, etc.

III. DISABILITIES [HANDICAPS in ICIDH]—person-in-context restric-
tion due to conditions that interfere with one’s productivity or quality of
life; conditions that place the individual at a disadvantage relative to
other members of society.

2 Note: B, C, and D are often jointly called “instrumented or instrumental ADL.”
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A.  productivity: independence and integration
1. physical independence—ability to meet personal needs in an

unmodified environment without use of special aids or assis-
tance from others

2. social integration—ability to establish and maintain social rela-
tionships customary for his/her age, sex, and culture

3. occupational capacity—ability to carry out the employment,
schooling, domestic, or recreational activities customary for his/
her age, sex, and culture

B. quality of life—ability to find a degree of satisfaction in life equiva-
lent to that of most others of his/her age, sex, and culture.
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Committee and Staff Biographies

COMMITTEE

EDWARD N. BRANDT, JR., is Regents Professor and Director of the
Center for Health Policy at the University of Oklahoma. He received his
M.D. and Ph.D. from the University of Oklahoma Medical Center. Prior to
assuming his current responsibilities in 1992, Dr. Brandt served as Execu-
tive Dean of the College of Medicine of the University of Oklahoma Health
Sciences Center. From 1981 to 1984, Dr. Brandt was the Assistant Secre-
tary for Health and U.S. Representative to the Executive Board of the
World Health Organization (from 1982 to 1984). From 1985 to 1989, Dr.
Brandt was President of the University of Maryland at Baltimore and
Professor at the University of Maryland School of Medicine. Dr. Brandt
has been a member of the Board of Regents of the National Library of
Medicine (1985–1989), a member of the Council of the Institute of Medi-
cine (1986–1991) and Vice-Chairman of the Governing Council (1987–
1991), and Chairman of the Medical Schools Section of the American Medi-
cal Association (1979–1981).

SHARON BARNARTT has a Ph.D. from the University of Chicago and
is currently Professor and Department Chair in the Department of Sociol-
ogy at Gallaudet University, where she has taught for the past 16 years.
Her primary research interest is the sociology of disability and deafness
and focuses on three major areas: (1) the socioeconomic status of male and
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female deaf workers, (2) social movements in the deaf and disability com-
munities, and (3) disability policy issues both in the United States and
internationally. She coauthored the book Deaf President Now: The 1988
Revolution at Gallaudet University, and she has published a number of
articles and made many professional presentations on her research topics
of interest. She is on the editorial board of the International Journal of
Disability, Development, and Education, and is a past president and board
member of the Society for Disability Studies.

CAROLYN BAUM is the Elias Michael Director and Assistant Professor
for Occupational Therapy and Neurology at Washington University
School of Medicine. Dr. Baum has served as President of the American
Occupational Therapy Association and as President of the American Oc-
cupational Therapy Certification Board, and she has recently completed a
term at the National Center for Medical Rehabilitation Research at the
National Institutes of Health and on the McDonnel Science Foundation
Task Force for Improving Cognitive Rehabilitation. Her research is on the
relationship of activity and function in persons with cognitive impair-
ment and chronic disease. She heads an interdisciplinary faculty that is
contributing knowledge and training clinicians and rehabilitation scien-
tists in developmental neuroscience, work performance and occupational
competency, and aging and performance to understand the personal and
environmental factors that contribute to the performance of everyday life.

FAYE BELGRAVE is an Associate Professor of Psychology and Director
of the Applied Social Psychology Program at George Washington Univer-
sity. Dr. Belgrave has conducted research in the area of psychosocial as-
pects of disability and chronic illness for over 12 years. Dr. Belgrave has
been the Principal Investigator and Co-Investigator on several grants (Na-
tional Institutes of Health, National Institute on Disability and Rehabilita-
tion Research) on psychosocial aspects related to disability and rehabilita-
tion among ethnic minorities. She has published extensively in this area.
Dr. Belgrave received her Ph.D. in social psychology from the University
of Maryland in 1982. Prior to coming to George Washington University,
she was a Senior Research Associate at the National Rehabilitation Hospi-
tal in Washington, D.C. Before that, she worked as a research associate at
Howard University’s Center for Sickle Cell Disease. Dr. Belgrave teaches
graduate and undergraduate courses in social psychology and health psy-
chology. She currently is on the editorial board of the Journal of Black
Psychology and is an editorial consultant to several journals in the areas of
disability and health. She is completing a book entitled Psychosocial As-
pects of Disability and Chronic Illness Among African Americans. Dr. Belgrave
received the American Psychological Association’s Minority Fellowship
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Award for outstanding research on ethnic minorities (1993) and the Asso-
ciation of Black Psychologist’s 1994 Distinguished Scholarship Award. In
1993, she was honored with a Distinguished Service Award for service to
persons with disabilities by the Howard University Research and Train-
ing Center for Access to Rehabilitation and Economic Opportunity.

CLIFFORD BRUBAKER has been Professor and Dean of the School of
Health and Rehabilitation Sciences and Professor of Industrial Engineer-
ing, Orthopedic Surgery, and Neurological Surgery at the University of
Pittsburgh since 1991. Before coming to the University of Pittsburgh, Dr.
Brubaker was Professor of Education and Biomedical Engineering at the
University of Virginia and Director of the Rehabilitation Engineering Re-
search Center on Wheeled Mobility. Dr. Brubaker has published more
than 100 papers, chapters, and technical reports. He also has been awarded
four U.S. patents. Most of his research and design efforts have been di-
rected toward the improvement of wheelchairs and specialized seating
for people with disabilities. Dr. Brubaker is a fellow of both the Rehabili-
tation Engineering and Assistive Technology Society of North America
(RESNA) and the American Institute on Medical and Biological Engineer-
ing. He currently serves as the President of RESNA. He is also the Chair-
person of the Steering Committee on Long-Range Planning for the Na-
tional Institute on Disability and Rehabilitation Research of the U.S.
Department of Education. Dr. Brubaker received the Isabelle and Leonard
H. Goldensen Technology Award from the United Cerebral Palsy Re-
search and Education Foundation in 1995.

DIANA CARDENAS is Professor in the Department of Rehabilitation at
the University of Washington. She is also the Project Director and Principal
Investigator of the Northwest Regional Spinal Cord Injury (SCI) System, one
of 18 model SCI centers funded by NIDRR. She is also Clinical Director of
the Spinal Cord Injury Service and Director of the Rehabilitation Medicine
Clinic at the University of Washington Medical Center in Seattle. Dr.
Cardenas has conducted research in the area of spinal cord injury for the last
15 years, focusing on the physiology of the neurogenic bladder. She has
published over 65 articles, chapters, and books, many in the area of spinal
cord injury. She received the 1996 New Jersey School of Medicine National
Teaching Award in Physical Medicine and Rehabilitation. Currently, she is
the Principal Investigator of a study (funded by the National Institute on
Disability and Rehabilitation Research) on the prevention of urinary tract
infection in people with spinal cord injuries and recently published a study
on the urodynamic findings associated with age and aging with SCI. Dr.
Cardenas received her B.A. in 1969 from the University of Texas in Austin
and her M.D. in 1973 from the University of Texas Southwestern Medical
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School in Dallas. She earned an M.S. in 1976 from the University of Wash-
ington, where she also completed her residency training in Physical Medi-
cine and Rehabilitation in 1976. She is currently on the Editorial Board of the
Archives of Physical Medicine and Rehabilitation, serves as a member of the
Research Committee of the American Academy of Physical Medicine and
Rehabilitation, and serves on the Board of Directors of the American Spinal
Injury Association.

DUDLEY S. CHILDRESS received his B.S. and M.S. degrees in electrical
engineering from the University of Missouri at Columbia. Following
graduation, he worked with Westinghouse Electric Corporation, served
in the U.S. Army, taught electrical engineering at the University of Mis-
souri, and worked with an electrical firm in Austria. In 1967, he received
his Ph.D. in electrical engineering from Northwestern University. His
research concerned control and movement of the human eye; this work
stimulated his interest in muscle mechanics, electromyography, and the
human motor control system. In 1966, he joined the Orthopaedic Surgery
Department at the Northwestern Medical School. He currently holds ap-
pointments as Professor of Orthopaedic Surgery and Professor of Bio-
medical Engineering. He directs the Prosthetics Research Laboratory (with
the Lakeside VA Medical Center); the National Institute on Disability and
Rehabilitation Research’s Rehabilitation Engineering Research Center in
Prosthetics and Orthotics; and the Prosthetics and Orthotics Education
Program, all of which are connected with Northwestern University and
located within the Rehabilitation Institute of Chicago. His current inter-
ests concern human movement, particularly human ambulation and aided
ambulation, control mechanisms that permit subconscious control of mul-
tifunctional artificial arms, human mechanics measurement systems, and
computer-aided engineering and manufacturing in prosthetics and orthot-
ics.

DONALD L. CUSTIS is currently the Senior Medical Advisor to the
Paralyzed Veterans of America. From 1980 to 1984, he served as Chief
Medical Director for the Veterans Administration, having begun work
there in 1976 as the Assistant Chief Medical Director for Academic Af-
fairs. He had retired that year as the U.S. Navy’s Surgeon General, with
the rank of Vice Admiral. He earned his medical degree from Northwest-
ern University Medical School in 1942 and interned at Presbyterian Hos-
pital in Chicago before serving on board a U.S. Navy attack-transport in
the South Pacific. Following World War II, he obtained his graduate sur-
gical education at the Mason Clinic in Seattle and then resumed a navy
medical career, first as surgeon in a series of naval hospitals and then, in
1969–1970, as commanding officer of the Naval Combat Hospital in
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Danang, Vietnam, followed by command of the National Naval Medical
Center in Bethesda, Maryland. He is certified by the American Board of
Surgery and is a Fellow of the American College of Surgeons. His honors
and awards include the Presidential Award of the Distinguished Service
Medal, Legion of Merit with Combat V, the Veterans Administration Ex-
ceptional Service Award, the Citation for Meritorious Service from the
American Hospital Association, the Silver Medal Award of the American
College of Hospital Administrators, the American Medical Association’s
Nathan Smith Davis Award, the Alumni Award of Merit from North-
western, and honorary degrees from Albany Medical College and Wabash
College, his alma mater.

SUE K. DONALDSON is Dean and Professor of the School of Nursing
and Professor of Physiology, School of Medicine at Johns Hopkins Uni-
versity. She received B.S.N. and M.S.N. degrees from Wayne State Uni-
versity and a Ph.D. in Physiology and Biophysics from the University of
Washington. Before coming to Johns Hopkins, Dr. Donaldson was a Pro-
fessor in the Department of Physiology at the School of Medicine and
Professor and Chair of Nursing Research Center for Long-Term Care of
the Elderly at the University of Minnesota. She continues to act as a con-
sultant to the National Institute for Nursing Research and to universities
around the country. Dr. Donaldson is a pioneer in nursing research and
internationally known for her basic science research in cellular skeletal
and cardiac muscle physiology. In 1992, Dr. Donaldson was inducted as a
Fellow in the American Academy of Nursing. Dr. Donaldson is a member
of the Institute of Medicine.

DAVID GRAY is Professor of Health Sciences in the Program in Occupa-
tional Therapy at Washington University. Prior to assuming his current
responsibilities, Dr. Gray had a distinguished career in government,
where he served in numerous positions including Director of the Na-
tional Institute on Disability and Rehabilitation Research in the U.S. De-
partment of Education from 1986 to 1987 and Deputy Director of the
National Center for Medical Rehabilitation Research of the National Insti-
tute of Child Health and Human Development at the National Institutes
of Health (NIH). He has received many awards including the NIH Direc-
tors Award, the Paralyzed Veterans of America Career Achievement
Award, and the National Head Injury Foundation’s Outstanding Service
Award. Dr. Gray received his B.A. in psychology from Lawrence Univer-
sity. He received an M.A. in experimental psychology from Western
Michigan University and his Ph.D. in psychology and behavioral genetics
from the University of Minnesota.
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DAVID E. KREBS is Professor of Physical Therapy and Clinical Investi-
gation at the Massachusetts General Hospital’s Institute of Health Profes-
sions in Boston, and Director of the hospital’s Biomotion Laboratory. He
also holds academic appointments in orthopaedics at Harvard Medical
School and in mechanical engineering at the Massachusetts Institute of
Technology. Dr. Krebs has more than one hundred publications and has
been awarded more than $4 million as principal investigator on federal
(National Institutes of Health, National Institute on Disability and Reha-
bilitation Research) and foundation research grants, primarily on the neu-
ral and biomechanical constraints of human locomotor control. He was
the 12th Annual Eugene Michels Researcher’s Forum Featured Speaker of
the American Physical Therapy Association and received its 1994 Golden
Pen Award for Distinguished Scientific Writing. He was the 1995 Steven J.
Rose Visiting Professor at Washington University. Dr. Krebs received his
B.S. in physical therapy and his M.A. in applied physiology from Colum-
bia University, and his Ph.D. in pathokinesiology and physical therapy
from New York University.

ELLEN J. MACKENZIE is Senior Associate Dean for Academic Affairs
and Professor in the Department of Health Policy and Management of the
Johns Hopkins School of Hygiene and Public Health. She also directs the
Johns Hopkins Center for Injury Research and Policy. Dr. MacKenzie’s
research has focused on methodological and policy-relevant issues re-
lated to patient outcomes following traumatic injury. Her early work in-
volved the development and evaluation of tools for reliably measuring
the severity of injury. These tools have been applied in several major
research initiatives to evaluate the organization, financing, and perfor-
mance of regionalized systems of trauma care. More recently, Dr.
MacKenzie has focused on the evaluation of long-term outcomes follow-
ing traumatic injury. Of particular interest to her is the delineation of
factors (both medical and nonmedical) that explain variations in outcome.
Her work has contributed to our knowledge of the economic and social
impact of injuries and to our understanding of the personal and environ-
mental factors that influence recovery, especially the return to work.

MARGARET TURK is an Associate Professor of Physical Medicine and
Rehabilitation at the State University of New York Health Science Center
at Syracuse. She has a joint appointment in the Department of Pediatrics
at the Health Science Center and is also Medical Director of St. Camillus’
Brain Injury Rehabilitation Program. She serves as a physical medicine
and rehabilitation consultant to Syracuse Development Center and EN-
ABLE, the local United Cerebral Palsy Affiliate. She is a board member of
ARISE, the Syracuse independent living center. In addition to her clinical
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responsibilities, Dr. Turk is involved in many facets of rehabilitation re-
search. Currently, she is the Principal Investigator on a study of second-
ary conditions of cerebral palsy in adults, funded by the Centers for Dis-
ease Control and Prevention, as well as coauthor of monographs and
curricula on secondary conditions and aging with a disability. Dr. Turk is
very active in the education of professional and academic organizations
as to the importance of secondary conditions of disabilities in their re-
search and patient care. Mostly recently, Dr. Turk has focused her re-
search interests on practice parameters and outcome measurement in re-
habilitation. She belongs to numerous committees at the state and national
levels that have spearheaded innovative research and training on these
topics. Additionally, Dr. Turk assisted the Paralyzed Veterans Associa-
tion in developing their practice parameters for spinal cord injury reha-
bilitation. In the publication sphere, Dr. Turk sits on the editorial board
for Muscle and Nerve. She is awaiting the release of The Health of Women
with Physical Disabilities: Setting the Research Agenda for the 90s, a book that
she edited with Drs. Krotoski and Nosek, and a chapter on outcome mea-
surement in Outcome Measurement Research in Rehabilitation: Setting the
Agenda, edited by Marcus Fuhrer.

GLEN WHITE has been involved in the rehabilitation and indepen-
dent living field for over 25 years. As Codirector and Director of Re-
search at the Research and Training Center on Independent Living
(for underserved populations), Dr. White has conducted research in
the areas of housing, advocacy, developing community support for
independent living centers, and prevention of secondary conditions.
He has recently served under Presidents Bush and Clinton as a Board
Member on the Corporation for National Service. Dr. White is cur-
rently First Vice-President of the American Disability Prevention and
Wellness Association and President-Elect of the National Association
of Rehabilitation Research and Training Centers. He also serves as a
Board Member on the Paralyzed Veterans of America’s Education and
Training Foundation. Dr. White currently has a appointment as an
Assistant Professor in the Department of Human Development and
Family Life at the University of Kansas, where he teaches in the areas
of behavioral and community psychology and disability studies.

SAVIO L.-Y. WOO is the A.B. Ferguson Professor and Vice Chairman for
Research, and Director of the Musculoskeletal Research Center in the
Department of Orthopaedic Surgery, University of Pittsburgh Medical
Center. He also holds concurrent positions as Professor in the Depart-
ment of Mechanical Engineering, the Department of Civil and Environ-
mental Engineering, and in the Department of Rehabilitation Science and
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Technology. Prior to joining the faculty at the University of Pittsburgh,
Dr. Woo was Professor of Surgery and Bioengineering at the University of
California at San Diego and Director of Orthopaedic Bioengineering Labo-
ratory at the San Diego Veterans Affairs Medical Center. Dr. Woo’s re-
search interests include solid mechanics and biomechanics; experimental,
theoretical, and numerical analyses of the nonlinear material properties of
biological tissues; healing and repair of tendon, ligament, articular carti-
lage, and meniscus; and joint kinematics and the use of robotics technol-
ogy. He has published extensively and has received many awards and
distinctions for his research. He has served as President for the Ortho-
paedic Research Society, the American Society of Biomechanics, and the
International Society for Fracture Repair and as Chairman for the Bioengi-
neering Division of the American Society of Mechanical Engineers, the
United States National Committee on Biomechanics, and the College of
Fellows of the American Institute for Medical and Biological Engineering.
Dr. Woo is a member of the Institute of Medicine and the National Acad-
emy of Engineering.

EDWARD YELIN is Codirector of the Education, Epidemiology, and
Health Services Research Component of the Multipurpose Arthritis Cen-
ter at the University of California at San Francisco (UCSF) and of the
Disability Statistics Rehabilitation and Research Training Center. He is
also a member of the Division of Occupational and Environmental Medi-
cine and the Institute for Health Policy Studies, and Professor of Medicine
in the Department of Medicine, all at UCSF. His research has emphasized
the causes and consequences of disability, especially the impact of chronic
disease on employment. He is the author of Disability and the Displaced
Worker and numerous research articles. He received his A.B. in public
affairs from the University of Chicago and his M.C.P. and Ph.D. in city
and regional planning from the University of California at Berkeley. He is
an active member of the Arthritis Foundation and the American College
of Rheumatology. Dr. Yelin recently received both the Clarke Award for
Outstanding Research from the Arthritis Foundation and the Outstand-
ing Scholar Award from the American College of Rheumatology.

WISE YOUNG is Director of the Neurosurgery Research Laboratories at
New York University (NYU) and Bellevue Medical Center, and Professor
of Neurosurgery, Physiology, and Biophysics at NYU Medical Center. He
received his B.A. from Reed College, where he majored in biology and
chemistry, was a member of Phi Beta Kappa National Honor Society, and
received the Award for Excellence in Mathematics and Science. He re-
ceived his Ph.D. in physiology and biophysics from the University of
Iowa and his M.D. from Stanford University. Dr. Young has authored
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over 100 journal articles. He is recipient of the Jacob Javits Neuroscience
Award from the National Institute of Neurological Disorder and Stroke,
the Wakeman Award for Research in the Neurosciences, and the
Neurotrauma Society Service Award.

IOM STAFF

ANDREW M. POPE is a Senior Staff Officer and Study Director in the
Institute of Medicine’s Division of Health Sciences Policy. With expertise
in physiology, toxicology, and epidemiology, his primary interests focus
on disability and the environmental and occupational influences on hu-
man health. As a Research Fellow in the Division of Pharmacology and
Toxicology at the U.S. Food and Drug Administration, Dr. Pope’s re-
search focused on the biochemical, neuroendocrine, and reproductive ef-
fects of various environmental substances on food-producing animals.
During his tenure at the National Academy of Sciences, and since 1989 at
the Institute of Medicine, Dr. Pope has directed and edited numerous
reports on environmental and occupational issues; topics include injury
control, disability prevention, biologic markers, neurotoxicology, indoor
allergens, and the inclusion of environmental health content in medical
and nursing school curricula.

THELMA L. COX is a project assistant in the Division of Health Sciences
Policy. During her 7 years at the Institute of Medicine, she has also pro-
vided assistance to the Division of Health Care Services and the Division
of Biobehavioral Sciences and Mental Disorders. Ms. Cox has worked on
several IOM projects, including Designing a Strategy for Quality Review
and Assurance in Medicare; Evaluating the Artificial Heart Program of
the National Heart, Lung, and Blood Institute; Federal Regulation of
Methadone Treatment; Legal and Ethical Issues Relating to the Inclusion
of Women in Clinical Studies; and Review of the Fialuridine (FIAU/FIAC)
Clinical Trials. In 1995, she received the National Research Council Rec-
ognition Award and, in 1994, an IOM Staff Achievement Award.

GEOFF FRENCH is a Research Assistant in the Division of Health Sci-
ences Policy; he has been with the Institute of Medicine for 2 years. His
undergraduate degree is in history and anthropology, and he has com-
pleted his M.A. in national security studies at Georgetown University.

VALERIE PETIT SETLOW is the Director of the Division of Health Sci-
ences Policy. In this capacity, she is responsible for the development of
public policy activities related to (a) biomedical research, including fun-
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damental science and clinical research; (b) infrastructure to support re-
search; (c) drug development and regulation; (d) education, training, and
mentoring of health professionals; and (e) the ethical, legal, and social
implications of biomedical advances. Dr. Setlow received her B.S. in chem-
istry from Xavier University and her Ph.D. in molecular biology from
Johns Hopkins University. She has conducted research in molecular he-
matology and virology and has had a distinguished career in govern-
ment, serving in numerous positions including as Director of the Cystic
Fibrosis Research programs at the National Institutes of Health, and in
her last position, as Acting Director of the National AIDS Program Office.
Her expertise includes molecular biology and genetics, health science pro-
gram management, health policy analysis, and program development.
She also holds an adjunct appointment at Howard University in the De-
partment of Community and Family Medicine.
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A

ABLEDATA, 214
Access to care, 71, 179

long-term support services, 182-183
managed care and, 185
primary care, 180-182
recommended research, 190

Access to environment, 149
assistive technology for, 150-151
definition, 3
engineered environments research, 10
goals of enabling process, 3-5
universal design for, 151-152

Accredited programs
occupational therapy, 239
physical therapy, 238
rehabilitation counseling, 237
rehabilitation medicine, 235
rehabilitation nursing, 236

Activities of daily living
causes of limitations in, 47
functional limitations assessment, 103-

104
locomotor assessment, 103
long-term support services, 182
prevalence of disabling conditions, 42

Activity limitation
categories of, 81-82

definition, 42
prevalence, 42-43

Acute care, 173, 179, 196
Administration on Developmental

Disabilities, 374
ADRR. See Agency on Disability and

Rehabilitation Research
Advisory panels, 375-376
Age-related change, 104-105

research needs, 146, 171
Agency for Health Care Policy and

Research, 357-358
Agency on Disability and Rehabilitation

Research (ADRR)
administrative structure, 283-286
coordination and linkage activities, 287-

288
funding, 286, 287
information management division, 290-

291
organization, 287
rationale, 281, 292
recommendations for, 1-2, 21, 282-283,

296
research administration, 286
research divisions, 288-289
technology transfer role, 193-194, 199-200
training and career development

division, 289-290

Index
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Agnosia, 141
American Academy of Physical Medicine

and Rehabilitation, 333
American Congress of Rehabilitation

Medicine, 333
American Physical Therapy Association,

333
American Speech-Language-Hearing

Association, 333-334
Americans with Disabilities Act, 159-160,

167, 208
Animal companions, 86
Animal research, 10, 81, 83, 94, 98
Aphasia, 141
Apraxia, 141
Architectural and Transportation Barriers

Compliance Board, 245, 353-354
Architectural design, 207-208

for hearing impairment, 135-136
toilet access, 125, 127
universal design, 151-152

Arthritic disorders, 115
Assessment and measurement, 63

burden-of-care measures, 103-104
cognitive functioning, 144
conceptual trends, 102
functional limitations, 101, 102-105, 108,

146
for hearing impairment, 133-134
hearing impairment as obstacle to,

136
individual differences in degree of

disability, 79-80
of lifting limitations, 118, 119
of neuromuscular function, 93
outcomes research, 174-179
of speech limitation, 138, 140
terminology and taxonomy, 145, 378-

381
tools for, 85
whole person, 102-103, 105, 144, 146

Assistive technology, 150-151, 182, 213-214,
257

ADRR research, 289
education and certification, 237

Association of Academic Physiatrists, 333
Association of Rehabilitation Nurses, 334-

335
Ataxia, 103
Atrophy, 96

B

Back pain, 11, 117
Balance, 109-111, 112
Barden-LaFollette Act, 34
Bending and lifting impairments, 117-119
Biological markers, 83
Biological sciences, 82, 83-84
Biomechanics, 92
Bladder control

contextual disability, 124-125
disorders of, 122-123
functional limitations, 123-124
help-seeking behaviors, 123-124
quality of life issues, 124
research goals, 11
research needs, 126-127
secondary conditions related to, 125-126

Bowel control, 127-128
research goals, 11

Built environment, 150-152
Burden of care, 103-104
Bureau of Labor Statistics, 377
Bureau of the Census, 377

C

Cartilage injury/repair, 91
Causes

of cognitive impairment, 140-141
conceptual models, 63-64, 78-79
of disabilities, 2, 43-46
of disability among children, 48-51
of dysphagia, 120-121
of functional limitation, 11
of limitations in activities of daily

living, 47
of paralysis, 94-95
primary attributions, 46
of sexual dysfunction, 128
of speech limitations, 138
of visual impairment, 129-130, 131
of work limitations, 46-47, 55

Centers for Disease Control and Prevention
budget, 245, 266, 267
Disabilities Prevention Program, 266,

291-292, 358-360
education and training activities, 232-

233
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National Center for Injury Prevention
and Control, 360-362

rehabilitation research, 14, 266-268
structure and function, 232, 266

Centers for Organization, Delivery, and
Financing of Health and Health-
Related Services to People with
Disabilities, 190

Cerebellar disorders, 110-111
Certification and credentialing

assistive technology, 237
audiology and speech therapy, 239
occupational therapy, 239
orthotic and prosthetic professions, 239-

240
rehabilitation counseling, 237
rehabilitation engineers, 236
rehabilitation medicine, 235
rehabilitation nursing, 236-237

Children
activity limitations, 47-49
patterns of disability, 48-51

Chronic conditions, 51, 181
Circulatory disorders, 46, 47
Clinical practice guidelines, 208-209, 216
Cochrane Collaboration, 202
Cognitive functioning

causes of limitation, 140-141
coping patterns, 163-164
as mediator of disability experience,

161-162
memory, 142
research needs, 142-144
technical aids for problems of, 142
types of impairment, 141-142
See also Psychological factors

Compensation programs, 159
Conceptual models, 3

basis for rehabilitation science and
engineering, 75-78

development process, 62-63
historical evolution, 63-64, 78-79, 147
person-environment interactions in, 79-

80, 147, 148
role of, 62, 65
unidirectionality, 67
See also Modified IOM model

Consumer Assistive Technology Transfer
Network, 213-214

Consumer perspective, 171-172, 182-183,
207-208

participatory action research, 210
private rehabilitation organizations,

342-346
research goals, 220
in technology transfer, 215

Control beliefs, 162
Coping, 163-164
Cost-benefit/cost-effectiveness analysis,

174-179, 190, 203-204
Cost of disability and rehabilitation, 1, 2,

18, 40, 57-58, 61, 273-274
advantages of early intervention, 55-56
benefits of functional improvement,

144-145
brain/spinal cord injury, 56-57
cost-effectiveness research, 174-176, 178-

179
cost-of-illness methodology for

estimating, 57-60
federal health care spending, 41
federal research spending, 14-15, 18,

274-276
financing long-term support services,

183-184
goals of managed care, 184
health care reform efforts, 172
recommendations for research funding,

20-21
research needs, 12-13, 173
subacute care, 176
urinary incontinence, 123
work-related, 57, 58-59

Cultural factors, 73
definition, 154
as determinants of disability, 147-148
in disabling process, 155-157
help-seeking behaviors, 155-156
in intrapsychic processes, 157
social institutions, 157
See also Social environment;

Socioeconomic factors
Current Population Survey, 54-55, 59, 61

D

Department of Agriculture, 193-194, 195-196
Department of Defense, 272
Department of Education, 20-21, 283, 373,

375
See also National Institute for Disability

and Rehabilitation Research
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Department of Energy, 374
Department of Health and Human

Services, 21, 245, 272, 281, 283-286,
357-365, 374, 375

Department of Housing and Urban
Development, 245, 365-367

Department of Justice, 376
Department of Transportation, 245, 367-369
Department of Veterans Affairs, 14, 41,

370-372
budget, 244, 262, 371
education and training activities, 234
research activities, 233-234, 261-266,

371-372
technology transfer activities, 193, 195,

198, 212
Disability

definition, 5, 25, 101
definition for children, 47-48
scope of research, 11-12

Disabling process
components, 5, 25
conceptual overview, 3, 6-8, 65-67, 147.

See also Modified IOM model
cultural factors, 155-157
economic system as factor in, 158-159
family factors, 165
mathematical modeling, 74-75
political system as factor in, 159-160
psychological factors in, 160-165
risk factors, 67

Down’s syndrome, 48
Drooling, 121, 122
Dysarthria, 137-138
Dyslexia, 130-131
Dysphagia, 120-121

E

Early intervention, 55-56
Eating

hand/arm impairments, 116
impairments and functional limitations,

120-121
research needs, 122
research trends, 121-122

Economic factors. See Socioeconomic
factors

Education and training, 38
accrediting and credentialing systems,

234-240

ADRR responsibilities, 289-290
assistive technology, 237
audiology and speech therapists, 240
clinical research, 203-204, 206-207
design of academic programs, 241-242
in governmental institutions, 226-234
implications of new conceptual model,

80
knowledge sources, 224
mechanisms, 225-226
occupational therapy, 239
orthotic and prosthetic professions, 239
persons with disabilities, 231-232, 290
physical therapy, 238
primary care providers, 181
recommendations for, 190, 242-243
rehabilitation counseling, 237
rehabilitation engineers, 235-236
rehabilitation medicine, 235
rehabilitation nursing, 236-237
for research, 227, 228-231, 242-243, 253

Educational attainment, 55
Enabling factors, 71, 79

physical environment, 148-149
Enabling process

conceptual models, 3, 6-8, 65-67, 220.
See also Modified IOM model

definition, 3, 24-25
economic system as factor in, 158-159
family factors, 165
goals, 3-5, 65
political system as factor in, 159-160
team approach, 26-27

Engineered environments
ADRR research, 289
benefits of, 85
effectiveness, 152
research goals, 10
types of, 152

Engineering/physical sciences, 84-85
education of rehabilitation engineers,

236
Environmental factors, 1

built environment, 150-152
in cognitive functioning, 143-144
differences across settings, 79-80, 157
as enabling, 71, 79
in enabling–disabling process, 6-8, 11-

12, 65-69, 71-73, 79-80, 148, 167, 169
hand/arm therapies, 115-116
improving functional capacity, 144-145

Enabling America: Assessing the Role of Rehabilitation Science and Engineering

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/5799


INDEX 397

intrapersonal, 73
in managing incontinence, 124-125, 127
mathematical modeling, 74-75
in measuring degree of disability, 79-80
in models of disability, 63-64
natural environment, 149-150
physical supports for human

performance, 148-149
range of, 148
research needs, 78, 167-169
research trends, 165-166
treatment conceptualization, 27
See also Access to environment; Cultural

factors; Social environment
Epidemiology

activity limitation, 42
among children, 47-51
brain/spinal cord injury, 56, 57
data collection needs, 60, 78
data sources, 41, 52-53, 54, 59, 377
demographic distribution, 42, 55
demographic trends, 12
disability with primary cause, 46
family patterns, 51-52
geographic distribution, 42
influences on research, 171-172
prevalence of disabling conditions, 2,

40, 42-43, 54, 60-61
recommendations for data collection, 61
severity of disabling conditions, 2, 40,

54
types of disabling conditions, 2, 43-46
urinary incontinence, 123
work limitations, 46-47, 54-55, 58

Equal Employment Opportunity
Commission, 376

Exercise, 86
neuromuscular retraining, 110-111
strength training, 100, 108-109

F

Families, 51-52
in enabling–disabling process, 165
quantity and quality of care, 183-184

Federal research
adequacy of, 272-276
agencies and programs, 244-247, 295-

298, 352. See also specific agency or
program

consolidation of, 280-281

coordination of, 276-278
data sources, 377
effectiveness of, 38
evaluation of, methodology for, 327-330
opportunities to, 279-281
oversight, 246
spending, 14-15, 18, 244-245, 274-276

Focus group, 337-342
Food and Drug Administration, 191
Functional Capacity Index, 108
Functional limitations, 51

aging-related changes, 102, 104-105
assessment, 101, 102-105, 108, 146
bending and lifting, 117-119
bladder control, 122-127
bowel control, 127-128
causes of, 11
classification and terminology, 145
clinical taxonomy, 380
cognitive, 140-142
cross-cutting research issues, 102
cultural determinants, 155-157
definition, 5, 25, 101
dimensions of physical capacity, 108
in eating, 120-122
focus of rehabilitation, 101-102
hand/arm manipulation, 113-117
hearing, 132-136
impairment and, 100-102, 105
locomotor, 104, 108-113
mathematical modeling, 74-75
measurement, 100
recommendations for research, 145-146
research needs, 144-145
restoration goals, 3-5
scope of research, 10-11
secondary condition effects, 102, 104-

105
sexual, 128-129
speech, 137-140
strength training, 100, 108-109
visual, 129-132

G

Gait analysis, 90, 93
functional limitation, 101, 103
research needs, 111-113
strength training effects, 109, 110

Gender differences, 42
General Services Administration, 375-376
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Genetics research, 9-10, 83-84
gene therapy, 204
skeletal muscle disease, 95

Geographic factors, 148-149, 159

H

Hand/arm manipulation
arthritic disorders, 115
functional importance, 113
research needs, 116-117
surgical interventions, 113-115
therapeutic interventions, 115

Health services research, 12-13, 86
acute care, 173, 179
chronic disease risk, 181
cost-effectiveness, 174-179
data needs, 188, 190
delivery system, 171
in existing disciplines, 218-220
influences on, 171-172
limitations of, 170-171
long-term needs of persons with

disability, 179-184, 205-206
managed care issues, 184-187
primary care delivery, 180-182
priorities, 12-13, 172, 173
recommendations, 189-190
risk adjustment, 187
scope, 12, 172-173
transdisciplinary collaboration for, 188-

189
Hearing impairment

among children, 48
certification of therapists for, 240
environmental design for, 135-136
functional limitations, 132-136
interventions, 134-135
prevalence, 43
research needs, 136
research trends, 11

Help-seeking behaviors
cultural factors, 155-156
economic factors, 158
urinary incontinence, 123-124

I

Impairment
aging-related changes, 104-105
balance, 109-111

benefits of research, 97-98
categories of activity limitations, 81-82
clinical taxonomy, 378-379
cognitive, 140-144
cultural determinants, 156
definition, 5, 25
eating, 120-122
elimination function, 122-128
functional limitation and, 100-102,

105
hand/arm, 113-117
hearing, 132-136
lifting capacity, 117-119
locomotor, 108-113
mathematical modeling, 74-75
preclinical studies, 81
prevalence, 42-43
research domains, 9-10, 81, 82-87
research needs, 97, 98
sexual functioning, 128-129
speech, 136-140
strength, 108-109
vision, 129-132

Incontinence. See Bladder control; Bowel
control

Independent living movement, 171-172
Instrumental activities of daily living

causes of limitations in, 47
functional limitations assessment, 103-

104
prevalence of disabling conditions, 42

Insurance, 144-145
clinical research and, 205, 216

Interagency Committee on Disability
Research (ICDR), 21, 41, 253, 256,
259-262, 277, 282

L

Learning disability/mental retardation
among children, 48
as main cause of impairment, 46
prevalence, 43
work limitations related to, 47

Lifestyle/behavioral factors, 6-8
Ligament injury/repair, 90-91
Locomotor function, 104, 108-113
Long-term care

access issues, 182-183
delivery issues, 183-184
in managed care systems, 186

Enabling America: Assessing the Role of Rehabilitation Science and Engineering

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/5799


INDEX 399

primary care issues, 180-182
research needs, 12-13, 173, 182-183, 205-

206
significance of, 179-180

Longitudinal research, 178, 190

M

Managed care
clinical research reimbursement, 205,

216
delivery systems, 184
effectiveness, 184-186
goal, 184
medical decision-making, 207
recommended research, 190
rehabilitative care trends in, 175-176
research needs, 13, 173, 184-187
risk adjustment/risk management, 187

Mathematical modeling, 74-75
of neuromuscular function, 93

Medicaid, 205
Medical decision-making

clinical research basis, 202-203
consumer rights, 171-172
cost-effectiveness analysis, 174-175
in managed care, 207
practice guidelines for, 208-209

Medical management/treatment
access to, in model of enabling process,

71
acute care, 173, 179
consumer participation, 171-172
cost of disabilities, 57-58, 174, 273-274
federal disability-related spending, 41
long-term support services, 182-183
primary care, 180-182
subacute care, 175-176
transfer of research findings, 38
trends, 175
See also Health services research;

Therapeutic process/technique
Medicare, 205
Medlantic Research Institute, 334
Memory impairment, 142
Mental retardation. See Learning

disability/Mental retardation
Mobility and ambulation, 111
Modified environments. See Engineered

environments

Modified IOM model
distinguishing features, 64, 67-69
enabling–disabling process in, 6-8, 65-71
historical evolution, 63-64
implications for policy, 80
implications for research, 79-80
implications for training, 80
macrosystems/mesosystems/

microsystems, 73, 159
mathematical modeling for, 74-75
person-environment interactions in, 72-

73, 148
psychological factors in, 73
rationale, 67
recommendations for, 80
representation of disability in, 69-70, 73-

74
representation of environment in, 69,

71-72
representation of individual in, 69, 70-71
risk factors, 71
transitional factors, 71

Molecular biology, 9-10, 82, 83-84
Mortality, as public health measure, 2, 24
Muscle repair, 10

historical technical development, 29
Musculoskeletal/tissue disorders, 43, 46, 47

among children, 48
atrophy, 96
clinical taxonomy, 378-379
current understanding and

interventions, 87, 89-97
genetically associated, 83-84
healing processes, 90-91
neuromuscular system, 91-93
paralysis, 94-96
soft tissue injury, 90-91
synovial joints, 89-90
tissue grafts, 90-91

Myasthenia gravis, 94

N

National Aeronautics and Space
Administration, 374

National Cancer Institute, 196, 199
National Center for Health Statistics, 377
National Center for Medical Rehabilitation

Research, 14, 41
budget, 205, 244-245, 253, 362

Enabling America: Assessing the Role of Rehabilitation Science and Engineering

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/5799


400 INDEX

education and training activities, 228-231
opportunities for improving, 291
organization and operations, 227-228
research activities, 228, 253-256, 362-363
structure and function, 251, 252-253

National Disability Statistics and Policy
Forum, 60

National Health Interview Survey, 78
design, 41, 42
disability supplement data, 52-53
findings, 42-52
recommendations for, 61, 190

National Institute for Disability and
Rehabilitation Research (NIDRR), 34

budget, 15, 151, 244, 256-259, 355
education and training activities, 226-227
origins and development, 36
recommendations for, 1-2, 16-18, 20-21,

282-283, 295-296
research activities, 14, 226, 256-261, 277-

278, 355-356
strategies for improving, 279-280, 281-

282
structure and function, 41, 151, 226, 256,

354-355
technology transfer activities, 195, 199,

212-214
National Institute on Deafness and Other

Communication Disorders, 374
National Institutes of Health

clinical research funding, 205
disability-related research, 41, 246, 247-

252, 276-277
recommendations for, 99, 145, 169
structure and function, 247
technology transfer activities, 199, 211-

212
See also National Center for Medical

Rehabilitation Research
National Rehabilitation Information

Center, 214, 356
National Science Foundation

budget, 245, 268
education and training activities, 231-232
rehabilitation research, 14, 268-272, 372-

373
structure and operations, 231, 268

Neurological disorders, 46, 47
among children, 48
bladder control, 122-123
clinical taxonomy, 379

hearing impairments related to, 133
neuromuscular injury and repair, 91-93
paralysis, 94-96
See also Spinal cord/brain injuries

Neuroscience research, 10, 83, 87-89, 143
Nursing, 219, 236

O

Occupational therapy
accreditation and certification, 239
historical development, 29, 34, 36
mission, 239
vocational rehabilitation, 36

Office of Disability, Aging, and Long-Term
Care Policy, 245, 272, 363-365

Optimism, 164
Orthopedic disorders

among children, 48
as main cause of impairment, 46
prevalence, 43
work limitations related to, 46-47

Orthopedic medicine
historical development of rehabilitation

science, 32
research needs, 113

Orthotics
certification for, 240
research needs, 113
role of, 239

Outcomes research, 203-204
attitude as outcome mediator, 164
on clinical investigations, 206-207
cost-benefit/cost-effectiveness analysis,

178-179
current inadequacy, 176-179
exercise intervention, 108-111
longitudinal studies, 178
need for, 174-176
quality of life measures, 176-177
use of comparison groups, 177

P

Pacemakers, 92
Pain, 101

functional limitation assessment, 108
Paralysis

causes, 94-95
effects, 94
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therapies, 95-96
work limitations related to, 47

Paralyzed Veterans of America, 335-336
Participatory action research, 210
Pathology

among children, 48-51
benefits of research, 97-98
categories of activity limitations, 81-82
central nervous system dysfunction, 87
chronic conditions causing disability, 51
cultural factors in, 154-156
definition, 5, 25
disease markers, 83
economic factors in course of, 158
federal research efforts, 249
mathematical modeling, 74-75
preclinical studies, 81
prevalence of disabling conditions, 43-

46
research domains, 9-10, 81, 82-87
research needs, 97, 98
sexual dysfunction, 128
speech limitations, 138
visual impairment, 130, 131

Peer review process, 259
Personality factors, 164
Pharmacology research, 10, 84

technology transfer, 192
Physiatry, 30, 235
Physical therapy

accredited programs, 238
historical development, 29, 30
practitioner supply, 238-239
professional activities, 30, 238
research for rehabilitation science, 86,

219
tissue healing processes, 90

Policymaking, 80, 159-160
consumer influence, 172
public health research for, 219-220

Polio, 30-31
President’s Committee on Employment of

Persons with Disabilities, 376
President’s Committee on Mental

Retardation, 376
Prevention, 67

home and recreational injuries, 360
primary care issues, 180-182
research for, 267-268
violence, 360, 361

Professional associations, 30, 34, 331-337

Professional development/standing, 37-38
academic programs for, 241-242
accrediting and credentialing systems,

234-240
ADRR activities, 289-290
implications of health care reform, 172
need for new discipline of rehabilitation

science and engineering, 221-226,
294

opportunities for, 13-14
recommendations for, 18-19, 294
technology transfer mechanisms, 201-

203
Project ACTION, 369-370
Prosthetics, 10

certification for, 240
engineering advancements, 111
hand/arm, 116-117
historical development, 28, 29, 30-31,

32-34
neuromuscular system, 92
research areas, 85
role of, 239-240
utilization, 183

Psychological factors
in back pain-related work limitation,

119
control beliefs, 162
coping patterns, 163-164
as environmental mediators of

disability experience, 148, 160-161,
164-165

in models of enabling–disabling
process, 73

personality disposition, 164
research needs, 165
self-efficacy beliefs, 161-162
social cognitive processes, 161
social-cultural influences on, 157
training of rehabilitation counselors,

237
See also Cognitive functioning

Q

Quality of life
as measure of public health, 2, 24
as outcomes measure, 176-177
urinary incontinence and, 124

Enabling America: Assessing the Role of Rehabilitation Science and Engineering

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/5799


402 INDEX

R

Race/ethnicity
prevalence of disabling conditions, 42,

51-52
prevalence of work disability, 55

Randomized controlled trials, 177, 201
Rehabilitation Act of 1973, 36
Rehabilitation counseling, 237
Rehabilitation engineering, 34, 236, 249,

253, 258, 269
ADRR research, 289

Rehabilitation medicine, 235
historical development, 28-36
See also Medical management/

treatment
Rehabilitation Nurses Foundation, 334-335
Rehabilitation process. See Enabling

process
Rehabilitation science and engineering

accrediting and credentialing systems,
234-240

conceptual matrix for, 75-78
contributions of, 14
definition and scope, 5, 13-14, 25, 75-78,

223-225
design of academic programs for, 241-

242
general priorities, 1, 19
historical development, 27-36
integration of research disciplines, 219-

221
need for new discipline of, 221-223, 225-

226, 294
need for review of systems, 2-3, 36-38
paradigms of, 224-225
purpose, 224
research domains, 8-9, 13, 14
scientific disciplines in, 9-10, 82, 218-

219, 242
uniqueness of research project, 86-87
See also Education and training;

Professional development/standing
Rehabilitation team, 26-27, 28-29
Reproductive biology, 129
Research activities, 1
Research system

clinical research, 203-207
conceptual matrix for rehabilitation

science, 75-78

current organization and
administration, 13-18, 38, 41, 272-278

data collection, 60, 61, 78
education and training, 227, 228-231,

242-243
funding, 296-298
historical development in U.S., 32-36
opportunities for improvement, 16
peer review process, 21, 99
policy decisions, 160
priorities, 19, 294-295
priority setting, 87, 99
public access to, 215, 216, 290-291
recommendations for, 19-21, 61, 98-99,

145-146, 167-169, 43, 296-298
team approach, 27
technology transfer process, 13
uniqueness of rehabilitation science and

engineering, 86-87
See also Federal research; Technology

transfer
Research topics

balance impairment, 109-111
biological sciences, 9-10, 82, 83-84
bladder control, 126-127
cognitive functioning, 142-144
disability, 11-12
domains of rehabilitation science and

engineering, 8-9
eating limitations, 121-122
enabling factors, 79
engineering/physical sciences, 84-85
environmental factors, 165-169
functional limitation, 9-10, 102-105, 144-

146
hand/arm therapies, 116-117
hearing impairment, 136
human musculoskeletal systems, 87-97
lifting limitations, 118-119
locomotion, 111-113
measurement of disability, 79-80
outcomes, 174-179, 203-204
pathology and impairment, 9-10, 81, 82-

87, 97-98
pharmacological, 10, 84
public health, 219-220
randomized controlled trials, 177, 201
sexual functioning, 129
skeletal muscle, 93-97
social/behavioral sciences, 82, 85-86
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speech rehabilitation, 140
strength training mechanisms and

outcomes, 108-109
translational, 203-204
visual impairment, 131-132
See also Health services research

Respiratory disorders, 46
among children, 48

Risk adjustment/risk management, 187
Risk factors, 67

enabling factors and, 71
in modified IOM model, 71

Robotics, 92-93

S

Sandia National Laboratories, 334
Secondary conditions, 205-206

in bladder impairment, 125-126
definition, 5, 25, 104
functional limitations assessment, 102,

104-105
prevention, 180
risk for persons with disability, 180

Self-efficacy beliefs, 161-162
Sensory stimulation

as enabling factor, 149
See also Hearing impairment; Visual

impairment
Severity of disabling conditions

educational attainment and, 55
environmental determinants, 73, 147-

148
epidemiology, 2, 40, 54
hearing impairment, 133-134
obstacles to measurement, 79-80

Sexual functioning, 128-129
Sign language, 132, 134
Smith-Fess Act, 34
Social/behavioral sciences, 82, 85-86
Social environment

animal companionship, 86
cognitive impairment and, 143
components of, 154
economic system, 158-159
family functioning, 165
institutions of, 157
modified IOM model, 69, 72-74
participatory action research, 210
physical environment and, 148
political system, 159-160

societal limitations model, 64, 67
See also Cultural factors

Social Security Administration, 245, 272
Socioeconomic factors, 54, 55, 158-159

among families with disabled members,
52

as determinant of disability, 73
Speech impairments

assessment, 138
functional limitations, 137
research needs, 140
therapeutic interventions, 138-140
types of, 137-138, 139

Spinal cord/brain injuries
benefits of early intervention, 55-56
cognitive impairment, 140-142
current understanding and

interventions, 87-89
economic costs, 56-57
prevalence, 56, 57
research trends, 10, 11

Strength training, 100, 108-109
Stuttering, 139
Subacute care, 175-176
Surgical interventions

attitude as outcome mediator, 164
hand/arm, 113-115

Survey of Income and Program
Participation, 54, 61

T

Taxonomy, 145, 378-381
Technology-Related Assistance for

Individuals with Disabilities Act,
150-151

Technology transfer, 38
ADRR activities, 290-291
barriers, 200-201, 214
benefits, 200
clinical practice guidelines in, 208-209
clinical practice mechanisms, 201-203
clinical research for, 203-208, 216
definition, 13, 191
difficulty of, 191
federal mechanisms, 210-214
federal role, 198-200
funding, 201
goals, 191, 199-200, 214
implementation, 13
incentives, 207-208
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legal environment, 195
market considerations, 198
models for, 193-194, 195-196
obstacles to, 13
organizational structures for, 194-196
participatory action research, 210
promoters of, 196-198
recommendations, 214-216, 295
sources of technology, 194
unique needs of rehabilitation science,

192-193
Therapeutic process/technique

bladder control interventions, 126-127
for cognitive impairment, 142-144
for disuse atrophy, 96
drooling interventions, 122
eating limitation interventions, 121-122
economic benefits of early intervention,

55-56
exercise intervention outcomes, 108-111
hand/arm interventions, 113-117
for hearing impairment, 134-135
historical development, 27-34
research for rehabilitation science, 82,

86
skeletal muscle paralysis, 95-96
for soft tissue injury, 90
for speech limitations, 138-140
for spinal cord/brain injuries, 87-89
for synovial joint rehabilitation, 90-91
team approach, 26-27
See also Medical management/

treatment
Transitional factors, 71

cultural, 155-157

U

United States Information Agency, 377
Universal design, 151-152

ADRR research, 289

V

Veterinary science, 86
Visual impairment

among children, 48
causes of, 129-130
certification of therapists for, 240
functional limitations, 129-131
as main cause of impairment, 46
prevalence, 43
research needs, 131-132
research trends, 11
technical aids for, 131
work limitations related to, 47

Vocational rehabilitation, 36. See also
Occupational therapy

W

Wheeled locomotion, 113
toilet access, 125
universal design for, 150

Work limitations
back pain, 119
bending and lifting impairments, 117-

118
bladder control, 124-125
community factors, 158
cost estimates, 57, 58-59
environmental determinants of

disability, 73
epidemiology, 46-47, 54-55
models of disability, 63-64
rehabilitation outcomes research, 178
research needs, 60
rights of job applicants and workers,

159-160

Enabling America: Assessing the Role of Rehabilitation Science and Engineering

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/5799

	Front Matter
	Preface
	Acronyms
	Contents
	Executive Summary
	1 Introduction
	2 Magnitude and Cost of Disability in America
	3 Models of Disability and Rehabilitation
	4 Pathology and Impairment Research
	5 Functional Limitations Research in Rehabilitation Science and Engineering
	6 Disability and the Environment
	7 Research on the Organization, Financing, and Delivery of Health Services
	8 Translating Research into Practical Applications
	9 Education and Training in Rehabilitation Science and Engineering
	10 Organization and Administration of Federal Research Programs
	11 Overarching Recommendations and Priorities
	References
	A Data Collection and Analysis
	B Summary of Information Sources on Disability and Rehabilitation Research
	C Taxonomy
	D Committee and Staff Biographies
	Index

