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The age distribution of our population is undergoing dramatic changes; the fastest growing segments 
are those over 65. These changes make it imperative that good human factors and ergonomic principles 
be applied to the design of various technologies, devices, and environments used or by older adults. 
Attention to such design principles can yield improved independence, safety, well-being, and life 
enrichment for older adults and reduced burden on formal and informal support systems. This paper 
provides a brief review of research on normal age-related changes in information processing ability 
(sensation, perception, and cognition), how some of these changes may be amenable to remediation, 
and how others can be more effectively addressed with proper application of human factors principles. 
Examples from various domains (e.g., home, work, leisure, driving, etc.) are provided. 
 

AGING IMPERATIVE: THE PIG IN THE PYTHON 

The U.S. population, as well as those of most other 
industrialized nations, is undergoing dramatic shifts toward 
old age.  Currently approximately 33 million Americans 
(12.3% of our total population) are over the age of 65. This 
number will swell to 53 million by 2030 and 77 million by 
2040, as older adults will comprise as many as one in five 
Americans (U S. Census Bureau, 2001).  

This phenomenon results from several factors.  Primary 
among them is the fact that the baby-boom, the 72 million 
individuals born between 1948 and 1964, is now reaching 
old age (U.S. Department of Commerce (2001).  This large 
group, likened to a “Pig in a Python” because it dwarfed 
prior and subsequent cohorts, has dramatically changed our 
culture as they moved through their life-course.  Now, as 
they approach old age, our society is faced with many 
opportunities and perils. As Dychtwald (1999) suggests, 
they are like a vast Tsunami crashing our shores, or a series 
of “train wrecks”, if we do not begin to plan adequately.   

Recent books suggest ways to plan  for population 
aging within different sectors of the economy (Cork & 
Lightstone, 1996; Williamson, 2000; Morrow-Howard & 
Hinterlong, 2001). The latest issue of Generations, the 
Journal of the American Society on Aging entitled “Silver 
Industries” includes articles about several changing 
economic sectors (Cutler & Timmermann, 2005).  

TECHNOLOGY AND AGING 

Technology will play an increasingly important role in 
older adults’ well being.  Appropriate application of human 
factors and ergonomics principles can help to insure that the 
impact of such technology is positive. 

Technology has not always been kind to the aged. 
Cowgill and Holmes (1972) provide a compelling theory 
that describes a process by which the industrial revolution 
actually lowered the social status of older adults.  Through 
complex mechanisms, including urbanization, health care 
technology, mechanization (which created a surplus of 
workers and profit) which led to the development of a 

social security system and a child-centered educational 
system, older adults were left behind with obsolete 
knowledge, lower income, and less valued societal roles.  
This process was greatly responsible for the development of 
ageism, a pervasive stigma associated with old age which is 
not evident in “less developed” eras or regions of the world. 

Neither gerontology (the multidisciplinary study of the 
aging process), nor the other scholarly disciplines, were 
immune from the negative view of aging and most research 
as recently as the 1980s focused primarily on a ‘litany of 
decline’ related to aging.   

 Thankfully, gerontology and the other disciplines have 
recently begun to focus attention on promoting healthy, 
successful aging.  Books from the two eras symbolize the 
dramatic shift: the pessimistic “Why Survive? Growing Old 
in America?” won a Pulitzer Prize in 1975 (Butler, 1975) 
and contrasts with the optimistic “Successful Aging” (Rowe 
& Kahn, 1998) that resulted from the “Genius Award” 
given to the authors by the McArthur Foundation.   

Now a growing body of research and theory on aging 
from multiple perspectives (biological, psychological, and 
social) has shed the pessimistic stance and provides a more 
balanced view of aging.  For example, a variety of research 
in geropsychology discusses hold vs. no-hold capacities in 
sensory, perceptual, and cognitive functioning. Sociological 
theory is more optimistic, and recent biological research 
holds much promise for slowing the aging process.  

As noted by Rowe and Kahn, successful aging depends 
on a wide variety of biopsychosocial processes, capacities, 
and opportunities.  Paul and Margret Baltes and colleagues 
(1990, 1998, 2004) have described the need for selection, 
optimization, and compensation (SOC) as individuals 
attempt to successfully adjust to some of the natural 
changes of the aging process.  

A HUMAN FACTORS OF AGING 

Lawton’s Ecological Theory of Aging (Lawton, 1980; 
Nahimow, 2000) brings us closer to a human factors 
approach to aging, and to the crux of this presentation:  
hoow can/should we design and provide technologies to 
enhance the lives of older adults?   In the model (which 
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doesn’t directly discuss technology), the most desirable 
outcomes of person/environment transactions are to either 
obtain the maximum potential for successful performance, 
or to provide the opportunity for maximum comfort.  

 Often, setting demands slightly above an individual’s 
capabilities can cause him/her to improve capacity or 
performance.  The track & field exhortation to set the bar 
high, but not too high, also applies to older adults.  For 
example, providing a novel and intellectually stimulating 
environment promotes dendritic branching in the neuron 
structure of aging brains.  For optimal improvement, good 
nutrition and exercise are also necessary.  

As individual capacities decline with age, the demands 
of the environment must be similarly reduced in order to 
not precipitate negative affect or maladaptive behavior. Yet, 
care must also be taken not to oversimplify environmental 
demands relative to individual capacities. Such transactions 
can trigger negative outcomes – laziness, learned 
helplessness, and/or other real declines in capacities. In the 
1970s Kahn (Kahn & Miller, 1978) described this outcome 
as “excess disabilities”, an environmentally induced 
condition that is worse than would have been caused by 
organic change within the individual.  This concern is still 
timely (Rogers, Holm, Burgio,  Hsu, Hardin, & McDowell, 
2000), and relevant to the application of technology. The 
over-use of assistive technology or environmental 
interventions (AT-EI) to ‘help’ seniors may actually do 
harm and is in some respects similar to the phenomena of 
iatrogenic or nosocomial conditions caused by flawed 
medical care.  

Adding technology to the mode  How might we add 
technology into Lawton’s model?  Many technological 
innovations can now be utilized to change the nature of the 
human.  For example, the availability of information on the 
Internet can enhance the knowledge of older adults and this 
will change their interaction with health care providers. 
Seniors increasingly act as informed consumers.  

Technologies can be provided with the intention of 
improving cognitive performance (or slowing the pace of 
decline). An example is the work done by cognitive 
psychologists and computer scientists at the Practical 
Memory Institute who design computer training and 
simulation (PMI, 2005).  Another is the use of classic 
movies (Burdick, 2005) or other media (Olsen, 2003) to 
stimulate old memories in long-term-care residents.  

Other technologies mediate the relationship between 
human and environment. Examples include a whole host of 
assistive devices. In terms of doctor/patient interactions, 
telemedicine and telehealth provide various new modalities 
for two-way communication of information, data, and 
training (Tran, 2004). The American Telemedicine 
Association recently held its 10th Annual Meeting & Expo.  
A review of their web site and conference program 
illuminates the variety of ways that telecommunications and 
Internet technologies are improving health outcomes for a 
variety of medical conditions (http://www.atmeda.org).  

There are many potential benefits from applying 
technological fixes to some of the perils or dilemmas of 

individual and population aging. What is needed is careful 
attention to human factors and ergonomic design.  The 
remainder of this paper shall discuss “normal” age-related 
changes in human information processing and the evolving 
attention to technology and human factors by gerontologists 
and to the aged by human factors scientists. 

WHAT DO WE KNOW ABOUT AGING HUMANS? 

Knowledge of aging humans is necessary in order to 
better consider appropriate design features for any 
technological or environmental intervention meant for their 
use. The Information Processing Model, which transformed 
theory and research on human cognition beginning in the 
late 1960s, is an excellent way to organize a discussion of 
age related changes in how individuals interact with their 
world.  While there are enormous individual differences, 
researchers have found several consistent age changes in 
information processing ability.  These changes are not all 
negative, and with proper training/intervention some that do 
show age-related decline can be slowed or reversed.    

 For comprehensive reviews see Birren & Schaie, 2001 
and Craik & Salthouse, 2000. A discussion of age-related 
physical change is beyond the scope of this paper but a 
comprehensive review can be found in Masoro and 
Austad’s Handbook of the Biology of Aging (2001).  

Sensation and Perception 

Changes in Vision  Several changes in visual sensation 
and perception have been noted as a result of the aging 
process.  All have significant implications for design of 
environments and technologies.  An excellent review is 
provided by Scialfa, Ho, and LaBerge (2004).  

 The yellowing of the lens renders colors differently 
and makes discrimination of short wavelength colors such 
as violet, blue, and green quite difficult.  The implication 
for design of various video displays, web site, printed 
advertisements, etc., is to avoid selection of figure/ground 
colors in this area of the color spectrum. High color contrast 
should be maintained. 

The aging lens loses ability to accommodate (change 
shape) so to focus on near and far objects.  The resulting 
presbyopia is inevitable and results in what a local 
ophthalmologist cites as a certainty for needing bi-focals. 

Older adults are more subject to the impact of glare 
(van den Berg, 1995) and have somewhat reduced visual 
acuity (particularly in the periphery), and increased visual 
blur.  This makes the judgment of depth perception more 
difficult.  Consequently, dark background and light text 
may sometimes be better for visual displays.  Additionally, 
ambient and task lighting must be carefully considered so to 
provide the most appropriate lighting environments. 
Contrasting colors should be provided as cues to depth. 

Light and dark adaptation takes longer in older adults, 
and the average scene appears darker for older persons 
(partly due to smaller pupil openings and partly due to 
internal neural processing changes). Implications are clear 
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in the need for somewhat brighter lighting in restaurants, 
theatres, etc. 

Scialfa et al. (2004) describe the aforementioned 
changes’ as well as others (such as attentional deficits) in 
much more detail than space permits here. Notably, they 
provide a compelling case for the importance of better 
understanding the collective impact of these changes upon 
the functioning of older individuals in dynamic 
environments. The human factors implications of safe 
driving and the appropriateness of adding telematic devices 
to automobiles still needs further study and is also reviewed 
by Rebok and Keyl (2004) in the same volume.  

Changes in Audition  Changes in auditory function can 
have a profound effect on older adults. Presbycusis, an age-
related inability to discriminate between high-frequency 
sounds (e.g., consonants in the spoken language), make it 
difficult for seniors to make sense of speech, particularly at 
low sound intensities, and in noisy environments.  Many 
technologies that utilize auditory signals must be cognizant 
of this fact and be designed accordingly.  A common 
complaint of young and old alike involves cell phones 
where the audible signal of button push success is not loud 
enough, particularly in noisy environments.  

Changes in Other Senses  Age-related changes in 
gustatory, olfactory, somesthetic (comprised of sensitivity 
to touch, pressure, cold, heat, and pain), vestibular, and 
kinesthetic senses have all been noted in the literature.  As 
with other biological or psychological changes, health 
status and other variables often exert a greater impact than 
age alone.   A combination of weakened musculature and 
compromised vestibular and kinesthetic sensitivity 
dramatically increases the likelihood of falls among the 
very old and/or disabled.  Successful environmental design 
helps to compensate – for example by minimizing stairs, 
uneven surfaces, or deep pile/padded carpets, and providing 
handrails and clear visual cues for grade changes and edges.  
Age related decrements in sensitivity to heat and cold help 
to make the aged more susceptible to hypothermia and 
hyperthermia (heat stroke).  Implications for design are 
clear. 

Cognition 

Cognition includes processes such as learning, 
memory, intelligence, attention, creativity, and wisdom.  
Adding wisdom to the mix is a clue to the fact that age-
related cognitive decline is not universal.  Readers familiar 
with the literature on intelligence will note that this relates 
to the apparent age-related maintenance of crystallized 
intelligence, in contrast to general declines in fluid abilities. 
Beginning in the 1980s longitudinal research results have 
shown that age-related declines occurred later and were less 
severe than cross-sectional studies had found, and that some 
skills hold up quite well in the absence of chronic illness 
(Schaie & Willis, 2002). Significant inter- and intra-
individual differences,  provide implications for design of 
environments and technological interventions aimed at 
improving status or function of elders in our society. 

As noted at the start of this section, several excellent 
texts review age-related changes in cognitive processes.  A 
useful review of cognitive function that also discusses the 
implications for technological innovations, is provided by 
Mayhorn, Rogers, and Fisk (2004).  They note that the 
promise of innovative technology will be unmet unless 
designers and manufacturers apply user-centered 
approaches, focusing on needs, capabilities, and limitations 
of the potential older users.  Again, this is where the field of 
human factors has stepped into aging research /design and 
begun to have a profound impact.  

Human cognitive processing is generally broken down 
into the constructs of learning and memory.  Learning 
theory includes areas of operant conditioning (Skinner), 
classical conditioning (Pavlov), and social or observational 
learning (Bandura).  While principles of learning are often 
applied to the treatment or management of older adults’ 
undesirable or maladaptive behaviors (anxiety, wandering, 
depression, etc.), it is in the domain of memory that most 
cognitive scientists focus their attention. 

 The steps of memory are generally conceptualized as 
sensory, short-term, and long-term.   Some theory replaces 
short-term with the useful concept of working memory, 
which involves more dynamic processing and feedback 
loops.  Additional research in geropsychology considers age 
related difference in the depth of processing (both 
automatic and intentional).  

Cognitive processes that show age-related decline  
Consistent age-related declines have been noted in working 
memory – the RAM of human information processing. 
Such declines are more common as the complexity of the 
memory task increases and under certain conditions of 
divided attention.  The underlying mechanisms for such 
decline may include limitations in capacity, failure to 
automatically use heuristics, slowed speed of processing, 
and attentional deficits such as the inability to inhibit 
unwanted or irrelevant information (Mayhorn et. al. 2004). 
Mayhorn and colleagues provide an interesting example of 
how this decline can interact with technology in the form of 
telephone menu systems.  The processing demands of a 
long string of options, coupled with complex semantic 
meaning, often render these systems ineffective for older 
adults.  The authors recommend careful consideration of 
delivery speed, ordering from most common to least 
common, nested/hierarchical menus, etc. 
      Spatial abilities (ability to mentally manipulate objects) 
also seem to undergo consistent age-related change.  Such 
deficits may have impact upon older adults’ ability to 
efficiently navigate complex web-sites.  

 Cognitive processes that  hold up or improve with 
aging  The long-term memory storage of factual 
information and vocabulary (semantic memory), familiar 
images (iconic memory), and well-rehearsed procedural 
memory tends to hold up, or in fact improve, until advanced 
years. Mayhorn and colleagues suggest that the design of 
technology for older adults should capitalize on these 
common strengths.  
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Cognitive processes that either hold or decline, 
depending on the specific task  Mayhorn et al. note that 
some types of prospective memory – remembering to do 
something in the future – seem to decline (time-based) and 
that others seem to hold up (event-based). Time-based tasks 
can be rendered easier to remember if they are connected to 
a task (or environmental cue).  My grandparents used to put 
a cane across their staircase to remind them to turn off the 
burglar alarm.  Thankfully, the environmental cue (cane) 
never caused a serious fall.   
     Again, Mayhorn and colleagues discuss specific 
technological interventions that help to compensate for 
these age deficits – for example, medication adherence 
reminder messages.  But, as Scialfa et. al. note (2004), the 
design of the reminder device (for example a PDA) must 
also be matched to the sensory/perceptual characteristics of 
the senior with prospective memory deficits. 
     The research literature also shows that some types of 
selective attention tasks show age declines (especially 
complex, novel situations) and others are well maintained 
(familiar, rehearsed situations.)  Parasuraman and Davies 
(1984) provide an excellent review of the construct of 
attention. Mayhorn and colleagues describe the implications 
of these varied attention difficulties with driving 
performance and how technological assists (“heads up 
displays”) can perhaps help to compensate.  

GEROTECHNOLOGY 

Jim Fozard (2004) provides an informative review of the 
evolution gerotechnology and the growing intersection 
between human factors and gerontology.  He notes that the 
first definition of human factors he heard in 1954, 
“engineering for human use,” had nothing to do with aging 
(pg. 257).  During the last half-century, Fozard has been a 
leading proponent of attention to aging among human 
factors scientists, and to human factors among 
psychologists and gerontologists. Fozard notes that the 
early emphasis in the Human Factors and Ergonomics 
Society (HFES) was on military applications.  Gradually 
technical interest groups (TIGs) developed to consider 
specialized areas of application such as computer 
operations and vision, or personality & individual 
difference, rehabilitation, etc.  The interest group on aging 
was slow to develop but now shows robust activity, with a 
variety of current contributors and contributions.   
      In Burdick & Kwon (2004) Fozard ends his chapter on a 
positive note and indicates that this writing exercise 
allowed him to retrospectively contemplate the various 
important publications in the development of human factors 
and aging.  In tabular form he lists publications that have 
defined the issues, broadened the scope, or informed other 
potential players. These include Fozard & Popkin (1978), 
Fozard (1981), Czaja (1990), Charness & Bossman (1990), 
Fisk & Rogers (1997), and Coulson (2000). 

Today, several other professional organizations have 
sections or groups that focus significant, or total attention to 
issues of human factors, technology, and aging. These 
include Division 20 (Adult Development and Aging) of the 

American Psychological Association, the Technology and 
Aging Special Interest Group (faculty.cua.edu/tran/gsa-tag) 
of the Gerontological Society of America, and the Network 
on Environments, Services, and Technology 
(www.asaging.org/NEST) of the American Society on 
Aging.  Additional key players in this emerging field 
include the International Society for Gerontechnology 
(www.gerontechnology.info/), which publishes the journal 
Gerontechnology and has held 4 international conferences 
on gerontechnology), several university centers (CREATE - 
www.psychology.gatech.edu/create/rl.htm ) and the Center 
for Aging Services Technology (CAST - 
www.agingtech.org). The Association for Gerontology in 
Higher Education (AGHE – www.aghe.org) has published a 
useful “Brief Bibliography on Technology and Aging” 
(Burdick & Murdock, 2004). In addition to the 
Burdick/Kwon text cited extensively throughout this 
presentation, recent (Schaie & Charness, 2003) or 
forthcoming (Mann, In-Press) books promise to help us to 
insure that 21st century information and telecommunications 
technology will not be yet another generation of technology 
that leaves older adults in the dust.     On the contrary, there 
is a growing and enthusiastic realization that properly 
designed technologies can assist older adults in a variety of 
domains with the result of increased successful 
participation in the rich opportunities of American society.    
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