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FOREWORD v

Foreword

The Committee on Human Factors was established in October 1980 by the
Commission on Behavioral and Social Sciences and Education of the National
Research Council. The committee is sponsored by the Office of Naval Research,
the Air Force Office of Scientific Research, the Army Research Institute for the
Behavioral and Social Sciences, the National Aeronautics and Space
Administration, the National Science Foundation, the Air Force Armstrong
Aerospace Medical Research Laboratory, the Army Advanced Systems Research
Office, the Army Human Engineering Laboratory, the Federal Aviation
Administration, and the Nuclear Regulatory Commission. The principal
objectives of the committee are to provide new perspectives on theoretical and
methodological issues, to identify basic research needed to expand and strengthen
the scientific basis of human factors, and to attract scientists both within and
outside the field for interactive communication and to perform needed research.
The goal of the committee is to provide a solid foundation of research as a base
on which effective human factors practices can build.

Human factors issues arise in every domain in which humans interact with
the products of a technological society. In order to perform its role effectively, the
committee draws on experts from a wide range of scientific and engineering
disciplines. Members of the committee include specialists in such fields as
psychology, engineering, biomechanics, physiology, medicine, cognitive
sciences, machine intelligence, computer sciences, sociology, education, and
human factors engineering. Other disciplines are represented in the working
groups, workshops, and symposia organized by the committee. Each of these
contributes to the basic data, theory, and methods required to improve the
scientific basis of human factors.
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PREFACE xi

Preface

The Panel on Human Factors Research Issues for an Aging Population was
formed by the National Research Council in response to a request from the
National Institute on Aging (NIA). The Advisory Committee to the Behavioral
Sciences Division of the NIA recommended that the division establish and
support a program of human factors research applicable to aging populations. In
addition, the request to perform this study was a result of the conviction of the
director of the NIA that insufficient data are available to describe the
performance of the aging population and that a systematic research program is
needed to provide data on the changes that occur with age and the importance of
these changes on the ability of older persons to carry out daily activities in a
variety of settings. To examine these issues, the NIA asked the National Research
Council to conduct an independent 12-month study of human factors research
needs for an aging population aimed at enhancing the quality of life and
productivity of aging persons. This study was conducted under the aegis of the
Committee on Human Factors within the National Research Council's
Commission on Behavioral and Social Sciences and Education. It was funded by
the National Institute on Aging, the Kellogg Foundation, and by core funding from
the sponsors of the Committee on Human Factors.

The members of the panel chosen to carry out this charge represent a
diversity of professions and backgrounds, coming from the fields of cognitive and
sensory psychology, sociology, human factors, health and safety, industrial
psychology, medicine, industrial and systems engineering, physiology,
gerontology, and economics. A workshop was convened August 12—-13, 1987, at
the National Research Council in Washington, D.C. The intent of the workshop
was to identify and set priorities for opportunities and needs for human factors
research that are of special importance for an aging population.

Copyright © National Academy of Sciences. All rights reserved.
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Background papers prepared by panel members, the deliberations of the
workshop, and data drawn from human factors, psychological, and
gerontological literature provide the basis for this report. The report describes the
demographic, sociological, and ecological background of our aging society;
identifies human factors problems associated with aging; summarizes current
information about aging and human factors; and recommends directions for
research.

Because functional capabilities are a more accurate measure of the aging
process than chronological age, the report identifies, describes, and analyzes
typical tasks performed daily in the home, community, and workplace by the
population at large. These tasks include activities related to transportation,
communication, home, workplace, leisure, and safety and security. The report
then describes the functional capabilities required to perform those tasks. It
compares the functional capabilities of older persons with the task demands and
recommends a program of research and technology development for the purpose
of ameliorating the effects of functional changes that accompany the aging
process.

It is anticipated that these research recommendations to the NIA will assist
the agency in developing a systems-oriented human factors research agenda; they
may also provide a basis for additional research and application of human factors
engineering data to the design of the homes, communities, and workplaces in
which aging persons must function. In addition, the findings in this report may
prove useful to the U.S. Department of Defense, the National Aeronautics and
Space Administration, the U.S. Department of Veterans Affairs, and other
government agencies that may wish to sponsor research on the aging population.

We thank the panel members for their participation in this study. We also
extend appreciation to Harold P. Van Cott, Study Director, who participated in
the workshop and contributed to the editing of this report; Elizabeth F. Neilsen,
Research Associate, who coordinated the workshop and assisted in the editing of
the report; Barbara Bodling, freelance editor, who improved the clarity and style
of the report; and Audrey E. Hinsman and Carole A. Foote, who provided
secretarial and administrative support.

ROBERT M. GUION AND SARA J. CZAJA, COCHAIRS

PANEL ON HUMAN FACTORS RESEARCH ISSUES FOR AN AGING
POPULATION
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1

Introduction

In the decade between 1990 and 2000, the U.S. population is expected to
increase by 7.1 percent. Greater growth is forecast for the segment aged 55 and
over. This group will increase by 11.5 percent a gain of over 6 million persons.
By far the greatest growth in the over 55 age group will be among individuals 75
and older—an increase of 26.2 percent or a gain of nearly 4.5 million (U.S.
Department of Commerce, Bureau of the Census, 1988). As the baby boom
generation of the 1950s grows older, it will push upward the bulge in the
population age distribution well into the next century. Thus, the graying of
America may be a feature of our society for some time to come.

How well will the large population of older Americans be able to live and
function independently, carrying out the activities and tasks essential to an
acceptable quality of life? This question is being posed with increasing frequency
by researchers and policymakers who know that age-related changes in
circumstances and functional capacities affect the ability of older Americans to
complete desirable and essential life activities. For example, about 5 percent of
persons 65 years and older (about 1.5 million) now reside in institutional settings.
An estimated 2.8 million individuals in this age group need some type of
assistance in carrying out everyday activities (Office of Technology Assessment,
1985). As the elderly population lives longer, larger numbers of individuals will
require help.

In general, aging is known to be accompanied by progressive changes in
physiological and psychological functioning. These

Copyright © National Academy of Sciences. All rights reserved.
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changes occur as the result of ontogenetic events (e.g., decline in visual acuity);
historical events (e.g., new technologies and living patterns); and life events
(e.g., retirement, accidents). Taken together these events alter, in a highly variable
fashion, an individual's adaptive capacities. The task for the human factors
engineer is to understand how the characteristics and needs of individuals change
over the course of the adult life span and to devise strategies to accommodate
these changes through the design of appropriate objects, tools, living
environments, and organizational systems.

This report attempts to spotlight this problem and what is needed to help
resolve it. It discusses how the relevant characteristics of people are distributed
across age groups and how performance changes with age. It suggests areas
where human factors research is required and outlines strategies for translating
human factors knowledge and research into practical improvements for the aging
population. The intent is to stimulate and encourage the human factors research
and engineering disciplines to address the needs of older adults.

BACKGROUND

Early in the planning stages of the project on human factors and aging, it
was decided to structure the study around the functional capabilities of aging
persons and the environmental demands made on them. It was felt that
consideration of the interaction between task and ability as a function of the aging
process would demonstrate the status of human factors in these areas, and would
suggest promising lines of inquiry leading to more effective human factors
interventions.

In order to address efficiently the anticipated range of issues, a matrix was
devised (Figure 1) that consisted of a set of rows, each dealing with an aspect of
living (e.g., transportation) in which age-related problems might arise, and a set
of columns, each consisting of a group of characteristics or functions (e.g.,
cognition) of individuals that tend to vary with age and could, therefore, influence
adaptation to one or more of these aspects of life. The task and activity categories
(rows) chosen for examination were transportation and communication, home
activities, work activities, leisure activities, and safety and security-related tasks.
Work activities were further subdivided into patterns of employment and work
performance. The functional categories (columns) included sensation and
perception,

Copyright © National Academy of Sciences. All rights reserved.
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physical characteristics, physiological function, and cognitive and psychomotor
performance.

Functional Ability
Sensory/ Physical/ Cognitive/
Perceplual  Physiological Psychomolor

Transportation

Home

Workplace

Task/Activity

Leisure

Salety/Security

Figure 1
Task/Activity: Functional Ability Matrix

For each task / activity category, an expert was invited to prepare a working
paper outlining the task and performance requirements in each of these domains
and describing the special problems that arise in each as a concomitant of
advanced age. For the functional ability categories, an expert in each area was
invited to prepare a paper outlining what is known about how the function
changes with age and the potential implications of these changes for successful
independent living. At the workshop the experts were asked to summarize the
major points of their working papers and lead a discussion of relevant human
factors issues. The overall scheme was to consider the broad range of living
tasks, to try to understand the demands of these tasks, and to identify what is
known and what is not known about the ways in which aging modifies task
performance and changes the requirements for design and environmental support
for these activities.

The discussion of the problems of the aging population, what is known
about them, and what needs to be learned from future research, across a variety
of areas dealing both with the nature of
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problems faced by older people and with their characteristics and abilities, led to
the unique perspective reflected in this report.

OVERVIEW

There exists a considerable body of knowledge regarding human aging. In
general, aging is characterized as a nonuniform set of progressive changes in
physiological and psychological functioning. While the onset, cause, and extent
of these changes vary considerably across any given population, important
average performance trends have been documented. For example, average visual
and auditory acuity decline considerably with age, as do average strength and
speed of response. Changes in cognition are less well defined but include an
average loss of at least some kinds of memory function, declines in perceptual
flexibility, slowing of "stimulus encoding," and increased difficulty in the
acquisition of complex mental skills. It is also known that some tasks such as
driving, using stairways, and bathing, pose performance and safety problems for
older people with much greater frequency than for younger people. However,
details of how age-related changes in function mediate performance on these
types of tasks is not yet known.

For example, the fact that the incidence of falls among the elderly is high
(Sterns, Barrett, and Alexander, 1985) has already stimulated research aimed at
understanding factors unique to the elderly that predispose them to falls and at
identifying intervention strategies to remedy the problem. While progress has
been made, falls are still a major health hazard for the elderly, and we do not yet
fully understand the cognitive, design, or other factors that contribute to these
accidents.

Likewise, the reasons for the dramatic slowing of response with age are not
clearly understood (Salthouse, 1985), and a detailed and coherent account of how
information-processing capacity changes with age is still lacking. In addition, the
distribution of age-related differences in such abilities as hand coordination and
strength has not yet been specified, nor has the degree to which these differences
are mitigated by such factors as regular exercise and practice been identified. For
example, while it is known that hand grip strength tends to decline with age
(Montoye and Lamphier, 1977), the significance of this loss relative to the
requirements of operating tools (e.g., using kitchen utensils or opening various
types of containers or doors) has not been sufficiently investigated (Faletti,
1984).
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Similarly, while it is known that visual functions such as static visual acuity,
dark adaptation, accommodation, contrast sensitivity, and peripheral vision
decline, on average, with age (Kline and Schieber, 1985), it is not known in
detail how these changes affect such tasks as driving a car or working at a visual
display terminal. Knowledge of the declines in other sensory systems, such as
auditory and vestibular senses, and their implications for the performance of
everyday activities such as telephone or television communication is even more
scarce. Questions can also be raised regarding the implications of age-related
changes in cognition for the performance of mentally demanding tasks such as
driving or piloting. Not only is the knowledge base of problems and needs on
which to found research on ameliorative intervention uneven, but demonstrable
accomplishments of intervention to date are fragmentary at best. This is not to
suggest that all of the needs of the elderly have been ignored. Manufacturers have
in fact devoted considerable resources to such aids as glasses, hearing aids,
walkers, and other devices that are used by the frail elderly as well as the young
handicapped. However, even these relatively well-developed areas of
rehabilitative medicine and commercial development could profit from additional
human factors task analysis and design. There is a need for a better engineering
response directed at the problems encountered by older persons in the whole
spectrum of work and living activities.

In addition to improving the knowledge base and making technology more
responsive, better dissemination of knowledge and wider implementation of
remedial techniques already available are needed. While in the gerontological and
safety communities much is known about the routine activities of older persons,
in the wider human factors community little attention has been paid to the
problems encountered by the elderly. For this reason, despite an available body
of literature, current knowledge about the elderly has not generally been
translated into better policy or better design.

In Section 2, we provide an overview of what is known about human factors
relative to the problems associated with aging. We discuss the manner in which
individual characteristics are distributed across age groups and how task demands
and performance vary with age. This discussion generally follows the matrix
devised for the workshop and is an exemplary rather than exhaustive coverage of
the field. In Section 3, we take up the question of what is known and what needs
to be known. In Section 4, we discuss research needs in terms of gaps in the
knowledge base, opportunities to conduct
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needed research, and research priorities. In Section 5, we make some strategic
recommendations for potential future efforts of the National Research Council or
other interested organizations that would contribute toward translating human
factors knowledge and research into additional improvements in the lives of aging
people. In particular, we discuss the desirability of future workshops focused
more directly on particular task domains. We recommend the creation of
internships and thesis support for graduate students working in this area, and we
discuss the possibility of extended "summer seminars," specifically constructed
data bases, and/or guidelines on human factors and aging. We also discuss ways
to encourage the incorporation of existing and forthcoming knowledge and
techniques into general handbooks, design guidelines, and codes in use by
professions such as architecture and product design to accommodate the needs of
the elderly.

Each section of the report is treated independently, and it is recognized that
there is some overlap among them regarding references to needed human factors
research. However, the general assertion holds true that, within each of the
activity areas discussed, there are large gaps in our existing knowledge.
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