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Cognitive Aging

K. Warner Schaie

DEFINITION OF COGNITIVE AGING

Research on cognitive aging is concerned with the basic processes of
learning and memory as well as with the complex higher-order processes
of language and intellectual competence or executive functioning. Much
of the literature in this field has been concerned with explaining the
mechanism of cognitive decline with advancing age. However, there has
also been pervasive interest in issues such as compensation and the role of
external support including external aids as well as collaborative problem
solving. The study of cognitive aging has followed two rather distinct
traditions. The first grew out of experimental child psychology, whereas
the second derived from psychometric roots that included the assessment
of intellectual competence and development in normal and abnormal
populations.

Experimental Study of Memory Functions and Language

The literature on memory functions and language has been concerned
with the identification of potentially causal variables that might be re-
sponsible for the memory loss and decline observed in many older adults
in complex manipulation of language variables such as text processing.
Conventional approaches in this literature involve the design of experi-
ments that test for the effects of single variables in carefully controlled
laboratory settings and that require only a limited number of subjects.
Because there is often little interest in individual differences or popula-
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tion parameters, study participants are typically drawn from convenience
samples (McKay and Abrams, 1996). In addition, this literature includes
primarily age-comparative studies (see below for the implicit method-
ological problems inherent in such studies). Hence, little is known from
this literature regarding the extent of individual differences or major types
of differential patterns of cognitive aging, nor is it clear how findings
generalize to broader or specialized populations.

The literature described above may suggest many hypotheses that
would be useful for designing technical aids that could compensate in
general for age-related changes. However, the literature is as yet too lim-
ited to be helpful in determining typologies of age changes that may be
needed for customization of devices for optimal individual use.

Descriptive Study of Adult Intellectual Development

Many studies of adult intellectual development originated from the
longitudinal follow-up of samples that were first assessed in childhood or
adolescence. Other studies, however, represent carefully stratified
samples from defined populations, first assessed at a particular life stage,
whether in early adulthood or in early old age. Descriptive studies often
began as cross-sectional inquiries that were expanded into long-term lon-
gitudinal studies. Longitudinal data were required because the interest
here is typically in the study of individual differences in intraindividual
change, or in the identification of typologies of individuals who follow
different growth trajectories. Such studies frequently involve large
samples, and they typically employ correlational or quasi-experimental
approaches (Baltes and Mayer, 1999; Schaie, 1996b). This literature will be
particularly helpful in predicting characteristics of future older adults as
well as to provide an understanding of different patterns of age changes.

METHODOLOGICAL ISSUES

Two major methodological issues in cognitive aging research are
whether one should employ age-comparative (between participants) or

age-change (within participants) designs and how investigators should
address the role of response speed.

Age-Comparative Versus Age-Change Designs

The bulk of reported findings from the experimental cognitive aging
literature is based on age-comparative studies that usually contrast a
group of young adults (typically college students) with convenience
samples of community-dwelling older adults in their 60s and 70s. How-

il

40
COGNITIVE AGING

ever, it is often unreasonable to assume t.hat the two age group% Zagvbg
adequately matched for other status variables that might grmtn el
explanations for any observed age difference on the deper}s en1 va oo
of interest. This internal validity threat (cf. Campbell a.nd ta;: fy, 0
creates particular problems for identifying the mechamsr;s. tt a Orlréa); .
implicated in age-related decline fx"0m young _adulthlog L in 9ndivid§ai
Age-comparative designs are also inadequate in exp am;ng i fividual
differences in intraindividual age changes. The.latter can 2 1;\\fl?h ;i;nter_
only by means of longitudinal paradigms (Schaie, 1965, 19b9 a). ie; inte
nal validity of longitudinal studies, moreover, can also be ntnpfahisto y
failure to attend to issues such as participant attrition, impact o Iy,
ivi i ts. .
o I;Zat:hf;,cl)tr}rl\ (cI;lc-)aszt-lsCeec)tiE(!)frfg and longitudinal studies have r.ather <i.1ffer-
ent implications for guiding the design .of compensatory devmfes (;rdxir;iz:
ventions. Figure 2-1 provides an illustration of this for the case (1), ?i\ e
ences and age changes from 25 to 81 years for a measure of verba g
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(vocabulary comprehension) from the Seattle Longitudinal Study (Schaie,
in press; also see Schaie, 1996b). This figure shows steady negative cross-
sectional differences from young adulthood to old age. However, the longi-
tudinal (within-persons) data suggest that verbal meaning increases until
late middle age and shows only modest decline thereafter. These findings
can be interpreted to suggest that there is little age-related decline in verbal
comprehension; but they also suggest that older persons may benefit from
simplified (less esoteric) language in instruction manuals. Current older
adults may be impacted by technological obsolescence that may not simi-
larly impact future cohorts of older adults. In other words, cross-sectional
data can be used to determine current differences in performance level for

different age groups, but longitudinal data are required to predict within-
individual changes with age.

The Role of Response Speed

Several theorists have suggested that general changes in the central
nervous system are the primary common cause for the observed age-
related declines in cognitive performance. An unbiased marker of such
change might be the commonly observed increase in simple reaction time.
Many published analyses show a substantial reduction in age differences,
if some measure or measures of reaction time or perceptual speed is
partialled out of the relation between measures of a cognitive process and
chronological age (Madden, 2001; Salthouse, 1999). The average increase
in many measures of reaction time is a factor of approximately 1.6 from
the early 20s to the late 60s (Cerella, 1990). However, it is not clear whether
the observed average increase in reaction time, although reliably demon-
strable in the laboratory, is of significance in many or most tasks of daily
living. Nevertheless, it is critical therefore in cognitive aging studies to
disaggregate changes in speed of response from changes in accuracy of
performance (cf. Willis, 1996; Willis and Schaie, 1986).

The literature also has many findings of a trade-off between accuracy
and speed (cf. Ketcham and Stelmach, this volume; Salthouse, 1999). Given
the need for accuracy in programming compensatory devices, it might
therefore be desirable to increase response windows to facilitate better
performance by individuals whose speed of reaction time has declined.

The Role of Individual Differences

Although empirical findings on age differences or age changes sug-
gest virtually linear declines for many cognitive functions, it is difficult to
reproduce linear decline patterns at the individual level. Indeed, it ap-
pears that there are many different aging patterns of which linear decline
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may be only a sparsely represented pher}om_enon. More common are
stairstep patterns that reflect decline occurring in response to an unfavor-
able event (perhaps severe physiological insult or thg loss of a spouge)
followed by a period of stability at a lower level, with further decline
upon the occurrence of other unfavorable events (cf. Schgue,'l?89). '
It has been shown that a significant percentage of individuals will
remain stable over a 7-year period even at advanc?d ages and thf':lt a small
percentage of individuals will even show a significant increase in perfpr-
mance levels. Figure 2-2 shows the percentage of con.lmumty-‘dwellmg
individuals declining, remaining stable, or showing an increase in perfor-
mances from ages 60 to 67, 67 to 74, 74 to 81, and 8'1 to 88 on the Verbal
Meaning Test. Although there is a modest increase in t.he percentage de-
clining over each older 7-year span, the largest proportion remains stable
even into an advanced age (Schaie, in press; also see Schaie, 1989). .
Recent advances in multilevel analyses and growth curve modeling
provide new and exciting tools for the identification ap:d analyses of
typologies of cognitive aging patterns (cf. Rudinger and Rietz, 2001).
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FIGURE 2-2 Percentage of individuals who decline, remain stablfe, or gain. signif—
icantly on the Verbal Meaning Test (criterion for significant decline or gain is +1
standard error of measurement).

SOURCE: Adapted from Schaie (in press).
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Sensory-Perceptual Limitations in Older Adults

An important meta-issue in the study of aging and cognition ad-
dresses the extent to which the decline in cognitive processes in older
adults can be attributed to changes in peripheral sensory functions. I
briefly review here some of the major age-related declines in sensory-
perceptual processes that aging researchers need to consider. For more
extensive reviews, the reader is referred to Fozard and Gordon-Salant
(2001) or Schieber (2003).

Vision

Anatomical changes. The size of the pupil declines with advancing
adult age (senile miosis), and the lens becomes more opaque. This loss of
transparency is particularly pronounced at short wavelengths (e.g., for
blue light). Lenticular opacity and reduced pupil size result in less retinal
illumination. Almost half of those over 65 years of age have sufficiently
reduced lenticular transparency to be diagnosed as having cataracts. There
is also some evidence of age-related photoreceptor and ganglion cell loss.
Macular degeneration’and glaucoma also impair vision in significant
numbers of older persons.

Visual acuity. This is the indicator of how well fine spatial detail can be
recognized. A distinction is made between near and far acuity. By age 40,
difficulty is experienced focusing on printed text that is closer than about a
foot, and by age 60 it becomes difficult for most people to focus on objects
located within 3 feet. Decreases in both near and far acuity until around age
70 are usually due to refractive errors that can be corrected with eyeglasses or
contact lenses. However, visual difficulties that remain after wearing eye-
glasses increase sharply in the late 70s and 80s. Impaired visual acuity among
those in the oldest groups is attributable to greater prevalence of diseases of
the retina. Age-related deficits in visual acuity become more severe when
there is low luminance or low-contrast stimuli. Figure 2-3 shows the age-
related increase in the percentage of people requiring correction for visual
defects and the percentage of those who suffer from cataracts, glaucoma, or
other visual impairments (National Center for Health Statistics, 1994).

Dark adaptation and glare. Changing the level of illumination results in
a significant reduction in visual sensitivity. There is some age-related
slowing in the rate of dark adaptation, and older adults have more diffi-
culty throughout the dark adaptation cycle. The rate of loss is greater for
short-wavelength light (i.e., blue, green) due to the age-related yellowing
of the lens.

Age-related decrements in visual function are also observed when
glare is present. The aging lens scatters light across the retina decreasing
the contrast of the retinal image. Visual difficulties due to glare increase
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markedly for low-contrast stimuli, and recovery time for lost visual sensi-
tivity in response to glare also increases. ‘

t%olor vizon. Sma%l age-related declines have been found in the ability
to distinguish between similar hues past age 70. This phenomenon has
been attributed to a differential loss of sensitivity in short-wavelquth
photoreceptors. Difficulties in color vision are grea.ter ‘un.der‘ low light
conditions, and age differences in blue-green color dxscrlmmatlor_l can be
reduced at high levels of illumination. Color constancy mechanisms re-
main relatively intact in older adults, possibly minimizing performance
decrements on real-world tasks. _

Motion perception. Age-related decrements have been found in mo-

tion sensitivity and accuracy of speed perception althqugl} the nature and
magnitude of these effects vary across different invgstlgatlons. It has been
suggested that these age-related losses may be'medlated .by neural rather
than optical mechanisms. There are also age differences in t}‘u:esholc'is for
the detection of motion, as well as age differences in the ability to judge
the apparent speed of automobiles (Fozard, 2000; Schieber, 2003).
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quency sounds.

Speech recognition, Speech recognition for monosyllabic words at noy-
mal conversational levels has been found to decrease from almost 10
percent correct at age 30 to less than 60 percent correct for those 80-89
years of age. Particularly severe age-related decrements in speech intellj-
gibility occur when there is background noise, echo, and time compres-
sion. Figure 2-4 shows the percentage decrement in speech intelligibility
under various conditions from the 20s to the 80s (Bergman et al., 1976).
There is a question as to the relative contribution of peripheral versus
central mechanisms in these decrements. Remediation of decrements in
speech perception due to sensory factors would require interventions in
signal processing, whereas decrements due to cognitive deficits would
need to be addressed by comprehensive training approaches (see below).
Decrements in understanding speech are lessened when stimulus inten-

sity levels are increased and when speech stimul; are presented within
“sentence” or “paragraph” contexts,
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fir;;ll ;11(333 I:ldividual programming of the devices becomes Increasingly
e ue to accompanmg declines in vision and manipulation of ve
objects. Technology will therefore be needeq that provides for far moz

BASIC FINDINGS FROM THE EXPERIMENTAL LITERATURE
ON COGNITIVE AGING

and frequently includes convenien

€ samples of young adult f
sc')phoxr.norg psychology students) that are comparedywithgothel; csox(rcl)nt:le;-1
nity-dwelling older adults (often participants in ad

'grams).. "I"he major findings from thjg literature regarding age differences
In cognitive performance include memory, attention, and language

Memory

ing Slfiffn zl(z.ultsfare currently thought to be at 5 disadvantage in retriev-
101 from memory when the informati i

on to be retri i

complex and when there are few cues or other enviro Dports

Henpe, age differences are far greater in recall than in r.

E)r;)cesslmg is involve'd. Hgl}ce, greater age differences have been founq
explicit than for mplicit or automatized and overlearned memo

creasing age,
storage. Memory deficits occurring with age include nonverbal tasks such

g];;l;k}))ermg simple elmd event-based tasks, but are ata disadvantage when
€come complex or are time-based. In sum, j

. . m, 1t appears if-

ferences are known to increase in magnitude as a £ . h e dif

ing requirements of given task (Backman, Small, and Wahlin 2001)

Another recent body of res i
' the earch has considered the i
In explaining age differences in oth e Afention
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processes are implicated whenever individuals engage in multitasking or
time-sharing activities. Examples of the consequence of age-related atten-
tion deficits can be found in research on inhibition, reading comprehen-
sion (see below), and many everyday activities that may be affected by
age-related deficits in the ability to attend simultaneously to multiple
tasks (e.g., Schieber, 2003; West, 1999; Zacks and Hasher, 1997). On the
other hand, attention deficits have not been found to underlie age differ-
ences in episodic memory that involve remembering items associated
with a specific time or place (Nyberg, Nilsson, Olofsson, and Bickman,
1997). Age-related differences in attention may also be implicated in ex-
ecutive functioning, the ability to put things together on the basis of sev-
eral items of information. One example would be considering the price
and utility of a computer system in making a purchase decision (cf.
Kramer, Larish, Weber, and Bardell, 1999).

Although some of the most exciting research in this area is the explo-
ration of neurological bases for attention processes, there are also many
practical applications in areas such as aging and technology use (cf. Rogers
and Fisk, 2001).

Language

Age-related differences in language behavior are closely related to
the processes of encoding and retrieving verbal materials as discussed
above. In addition, there are greater age differences in textual tasks
that involve recent connections than in those that involve recollection
of older connections. Language production is adversely affected in
older adults under intense time pressure. Word-finding difficulty (the
interesting tip-of-the-tongue phenomenon), however, seems to be more
likely with infrequently used words. Significant age differences have
also been found in planning what one intends to say and how to say it
during language production. Older adults are therefore more likely to
hesitate, have false starts, as well as to engage in repetitions. Age-
linked deficits in story recall may be more of a general deficit in con-
nection formation than in specific communication ability. Older adults
tend to benefit from textual material that provides priming of associa-
tions because it contains learned semantically linked information
(McKay and Abrams, 1996). On the other hand, certain aspects of lan-
guage processing seem to be relatively age invariant. These include
particularly lexical access and semantic memory, which are resistant
to normal aging, even though they are affected by Alzheimer’s disease
(Kemper and Mitzner, 2001).

Recent research on langua ge and aging has also included applications
of basic research knowledge to the development of guidelines for con-
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sumer standards and for electronic communication (cf. Charness, Park,
and Sabel, 2001; Park, Nisbett, and Hedden, 1999).

BASIC FINDINGS FROM THE DESCRIPTIVE LITERATURE ON
AGE CHANGES IN INTELLECTUAL COMPETENCE

Included here are findings from two rather different traditions, The
first originated early in the history of psychology when the research on
mental testing in children was extended to normal adults and older adults.
The second tradition, now represented by the field of nheuropsychology,
originated with the clinjcal interest in assessing cognitive impairment and
in diagnosing various forms of dementia.

Normal Populations

the Thurstonian Primary Mental Ability framework (Schaie, 1996b; Schaie
and Hofer, 2001). A primary distinction is often made between fluid abili-
ties, thought to be innate, and crystallized abilities, which involve the
utilization of culturally acquired knowledge (Cattell, 1963). Further dis-
tinctions have been introduced more recently between the mechanics (or
basic processes) of intellectual competence and the pragmatics that in-
volve cultural mediation (Baltes, Dittman-Kohli, and Dixon, 1984).

Most longitudinal studies have found that the adult life course of
mental abilities is not uniform. The fluid abilities (sometimes defined as

even in the 80s (Schaie, 1996a). But with advanced age, increasing conver-
gence and steeper decline for both aspects of intellectual competence may
occur, probably caused by the increasing decline of sensory and central

Cross-sectional snapshots, obtained at a particular time, may yield
very different ability profiles because of the fact that consecutive popula-
tion cohorts reach different asymptotes in midlife. For the six abilities

whose age trajectories are shown in Figure 2-5, the cumulative magnitude
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healthy community-dwelling persons are able to maintain a high level of
function until an advanced age (but see Baltes and Mayer, 1999, for the
consequences of sensory dysfunctions). Because most tasks of daily living
represent complex combinations of basic cognitive processes, many indi-
viduals can maintain their abilities above the minimally necessary thresh-
old level for independent functioning by engaging in compensatory pro-

cesses that may often be quite complex (cf. Baltes et al., 1984; Baltes and
Mayer, 1999).

Neuropsychological Assessments of Normal and
Cognitively Impaired Individuals

Measures used for neuropsychological assessment have also origi-
nated from the psychometric tradition (e.g., subtests from the Wechsler
Memory Scales often form important components of neuropsychological
assessment batteries). However, many measures designed for the identifi-
cation of cognitive impairment and the diagnosis of the dementias are not
particularly suitable for the study of cognitive aging because they were
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developed specifically to identify neuropathology. Hence, variability on
these measures among cognitively unimpaired individuals may be quite
limited, and such measures may therefore be less than ideal for the study
of cognitive aging (cf. Lezak, 1995). This is unfortunate, for advances in
prevention approaches to dementia may very well require the early de-
tection of persons at excess risk for the eventual detection of dementia.
This would require tests sensitive enough to detect small deviations from
normal scores or subtle changes over time within individuals. Because of
the age-related increase in the incidence of preclinical cognitive impair-
ment, the detection of such individuals is of special interest to obtain
better estimates for normal age changes.

Research is in progress in my laboratory to extend a neuropsychologi-
cal battery into the primary mental ability space so as to facilitate the use
of assessment instruments with wider ranges that are suitable for younger
adults for the purpose of early detection of cognitive impairment (Schaie
et al., in press).

DECISION MAKING AND PROBLEM SOLVING

An important extension of the research in cognitive psychology has
been in the direction of going beyond the laboratory to the environmental
context within which individuals solve problems of daily living and make
consequential decisions. The decisions to be made are usually goal directed;
in older adults, these decisions are related to instrumental activities of daily
living and maintenance of independence (Schaie and Willis, 1999; Willis,
1996). Such decisions include management of one’s medication regime and
decisions about one’s financial affairs. Antecedents of successful decision
making in older adults have been identified as good physical health, ad-
equate levels of functioning on basic intellectual skills, tolerance for ambi-
guity, as well as realistic beliefs about ways of knowing. Lessened tolerance
of ambiguity in older adults has been noted to affect medical decision
making in that older adults act more quickly to reduce ambiguous situa-
tions (Leventhal, Leventhal, Schaefer, and Easterling, 1993).

The problem-solving process involves task characteristics and knowl-
edge systems. In older adults, task novelty can have a negative influence
on effective problem solutions, as does task complexity and lack of task
structure. Also of importance is the availability of declarative knowledge
that is relevant to a particular decision. Older individuals tend to make
critical decisions with less information than young or middle-aged adults
(for an example of decision making and aging with a breast cancer sce-
nario, see Meyer, Russo, and Talbot, 1995).

Decision making may also be affected by age-related processing styles.
Youthful styles involve a bottom-up approach that involves intensive
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data gathering. Recourse must be had to formal integrated knowledge

CAN COGNITIVE AGING BE SLOWED OR REVERSED?

Cognitive training programs have been developed in a number of

::1‘111(;1:63 ren:ecilciation of loss. But for those who have remained stable
cement of previous levels of functionine js ;
. : & 1s intended to compensat
for I;Ssi;bly cohort-basegl filsadvantages of older persons (cf. Willif 21(1)231 )e
decl Indings from cognitive intervention studies suggest that coénitive.
raet; ;r;c: }::nc;gitﬁgeé ftor'many older adults, might be attributed to disuse
the deterioration of the physiological or neural sub
T | ‘ strat

cognitive behavior. For example, a brief 5-hour training program f:r (;)Se(r)-f
Z(;r‘;?a(t)i\;er ageﬂ615 ris;ﬂted I average training gains of about 0.5 standard

T on the abilities of spatial orientation and inductive i
on the uctive reasoning,
iﬁl ts.mdyAparhmpants had been followed for 14 years prior to the inltre‘f
ntion. Approximately half had remaj )
signifuenr oD ined stable and half had shown
. tOfd those participants fqr whom significant decrement could be docu-
ented over a 14-year period, roughly 40 percent were returned to the
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FIGURE 2-7 Percentage of study participants with significant training improve-
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14 years prior to the training intervention.

SOURCE: Schaie (1996a).

(Willis and Schaie, 1994). It should be noted, however, that although cog-
nitive training may improve performance in older adults and may func-
tion to reduce effects of age decrement, such training will also be effective
in enhancing the performance of young adults, so age differences tend to
remain robust (cf. Baltes and Kliegl, 1992).

Many technologies that promise to compensate for age-related changes
in behavioral efficiency will also require the increased utilization of cogni-
tive skills that have become “rusty” through disuse. Cognitive training
paradigms may therefore be helpful in enhancing the cognitive infrastruc-
tures required for the successful utilization of complex technology.

OTHER RELATED TOPICS IN COGNITIVE AGING

Research on cognitive aging in the past has been largely concerned
with age-related aspects of the development of the basic processes of cogni-
tion. It should be recognized that the current focus in the study of cognitive
aging is beginning to turn to the determination of how these basic processes
operate within more complex domains. Of particular interest here are the
study of wisdom and creativity (e.g., Baltes and Staudinger, 2000; Sternberg
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and Lubart, 2001), the application of basic cognitive processes to social
cognition (e.g,, Staudinger, 1998), and the development of software expert
systems (e.g., Charness and Bosman, 1990). Although the extensive litera-
ture on these topics is beyond the scope of this chapter, it should be noted
that this is the area of cognitive content where older adults often compare
relatively well with the young whenever content is examined that was
present in the life experience of older adults.

FUTURE DIRECTION

It is to be expected that much future research in cognitive aging will
be directed toward detecting the neural substrates of cognitive processes
over the adult life span. An essential element of such research, however,
will be to attend to change over time within individuals, as much of what
has been done thus far is largely limited to cross-sectional studies (Albert
and Killiany, 2001). Similarly, we are just beginning to see longitudinal
data emerging on the traditional measures of memory and executive func-
tioning (cf. Bickman et al., 2001).

To apply much of the basic knowledge on cognitive aging to every-
day behavior and human factors considerations involved in the better
utilization of modern technology (cf. Schaie and Charness, 2003), we still
need to obtain a better understanding of the relationship between basic
cognitive processes and everyday function. Similarly, further research
will be needed to determine how interventions designed to enhance basic
cognitive processes will express themselves in improving effective func-
tioning on complex processes. And above all, far more attention needs to
be paid to individual differences in adult cognitive development so that
we can move beyond the naive notion that a single grand scheme can
account for the behavior of all.

REFERENCES

Albert, M.S., and Killiany, R.J. (2001). Age-related cognitive change and brain-behavior
relationships. In J.E. Birren and K.W. Schaie (Eds.), Handbook of the psychology of aging
(5 ed., pp. 161-185). San Diego, CA: Academic Press.

Backman, L., Small, BJ., and Wahlin, A. (2001). Aging and memory: Cognitive and biologi-
cal perspectives. In J.E. Birren and K.W. Schaie (Eds.), Handbook of the psychology of
aging (5 ed., pp. 349-377). San Diego, CA: Academic Press.

Ball, K., Berch, D.B., Helmers, K.F., Jobe, ].B., Leveck, M.D., Marsiske, M., Morris, J.N.,
Rebok, G.W., Smith, D.M., Tennstedt, S.L., Unverzagt, FW., and Willis, S.L. (2002).
Effects of cognitive training interventions with older adults: A randomized controlled
trial. Journal of the American Medical Association, 288(18), 2271-2981.

Baltes, P.B., and Kliegl, R. (1992). Further testing of limits of cognitive plasticity: Negative age
differences in a mnemonic skill are robust. Developmental Psychology, 28(1), 121-125,

COGNITIVE AGING 61

Baltes, P.B., and Lindenberger, U. (1997). Emergence of a powerful connection between
sensory and cognitive functions across the adult life span: A new window to the study
of cognitive aging? Psychology and Aging, 12(1), 12-21.

Baltes, P.B., and Mayer, K.U. (1999). The Berlin Aging Study: Aging from 70 to 100. Cam-
bridge, England: Cambridge University Press.

Baltes, P.B., and Staudinger, U.M. (2000). Wisdom: A metaheuristic (pragmatic) to orches-
trate mind and virtue toward excellence. American Psychologist, 55(1), 122-136.

Baltes, P.B., Dittman-Kohli, F., and Dixon, R.A. (1984). New perspectives on the develop-
ment of intelligence in adulthood: Toward a duel process conception and a model of
selective optimization with compensation. In P.B. Baltes and O.G. Brim Jr. (Eds.),
Lifespan development and behavior (vol. 6, pp. 33-76). New York: Academic Press.

Bergman, M., Blumenfeld, V.G., Casardo, D., Dash, B., Levett, H., and Margulies, M.K.
(1976). Age-related decrement in hearing for speech: Sampling and longitudinal stud-
ies. Journal of Gerontology, 31, 533-538.

Campbell, D.T., and Stanley, J.C. (1966). Experimental and quasi-experimental designs for re-
search in teaching. Chicago: Rand McNally.

Cattell, R.B. (1963). Theory of fluid and crystallized intelligence: A critical experiment. Jour-
nal of Educational Psychology, 54, 1-22.

Cerella, J. (1990). Aging and information-processing rate. In J.E. Birren and K.W. Schaie
(Eds.), Handbook of the psychology of aging (3rd ed., pp. 201-221). San Diego, CA: Aca-
demic Press.

Charness, N., and Bosman, E.A. (1990). Expertise and aging: Life in the lab. In T.M. Hess
(Ed.), Aging and cognition: Knowledge organization and utilization (pp. 343-385). North
Holland, Amsterdam: Elsevier Science.

Charness, N., Park, D.C., and Sabel, B.A. (2001). Communication, technology and aging: Oppor-
tunities and challenges for the future. New York: Springer-Verlag.

Flynn, J.R. (1987). Massive IQ gains in 14 nations: What IQ tests really measure. Psychologi-
cal Bulletin, 101(2), 171-191.

Fozard, J.L. (2000). Sensory and cognitive changes with age. In K.W. Schaie and M. Pietrucha
(Eds.), Mobility and transportation in the elderly (pp. 1-44). New York: Springer-Verlag.

Fozard, J.L., and Gordon-Salant, S. (2001). Changes in vision and hearing with aging. In J.E.
Birren and K.W. Schaie (Eds.), Handbook of the psychology of aging (pp. 241-266). San
Diego, CA: Academic Press.

Kemper, S., and Mitzner, T.L. (2001). Language production and comprehension. In J.E.
Birren and K.W. Schaie (Eds.), Handbook of the psychology of aging (5th ed., pp. 378-398).
San Diego, CA: Academic Press.

Ketcham, C.J., and Stelmach, G.E. (2004). Movement control in the older adult. In National
Research Council, Technology for adaptive aging (pp. 64-92). Steering Committee for the
Workshop on Technology for Adaptive Aging. RW. Pew and S.B. Van Hemel (Eds.).
Board on Behavioral, Cognitive, and Sensory Sciences. Division of Behavioral and
Social Sciences and Education. Washington, DC: The National Academies Press.

Kramer, AF,, Larish, ].L., Weber, T.A., and Bardell, L. (1999). Training for executive control:
Task coordination strategies and aging. In D. Gopher and A. Koriat (Eds.), Attention
and performance XVII: Cognitive regulation of performance: Interaction of theory and applica-

tion (pp. 617-652). Cambridge, MA: MIT Press.

Leventhal, E.A., Leventhal, H., Schaefer, P., and Easterling, D. (1993). Conservation of en-
ergy, uncertainty reduction, and swift utilization of medical care among the elderly.
Journal of Gerontology, 48(2), 78-86.

Lezak, M.D. (1995). Neuropsychological assessment (3rd ed.). New York: Oxford University
Press.



62 TECHNOLOGY FOR ADAPTIVE AGING

Madden, D.J. (2001). Speed and timing of behavioral processes. In J.E. Birren and K.W.
Schaie (Eds.), Handbook of the psychology of aging (Sth ed., Pp- 288-312). San Diego, CA:
Academic Press.

McKay, D.G., and Abrams, L. (1996). Language, memory, and aging: Distributed deficits and
the structure of new-versus-old connections. In J.E. Birren and K.W. Schaie (Eds.), Hand-
book of the psychology of aging (4th ed., pp. 288-312). San Diego, CA: Academic Press.

Meyer, BJ.F., Russo, C., and Talbot, A. (1995). Discourse comprehension and problem solv-
ing: Decisions about the treatment of breast cancer by women across the life-span.
Psychology and Aging, 10, 84-103.

National Center for Health Statistics. (1994). Evaluation of national health interview survey
diagnostic reporting. (Vital and Health Statistics, Series 2 No. 120.) Hyattsville, MD:
Centers for Disease Control and Prevention.,

Nyberg, L., Nilsson, L.G., Olofsson, U., and Bickman, L. (1997). Effects of division of atten-
tion during encoding and retrieval on age differences in episodic memory. Experimen-
tal Aging Research, 23(2), 137-143.

Park, D.C., Nisbett, R., and Hedden, T. (1999). Aging, culture, and cognition. Journal of
Gerontology: Psychological Sciences, 54B(2), 75-84.

Rogers, W.A., and Fisk, A.D. (2001). Human factors interventions for the health care of older
adults. Mahwah, NJ: Lawrence Erlbaum.

Rudinger, G., and Rietz, C. (2001). Structural equation modeling in longitudinal research on
aging. In J.E. Birren and K.W. Schaie (Eds), Handbook of the psychology of aging (5th ed.,
Pp- 29-52). San Diego, CA: Academic Press.

Salthouse, T.A. (1999). Theories of cognition. In V.L. Bengtson and K.W. Schaie (Eds.), Hand-
book of theories of aging (pp- 196-208). New York: Springer-Verlag.

Schaie, K.W. (1965). A general model for the study of developmental problems. Psychologi-
cal Bulletin, 64, 92-107.

Schaie, K.W. (1989). Individual differences in rate of cognitive change in adulthood. In V.L.
Bengtson, and K.W. Schaie (Eds.), The course of later life: Research and reflections (pp. 65-
85). New York: Springer-Verlag.

Schaie, K.W. (1996a). Intellectual development in adulthood: The Seattle Longitudinal Study. New
York: Cambridge University Press.

Schaie, K-W. (1996b). Intellectual functioning and aging. In J.E. Birren and K.W. Schaie
(Eds.), Handbook of the psychology of aging (4th ed., PP- 266-286). San Diego, CA: Aca-
demic Press.

Schaie, K.W. (ir\ press). Developmental influences on adult intelligence: The Seattle Longitudinal
Study. New York: Oxford University Press.

Schaie, KW., and Charness, N. (2003). Influences of technolgical change on individual aging.
New York: Springer-Verlag.

Schaie, KW., and Hofer, S.M. (2001). Longitudinal studies in research on aging. In J.E.
Birren and K.W. Schaie (Eds.), Handbook of the psychology of aging (5th ed., pPp. 55-77).
San Diego, CA: Academic Press.

Schaie, K.W., and Willis, S.L. (1999). Theories of everyday competence. In V.L. Bengtson
and K.W. Schaie (Eds.), Handbook of theories of aging (pp. 174-195). New York: Springer.

Schaie, KW., and Willis, S.L. (2002). Adult development and aging (Sth ed.). Upper Saddle
River, NJ: Prentice-Hall.

Schaie, KW., Caskie, G.LL., Revell, A J., Willis, S.L., Kaszniak, A.W., and Teri, L. (in press).
Extending neuropsychological assessments into the primary mental ability space. Ag-
ing, Neuropsychology and Cognition.

Schieber, F. (2003). Human factors and aging: Identifying and compensating for age-related
deficits in sensory and cognitive function. In K.W. Schaie and N. Charness (Eds.),
Influences of technological change on individual aging. New York: Springer-Verlag.

63
COGNITIVE AGING

i i ill- d problems: Implications for every-

Sinnot, J.D. (1989). A model for solution of ill-structured p for
dail and abstract problem solving. In J.D. Sinnot (Ed.), Everyday problem solving: Theory
and applications (pp. 72-99). New York: Praeger. ‘ .

Staudingef,pU.M. (1998). Social cognition and psychological approach to an art of hfe. InF.
Blanchard-Fields and T.B. Hess (Eds.), Social cognition, adult development and aging. San
Diego, CA: Academic Press. o .

Stemberg, RJ., and Lubart, T.I. (2001). Wisdom and creativity. In J.E. Birren afnd KC\Z
Schaie (Eds.), Handbook of the psychology of aging (5th ed., pp. 500-522). San Diego, CA:
Academic Press.

West, R. (1999). Age differences in lapse of intention in the Stroop task. Journals of Gerontol-
ogy: Psychological Sciences, 54, 34-43. . ) )

Willis:g.lSI.L. (y1996). Everyday problem solving. In J.E. Birren ar.ld K.W. Schaie (Ec}s.), Hand
book of the psychology of aging (4th ed., pp. 287-307). San Dxegf), CA: Academ‘xc Press.l .

Willis, 5.L. (2001). Methodological issues in behavioral intervention research wflth the eld-
e/rly. In J.E. Birren and K.W. Schaie (Eds.), Handbook of the psychology of aging (5th ed.,

. 78-108). San Diego, CA: Academic Press. y -

Willis l:’S.L., and Schaie, Ig<W (1986). Training the elderly on the ability factors of spatial
orientation and inductive reasoning. Psychology um? Aging, 1(3), 239-247. Forett

Willis, S.L., and Schaie, K.W. (1994). Cognitive training in the nor‘mal eldf:l.*ly. In F. Forette,
\;. Ch;isten, and F. Boller (Eds.), Plasticite cerebrale et stimulation cogm.twe [ Cer'ebral plas-
ticity and cognitive stimulation] (pp. 91-113). Paris, France: Fondation Nationale de
Gerontologie. ) o

Zacks, R., and éasher, L. (1997). Cognitive gerontology and attentional inhibition. Journal of

Gerontology: Psychological Sciences, 52B, 274-283.



