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Series Preface

For some time now, the study of cognitive development has been far and
away the most active discipline within developmental psychology. Although
there would be much disagreement as to the exact proportion of papers
published in developmental journals that could be considered cognitive, 50%
seems like a conservative estimate. Hence, a series of scholarly books to be
devoted to work in cognitive development is especially appropriate at this
time.

The Springer Series in Cognitive Development contains two basic types of
books, namely, edited collections of original chapters by several authors, and
original volumes written by one author or a small group of authors. The
flagship for the Springer Series is a serial publication of the “advances” type,
carrying the subtitle Progress in Cognitive Development Research. Volumes in
the Progress sequence are strongly thematic, in that each is limited to some
well-defined domain of cognitive-developmental research (e.g., logical and
mathematical development, semantic development). All Progress volumes are
edited collections. Editors of such books, upon consultation with the Series
Editor, may elect to have their works published either as contributions to the
Progress sequence or as separate volumes. All books written by one author or
a small group of authors will be published as separate volumes within the
series.

A fairly broad definition of cognitive development is being used in the
selection of books for this series. The classic topics of concept development,
children’s thinking and reasoning, the development of learning, language
development, and memory development will, of course, be included. So,
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however, will newer areas such as social-cognitive development, educational
applications, formal modeling, and philosophical implications of cognitive-
developmental theory. Although it is anticipated that most books in the series
will be empirical in orientation, theoretical and philosophical works are also
welcome. With books of the latter sort, heterogeneity of theoretical perspective
is encouraged, and no attempt will be made to foster some specific theoretical
perspective at the expense of others (e.g., Piagetian versus behavioral or
behavioral versus information processing).

C. J. Brainerd



Preface

This monograph, if successful and not simply ignored, will likely be rather
controversial. Perhaps more than in most other fields, researchers in the
psychology of aging seem torn in a conflict between scientific and humanistic
perspectives. As a consequence, debates concerning the validity and relevance
of empirical results often become quite heated and emotional. By attempting
to present a strictly scientific viewpoint on the cognitive capabilities of older
adults this book will probably strike some humanistically oriented gerontol-
ogists and psychologists as being one-sided and overly negativistic. There are
also likely to be disagreements within the scientific community concerning
interpretations of the research literature since in many cases they contradict
commonly accepted (but, I believe, poorly substantiated) beliefs. No guarantee
can be provided that my interpretations are any more correct, but the mere
existence of rival interpretations should serve to stimulate research that can
lead to the resolution of some of these issues.

Adult Cognition will probably also be controversial because serious ques-
tions are raised concerning the ultimate usefulness of the research strategy
sometimes described as “‘replicating the Journal of Experimental Psychology
with an older sample.” This approach has obviously led to a vast accumulation
of facts about age differences in cognitive processes, but there is reason to be
skeptical about whether any genuine advance in knowledge about fundamental
aging mechanisms has resulted. Another factor that may contribute to
controversy is the rather small size of the monograph. This has imposed
limitations on the breadth and depth of coverage, and consequently it is likely
that some critics will complain that topic X has been short-changed in its
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coverage. However, since there would be little agreement as to which topic is
topic X, it is impossible to avoid criticism of this type in a relatively short
monograph such as this one. And finally, readers used to a traditional
organization of topics beginning with simple processes and concluding with
complex processes may find the present reductionistic chapter sequence
somewhat peculiar. The current organization was adopted because of a
philosophical belief that it is useful to understand, or at least describe, what
needs to be explained (the complex processes) before examining the mecha-
nisms that might be invoked in the explanations (the simple processes).
While Adult Cognition may be controversial for the reasons discussed
above, I would like to thank a number of reviewers who did their best to
minimize a different type of controversy by pointing out my errors of
communication, fact, interpretation, and logic. The students in my Cognitive
Psychology course made valuable comments on the entire manuscript, and
Chuck Brainerd, Don Kausler, Chuck Krauskopf, Marion Perlmutter, and
Ben Somberg offered suggestions on various segments of the book. I would
also like to acknowledge my appreciation of the valuable support provided by
the staff of the Center for Advanced Study in Behavioral Sciences during my
stay there as a Summer Institute Participant in 1980. Special thanks are due
those from whom I have learned the most: Jack Botwinick, Bob Gottsdanker,
Dick Pew, Ben Somberg, John Stern, Martha Storandt, and Dan Weintraub.

Columbia, Missouri Timothy A. Salthouse
May, 1982
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1. Age and Its Research Significance

Why would anyone want to study the psychology of aging? The popular
stereotypes portray the older adult as a fragile and feeble person whose
physical and mental capacities are continuously deteriorating. Many people
would therefore consider it depressing to focus on the period of decline that
seems to characterize the later adult years. Indeed, some cynics might claim
that youthful investigators interested in the behavior of older adults have
sadistic tendencies, while older investigators are definite masochists.

There are, of course, many reasons besides latent sadistic and masochistic
impulses that lead researchers to investigate behavioral aging processes. One
reason is simply to explore the validity of the popular myths about aging. It
may be that the prevailing stereotypes are inaccurate, out-of-date, or charac-
teristic of only a small proportion of elderly adults. For example, many
people automatically associate the later years with a nursing home, and yet
some statistics indicate that only about 4% of adults over the age of 65 reside
in such institutions (Kastenbaum & Candy, 1973). Similar misleading stereo-
types may also exist with respect to the behavioral and intellectual capacities
of older adults and thus considerable research is needed to obtain accurate,
factual information about this growing segment of the population.

Another major reason for devoting a substantial portion of one’s career to
the study of adult development is a desire to ““‘cure’ or “prevent”’ the debilities
associated with advanced age. Although a skeptic might suspect that investi-
gators pursue this goal for selfish reasons, it is more likely that they are
inspired by truly humanitarian concerns since most researchers feel that it is
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unrealistic to believe that knowledge will accumulate so rapidly that any
advances or developments could benefit the present generation. Nonetheless,
one can hope that each additional piece of information represents another
step towards a “‘solution” of the “problems” of aging.

A third reason for investigating psychological aging, and the one of primary
interest in this book, is a desire to determine the practical importance of aging
for functioning in contemporary society. As life expectancy increases and
birth rate decreases, it is quite predictable that the average age of the
population will increase. Yet, very little is known about the potential effects
of this shifting age structure. One of the key issues in assessing the impact of
an increasingly older population upon society concerns the ability of older
adults to contribute to their community and be self-supporting. The implica-
tions for future social policies differ greatly if it is concluded that increased
age is characterized by a progressive deterioration of nearly all job-relevant
abilities, compared to the conclusion that only sensory acuity and physical
strength decline substantially with normal aging. The accurate measurement
of changes associated with increased age is therefore essential for rational
decision making in the coming years. )

In order for this last reason to have much substance in the present context,
where much of our discussion will be based on the results of laboratory
experiments, it must be demonstrated that the activities in the experimental
psychology laboratory are actually relevant to an individual’s functioning in
the “real world.” Such a demonstration has, historically, not been of much
interest to experimental psychologists as many have tacitly accepted a distinc-
tion between rigor and relevance that is very misleading. Moreover, the
artificial nature of the tasks typically employed in psychological experiments
has led experimental psychologists to be somewhat defensive about the
importance of their work. Even the most seasoned psychological researchers
sometimes have doubts about the ultimate applicability of their investigations
of the speed with which a person can press a button in response to a light, or
the number of repetitions required to learn a list of syllables selected explicitly
to be devoid of meaning.

Fortunately for the self-esteem of experimental psychologists, as well as
the purposes of the present argument, some limited information is available
concerning age differences in professional achievement, industrial job perform-
ance, and automobile driving. While this work has not yet been explicitly
linked to the results of laboratory investigations, examination of the age
trends in these areas is useful in identifying some of the gross phenomena
which ultimately must be explained by research investigations in adult
cognition. This literature will therefore be briefly described in the following
sections to illustrate how the concerns of an experimental psychologist can be
relevant to the problems of aging in modern society. Further discussion of the
implications of the research findings in cognitive gerontology will be presented
in the final chapter.
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Professional Achievement

A remarkable assortment of data concerning the years at which individuals
in various fields achieve their maximal rates of productivity has been compiled
by Lehman (1953). The method was very similar in nearly all of Lehman’s
analyses. First he located one or more sources that identified major contri-
butions in a particular field. For example, in a scientific discipline he would
consult several written histories of that science. Next, the ages of the
contributors at the time of the contributions were determined, and tables
constructed to indicate the average number of contributions per individual
still alive at each age interval. And finally, the values for each age interval
were expressed as percentages of the maximum value across all age intervals.
It is worth noting that, if anything, this method would tend to underestimate
the contributions at young ages because of the inevitable time lag between the
initial accomplishment and its later recognition or publication.

Several age functions produced in this manner are illustrated in Figure 1.1
for what Lehman called Scientific fields. Similar functions for Medical fields
are portrayed in Figure 1.2. The striking feature of these graphs is that the
peak years for productivity occur between age 30 and 40 for nearly all fields,
astronomy being the single exception. It is also noteworthy that the rate of
achievement drops very rapidly, reaching about 50% of the maximum at
around age 50.

One explanation that has been suggested to account for the early peaks
and rapid declines of the functions shown in Figures 1.1 and 1.2 is that
scientists who make important contributions are likely to be channelled into
administrative or supervisory positions, and thus are likely to have less time
to make research contributions as they grow older. Lehman offered two
rebuttals to this argument. One is that the same general age trends are evident
in nonscientific fields such as the creative arts, and in miscellaneous activities
such as inventions, chess championships, and geographical discoveries (see
Figure 1.3). It seems doubtful that the same trend of advancing eminent
individuals out of their original area of expertise would be responsible for the
nearly identical functions within each of the fields portrayed in these figures.

Lehman also noted that there were different age functions for the highest
quality achievements and for achievements of lesser quality. Figure 1.4
illustrates this difference in the field of psychology. The function labeled
“Superior Contributions” represents 85 very distinguished contributions by
50 psychologists, while the function labeled “Lesser Contributions™ is based
on 4,687 contributions by 339 psychologists. The important point from this
figure is that the function for lesser contributions indicates that the individuals
do not stop contributing beyond the age of 40, it is just less likely that the
contributions beyond those years would be judged as “superior.” It still may
be that individuals invest less time and effort in projects after the age of 40,
but it appears not to be the case that they simply stop making contributions



4 1. Age and Its Research Significance

100 -

N

80

70

60

Percentage of Maximum

50

40

30

L ] I 1 | I
20 30 40 50 60 70

Age (Years)

Figure 1.1. Scientific contributions at various ages expressed as a percentage of the
maximum number of contributions across all ages. Numbers refer to different scientific
areas: 1 = Chemistry; 2 = Mathematics; 3 = Physics; and 4 = Astronomy. Data from
Lehman (1953).

because of changing interests or commitments. (See Lehman, 1958a, for a
more complete analysis of the difference between superior and lesser contri-
butions in the field of chemistry.)

The most impressive aspect of Lehman’s data is that the same general
pattern is evident in literally hundreds of analyses across many different areas
of endeavor. Regardless of the field, whether it be intellectual, literary, artistic,
or athletic, it appears that an individual’s most productive period is the
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Figure 1.2. Medical contributions at various ages expressed as a percentage of the
maximum number of contributions across all ages. Numbers refer to different medical
specialities: 1 = Bacteriology; 2 = Physiology; 3 = Pathology; 4 = Anatomy; and 5 =
Surgical Technique. Data from Lehman (1953).

decade of the 30s. People beyond the age of 40 still make over one-half of the
total contributions in any field, and this figure can be expected to increase as
average life span increases, but the greatest rate of achievement seems to
occur between the ages of 30 and 39.

An independent analysis of the mean age at which Nobel Prize awardees
did the work that led to recognition also found peaks in the late 30s and early
40s (Manniche & Falk, 1957), thus corroborating some of Lehman’s results.
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Figure 1.3. Miscellaneous Creative contributions at various ages expressed as a percent-
age of the maximum number of contributions across all ages. Numbers refer to different
fields: 1 = Music, German grand operas; 2 = Art, American sculpture; 3 = Literature,
German; 4 = Practical Inventions; and 5 = Chess Championships. Data from Lehman
(1953).

In view of the striking implications of these age trends, it is not surprising
that many objections have been raised concerning Lehman’s methods and
analyses. Two of the major criticisms, both initially raised by Dennis (1956,
1958), were anticipated in the 1953 book Age and Achievement and subse-
quently addressed in more detail in separate publications. The first concerned
the possibility that anthologists and historians might have had a bias against
the recognition of recent contributions such that analyses of at least contem-
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Figure 1.4. Superior and lesser contributions to Psychology at various ages expressed as
a percentage of the maximum number of contributions across all ages. The function
labeled I represents Superior Contributions, and the function labeled 2 Lesser Contri-
butions. Data from Lehman (1953).

porary figures would tend to underestimate productivity at later ages because
the contributions were more recent. However, in Age and Achievement and in
a later article (Lehman, 1962), Lehman reported that very similar age trends
were evident in present and past generations of scientists. This tends to
disconfirm the recency-bias hypothesis since the same age trends are appar-
ently evident even in much earlier generations of scientists, artists, scholars,
etc.

The second criticism dealt with the practice of combining data from persons
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of different longevities when there were many more people alive to make
contributions at younger ages. Separate analyses conducted on individuals of
comparable life spans in Age and Achievement and in a later article (Lehman,
1958b), revealed nearly the same trends as the other analyses, however, and
therefore this hypothesis also seems unlikely (but see Dennis, 1966, for further
discussion of this issue).

A more recent criticism was apparently not anticipated by Lehman, but it
too seems resolvable with his data. Cole (1979) argued that when the
population of potential contributors is expanding and analyses are based on
the percentage of individuals making specific contributions, it is more likely
that the younger people are making these contributions simply because there
are proportionally more of them. This reasoning is compelling if the rate of
increase in potential contributors is very large, since even with a constant
proportion of quality contributions per age decade, there would be a greater
absolute number in the total pool derived from the age group with the largest
number of individuals. A limitation of this argument is that one might
question whether such a rapid growth in the population of potential contrib-
utors occurred in: (a) all fields of endeavor ranging from art to chess to
literature to science; (b) all historical times from the 1600s to the present; and
(c) a wide variety of countries (Lehman, 1954).

Cole also presented data with a different measure of productivity, and
although dismissed as reflecting little or no age trend, they are actually quite
consistent with Lehman’s results. In analyzing the average number of publi-
cations by scientists of different ages, Cole found that the peak productive
periods were the ages 40 to 44, and that productivity declined to 77% in the
50s, and 60% in the 60s. The peak years are later and the decline is not as
steep as reported in most of Lehman’s analyses, but Cole’s results are based
upon less eminent contributions than those of Lehman and, as discussed
earlier, Lehman has found that lesser contributions are maintained better with
age than superior contributions. (Thorndike, Bregman, Tilton, & Woodyard,
1928, and Pelz & Andrews, 1966, also found later peaks and flatter decline
functions with measures of productivity that are likely to reflect less significant
products than those considered by Lehman.)

A longitudinal study of the productivity of mathematicians up to 25 years
after receiving their PhD was also reported by Cole (1979), with very little age
trend evident throughout the period examined. The contributions were of
unknown quality relative to the type chronicled by Lehman, and the age range
was only from about 25 to 55, but the absence of a decline would be
interesting if extended to a greater age range and confirmed in other fields. At
the present time the limited amount of data, relative to the amount indicating
a substantial decline, precludes considering these results as anything more
than suggestive.

There are undoubtedly many factors responsible for the age trends reported
by Lehman, and in fact he mentioned several in discussing his findings.
Reduced physical vigor, increased susceptibility to illness, lowered motivation,
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and less favorable opportunities for concentration were among the alternatives
to an age-related reduction in mental ability considered by Lehman. It is
almost certainly the case that the progressive changes in lifestyle that occur as
one grows older lead to more attention to practical concerns and less freedom
from outside distractions. Francis Bacon, the eminent British philospher and
politician, noted this tendency nearly 300 years ago in the following statement:

He that hath both wife and children hath given hostages to the future; for they are
impediments to great enterprises, either of virtue or mischief. (1620/1937, p. 21)

Despite the near certainty of a number of factors being involved in the age
pattern revealed in Lehman’s analyses, the remarkable similarity across the
many different fields, and the consistency over a historical period of more
than 200 years, suggests that some fundamental characteristic of adult
development may be playing a major role. Moreover, it seems likely that the
research activities of cognitive psychologists can eventually help to identify
this characteristic.

Industrial Work Performance

In view of the extensive age decrements in perceptual and cognitive tasks
reported in experimental investigations (to be discussed in later chapters), one
might expect to find a strong relationship between chronological age and job
performance in many work activities. Indeed, the existence of age differences
in nearly all measures of occupational aptitude from the General Aptitude
Test Battery (e.g., Fozard & Nuttall, 1971) might be interpreted as indicating
that older adults are not suitable for any meaningful employment. However,
such a conclusion would obviously be absurd in view of the large numbers of
successfully employed older adults. Furthermore, the meager evidence avail-
able on industrial job performance does not reveal large age differences (see
Arvey & Mussio, 1973; Breen & Spaeth, 1960; Clay, 1956a; King, 1956;
Kutscher & Walker, 1960; McFarland & O’Doherty, 1959; Walker, 1964),
except in situations where time pressures are present (e.g., DelLaMarre &
Shepard, 1958; Mark, 1956, 1957). Workers in their 50s and 60s therefore
seem to be just as productive in most jobs as workers in their 20s and 30s.

While the finding that there are little or no age differences in industrial
performance might be considered encouraging, one should be cautious about
the premature acceptance of this finding. For example, one hypothesis that
could account for the lack of an age relationship in industrial tasks is that
many older individuals might have left jobs which placed heavy demands
upon their declining capacities. In fact, Welford (1958) has claimed that: “The
most reliable criterion of difficulty for older people at a job is that substantial
numbers leave at a relatively early age” (p. 59). The older workers remaining
on a particular job may therefore be highly selected and much less represen-
tative of their age group than younger workers.
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If this interpretation of the absence of an age difference in measures of
industrial productivity is correct, one would expect to find skewed age
distributions of workers on jobs with requirements that exceeded the abilities
of older workers. That is, there should be relatively fewer older individuals in
jobs that are physically or mentally taxing compared to those that make
minimal demands on the worker. Evidence for precisely such a skewed age
distribution has been reported by Shooter and Belbin in a study described by
Welford (1958). These investigators found a striking difference in the age
distributions between jobs that involved some type of time stress (e.g.,
mechanically paced work or piece-rate work) and jobs that did not involve
time stress. The most frequent age range in the time-stress jobs was 31-35 for
males and 26-30 for females, while the greatest number of workers in jobs
without time stress was in the age range 46-50 for both males and females.
The identification of time stress as a major factor in the job difficulty of older
workers coincides quite well with the literature from laboratory studies
indicating that one of the greatest problems of advancing age is a slowing of
nearly all aspects of behavior.

A similar confirmation of laboratory findings in engineering and manufac-
turing industries has been reported by Murrell and his colleagues. Murrell,
Griew, and Tucker (1957) and Murrell and Griew (1958) reported consistent
age differences in certain jobs in these industries, and Murrell and Tucker
(1960) and Griew and Tucker (1958) found that the jobs with age differences
could be distinguished by characteristics predictable from laboratory results.
For example, Murrell and Tucker identified ‘“‘vision and perceptual-motor
coordination,” ‘“‘short-term memory,” and “ability to comprehend and trans-
late” as sources of difficulty in jobs with few older workers, and age-related
declines in these abilities have been reported in laboratory studies described
by Welford (1958).

Skewed age distributions are also evident in other jobs (e.g., professional
athletes, air traffic controllers, etc.), but large-scale meta-analyses combining
activities with similar components to rule out idiosyncratic aspects of partic-
ular jobs have not yet been conducted. However, a reasonable conclusion
based on the existing evidence is that the laboratory discoveries of declining
capacities with increased age do have their counterparts in actual work
situations. Moreover, it is important to note that the age trends are often
apparent as early as the 30s and 40s and do not appear only when the
individual is near the age of normal retirement. The “problems of aging” are
therefore best conceptualized as beginning at maturity, i.e., between the ages
of 25 and 45, rather than at the period conventionally considered to represent
the beginning of old age, i.e., age 65.

Before leaving the topic of age and work it is important to correct the
impression that may have been conveyed from the preceding discussion that
older individuals are invariably a burden, always draining from rather than
contributing to the work force. First, it is important to realize that age trends
are all based on average results and that the effects of aging are highly
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individual. Because many older workers may outperform the majority of
younger workers it is simply not feasible to attempt to predict the performance
of a particular individual on the basis of chronological age alone.

And secondly, in many fields on-the-job experience is much more important
than perceptual, motor, or cognitive ability, and increased experience is
almost inevitably associated with more advanced age. Indeed, several studies
have reported little or no age differences in comparisons of experienced
workers despite the existence of sizable age differences between inexperienced
young and old adults (e.g., Murrell & Edwards, 1963; Murrell & Forsaith,
1960; Murrell & Humphries, 1978; Murrell, Powesland, & Forsaith, 1962).
Maher (1955) has reported that older salesmen are rated higher in knowledge
of the product than young salesmen, but in other fields it is not yet clear how
the greater experience contributes to improved performance. Nonetheless, it
seems indisputable that at least in some cases sheer experience can more than
compensate for any declining ability associated with increased age.

A third positive aspect of older workers is that the older segment of the
working population can make a unique contribution as a direct consequence
of their declining capacities. Griew (1959a), Murrell (1962), and Welford
(1962) have all noted that in some situations older workers can serve as a test
population to determine which aspects of a job or work situation are
particularly stressful. The reasoning is that an older worker generally fails at
a specific task because the requirements of the task exceed his or her capacities,
and when such failure occurs the task is probably close to reaching the limits
of the younger worker. Redesign of the job or work environment to fit within
the capacities of the older worker will therefore result in an improved work
situation for workers of all ages. The following anecdote, attributed to
Kleemeier by Griew (1959a), further illustrates this type of unintentional
benefit. An enthusiastic, well-meaning geriatric specialist was instructing an
architect on the need to design houses for old people with warm and resilient
floors when the architect replied: “And for whom, Sir, should I build them
cold and hard?” The point, of course, is that any improvement that would
benefit the older individual would probably also be appreciated by younger
individuals. Older workers are simply in a better position, precisely because
of their diminished capacities and abilities, to identify aspects of a job or
work situation that can be modified or eliminated.

Automobile Driving

The activity of driving an automobile is very common in modern society
and yet the findings from laboratory experiments would lead one to expect
that adults would find it increasingly more difficult to drive as they grow
older. Specific results will be described in later chapters, but for the present
we can summarize the findings by simply stating that sizable age differences
have been reported in a variety of abilities presumed to be relevant to driving
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skill, e.g., vision (both light detection and pattern discrimination), motion
judgment, speed of perception, speed of response, and short-term memory.
Although these deficiencies might not be evident in normal driving conditions
that do not tax a driver to the limit of his or her capacities, when the older
person’s capacities are exceeded the consequences can be disastrous accidents
that are extremely costly both in terms of lives and money.

Statistics on accident rates as a function of the driver’s age are confusing
as some figures indicate that accident rate decreases continuously from age
25, whereas others indicate that accident rate decreases until about the age of
50 and then begins to increase again. There are probably many reasons for
the confusion among the various measures of accident rate, but one of the
most important is that individuals of different ages do not drive the same
amount and thus the accident rate expressed simply in terms of the number
of licensed drivers is misleading (Planek & Fowler, 1971). DeSilva (1938),
Marsh (1960), and McFarland, Tune, and Welford (1964) all report that the
accident rate expressed in terms of the amount of miles driven begins to
increase between the ages of 45 and 60 such that the older driver’s accident
record is nearly as bad as that of the very young driver. Moreover, even these
figures may be underestimates of actual driving ability as it has been found
that the type, as well as the amount, of driving differs across age groups
(Planek & Fowler, 1971). Older drivers drive less during peak traffic periods
and at night when the chances of an accident may be greater. It is also
possible that the worst drivers among the older age groups, because of their
longer period of exposure, have been removed from the driving population
because of an excessive number of violations or involvement in a fatal
accident. Taken together, the preceding comments suggest that, in accordance
with the expectations from laboratory experiments, the probability of accident
involvement increases with increased age beyond the age of approximately 40
or 50.

The types of accidents most prevalent in different age groups are also
consistent with speculations from laboratory research. McFarland et al. (1964)
report that drivers under the age of 25 are most frequently involved in
accidents in which excessive speed, fatigue, or driving on the wrong side of
the road were major factors, while drivers 65 and over were more often
involved in accidents caused by improper lane changes or turning, failure to
yield right-of-way, and ignoring traffic signals. In accord with the laboratory
conclusions that age is associated with a widespread behavioral slowing,
McFarland et al. (1964), Planek and Fowler (1971), and Planek (1974) have
speculated that many of these accidents of elderly drivers are caused by the
inability of the older adults to maintain the rapid pace of information
processing required by modern driving. Moreover, McFarland, Moseley, and
Fisher (1954) point out that the anxiety produced by the older individual’s
awareness (or fear) of his or her declining abilities may exacerbate the driving
impairments.
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The problems of the older driver actually extend beyond the driver and his
or her passengers as the characteristics of the older driver (e.g., slow speed
often impeding the flow of traffic, hesitant actions, improper signalling, etc.)
may precipitate accidents in which the older driver does not actually partici-
pate. Reduced capacities associated with increasing age may therefore affect
everyone, and not merely those currently of advanced age.

An Important Cautionary Note

The preceding three sections have stressed aspects of extralaboratory
behavior that exhibit age differences in favor of younger adults. Perhaps even
more remarkable in light of the dramatic age differences reported in laboratory
studies is the apparent absence of age differences in many activities. Murrell
(1965) expressed this view in the following fashion:

Anyone reading the results of the laboratory experiments could be forgiven for
imagining that any person who achieves the age of fifty will have become a slow,
forgetful, half-blind, half-deaf, palsied character of little use in industry. In fact,
many older men and women hold down jobs with complete satisfaction to their
employer. This does not mean that the experimental findings are fallacious. The
apparent anomaly seems to derive from the use in the laboratory of subjects who
are naive in the practice of the particular faculty which is being tested. (1965, p. 449)

As Murrell notes, the discrepancy between what might be expected on the
basis of laboratory results and what is often observed in older individuals is
probably attributable to greater experience of older adults relative to young
adults. Cognitive psychologists are just beginning to explore the role of
experience in skilled activities, but there is already growing awareness that
results from unpracticed laboratory tasks may have very limited generaliza-
bility to real-world activities. Nowhere is this generalizability problem more
severe than in the field of adult development since amount of experience is
generally positively correlated with increased age. The challenge for research-
ers in adult cognition, therefore, is to determine which basic abilities are
negatively affected by increasing age, and then to identify the possible
compensatory role of experience in allowing maintenance of molar behavior
despite declines in component abilities.

In the following chapters we will attempt to identify abilities that are and
are not affected by increased age during adulthood, and also strive to specify
some of the mechanisms responsible for these changing abilities. Because of
the unknown contribution of actual experience, we may not find that all
deficits isolated in the laboratory have their counterparts in ‘‘real” life.
Nevertheless, the laboratory investigations are important if for no other
reason than to establish the baseline against which the contributions of
experience can be evaluated.
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Functional Age

One specific way in which the transition from laboratory to life might be
more direct and obvious is in the development of a test battery to assess
“functional age.” The term “functional age” was apparently first used by
McFarland (1953) in a discussion of the need to consider ability to perform
the required duties rather than mere chronological age in the evaluation of
workers. Although the notion of a functional age test battery has frequently
been discussed (e.g., Comfort, 1969; Fozard, 1972; Kaplan, 1951; McFarland,
1973; Nuttall, 1972), only a few large-scale studies have actually been reported.
Perhaps the first study of this type was conducted by Glanzer, Glaser, and
Richlin (1958) in which 14 intellectual and perceptual tests were administered
to over 500 pilots and other aircraft personnel ranging from 21 to 50 years of
age. More recently, Dirken (1972) summarized the results from a study of 316
Dutch workers administered a number of physiological and psychological
tests, and Heron and Chown (1967) reported the results of a battery of
psychological, physical, physiological, and sensory tests given to 540 British
adults between the ages of 20 and 79. Szafran (1968) also administered a
battery of physiological and psychological tests to several hundred profes-
sional pilots. None of the studies carried the project to the stage of examining
the relationship between the functional age measures and occupational pro-
ductivity or performance.

The basic idea behind the functional age concept is to substitute measures
indicating the individual’s potential for functioning for the variable of
chronological age. Chronological age as a classification criterion has been
criticized on three grounds. The first, and most important, criticism is that
individuals age at different rates and that this individual variation is ignored
by the chronological age variable. Since the variability across individuals
often increases with age, the chronological age variable may actually be less
useful for prediction in the very region of the life span where it is most often
relied upon.

The second and third objections concern measurement implications of the
chronological age scale, and although seldom explicitly stated, they nonethe-
less appear to be implicit in many arguments concerning functional age. The
second objection is that chronological age, being unidimensional, implies that
all aspects of the individual age at the same rate. In other words, knowledge
of one’s chronological age should be as informative about an individual’s
decision-making capability as, say, his or her sensory capacities and physical
strength. However, evidence of much more rapid age declines in sensory and
motor abilities compared to some intellectual and cognitive abilities seems to
challenge the validity of this notion.

The third objection is that the interval properties of chronological age lead
to a given number of years being assigned the same ‘“meaning” throughout
the age scale. That is, the interval between the ages of 43 and 44 is accorded
the same status as the interval between the ages of, for example, 0 and 1, even
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though the latter interval undoubtedly is a period of greater psychological
and biological change than the former interval.

The solution to these problems, according to advocates of the functional
age notion, is to replace chronological age with an index representing an
individual’s relative standing on several measures of performance. It is clear
that a performance-based index would be more sensitive to individual differ-
ences, and thus should lead to greater predictability, than the chronological
age measure. Individuals assigned the same functional age would, by defini-
tion, possess equivalent skills and abilities even though their chronological
ages might vary considerably. Moreover, the units on the functional age scale
would be inherently meaningful since they would be expressed in terms of
units presumably closely related to performance potential.

The utilization of a relevant functional age assessment would seem to offer
definite advantages over the chronological age criterion. Not only could
employment and retirement decisions be based on a more rational effective-
ability basis, but costly legal suits concerning age discrimination could also be
avoided. In this latter connection it is interesting to note Fozard and Popkin’s
(1978, p. 986) comment that:

. experience . .. in providing expert testimony regarding abilities and age has
resulted in our belief that if a fraction of the money typically spent in court
proceedings were spent on applied studies relating measured aptitude to job success,
it would in most cases obviate the necessity of the court proceedings in the first
place.

Despite the advantages described above, and the general desirability of
obtaining an index that has better predictive power than chronological age,
functional age measurement will probably not achieve the status that some of
its early advocates would have desired. The major problem with the functional
age concept is that it, like the chronological age variable it was intended to
replace, is a single, unidimensional index that implies related patterns of
growth or decline for all abilities and capacities. If mental and physical
changes occur independently of one another, no single measure will be very
useful for characterizing all aging changes, even if it is based on actual
measurement of function. It is also worth noting that to the extent that the
various measures contributing to the functional age index are all highly
correlated with one another they are redundant, and a single variable might
serve as well as a complete battery of variables. This single measure could still
be considered an index of functional age, but the available evidence argues
against the concept of a universal aging process that produces equivalent rates
of change in all abilities.

A related problem with the functional age concept is that different jobs
require quite different skills and capacities, and in order for the functional
age measurement to be useful the functions must be fairly specific to the job
of interest. Indeed, the optimum measure for maximum validity would be
actual job performance in order to allow strategies of compensation to be
fully employed. However, this implies that no single functional age index can
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be effective in more than a few related contexts. For example, the criteria
used to make a functional age assessment in the field of professional athletics
would probably not be relevant in distinguishing among college professors,
and supreme court justices would undoubtedly object to being evaluated with
the same criteria used to evaluate candidates for womb implants in the role
of a surrogate mother. While these examples are somewhat farfetched, the
enormous diversity of occupational requirements does make it unlikely that
any single measure could ever be of much general value.

A much more reasonable approach advocated by Heron and Chown (1967),
although still not free of all of the problems discussed above, is to utilize a
functional age profile rather than a single functional age index. An individual’s
relative position can be determined on a number of variables with reasonably
general relevance and “‘each function can then be considered separately and
in relation to the objects for which an assessment of the individual is being
made” (Heron & Chown, 1967, p. 141). The use of a multidimensional profile
rather than a unidimensional index thus has the advantage of minimizing the
tendency to assume that an individual can be accurately described with a
single number.

It is in this regard that an analysis of laboratory-based findings concerning
age-ability relationships will likely prove useful. Only after the laboratory
results have been carefully examined and reliable findings identified can one
begin to construct a reasonable functional age battery. Most of the chapters
that follow attempt to determine the influence of adult age in a range of
abilities; further speculations about the feasibility of a functional age battery
are contained in the final chapter.

Summary

Regardless of whether one studies psychological aging for what might be
characterized as intellectual, humanitarian, or practical reasons, it is obvious
that considerable amounts of accurate information about age differences in
behavior are necessary.

A brief examination of age relationships in professional achievement,
industrial work performance, and automobile driving revealed that there are
sizable age differences in many “real-world” activities. Although most of the
research to be discussed throughout this book was conducted in laboratory
settings, the evidence suggests that many of the results from laboratory
experiments have counterparts in extralaboratory phenomena. In fact, despite
the compensatory role of experience, it is possible that a fair percentage of
daily activities are affected by the type of ability decrements investigated by
cognitive psychologists interested in aging. To take just one example, the
laboratory findings indicating that older adults have difficulty with rapidly
paced stimulus presentations could be interpreted as suggesting that older
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individuals are less able to follow and comprehend messages on radio and
television. This implication has not yet been directly tested, but Phillips and
Sternthal (1977) have used this argument in recommending that advertisers
attempting to reach older populations avoid the externally paced electronic
media, in favor of such advertising outlets as newspapers and magazines that
permit the individual to examine material at one’s own pace. While some
cognitive psychologists might be reluctant to generalize their results to such
“real-world” situations at the present time, it seems indisputable that many
of the activities in the cognitive psychology laboratory are relevant to daily
experience. It is sometimes difficult to see the overall significance of particular
results when one gets immersed in a specific topic, but a global perspective
such as that attempted in this chapter usually allows one to determine the
pertinence of even the most esoteric research.

Two themes that will persist throughout the book make their first appear-
ance in this chapter. The first is that aging is a very broad phenomenon
starting at early maturity rather than at late middle-age as is popularly
assumed. Unlike other treatises in adult development, the perspective in this
book is that aging is a continuous process that characterizes the ages from
about 25 on, and not just the period from age 65 to death. In fact, very little
attention will be devoted to ages beyond about 70 to 75 in the subsequent
chapters because of the difficulty of studying ‘“‘normal aging,” independent of
disease, in very old adults.

The second theme that will be evident in later chapters is that investigation
of adult development is plagued by a large number of methodological
difficulties and thus an open, flexible approach is required of researchers in
this field. Some of these problems were evident in the discussion of research
in the areas of work performance and automobile driving, and alternative
dependent variables were found to support the hypotheses, despite initially
negative evidence. Good research in developmental psychology, even more
than is the case in other areas of behavioral science, seems to demand high
levels of methodological sophistication and theoretical ingenuity. While not
guaranteed to produce sophistication and ingenuity, the following two chap-
ters at least provide a general introduction to the major issues in adult
developmental methodology and theorizing.
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[t is convenient to introduce the topic of methodology with a concrete, but
fictitious, example. We will consider the perspective of a 20-year-old female in
the year 1984 who has a desire to find out how she will be different when she
is 70 years old, in the year 2034.

One approach the girl might take would be to compare her status to the
current status of her grandmother, who is now 70 years old. The grandmother
differs from the girl by the appropriate number of years and therefore she
might provide a relevant “mirror into the future.” However, it is obvious that
the grandmother differs from the girl in many respects other than age, and it
is possible that one or more of these other differences may distort the “future
reflection.” For example, the grandmother as a child did not have the
opportunity to watch educational television, participate in organized athletic
competition, or eat in fast food restaurants, but she could have attended a
one-room school, seen the first cross-country airplane flight, or cooked on a
wood-burning stove. To the extent that any of these cultural or generational
differences influence the variable of interest, this cross-sectional comparison
of individuals from different age groups at the same point in time may be
limited in its ability to predict future age effects. In other words, with this
method it is impossible to be certain that the differences between the girl and
the grandmother were actually caused by increased age, or were simply the
result of different experiences that have accumulated over the years.

A second approach the girl might take to anticipate the effects of aging in
her own life is to compare the present status of her grandmother, at age 70,
with her grandmother’s status at age 20, in the year 1934, Obtaining accurate
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information over a 50-year span may be quite difficult, but only with such
information can the girl examine the changes that occurred in the same person
over a period of 50 years. These age changes could then be projected into the
girl’s own life after an initial adjustment is made for the differences apparent
between the grandmother at age 20 and the girl at the present time.

Although the second approach seems to provide a reasonable basis for
prediction, this type of longitudinal comparison of the same individual over
an extended period of time is contaminated by cultural and generational
factors in the same manner as the cross-sectional comparison. The problem
is that while the grandmother was growing older, from 1934 to 1984, other
things in society and culture were also changing that could have contributed
to her present status. It is therefore impossible to assume that the changes
that occurred to the grandmother between 1934 and 1984 will be identical, or
even similar, to the changes that will occur to the girl between 1984 and 2034.
Medical advances might lead to the prevention of nearly all diseases, inventions
might be introduced to eliminate all manual work, or the fountain of youth
might finally be discovered and duplicated for distribution throughout the
world. Any of these, or a multitude of other factors, that influence the variable
of interest could lead to the changes experienced by the girl between 1984 and
2034 being quite different from the changes experienced by the grandmother
between 1934 and 1984.

This brief introduction to the two major research designs in developmental
psychology illustrates the general procedures, and some of the difficulties,
associated with each design. The remainder of this chapter further examines
the major advantages and disadvantages of the traditional cross-sectional and
longitudinal developmental research designs, and also a variety of other
methodological issues that are necessary to consider when attempting to
understand and evaluate human aging research.

Traditional Research Designs

A cross-sectional design is one in which individuals from different ages are
compared at the same point in time. This is probably the most popular
developmental research design because it is a relatively rapid method for
determining age differences. Individuals of different ages are compared at the
same point in time, and thus the delay between the formulation of the research
question and the availability of the results is determined solely by the time
required to obtain measurements from all individuals.

The major disadvantage of the cross-sectional design is that because the
individuals of different ages grew up during different periods of time, it is
highly likely that they differ in many respects besides age. These generation-
specific experiences will be discussed in further detail under the topic of effects
of environmental change.
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Another problem with the cross-sectional research method is that it is often
very difficult to obtain representative samples of individuals from each age
group. To the extent that different age samples are not equally representative
of their age group it is impossible to separate the effects of age from the
effects of representativeness. For example, if a group of college athletes is
compared against a group of sedentary 50-year-old office workers on a
measure of physical coordination, one should obviously not attribute all
differences between the groups to the effects of increased age. The college
athletes are undoubtedly more coordinated than the average young adult and
thus the sample is not representative of the population of young adults. The
office workers may be more representative of their age group, but because
they are not highly selected in the same fashion as the young athletes the
difference in representativeness contaminates, or is confounded with, the
difference in age. The difficulty of obtaining equivalent, unbiased, samples in
each age group is a potential problem in nearly all cross-sectional studies.

Longitudinal research designs, in which the same individuals are tested
over an extensive period of time, have two major advantages. Clearly the
most important is that only with the longitudinal method can individual aging
trends be investigated. If it is suspected that individuals differ in their rate or
pattern of aging, perhaps because of their genetic background or for other
reasons, it is necessary to use a design that allows the same individuals to be
followed throughout their lifetime. For many questions, therefore, the longi-
tudinal design may be the only suitable method.

The second advantage often attributed to the longitudinal method is an
increased sensitivity for testing age differences because of the greater statistical
power when the same individuals are used in all comparison groups. That is,
since identical individuals are examined at all ages there is no extraneous
individual difference variation to complicate the interpretation of any age
differences that might be observed. However, this particular advantage is
probably only important when a variable is being investigated that is suspected
to have very small age influences.

By far, the greatest drawback of the longitudinal method is the very long
time period required to obtain a complete set of observations. The fact that
the individuals being investigated have approximately the same life span as
the investigator makes it very difficult for a single researcher to carry out
longitudinal research. It is more feasible with lower animals that have a short
life span, or even with children where the period of interest is only five or ten
years, but in the field of human aging the longitudinal method is often
impractical because of the tremendous time period involved.

Related to the problem of the extreme time commitments required of
longitudinal designs are the disadvantages of expense and inflexibility. Expense
is self-explanatory in that some long-term assurance of funds is necessary to
carry out an extended longitudinal study. Money for research is often
considered difficult to obtain for short-term projects; it is nearly impossible to
obtain a guarantee of money for a period extending 20-50 years into the
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future. Inflexibility is a disadvantage since once the study begins the investi-
gator is obligated to continue with the original procedures even though they
may become outmoded or obsolete. That experimental tasks and tests do
become obsolete and unpopular is evidenced by the observation that very few
of the tasks or tests utilized 50, or even 25, years ago are still employed in
contemporary research. As methodology becomes more sophisticated and
theoretical perspectives evolve, it is natural to expect that the “tools” of the
research psychologist will change. However, it is essential that exactly the
same tasks and tests be utilized in all measurement periods in a longitudinal
design even if they have been generally abandoned for one reason or another.

Another major problem associated with longitudinal research designs is
that it is often difficult to obtain individuals willing to participate in a long-
term project, and those who are willing may not be representative of the
population of interest. Moreover, even if a representative sample is available
initially, some individuals may drop out of the study and those that remain
may no longer be representative.

Still another disadvantage of the longitudinal method is the confounding
of age and test sophistication, or the amount of specific practice and general
familiarity with the experimenter and the testing situation. As the participants
in a longitudinal study grow older, they also receive more testing experience
and thus any changes observed might be attributable to the effects of prior
testing experience rather than to age itself.

As indicated earlier, the longitudinal method also suffers from the problem
of separating the effects of age from the effects of societal and cultural change
in much the same manner as the cross-sectional method. Any “environmental”
events occurring between the first and subsequent measurement periods may
have contributed to the differences that were observed, and the basic research
design does not allow the sources of the differences to be distinguished.

The major advantages and disadvantages of the two techniques are sum-
marized in Table 2.1. Based on a simple comparison of the number of
disadvantages associated with each method, and perhaps more importantly
the time advantage of the cross-sectional method, one might expect the cross-
sectional method to be more popular with researchers than the longitudinal
method. This is indeed the case as a recent survey of publications over a 12-
year period which appeared in the Journal of Gerontology revealed that studies
with cross-sectional designs were reported seven times more frequently than
studies with longitudinal designs (Abrahams, Hoyer, Elias, & Bradigan, 1975).

Of much greater significance than their relative frequencies is the compar-
ability of results from the two types of research design. Ideally one would
hope that the cross-sectional and longitudinal methods would yield roughly
equivalent results. In the event that findings from the two methods are
inconsistent, however, explanations would be required to account for the
discrepancy. It is therefore useful to reexamine the methods with the goal of
identifying characteristics that might account for divergent results being
produced by cross-sectional and longitudinal methods.
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Table 2.1 Major Advantages and Disadvantages of Traditional Developmental

Research Designs

Design

Advantages

Disadvantages

Cross-Sectional

Quick data collection

Different environmental
exposure at various
ages

Difficulty to obtain
equally representative
samples in all age
groups

Longitudinal Individual trends can be Time-consuming
investigated Expensive
Increased statistical Methods may become
power obsolete

Participants may not be
representative of
population

Selective attrition may
bias results

Increased age associated
with increased test
experience

Increased age associated
with more recent
environmental
exposure

One of the clearest differences between the cross-sectional and longitudinal
research designs is the amount of testing experience received by the research
participants. Participants in a cross-sectional study are tested only once, while
those in a longitudinal study are tested at least twice, and often considerably
more frequently. If there is any practice or learning effect associated with
prior testing, therefore, it would be a factor only in the longitudinal design.
It is important to note that the carry-over effects across successive test sessions
may be quite subtle, in the form of sensitizing the participant to particular
types of information or problems, and need not involve the retention of
specific test questions or answers. The repeated testing effects of the longitu-
dinal design may therefore be difficult to detect in many situations, and yet
the possibility of an influence of this type cannot be ignored.

Related to the increased sophistication of the participants is the likelihood
of a change in the behavior of the experimenter(s) across successive longitu-
dinal testings. It is possible that experimenters change in subtle ways as a
consequence of becoming aware of the results from prior testing sessions. If
such an experimenter change does occur, it would probably exert a larger
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effect in longitudinal studies than in cross-sectional studies because the greater
interval between testing allows more opportunity for the investigator to
become influenced by knowledge of the outcome of prior testing.

A third difference between the two designs is that it is generally more
difficult to obtain a representative sample with a longitudinal design. People
are frequently willing to participate in a short-term project, where the total
time commitment is one or two hours, but are often reluctant to participate
in a project extending for years into the future. Moreover, some of the
individuals who do agree to participate in the longitudinal study may later
drop out of the study for one reason or another such that the final sample is
even less representative of the parent population than the initial sample.
Different trends with the cross-sectional and longitudinal methods might thus
be due to the longitudinal study containing a more highly selected sample of
individuals, either initially or after attrition, than the cross-sectional study.

Another factor that might lead to differences between a cross-sectional and
a longitudinal study is noncomparable samples in the various age groups in
a cross-sectional study. The same individuals serve in all age groups in the
longitudinal method, but different individuals are used in each age group in
the cross-sectional method. If the participants in the various age groups in the
cross-sectional study differ systematically on some variable related to the
dependent measure, the results from the cross-sectional study will not be true
age differences and hence will not yield the same age trends as a longitudinal
study.

The factor most often assumed to be responsible for discrepancies between
cross-sectional and longitudinal methods is a differential impact of physical
and social environmental change across the two methods. Because the cross-
sectional design involves different individuals in the various age groups, all of
whom are tested at the same point in time and consequently had different
physical and cultural environments during their “critical” childhood and
adolescent years, it might be suspected that the effects of changes in society
and culture are greater in cross-sectional studies than in longitudinal ones.

Notice, however, that while the longitudinal design controls for environ-
mental effects during the preadult years, it does not control for environmental
effects in the pretest years. Consider a longitudinal study initiated in 1935
when all participants were between 15 and 20 years of age. Subsequent tests
in 1945, 1955, 1965, and 1975 will be “‘pure” with respect to the environmental
effects occurring in the first 20 years of life since all participants grew up
between 1915 and 1940. However these tests are ‘““‘contaminated’ with respect
to the environmental effects occurring in the years immediately preceding each
test. The test for 15- to 20-year-olds was administered in the depths of the
depression, that for the 25- to 30-year-olds was administered in the midst of
a world war, etc. This latter environmental effect is controlled by the cross-
sectional method since the participants are all tested at the same point in
time, but the former, childhood environment effect, is uncontrolled. Discrep-
ancies between the cross-sectional and longitudinal methods might therefore
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be caused by a differential importance of early, versus recent, environmental
change.

This point about the influence of environmental change on longitudinal
studies has been made before (e.g., Kuhlen, 1963; Lorge, 1957; Owens, 1966;
Schaie, 1972; Wechsler, 1958), but it still has not been widely recognized. It
is interesting that the longitudinal method, by controlling childhood environ-
ment at the expense of adult environment, implicitly assumes that learning
(i.e., the influence of the environment on the individual) is less effective during
adulthood than in childhood, a proposition that remains one of the funda-
mental research questions in adult cognition.

This concludes the discussion of the two traditional developmental research
designs. We have seen that although the methods seem simple, the first
impression is quite deceptive as each method has a number of severe
disadvantages. Because neither method is completely satisfactory it is often
suggested that both methods be utilized in order to compare the results
obtained with the two types of designs. If there is little or no difference
between the results obtained from the two methods, then one would be
justified in having great confidence in the validity of the results. On the other
hand, if discrepancies are observed then the investigator can examine the
procedural differences between the two methods in order to identify the
principle factors responsible.

The environmental change factor is of such potential importance in
interpreting the results from both cross-sectional and longitudinal studies, as
well as in evaluating any disparities between studies utilizing different designs,
that it is the subject of extensive discussion in the next section.

Environmental Change Effects

The issue of the role of environmental change factors in adult development
can be considered to be another variant of the nature-nurture, heredity-
environment controversy that is so pervasive in nearly all areas of psychology.
Since the nurturing environment is changing as the hereditary nature of the
individual evolves, it is often difficult to determine whether observed age
differences are not actually manifestations of environmental changes. The idea
that effects of environmental change had to be separated from the effects of
maturational change in interpreting age differences has been reintroduced
with different terminology a number of times over the past 40 years. Dewey
(1939) used the phrase ‘“‘economic, political and cultural contexts,” while
Kuhlen (1940) preferred the term ‘“‘social change,” Anastasi (1958) the term
“cultural change,” and Riegel (1965) ‘‘changing times.”

The term “‘cohort effects” was apparently introduced in this context by
Schaie (1965), but it has been used primarily as a synonym for generational
effects, and thus it tends to minimize the possibility of environmental change
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influences within a particular cohort or generation. The cohort terminology
is also inadequate because a cohort is not by itself an influence, but instead
is merely a vehicle by which other factors, such as environmental changes,
exert their effects over time. As Horn and Donaldson (1976) state:
...even if all age differences were shown unequivocally to indicate generational
differences . . . the differences would be no less real, and there would be no less need

to seek understanding of these differences in terms of factors of health and hygiene
and experience. . . . (1976, p. 707)

Schaie (1972) did provide one of the best definitions of these nonmatura-
tional effects in referring to them as ‘“‘a temporally unique generalized input
from the environment.” One of the advantages of this particular definition is
that it is broad enough to encompass aspects of the physical environment
such as ambient sound levels, concentration of chemical pollutants in the air
and water, climate, etc., as well as such social or cultural environmental
factors as education trends, nutrition habits, mass media characteristics,
availability of rapid transportation, public attitudes, etc.

The existence of environmental change factors has two important impli-
cations for research in adult development. The first is that any developmental
trend may be attributed to a maturational (i.e., intrinsic to the individual)
effect, or to an environmental (i.e., traceable to factors external to the
individual) effect. Unless independent evidence is available to rule out the
likelihood of environmental influences, the environmental change factor must
be considered as a serious alternative hypothesis to the hypothesis that the
source of the observed results is a maturational factor. In other words,
because chronological age is not the only variable that is different when
making age comparisons, it is impossible to be absolutely certain that the
results one observes are caused solely by the factor of increased age. Schaie
(1967) was therefore exaggerating only slightly in claiming that “Thus far it
seems just as likely that all which has been investigated refers to differences
among generations and thus in a changing society to differences which may
be as transient as any phase of that society” (p. 131).

The second implication of the existence of environmental change factors is
anticipated in the last segment of the above quote by Schaie (1967), and later
elaborated by Baltes and Labouvie (1973), Baltes and Schaie (1976), and
Willis and Baltes (1980). This concerns the lack of generalizability if all results
are specific to a particular physical or cultural context. As Dirken (1972)
stated in connection with the influence of environmental change factors in
functional age research: “Functional age can be no more than a comparison
of age norms at a particular moment in history, in a particular country, for
a particular age, and with but a limited period of validity” (p. 14). That is, to
the extent that developmental trends are relative to the conditions of the
physical and social environment peculiar to a particular time period, it will be
impossible to generalize any results to a different environmental context.

Moreover, since the social and physical environment is continuously
changing in unpredictable ways, even the abstraction of a “pure age” effect
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would not allow satisfactory prediction because aging always takes place in
some specific environment and the conditions of future environments cannot
be accurately anticipated. (It is interesting to note that Conrad, 1930,
recognized this problem many years ago in a discussion of the difficulty of
evaluating the future impact on specific test performance of new inventions
such as the radio!)

This argument, that the existence of substantial environmental change
effects may restrict one’s conclusions to a specific temporal-cultural context,
seems to deny the possibility of ever attaining a real science of adult
development. If all of our facts have to be revalidated after every change in
the physical or social environment, there would be little hope of ever
discovering truly general laws of human aging.

Fortunately we will see that the data indicate that this pessimism is not
fully justified, at least with respect to the type of variables of primary interest
to cognitive psychologists. It is undoubtedly the case that when environmental
change does have an effect, its magnitude varies substantially across dependent
variables. For instance, Botwinick (1978) noted that “‘social’ variables like
religious beliefs might be expected to be much more sensitive to cultural
change than would “biological’’ variables such as reaction time. Most cognitive
psychologists at the current time probably adhere to such an assumption and,
rightly or wrongly, tend to minimize the role of environmental change factors
in the interpretation of their resulits.

A Research Design Sensitive to Environmental Change

A research design that would allow independent assessment of the effects
of environmental change was first discussed by Anastasi (1958), and later
elaborated by Riegel (1965), Schaie (1965), and Baltes (1968). The basic idea
is to combine the data from two (or more) cross-sectional or longitudinal
studies conducted at different points in time. For example, let us assume that
a cross-sectional study was conducted in 1930 with groups of 20-year-olds
and 70-year-olds, and that another identical study was conducted in 1980 with
new samples of 20-year-olds and 70-year-olds. (The 70-year-olds in 1980 need
not be the same individuals who were the 20-year-olds in 1930; this is the
distinguishing characteristic of independent-sample or repeated-sample ver-
sions of this design.) Comparisons in either 1930 or 1980 between the 70-year-
olds and the 20-year-olds are, as was discussed earlier, confounded by a
mixture of maturational changes and environmental changes. However, an
estimate of the magnitude of environmental influences can be obtained by
comparing individuals of the same age tested at different points in time. For
example, the difference between the 20-year-olds tested in 1930 and the 20-
year-olds tested in 1980 is, if the procedures and measurement methods were
identical, an estimate of the effect of general environmental change during the



28 2. Methodological Issues

Table 2.2 Removing the Effects of Environmental Change

Year
1930 1980
A (20-year-olds) C (20-year-olds)
B (70-year-olds) D (70-year-olds)

Possible Influences

Comparisons Maturation Environmental Change
B versus A Yes Yes
D versus C Yes Yes
C versus A No Yes
D versus B No Yes
C versus B Yes Yes
D versus 4 Yes Yes

50-year period between 1930 and 1980. (See Table 2.2 for a summary of this
reasoning.)

If there is no difference between the measurements of individuals of the
same age at different periods of time one can assume that changes in the
environment had little or no influence on that particular dependent variable.
Under these circumstances the investigator is probably justified in interpreting
differences between age groups as being primarily determined by maturational
factors. That is, in the terminology of Table 2.2, both cross-sectional (e.g., D
vs. C) and longitudinal (e.g., D vs. 4) comparisons provide accurate estimates
of maturational effects if the time-lag difference (e.g., C vs. 4) is very small.

Interpretations are considerably more difficult if there is a difference as a
function of time of measurement in individuals of the same age. This outcome
would indicate that environmental change factors are important in influencing
the dependent variable, and therefore one could not attribute differences
between age groups solely to maturational processes. An estimate of the
maturational contribution might still be possible when environmental effects
cannot be ignored by adhering to the following procedure. First, the magni-
tude of the environmental change effect for the period of interest is obtained
by comparing the measurements of one age group at two different times, in
the manner described above. Next, the combined maturation-plus-environ-
ment effect is determined by contrasting the age groups at the most recent
measurement period. That is, the difference between 70-year-olds and 20-year-
olds in 1980 is assumed to be caused by both maturational and environmental
factors. Finally, the environmental change effect can be subtracted from the
maturation-plus-environment effect to obtain an estimate of only the matur-
ation contribution.
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Even this rather complicated approach has at least two important limita-
tions. The first is that if the environmental factors differentially influence some
age groups more than others environmental effects will have to be estimated
separately for each age group that is being evaluated. Thus, the difference
between 20-year-olds in 1980 and 20-year-olds in 1930 would estimate the
impact of environmental change in educational practices and other factors
influencing the first 20 years of life, but it would not provide comparable
information about changes in health practices, social services, or attitudes
that primarily affect older individuals. In order to obtain an estimate of this
type of age-specific environmental change it is necessary to compare 70-year-
olds in 1980 with 70-year-olds in 1930. The problem then arises as to which
environmental change estimate is to be subtracted to obtain a pure measure
of maturational effects. Subtracting the 20-year-old estimate essentially
equates the 20-year-olds and the 70-year-olds at age 20, but all environmental
changes that selectively influence the ages between 20 and 70 are ignored.
Subtracting the 70-year-old estimate seems more appropriate because it takes
into account the cumulative environmental change throughout the individual’s
life, but it fails to provide any period in which the age groups being compared
could be considered equivalent.

A second limitation of this approach to estimating the maturational
component is that because the environmental effects are always changing, the
generalized environmental input that is subtracted from the observed differ-
ences must correspond exactly to the time period separating the age groups.
In other words, it is feasible to subtract the 1930-1980 environmental change
effect from the 1980 comparison of 20-year-olds and 70-year-olds because the
50 years between 1930 and 1980 represent the actual years that the 70-year-
olds were in the environment between the ages of 20 and 70. However, it is
not legitimate to subtract the 1930-1980 environmental change effect from
the 1930 comparison of 20-year-olds and 70-year-olds unless one assumes, in
direct contradiction to the “temporally unique” premise of the environmental
change argument, that the period from 1880 to 1930 was essentially equivalent
to the period from 1930 to 1980.

The estimation of the contribution of environmental change is therefore
hampered by the fact that the change is unsystematic and cannot be easily
predicted. Indeed, Schaie (e.g., Schaie & Labouvie-Vief, 1974; Schaie, Labou-
vie, & Buech, 1973; Schaie & Strother, 1968a) has reported that the same
time period may exert a positive effect on some variables (e.g., vocabulary
and general information scores), and a negative effect on others (e.g.,
perceptual-motor speed). Another problem with estimating the magnitude of
the environmental change effect is in obtaining comparable intervals of time
for the environmental and maturational estimation periods. As Botwinick and
Arenberg (1976) and Adam (1977) have recently pointed out, the estimates
may be misleading if, for example, a 50-year maturational difference is
evaluated against a 7-year difference attributable to environmental change.

The preceding discussion indicates that the multiple or sequential (multiple
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cross-sectional) design is an improvement over traditional cross-sectional or
longitudinal designs in allowing more precise conclusions if: (a) there are no
differences as a function of time of measurement, indicating that the environ-
mental change contribution is negligible; or (b) very strong assumptions are
made concerning the systematic nature of environmental changes so that the
environmental factor can be subtracted out of the observed differences to
produce a net maturational effect.

It should perhaps be noted that in Schaie’s (1965) description of this
procedure, two additional research designs were also proposed to obtain
separate estimates of the effects of what he referred to as cohort and time-of-
measurement. It has since been convincingly argued (e.g., Adam, 1978; Baltes,
1968; Buss, 1973; 1979; Horn & Donaldson, 1976; Schaie & Baltes, 1975) that
time-of-measurement and cohort cannot be empirically distinguished and
hence that Schaie’s initial formulation was apparently unnecessarily compli-
cated. The sequential cross-sectional design described above therefore seems
to represent the current consensus on the best manner of dealing with
environmental change effects in a developmental study.

Although this combined design may be the best available method for
separating maturational and environmental determinants, it is not without
severe flaws. In fact, in combining features of the cross-sectional and longi-
tudinal designs it might appear that the sequential cross-sectional design has
retained nearly all of the disadvantages inherent in the original designs. As in
the cross-sectional design, the validity of any conclusions is heavily dependent
upon the various samples being equally representative of their parent popu-
lations, i.e., that age group at that particular time. In commmon with the
longitudinal design are the disadvantages of the long time period required
before complete observations are available, the expense associated with long-
term projects, and the problem of procedures becoming outmoded or obsolete.

Two variants of the design discussed above can occasionally be employed
to overcome some of these disadvantages. One alternative approach is to
compare cross-sectional samples at the same point in time from two or more
populations that are known to differ in important cultural characteristics. For
example, young and elderly adults in an urban, Western society could be
compared with young and elderly adults in a rural, undeveloped society. If
the differences between young and old adults are fairly similar in the two
societies, one could infer that the environmental factor probably does not
influence the developmental differences for that particular dependent variable.
Unfortunately, no simple interpretation is possible if the age trends are
different in the two societies.

The second alternative is to select a population whose environment has not
changed significantly for an extended period of time. This is probably feasible
only with very primitive societies or with lower animals, but the results from
a cross-sectional study with such a population could be important in providing
an accurate estimate of maturational effects uncontaminated by differential
environmental experiences.



Internal and External Validity 31

To many researchers the debate concerning the relative importance of
maturational and environmental factors is a rather esoteric and fruitless
controversy. One indication of this attitude is the nearly exclusive use in the
contemporary research literature of the phrase ‘“‘age differences’ rather than
““age changes.” Use of the former term connotes a recognition that nonma-
turational factors may be contributing to the results one observes, but with a
realization that the phenomena still require some type of explanation.

Internal and External Validity

Perhaps even more than in almost all other areas of science, investigators
in adult development must be sensitive to issues of internal and external
validity in designing and interpreting research. Internal validity refers to the
degree to which differences in the dependent variable may be attributable to
the independent variables of interest, rather than to irrelevant, extraneous
variables. High internal validity is therefore essential in order to make
meaningful statements about the results of any research project. External
validity refers to the degree of generalizability of the specific sample of
conditions, measures, and participants to the populations of interest. If the
results of an investigation are applicable only at a unique time or place, or
only with certain dependent variables, or only with a particular set of people,
they will not be generalizable and hence will have little or no value beyond
the specific situation in which the data were collected.

Many of the factors discussed in the preceding sections primarily affect
internal validity in that they tend to obscure the relationship between the
chronological age variable and the dependent variable of interest. However,
both internal and external validity could be influenced by the environmental
change factor since it could distort the relationship between age and the
dependent variable, and also restrict any generalizations to the particular
environmental context in which the observations were made. A number of
other factors of special significance to developmental researchers can also
affect both internal and external validity and thus they too must be considered
when designing, interpreting, or evaluating developmental research.

It is well accepted that the best assurance of external validity is random
selection of research participants, and that the best assurance of internal
validity is random assignment of participants to groups or conditions.
Unfortunately, neither of these techniques is possible for investigators in adult
development. Individuals might be selected randomly from a population, but
many will refuse to participate in a research project and the ones that do
participate may no longer constitute a random sample. And while it might be
possible for an investigator to induce rapid aging in a young individual by
chemical or electrical stimulation, it is currently beyond the powers of even
our most capable investigators to restore the youth of an older individual so
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that participants could be assigned to age groups on a random basis.
Researchers concerned with processes of aging must therefore rely on com-
promise techniques in the attempt to maximize internal and external validity.

Problems with Selection of Research Participants

The selection or procurement of individuals to participate in a develop-
mental research study involves a number of problems. First, because individ-
uals cannot be forced to participate in a project, there may be some selection
bias in that the volunteers who do participate may not be representative of
the total population. Any selection bias of this type may weaken the external
validity of the study.

Second, since volunteers are needed, investigators often attempt to recruit
participants from groups or institutions where there is the greatest likelihood
of obtaining volunteers. If the members of these groups or institutions are not
representative of the general population, results cannot be widely generalized
and thus the external validity is further reduced. Internal validity would also
be jeopardized if the various age samples are not obtained from the same
sources. For example, if young adults are recruited from college classrooms
while older adults are recruited from senior citizen clubs or retirement organ-
izations, the two age groups will differ in many ways other than age. If any
of these other factors is related to the measure of interest the age relationship
will be impossible to interpret because of low internal validity.

A third problem related to the previous one concerns the use of “‘subject
pools” with one or more age groups. It has long been common practice in
colleges and universities to encourage students to participate in research
projects for scientific, educational, monetary, or other reasons. In certain
research centers, it is also becoming popular to establish such ‘““subject pools”
with groups of middle-aged and elderly individuals. The problem with this
practice is that once an individual participates in a single project he or she is
no longer as representative of the population as before the participation. In
many cases the contamination caused by prior participation will be very slight
because quite different phenomena are being investigated in each participation.
Strictly speaking, however, external validity is reduced by utilizing individuals
who are known to have participated in one or more prior studies. Internal
validity could also be affected if one age group has received more prior
participation than another. This is often the case when college students serving
in several experiments as a course requirement are compared against typical
(i.e., first-time participant) older adults, or when older participants in a
longitudinal study are contrasted with naive young individuals.

In light of the difficulties associated with obtaining adequate samples of
individuals in different age ranges it is useful to list some of the successful
procurement techniques employed by earlier investigators. Certainly the most
common means of obtaining adult research volunteers has been to make
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contact with an existing organization such as a church, social group, or club,
and attempt to enlist the cooperation of the leaders. Some of the loyalty and
cooperative spirit associated with the group might then generalize to the
experimental situation. Moreover, when research funds are available for
compensating participants the groups can encourage research participation as
a fund-raising activity for the organization. The investigator should be aware,
however, of the possibility that individuals who join groups may be positively
selected and not representative of the general population.

Other recruitment strategies have been to request participation of members
of a family medical health plan (e.g., Schaie, 1958), borrowers from the Farm
Security Administration (e.g., Heston & Cannell, 1941), parents of elementary
school or college students (e.g., Christian & Paterson, 1936; Willoughby,
1927), individuals seeking aptitude information from a commercial career
counseling center (e.g., Trembly & O’Connor, 1966), or prison inmates (e.g.,
Corsini & Fassett, 1953; Demming & Pressey, 1957; Horn & Cattell, 1966,
1967; Horn, Donaldson, & Engstrom, 1981; Mursell, 1929; Thorndike et al.,
1928). Weisenburg, Roe, and McBride (1936) obtained participants from a
hospital population, arguing that in very few situations can one find such a
wide age range of individuals with relatively large amounts of free time.
Thorndike and Gallup (1944) were able to obtain an extremely representative
sample by incorporating their research questions into a national opinion poll.
A similar broad sample, although of uncertain representativeness, was ob-
tained by Broadbent and Gregory (1965) by using public television for the
presentation of their test material and having participants mail in their
responses.

One of the most unusual recruitment techniques was employed by Jones,
Conrad, and Horn (1928) who offered free movies to potential participants in
rural New England communities. The movies were thought to create an
atmosphere of goodwill and inspire a friendly cooperative attitude among the
participants.

The earliest recruitment technique, and still one with great potential, was
Galton’s (1885) testing of the visitors to an International Health Exhibition.
Galton was actually able to charge his participants for the opportunity to be
measured and evaluated, and while this might not work in current times, it
should still be possible to obtain large samples of individuals of a variety of
ages by recruiting from visitors to county and state fairs, conventions, or
large sporting events. Chapanis (1950) used this technique to collect visual
sensitivity data on 574 visitors to the Baltimore Sesquicentennial Exhibition.

Attempts to Artificially ‘“Equate” Age Groups

The difficulty of obtaining comparable groups of individuals in the various
age categories in a developmental study has already been discussed, and it
may very well be impossible to find individuals who differ from one another
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only on the basis of chronological age. Techniques of matching individuals in
the various groups on the basis of some criterion variable, or attempting post
hoc statistical equating procedures such as the analysis of covariance, are
frequently used to achieve equivalent groups. However, both techniques have
many problems of their own. One of the most serious of these problems is
that in our present state of knowledge it is nearly impossible to specify which
variables are relevant to other variables, and thus there is little justification
for selecting a particular variable as the matching or criterion variable.

Even after a relevant variable has been selected, the problems are still not
solved as it is possible that matching may actually reduce both external and
internal validity. For example, many aging studies have been reported in
which the investigator matched young and old research participants on the
basis of the number of years of education to avoid differential influence of
this factor on the dependent variable. However, since educational trends have
changed dramatically over the last 50-100 years, individuals with the same
level of education are probably not equally representative of their age groups.
An older adult with a college education is likely to have come from a
wealthier, more highly educated family than a young college graduate. The
technique of matching may therefore create differential representativeness in
the two age groups and impair both external validity, by making each sample
less representative of its parent population, and internal validity, by introduc-
ing a difference in representativeness that is confounded with the difference in
age. With some matching variables, e.g., amount of gray hair or smoothness
of skin, the process of matching might even result in the elimination of the
age effect because the matching variable is inherently associated with a basic
aging process.

There is also a statistical problem associated with the matching procedure.
If the matching variable is not highly correlated with the dependent variable
and individuals are selected from the extremes of each age group in order to
produce matched samples, the results may be susceptible to a statistical
regression artifact. This occurs because there is some error associated with
the initial assignment of individuals, and since they were selected from the
extremes of the distribution the error is most likely in the direction away
from the mean of the distribution. A second measurement of the matching
variable, or of the weakly correlated dependent variable, is therefore likely to
fall closer to the mean of its distribution than the original measurement.

An example will help clarify this issue. Let us assume that an investigator
matches young and old individuals on the basis of quickness of finger reaction
time, and then compares the two groups on a measure of memory ability. It
is probable that only the slowest of the tested young participants and the
fastest of the tested old participants were used in the matched sample because
it is generally reported that reaction time slows with increased age. Now if the
memory measure is only slightly correlated with the reaction time measure, it
is likely that the participants will not be perfectly classified with respect to
memory ability. Moreover, the expected effect of this error is to make
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subsequent measurements less extreme than the initial measurement. This will
cause the participants to be closer to the average of their respective distribu-
tions on the memory measure than they were on the reaction time measure.
That is, regression to the mean will lead to the young adults performing
higher than one might expect, and to the older adults performing lower than
one might expect, with the memory variable. The consequence of matching in
this case, therefore, might be to produce artificially large age differences even
if none really existed.

Health

Even with the best methodology it may be impossible to distinguish the
effects of some factors from the effects of normal aging. Health is one such
factor in that it is sometimes claimed that many of the effects attributed to
increased age are really caused by general or specific deterioration of health.
That health problems typically increase with increased age is indisputable.
One manifestation of these health problems, the percentage of people reporting
various types of health-related activity limitation, is illustrated in Table 2.3.
The increase in activity limitation parallels the rise in behavioral impairments
reported in a variety of experimental tasks, and thus is consistent with the
possibility that poor health and not “normal aging” might be responsible for
many of the differences observed in aging studies.

Many investigators attempt to control for the influence of health factors by
screening research participants for specific illnesses or cardiovascular prob-
lems. For example, a health questionnaire might be administered and only
those individuals relatively free of serious health problems might be included
in the data analyses. While generally commendable, two limitations of this
procedure should be pointed out. First, if the incidence of health problems
tends to increase with age, then selecting only those individuals without health
problems results in a very biased sample of older adults. To take an extreme
example, assume that only 5% of the people between the ages of 65 and 70 are

Table 2.3 Percentage of Health-Related Activity Limitations by Age

Limited in
Limited, But Not  Amount or Kind Unable to Carry
Age Range in Major Activity  of Major Activity on Major Activity
17-44 3.2 42 1.0
45-64 5.0 12.4 6.1
65+ 6.7 21.7 16.6

Note. 1978 data from Table 24 (p. 159) in Health United States 1980. U.S. Department of Health
and Human Services, Hyattsville, Md., 1980.
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completely free of serious health problems (undoubtedly a gross exaggeration).
If a researcher restricts his or her investigations to completely healthy older
adults, generalizations might be possible only for 5% of the population in that
age range.

A second related problem concerns the extent to which aging is itself a
disease. There is still considerable controversy among biologists and physiol-
ogists about whether normal aging should be characterized as a breakdown
in immunities to disease, or even a disease itself. If normal aging is in fact a
disease, then attempting to control for health factors may actually result in
the elimination of the primary aging effect.

These considerations are mentioned not to dissuade researchers from
attempting to disentangle illness from aging, but rather to point out that there
is no simple solution to this problem. Certain obvious health problems can be
controlled with careful selection of participants, but it may be years before a
definitive conclusion can be reached regarding the status of aging as a disease.
Health factors therefore cannot be ignored, although it should be pointed out
that most of the research to be discussed in this book has involved noninsti-
tutionalized older populations who report themselves to be in moderate to
good health.

Concluding with an Optimistic Perspective

Some readers might feel that the discussion in this chapter has been unduly
pessimistic about the problems of conducting aging research. This opinion is
obviously not shared by the author as it is claimed that methodological issues,
no matter how subtle they might appear, are fundamental in the evaluation
of all knowledge. Moreover, only a small proportion of the methodological
issues relevant to developmental research have even been discussed here. For
example, no mention has been made of the difficulty of obtaining objective
information about the most basic variable in developmental research—an
individual’s age. Most investigators rely on self-reports for chronological age
classification, but it is possible that these reports are systematically distorted
among individuals in certain age groups. (It is interesting that apparently
only two studies—Garfield & Blek, 1952, and Garrison, 1930—have even
attempted to address this problem.)

Despite the enormous number of methodological concerns, and the appar-
ent impossibility of satisfactorily addressing all of them in a single study,
there are several reasons why we should not become discouraged and abandon
our attempts to investigate developmental phenomena. First, it is likely that
several of the issues discussed earlier will be found to have little or no impact
on many variables. It has already been mentioned that many cognitive
psychologists implicitly assume that the measures of interest to them are only
minimally affected by social or cultural change. Once this assumption is
explicitly tested and confirmed (perhaps by demonstrating that most or all of
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the observed age differences are determined by experimentally manipulable
variables), many of the concerns related to environmental change factors
might safely be ignored. Until the rival hypotheses to the maturational
explanation have been thoroughly investigated, however, the cautious ap-
proach outlined in the preceding pages seems justified.

A second reason for not becoming excessively pessimistic about the
prospects of a science of adult development is that no area of science has an
abundance of critical studies which unequivocally resolve an issue to the
complete satisfaction of everyone. Nearly all research reports have certain
flaws or weaknesses that limit the conclusions that can be drawn. Most results
must therefore be considered suggestive rather than definitive. This situation
is simply magnified in developmental research because of the enormous
number of variables which some researchers might consider important. The
solution to this problem is to base conclusions on a number of independent
research studies, each employing slightly different procedures and measures.
With variation in procedures different studies will likely have different flaws,
but if consistent age trends are still obtained one can conclude that the specific
methodological characteristics are relatively unimportant. It is also a good
idea to utilize larger sample sizes than the 10-20 individuals per age group
typically used at the current time. This practice will lead to more stable
estimates of the quantitative relationship between age and performance,
instead of merely demonstrating that a statistically significant difference exists
between various age groups.

The viewpoint that scientific confidence should accrue to conclusions based
on findings from a number of different studies rather than a single ““perfect”
study has also been expressed by Welford (1957):

. it seems ... clear that no one way of studying ageing is wholly free from
methodological objections and that we can thus seldom, if ever, draw certain
conclusions from a single experiment or industrial study. In view of this it appears
wiser to carry out several small-scale studies using different methods rather than
concentrate the whole research on a few large-scale investigations. (p. 168)

This approach of emphasizing conclusions based on aggregate results rather
than the findings of a single experiment will be followed throughout this
book. Such a strategy may be excessively conservative and could result in the
neglect of potentially important discoveries, but until they have been verified
in one or more additional contexts there is the risk that the results are not
generalizable because of the kinds of methodological issues discussed in this
chapter.

Summary

The purpose of the present chapter was to examine some of the methodo-
logical issues that complicate the interpretation of research in adult develop-
ment. We noted that neither the traditional cross-sectional or longitudinal
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research design is very satisfactory for investigating the effects of aging, and
that even a more complicated design incorporating features of both designs
is not without severe problems. The enormous difficulty of attempting to
achieve maximum internal and external validity in studies of adult develop-
ment was also discussed. It was argued that the results of single studies in
adult development should merely be considered suggestive, and that definite
conclusions should only be drawn when similar results are obtained from
several different studies each employing different individuals, procedures, and
dependent measures.



3. Theoretical Considerations

It is generally recognized that the two primary functions of a scientific
theory are to provide a framework for organizing and integrating the existing
results, and to suggest directions for future research by specifying important
issues for investigation. Both organization and direction seem to be lacking
in the current literature on adult cognition and thus there is evidently a great
need for theoretical development in this area. Charles (1973), Birren and
Renner (1977), and Birren, Woods, and Williams (1980) have also argued that
more theories are needed because the predominantly problem- and data-
oriented nature of contemporary adult developmental psychology has resulted
in a loosely related collection of concepts and hypotheses in which experi-
mentation is often limited to narrow, and frequently trivial, problems.

Although it might be considered premature because very few explicit
theories have yet been formulated, an attempt will be made throughout this
book to examine theoretical perspectives in adult cognitive psychology. There
are several advantages to conducting such a theoretical analysis at the current
time. One of these involves determining whether any of the existing theories
can serve to organize a substantial amount of data, or whether completely
new theories will have to be developed. Facts are accumulating at a rapidly
accelerating pace in the field of adult cognition, and unless theoretical
frameworks are available to organize these facts they may become overwhelm-
ing and consequently be ignored because they are impossible to assimilate.

A second advantage of examining theoretical models of aging is to
determine the practical significance of the current research on the psychology
of aging. The research literature can be of very little use unless theoretical
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frameworks are available to allow predictions which apply to extralaboratory
contexts. A few limited predictions might be possible on the basis of results
from individual studies, but predictions of a more general nature require the
systematic, integrated knowledge provided by theories. Moreover, the inter-
action between theory and application is actually two-sided since the validity
of the theory can be assessed by examining the accuracy of predictions in
real-world environments.

The third advantage of attempting a theoretical examination at the present
time is to identify major issues for future research. It is probable that many
current topics of investigation are primarily of historical significance, without
any clear practical or theoretical importance. Unless theories are available to
serve as guiding frameworks, research questions may be dictated by conven-
ience and personal interest rather than true importance. This is unfortunate
because the results of studies directed at such questions are unlikely to make
a substantial contribution to knowledge.

A fourth and final reason for examining theoretical issues at this time is
the desire to bring the debate concerning the nature of age differences in
cognition into the scientific realm, and out of the arena of polemics. Many
contemporary researchers become very emotional in discussing the interpre-
tations and implications of aging research, apparently because of conflicts in
beliefs that are seldom justified on scientific grounds. It is probably also true
that many important editorial decisions in journals and merit ratings in
funding agencies have been influenced by the implicit assumptions held by the
reviewers about the underlying basis for the age differences that are frequently
observed in scientific research. Some of the polarization and misunderstanding
that currently characterize the field of adult cognition might be minimized by
simply making the theoretical issues explicit, and beginning to examine the
scientific evidence relevant to each. Only by relying on scientific observation
and rational debate can one hope to avoid the fruitless controversy reflected
by such emotion-laden and often meaningless comments as ‘‘inappropriate
interpretation,” “‘negative (or positive) bias,”” or ‘“misdirected research em-
phasis.” Each of these and other similar phrases clearly implies a particular
theoretical perspective, and a first step in evaluating the adequacy of a
perspective is to make the assumptions overt and explicit.

Difficulties of Theorizing in Adult Development

Theorists in the field of aging are confronted with a unique problem not
faced by theorists in other areas. Most theorists need to account for some
limited amount of psychological activity, but theories in aging are required to
explain the change in activity, and not just the activity itself. Since the
necessity of explaining how a process changes presumably demands a more
detailed knowledge than that required for the initial explanation of the
process, it follows that theoreticians in adult development often have a more
difficult task than their counterparts in other disciplines.
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Some researchers in aging have attempted to avoid this difficulty by
utilizing existing theories in a parent or related discipline to serve as the
framework for interpreting results in aging studies. For example, a researcher
interested in perception and aging might adopt one of the theoretical per-
spectives from contemporary perception research to serve as the framework
for guiding and interpreting investigations of age differences in perception.
There are both benefits and costs associated with this “borrowing from the
mainstream’’ strategy. Of course the obvious benefit is that the investigator is
relieved of the necessity of formulating an original theory, and can simply
incorporate the theoretical concepts already developed in his or her “expla-
nations” of aging phenomena. Moreover, in many cases theories borrowed in
this manner will be well-supported with a single population of individuals
(e.g., young adults), and thus the concepts are already known to have a
certain amount of experimental validity.

This advantage is by no means trivial, and some researchers have even
gone so far as to argue that:

a concept or problem . .. should nor be studied in older adults until a sufficiently

verified theory has been developed that accounts for the young adults’ performance.
(Giambra & Arenberg, 1980, p. 257)

Such a position is understandable if one adheres to the perspective, described
by these authors, that the psychology of aging is the “back wheel” to the
“front wheel” of mainstream psychology, and as in a bicycle, the back wheel
must always follow the front wheel. There is clearly some validity to this
viewpoint, but it should not be blindly accepted without consideration of the
disadvantages.

Two of the disadvantages or costs attached to this strategy of borrowing
theories from other areas to serve as theories of aging are that the original
theories may not be relevant for developmental issues, and that the theoretical
interpretations that eventually result from this approach are often more
analogous to descriptions than explanations. With respect to the first point,
it is actually rather presumptuous to assume that merely because a theory has
been found to provide a satisfactory description of a particular type of
behavior in one group of individuals that it will also serve to describe the
manner in which that behavior differs across two or more groups of individ-
uals. In other words, the simple existence of theoretical concepts offers
absolutely no assurance that an explanation can be provided for the processes
of change, or the dimensions of difference. The change might be qualitative,
in the form of a completely different structural organization of processes,
rather than quantitative, in the form of reduced efficiency in one of the
postulated processes. In a related vein, Baltes and Willis (1977) have pointed
out that unless the theory attempts

. to explicate a process of development, then aging subjects continue to be
experimental constants leading to parametric variation of principles formulated
within a framework of general experimental psychology rather than to a psychology
of aging. (p. 144)
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Such imported theories should thus be used primarily as a source of hypotheses
until sufficient evidence is available within the aging literature to justify their
role in actual explanations of aging phenomena.

Theories introduced into the field of aging from other fields are also limited
in that the goal with such theories is generally to localize the effects of aging
in a specific theoretical structure or process, but no explanation is offered to
account for why, or how, age influences that particular structure or process.
In a sense, therefore, the researcher employing this strategy has only described
an age difference (although generally with more precision than before). Unless
some explanation is then furnished to specify why that particular process or
structure was affected by age and not some other, and to describe the nature
of the developmental changes within the relevant component, the outcome of
this strategy is just more description and not actual explanation.

As an example, it has occasionally been claimed that the age deficit in
memory is due to a failure of retrieval on the basis of a theoretical distinction
among processes of encoding, storage, and retrieval. While this may represent
a potentially more specific description of the memory problem associated with
increased age, it does not qualify as a true explanation without additional
information. We would have to know why retrieval processes are affected and
other processes are not (€.g., because the retrieval cues are lost due to atrophy
of neurons, because the “catalog” for information storage has a finite capacity,
etc.), and ideally some statement should be provided as to how the retrieval
processes became defective as the individual grew older.

Despite the difficulties associated with theorizing in adult development, it
still must be concluded that the attempt is worth the effort. The literature in
this area is currently so diverse and chaotic that it is sometimes difficult to
discern any progress, or even any real sense of continuity. Theories that would
integrate and organize even a small portion of this literature, and perhaps
serve to suggest avenues of useful investigation, could only improve this
situation. One must expect the early attempts at theorizing to be rather
primitive, and for the theories to evolve quite rapidly when they are first
introduced. As with other disciplines, however, the abandonment and revision
of theories will probably proceed at a much slower rate once the field is more
developed.

Replacing the Age Variable

One of the major goals of theories in aging is to identify variables that can
be used to replace the variable of chronological age. While the age variable is
a very powerful index for classifying behavior (perhaps even the most power-
ful individual-difference variable), it does not by itself lead to explanation.
The discovery that a particular variable is significantly related to age may be
interesting as a descriptive fact, but it provides no information about why
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that relationship exists. As a number of authors have pointed out (e.g., Baltes
& Goulet, 1971; Baltes, Reese, & Nesselroade, 1978; Birren, 1959; Botwinick,
1978; Kuhlen, 1963; Wohlwill, 1970), age is not a causal variable; the passage
of time in and of itself is responsible for nothing. Explanations of changes
associated with age or the passage of time must therefore rely on variables
that exert their effects over time, not time itself. In this regard, Wohlwill
(1970) has suggested that chronological age is best conceptualized as a part of
the dependent variable, a dimension along which change is measured, rather
than as an independent variable.

The great majority of past research in the psychology of aging has been
descriptive, as is fitting for the early stages of a developing science. Wohlwill
(1970) was absolutely correct in asserting that it is a ... truism that it is
essential to have an adequate knowledge of a phenomenon before one can set
about explaining it” (p. 54). Eventually, however, scientists do hope to
discover the causes of the phenomena they observe. In order to do this in
developmental psychology, the chronological age variable must be replaced
with an experimental variable. That variable can then be manipulated under
controlled conditions to determine whether the differences produced by the
variable are similar to the differences associated with increased age. After the
examination of many such variables the causal variables can ultimately be
selected to be incorporated in the interpretation of the differences associated
with age. It is this type of reasoning that led Birren and Renner (1977) to
make what seems to be a paradoxical statement for a developmental psy-
chologist: “In a rigorously experimental sense, age must be approached in
research as a variable that ultimately must be eliminated” (p. 26).

Dimensions for Theory Classification

Throughout much of the remainder of this book evidence will be examined
in an attempt to rule out certain types of explanation for observed age
differences in behavior. As a means of bringing some order into this theory-
evaluation process, the present section outlines some of the more important
dimensions which can be used for classifying theories of aging.

Rather broad terms will be used to describe the theoretical dimensions
because of a belief that the type of data currently available in behavioral
research is not precise enough to warrant very fine distinctions among
theoretical alternatives. The notion that even results from studies in experi-
mental psychology, with their legendary rigor and extreme control, have
limited resolution for distinguishing among possible theories might be consid-
ered heresy in some circles (but see Broadbent, 1971, for a viewpoint similar
to that expressed here). However, even a cursory survey reveals that very few
topic areas in psychology are well enough understood to allow precise,
quantitative predictions in the place of broad, qualitative statements. Theories
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will naturally continue to be elaborated to the limits of the theorist’s ingenuity.
What must be resisted is the temptation to assume that because a few general
and testable implications have been supported, all of the finer detailed
predictions, which often cannot be precisely tested, are also supported.
Adherence to this caution will limit the specificity of the conclusions and
probably make exact predictions impossible, but the generalizations that are
made can usually be stated with considerable confidence.

The first classification dimension to be considered is whether the observed
group differences are primarily due to maturational or environmental pro-
cesses. Maturational processes are those determined by the biological char-
acteristics of the species and which occur solely as a function of the length of
time the organism is in a normal environment. These types of processes,
although subject to slight variation in qualitative pattern and time of onset
due to within-species genetic differences, should be approximately the same in
all members of a given species across a wide range of environmental condi-
tions.

In contrast, environmental processes are those factors often associated with
advancing age but which are ultimately attributable to sources outside the
organism. As used here, this alternative may include such broad factors as
climate, culture, and nutrition, as well as such specific factors as living through
the winter of 1978, watching televised coverage of astronauts walking on the
surface of the moon, or eating a McDonald’s hamburger. We learned in the
last chapter that separation of the influence of maturational and environmental
factors is extremely difficult. Moreover, in many cases the two factors may
interact with one another such that the resulting behavior is a joint function
of specific maturational processes and environmental conditions. In principle,
however, the fundamental issue is whether specific experience is important;
nearly any type of experience should suffice according to the maturational
perspective, whereas a specific type of experience is assumed to be necessary
with the environmental perspective.

A second dimension that will be used for classifying theories of aging is
related to the distinction between competence and performance. Competence
refers to the individual’s capability or potential, while performance designates
the actual behavior that the individual produces. Cohen (1977), using the
terms ‘“‘can” and ‘“do” instead of competence and performance, has com-
mented on the confusion surrounding these concepts:

It may seem unnecessary to stress the obvious fact that while “do” implies “can
do,” and “can’t” implies “don’t,” the reverse does not hold. “Can do” does not
imply “do,” and “don’t” does not imply “can’t.” In many areas of research
psychologists fail to make clear whether they are investigating norms or limits,
habits or capacities. (p. 93)

Observation of an individual’s normal performance may therefore be inform-
ative only about the individual’s minimum capacities; it might tell us nothing

about the maximum of which he or she is capable.
The manner in which the competence-performance distinction is related to
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a classification dimension for categorizing aging theories concerns the degree
to which a theory assumes that performance mirrors competence. If the theory
makes a rigid distinction between performance and competence, for example
by assuming that age differences are attributable to a differential use of
particular strategies with no underlying difference in actual potential, then the
theory would be placed on one end of this continuum. However, if the theory
makes no provision for a distinction between performance and competence,
and implicitly assumes that typical performance is equivalent to maximal
performance for all age groups, then the theory would be placed on the other
end of the continuum,

The third major classification dimension is essentially a general versus
specific dimension. If a theory of aging utilizes a general mechanism that can
account for a wide variety of aging phenomena, it would be placed near the
general end of this dimension. On the other hand, if the theory is concerned
with a very specific mechanism that applies to only a few structures or
functions and affects only a limited subset of possible measures, it would be
placed near the specific end of the dimension.

There are obviously other dimensions that might be proposed to help
classify aging theories, but the three listed above appear to represent some of
the most fundamental, and potentially resolvable, theoretical issues at the
present time. Because of its current popularity among many developmental
psychologists, the distinction between qualitative and quantitative differences
deserves special comment. Some researchers have attempted to determine
whether adults of varying ages perform tasks in a different fashion (i.e.,
exhibit a qualitative difference), or in the same manner but at different levels
of proficiency (i.e., exhibit a quantitative difference). Although sometimes
meaningful, this distinction is often misleading because a qualitative shift
would likely produce quantitative differences in the effectiveness of various
performance components, and it is also probable that a quantitative change
at an elementary level would lead to qualitative differences in the processes
employed at higher levels. The qualitative-quantitative debate might therefore
be considered analogous to the controversy about whether the chicken or the
egg came first, and it does not seem fruitful to engage in this type of
speculation at the current time.

In the following sections two broad theories are discussed to illustrate the
three dimensions outlined above in a concrete fashion. The theories are
patterned on actual speculations from researchers in the field of adult
development, but it is unlikely that any individual researcher would subscribe
fully to either of the theories as presented. They have been extensively
modified and elaborated in such a manner that the current versions probably
do not represent the views of any of the original theorists.

At the outset several limitations of the following discussion should be
pointed out. One is that these theories, perhaps even more than is the case
with most theories, are necessarily incomplete, vague, and undoubtedly wrong
in many respects. Nevertheless, they should prove useful for illustrating some
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of the approaches that one might take in theorizing about aging phenomena,
and naturally many variations of these theories could be proposed and one of
these variations might ultimately prove more successful than the original
theory. The second limitation to be recognized in the following discussion is
that although the theories are portrayed as though they were mutually
exclusive, it is almost certainly the case that many abilities involve a combi-
nation of determinants and thus both theoretical perspectives may be partially
true. As Baltes and Willis (1977, p. 143) have noted, it is unrealistic to expect
a “monolithic, single explanation” of many aging phenomena; an assessment
of the relative contribution of different determinants would often be much
more realistic than attempting to identify a single, absolute cause. And finally,
just as one should not expect a given phenomenon to have but a single cause,
one should not expect many different phenomena to be determined by the
same combination of causal factors. Aging phenomena must be considered to
be multidimensional in manifestation as well in causality.

Two Illustrative Theories

Neural-Noise Theory

One theory of aging processes might be termed the neural-noise theory in
that it assumes that most decrements associated with increased age are
ultimately attributable to an age-related reduction in effective signal-to-noise
ratio within the nervous system. There are a variety of possible causes for this
postulated increase in neural noise, e.g., loss of neurons, decreased cerebral
blood flow, increased randomness in neural activity, etc., but all lead to the
assumption that signals are less discriminable in the nervous system of older
adults relative to younger adults. The consequence of this reduced signal-to-
noise ratio is that older adults will have higher sensory thresholds than
younger adults (because of the need for more intense stimulation to counteract
the increased internal noise level) and will be slower in nearly all processes
than younger adults (because of the need to integrate stimulation over a
longer period of time to attain equivalent clarity).

In addition to these two direct implications of the neural-noise theory,
there are also a number of indirect, or secondary, implications. For example,
if sensory thresholds are higher in the older adult, it is possible that some
sensory stimulation never enters the nervous system and thus the older
individual might be handicapped by receiving less environmental information
than the younger individual. In certain situations the differential availability
of information across age groups may hinder performance in complex
activities where that information is required.

Quantitative and qualitative deficits in higher cognitive processes might
also be produced by a generalized speed loss. As an illustration, if the solution
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to a problem requires the simultaneous awareness of many prior steps, the
elderly individual may be handicapped because his or her slower rate of
working results in the earlier steps being unavailable by the time the later step
is reached. In this case both the quality as well as the quantity of the output
will be reduced with increased age. Generalized speed losses may also lead to
poorer memory performance (because less time is available for organization,
elaboration, or rehearsal of information), and to inefficiencies when attention
must be divided among several different sources of information (because the
time available for each source and for switching between sources is less than
that of younger adults).

Although this description is necessarily vague because it contains no
reference to any specific research area, the major characteristics of the neural-
noise theory are apparent. For example, it would be classified along the
maturational end of the maturation-environment continuum because the
increase in neural noise is presumed to be a biological consequence of normal
aging, and the specific type of environmental experience is unimportant as
long as it does not affect the rate of neural deterioration. Further, the neural-
noise theory would be classified on the competence end of the performance-
competence dimension as the primary cause of most aging deficits is assumed
to be the competence-limiting factor of increased neural noise, and not some
factor that merely affects performance. And finally, the neural-noise theory is
assumed to be quite general, applying to a variety of sensory, motor, and
cognitive deficits, and thus it would be classified towards the general end of
the general-specific continuum.

Disuse Theory

One of a class of theories that emphasize social or psychological rather
than biological causes of aging differences is the disuse theory. This type of
theory recognizes the great differences in interests, attitudes, and experiences
that exist across various age groups, and assumes that these differences can be
at least partially responsible for the decrements observed in many aspects of
behavior. The mechanism by which these various factors exert their influence
on behavior is by channeling the individual’s interests and experiences in
certain directions to the exclusion of other directions. That is, as an adult
grows older there may not be a loss of any initial ability, but the pattern of
daily activity and the nature of one’s interests almost certainly changes. The
disuse theory assumes that this differential experience and responsiveness to
reinforcements is responsible for many of the reported age differences in
behavior.

One of the fundamental assumptions behind this approach seems to be
that practice or experience is necessary for an ability to develop or be
maintained; without such use, a function will atrophy in the same manner as
a muscle which has been incapacitated. The specific form of the atrophy can
be expected to vary across abilities; in some it might be evident in the use of
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inefficient strategies, whereas in others it might be reflected by an inappropriate
focus of attention or a variety of other specific mechanisms.

Another assumption of the disuse theory is that a young adult, perhaps
because of recent exposure to the educational system, is equally practiced or
experienced in nearly all abilities, and that as he or she begins to develop
special skills for particular vocations certain of these abilities are used more
frequently than others. Over a period of many years this differential frequency
of usage is thought to be responsible for the decline in unused abilities
reflected in age-related performance decrements observed in psychometric
tests and psychological experiments.

In terms of the classification dimensions discussed earlier, the disuse theory
would clearly be placed on the environmental end of the maturation-environ-
ment dimension. The presumed causes of the age group differences are
differential environmental experiences, not intrinsic maturational factors.
Categorization along the performance-competence dimension depends upon
whether one views the atrophy as irreversible or potentially remedial. If
exposure to a new set of environmental experiences can lead to the elimination
of the age differences, then the theory would be placed at the performance
end of the continuum. However, if no amount of new experience can succeed
in eliminating the age differences, then the differences would have to be
considered competency-based, and not simply a limitation of performance.
The version of the disuse theory to be considered here will assume that the
absence of practice has not led to any structural change within the nervous
system, and thus it would be classified at the performance end of the
continuum.

The disuse theory is also somewhat difficult to place along the general-
specific dimension because while the theory may apply to all aspects of
behavior, it can only account for deficits in abilities that are unpracticed in
older adults. In other words, the theory is general, but has plausibility only
for those abilities that are not used in daily living.

Forewarning

We can anticipate some of the discussions of later chapters by stating that
at the present time there is little concrete evidence to distinguish between the
neural-noise and disuse theories. Either the appropriate research has not been
conducted, or the results available thus far have been inconsistent and even
contradictory. This is actually a sad commentary on the state of theoretical
development in adult cognition since the neural-noise and disuse theories were
specifically selected as examples because of their distinct positions on three
important dimensions.

Despite the lack of definitive evidence at the present time, it is still useful
to examine research in the context of theoretical perspectives if for no other
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reason than to identify the weaknesses of the current evidence for the purposes
of making theoretical distinctions. While no firm conclusions will be drawn,
the final chapter will summarize the major evidence relevant to the two
illustrative theories, and also speculate about what is needed in order to
increase the rate of theoretical development in adult cognition.

Aging Defined by Theory

It may be surprising to some readers that no definition of aging, the
fundamental topic of this book, has yet been offered. The reason for this
delay has been to emphasize the role of one’s theoretical assumptions in
determining the definition of aging. Many of the common definitions of aging
contain such phrases as “progressive deterioration,” ‘“‘decrease in reactivity,”
or “reduced power of adaptation” that clearly imply a particular type of
perspective that Schaie (1977) has termed the irreversible-decrement model.
Alternative perspectives such as what Schaie (1977) calls the stability model,
or the decrement-with-compensation model, would have led to quite different
definitions, and thus it is rather difficult to provide a theoretically neutral
definition of aging. Birren and Renner (1977) perhaps come the closest in
such a definition, as they specifically selected one that “does not imply an
exclusively biological, environmental, or social causality, and keeps the door
open for the study of the incremental as well as the decremental changes in
functions which occur over the life span” (p. 4). Their definition is as follows:

.. . aging refers to the regular changes that occur in mature genetically representative
organisms living under representative environmental conditions as they advance in
chronological age. (Birren & Renner, 1977, p. 4)

The Birren and Renner definition is particularly suitable in the present context
because it can be used with both the neural-noise and the disuse theories.
Although the two theories considered separately would lead to quite different
interpretations of the aging process, the definition provided by Birren and
Renner has the advantage of describing aging in a manner acceptable to
nearly all theoretical perspectives.

Summary

Theories serve to provide structure and direction for research. Since the
current literature in adult cognition is nearly devoid of both of these attributes,
it is argued that theories are essential for progress in this area. Theories can
be developed within the context of adult development, or imported from
related disciplines with constant-age individuals. In either case the theory
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must account for the processes of change occurring across the life span and
not just the processes themselves.

Three dimensions were identified for classifying developmental theories:
environmental versus maturational, performance versus competence, and
general versus specific. Two theories representing positions at different ends
of the three continua were described to illustrate some of the potential
differences among classes of theories. Finally, the problems associated with
providing a theoretically neutral definition of aging were discussed, and a
definition provided by Birren and Renner (1977) was selected as the best
available description of the processes of aging.



4. Psychometric Intelligence

Intelligence tests have the unique distinction of simultaneously being one
of the most successful, and the most controversial, of psychology’s accom-
plishments. The controversy and the interest have carried over into research
on adult development as nearly half of the psychological studies published in
the Journal of Gerontology in recent years have been concerned with intellec-
tual and cognitive functioning (Abrahams, Hoyer, Elias, & Bradigan, 1975).
This is not surprising considering the high value placed on intellectual
competence in modern society, and the fact that much of the available
research has been interpreted to suggest that intelligence declines more or less
continuously beginning at early maturity.

The term “mental test” was first used by Cattell (1890) to refer to a battery
of sensory and motor measures designed to assess mental power. Perhaps
because of the nature of the subtests, e.g., two-point tactile threshold, reaction
time, strength of hand grip, etc., Cattell’s battery was not very successful at
predicting performance on intellectual activities such as school work. It was
Binet (e.g., Binet & Henri, 1895; Binet & Simon, 1905) who introduced more
cognitive subtests into intelligence test batteries, many of which are still used
in modern intelligence tests.

The first large-scale application of intelligence tests to an adult population
occurred in World War I, when psychologists were asked to help classify
young men for various military activities. The primary classification test, the
Army Alpha, consisted of eight timed tests assessing a variety of abilities
ranging from general information and vocabulary to series completion and
analogical reasoning. One of the most surprising findings from this enormous
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project was that the composite intelligence measure declined systematically
with increasing age beginning at about age 25. Some typical data are illustrated
in Figure 4.1. (The ordinate in this and most other figures throughout the
book is the percentage that the mean of each age group is of the maximum
performance across all age groups. The advantage of this form of presentation
is that studies employing different dependent variables can be compared in an
intuitively meaningful manner.)

Although the functions of Figure 4.1 seem fairly definitive, particularly in
light of the large number of individuals involved, the researchers interpreting
these results were reluctant to conclude that there was a true negative
relationship between age and intelligence. For example, Yerkes (1921) sug-
gested that a selection bias may have been operating such that, for a variety
of reasons, the older individuals in the military sample came from a less
intelligent segment of the population than the younger individuals.

Differential selection was not a problem in a later large-scale study utilizing
the same Army Alpha test. Jones and Conrad (1933) administered the test to
a cross-section of individuals from rural New England communities, in many
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Figure 4.1. Scores on the Army Alpha Intelligence Test at various ages expressed as a
percentage of the maximum score across all ages. Numbers refer to different samples:
1 = 15,385 soldiers (adapted from Table 366, Yerkes, 1921); 2 = 1,192 soldiers (adapted
from Table 368, Yerkes, 1921); 3 = 5,742 soldiers (adapted from Table 369, Yerkes, 1921);
and 4 = community residents (Jones & Conrad, 1933).
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cases testing nearly the entire adult population of a community. The major
results from this study, plotted along with the World War I results in Figure
4.1, were very consistent with those from the military testings. Jones and
Conrad were quite thorough in considering the plausibility of alternative
explanations for their results, e.g., differential selection, motivation, sensory
acuity, etc., and in the end felt compelled to conclude that intelligence did
indeed decline with increased age.

This same trend of a negative relationship between age and intelligence
score was reported in many subsequent studies employing a variety of
intelligence tests (e.g., Foster & Taylor, 1920; Miles & Miles, 1932; Mursell,
1929; Raven, 1948; Vincent, 1952; Wechsler, 1939). Despite the very similar
findings in many independent studies, the relationship between adult age and
intelligence has been a topic of great controversy since the very first Army
Alpha results. For example, criticism has been directed at the speeded and
child-oriented nature of most intelligence tests, and at the failure to account
for age-related changes in educational background, interests, and motivation
when interpreting the results of such studies. In recent years much of the
debate has focused upon the apparent discrepancy between results obtained
with cross-sectional methods and longitudinal methods. (For an illustration
of the current version of this controversy see the exchange between Baltes and
Schaie on the one hand (e.g., Baltes & Schaie, 1974, 1976; Schaie, 1974; Schaie
& Parham, 1977) and Horn & Donaldson (1976, 1977) on the other hand.)

The viewpoint adopted here is that many of the issues of concern to earlier
researchers were confusing primarily because a variety of different definitions
of intelligence were employed. It is believed that much of the confusion and
controversy surrounding these issues is eliminated when distinctions are made
concerning the particular type of intelligence being investigated. As a means
of making this distinction, the next section briefly examines some of the ways
in which intelligence has been defined by psychologists in the past.

Definition of Intelligence

It has been said that intelligence is one of those concepts that everyone
understands and yet no one can adequately define. This is not to say that no
definitions have been proposed, but rather that no definition has been found
that has proved satisfactory to all parties. Examples of such limited definitions
are: “‘ability to learn,” ‘““ability to organize experience and recognize relation-
ships,” “effective utilization of stored information,” “‘capability of modifying
the environment,” and even ‘‘capacity to appreciate Shakespeare’s plays.”
Still more difficult than the problem of defining intelligence is the problem of
measuring it. As should be apparent from the above sample of definitions,
obtaining behavioral indices of such a global concept like intelligence is no
easy task.

Either because of a desire to measure many different expressions of
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intelligence, or merely because a heterogeneous sample of behaviors produces
greater validity, most intelligence tests have traditionally been comprised of
a number of subtests, each calling for a slightly different type of activity. The
overall intelligence score is then either a weighted or unweighted aggregate of
the various subtest scores.

Within the field of intelligence testing there is some dispute about whether
the various subtests are merely different measures of the same kind of
intelligence, or measures of different kinds of intelligence. This debate is of
only peripheral interest here, but two observations pertinent to this issue are
relevant to the present discussion. The first is that at any given age the various
subtests are generally highly correlated with one another. This is rather
surprising in view of the diverse nature of many of the subtests, and it has
been taken as evidence for the existence of a common factor of general
intelligence. The second observation, that the various subtests exhibit quite
different developmental trends, seems to suggest that intelligence is not unitary
and that there are different, functionally independent, forms of intelligence.

Taken together, these observations indicate that while the composite
intelligence score has some justification for being considered a measure of
global intelligence, its meaning may be substantially different at various
portions of the life span because the same composite score can be produced
by many different combinations of subtest scores. If some of the subtest
abilities are declining with age while others are improving, the composite
measure might be very misleading in indicating no age differences in overall
intelligence. To the extent that the various subtests differ in their develop-
mental trends, therefore, it seems unreasonable to attempt to make interpre-
tations about the relationship between age and intelligence on the basis of a
single composite measure of intelligence.

In fact, the discovery that the component abilities of an intelligence test do
exhibit differential age trends was one of the earliest, and is still one of the
best supported, findings in the field of adult developmental psychology (e.g.,
Beeson, 1920; Foster & Taylor, 1920; Jones & Conrad, 1933; Miles, 1933;
Sorenson, 1938; Weisenburg, Roe, & McBride, 1936; Willoughby, 1927). The
following sections discuss some of the more recent evidence concerning this
differential decline.

Before leaving the topic of the definition of intelligence, the application of
factor analysis techniques to the problem of identifying the organization of
intelligence should be briefly mentioned. The purpose of factor analysis is to
examine the relationships among a large number of measures in an attempt
to identify a smaller number of related factors, components, or clusters. This
technique would thus seem to be ideal for examining the structure of
intelligence at various developmental periods by simply comparing the factors
identified at each age level. Unfortunately, factor analysis has not proven very
successful in studies of adult intellectual development as there has been very
little consistency in the results from different investigations. Some investigators
have reported that there is little change in factorial structure across the adult
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life span (e.g., Cohen, 1957; Riegel & Riegel, 1962; Weiner, 1964; Wilson,
DeFries, McClearn, Vandenberg, Johnson, & Rashad, 1975), others have
reported changes but some have claimed that the change is towards fewer
factors (or higher weightings on dominant factors) with increased age (e.g.,
Balinsky, 1941; Baltes, Cornelius, Spiro, Nesselroade, & Willis, 1980; Berger,
Bernstein, Klein, Cohen & Lucas, 1964; Cunningham & Birren, 1980; Green
& Berkowitz, 1964; Leinert & Crott, 1964; McHugh & Owens, 1954), and
some have claimed that the change is towards more factors (e.g., Radcliffe,
1966). Factor analysis techniques offer a promising perspective on the issue of
changing intellectual structure, but a combination of inconsistent methods
and inadequate data have resulted in limited contributions thus far.

Analyses of Component Abilities

Because the Wechsler Adult Intelligence Scale (W AIS) is the most frequently
used intelligence test with adults, it has the greatest amount of data relevant
to the issue of differential decline of component abilities. For this reason we
will use the WAIS as our prototypical intelligence test, and will examine the
developmental trends in each of its 11 subtests separately. Such a subtest
analysis is actually essential in. order to understand how intelligence is
measured in the WAIS, as Wechsler’s (1958) definition of intelligence, like
those mentioned earlier, offers no clear indication of how the measurement of
intelligence is accomplished, i.e., “Intelligence operationally defined is the
aggregate or global capacity of the individual to act purposefully, to think
rationally, and to deal effectively with his environment™ (1958, p. 7).

Following the discussion of the WAIS subtests, two additional subtests
often included in other global tests of intelligence, i.e., series completion and
analogical tests of reasoning, will also be examined in terms of their devel-
opmental trends in adulthood.

The results of several studies with at least 100 individuals across a wide
range of ages will be displayed for each subtest. Because we will be attempting
to draw rather broad conclusions, the general pattern across all studies will
be emphasized rather than the results of any particular study. Fortunately,
the data are reasonably consistent and it is not difficult to discern major
trends. Since many of the same individuals contributed data in all subtests, it
will also be possible to make some tentative statements about the relative
magnitudes of age differences for the various subtests. These should be
interpreted with great caution, however, because it is possible that alternative
tests of the same ability might yield quite different age trends.

Verbal Abilities

Four of the WAIS subtests, Vocabulary, Information, Comprehension, and
Similarities, can be described as measuring some type of verbal ability. Since
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the age trends in these subtests are also fairly similar, they are grouped
together in the present section to facilitate discussion.

The Vocabulary subtest in the WAIS involves the examinee being asked to
provide the meaning of 40 words. The responses are scored on a 3-point scale
based on the quality of the definitions.

Performance on the WAIS Vocabulary test as a function of adult age is
illustrated in Figure 4.2. Although there is considerable variation in these
data, it is apparent that the scores do not decline systematically with increased
age. Other tests of vocabulary yield very similar results as many investigators
have reported that vocabulary either remains stable or increases across the
life span (e.g., Foulds & Raven, 1948; Gardner & Monge, 1977; Horn &
Cattell, 1966; Jones & Conrad, 1933; W. Miles, 1933; Schaie, 1958; Thorndike
& Gallup, 1944; Weisenburg et al., 1936).

The WAIS Information subtest consists of 29 questions of general infor-
mation. Different questions relate to facts about one’s culture, to geographical
relationships among countries, and to the author, theme, and identity of
various written works.

Age functions for the WAIS Information subtest are displayed in Figure
4.3, where it can be seen that there is little or no trend associated with
increased age. A similar stability across the age span was reported in the
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Figure 4.2, WAIS Vocabulary score at various ages expressed as a percentage of the
maximum score across all ages. Numbers refer to different samples: 1 = adapted from
Berkowitz (1953); 2 = adapted from Botwinick & Storandt (1974a); 3 = adapted from
Goldfarb (1941)—females; 4 = adapted from Goldfarb (1941)—males; 5 = adapted from
Howell (1955); 6 = adapted from Wechsler (1958)—females; and 7 = adapted from
Wechsler (1958)—males.
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Figure 4.3. WAIS Information score at various ages expressed as a percentage of the
maximum score across all ages. Numbers refer to different samples: 1 = adapted from
Berkowitz (1953); 2 = adapted from Goldfarb (1941)—females; 3 = adapted from
Goldfarb (1941)—males; 4 = adapted from Howell (1955); 5 = adapted from Wechsler
(1944); 6 = adapted from Wechsler (1958)—females; and 7 = adapted from Wechsler
(1958)—males.

General Information subtest of the Army Alpha by Jones and Conrad (1933).
Gardner and Monge (1977) have also reported age invariance in tests of
information about transportation, death and disease, and finance.

The WAIS Comprehension subtest consists of 14 questions relating to
common sense information, or interpretation of familiar proverbs. The data
in Figure 4.4 indicate that performance on this test exhibits little difference
until the age of 50 or 60, but may decrease beyond that age. Foster and
Taylor (1920) also reported little or no cross-sectional age decline in a similar
test, although Jones and Conrad (1933) found a substantial decline in the
timed comprehension test from the Army Alpha.

The Similarities subtest is a type of verbal analogies test in that the
examinee is given two words and is asked to state a way in which the two are
similar. Thirteen word pairs are presented, with the scoring based on the
quality of the responses. The age functions for this test, presented in Figure
4.5, seem to suggest a slight reduction with increased age. A much steeper
cross-sectional age decline has been reported in verbal analogies tests involving
greater amounts of reasoning and abstraction (e.g., Garfield & Blek, 1952;
Gilbert, 1935; Horn & Cattell, 1966; Jones & Conrad, 1933; Mason &
Ganzler, 1964; Owens, 1953; Riegel, 1959; Weisenburg et al., 1936, Willoughby,
1927).
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Figure 4.4. WAIS Comprehension score at various ages expressed as a percentage of the
maximum score across all ages. Numbers refer to different samples: 1 = adapted from
Berkowitz (1953); 2 = adapted from Botwinick & Storandt (1974a); 3 = adapted from
Goldfarb (1941)—females; 4 = adapted from Goldfarb (1941)—males; 5 = adapted from
Howell (1955); 6 = adapted from Wechsler (1944); 7 = adapted from Wechsler (1958)—
females; 8 = adapted from Wechsler (1958)—males; and 9 = adapted from Whiteman
& Jastak (1957).

In some respects the stability of vocabulary performance (and other
measures of verbal ability) across the life span is rather surprising. Conrad
(1930), Jones (1959), and Wechsler (1958) have all noted that if one assumes
that learning ability remains unimpaired throughout the life span, an individ-
ual aged 65 should score much higher than an individual aged 25 on tests of
stored information merely because the older individual has had 40 more years
of acquisition opportunity. The absence of such an improvement may be a
reflection of a decrease in the quality of environmental stimulation, or a
reduction in learning ability, in later life. In either case, it appears as though
most existing tests of verbal ability reflect the cumulative effects of stored
experience more than current status, and thus they may be more indicative of
past attainments rather than present ability (cf. Bromley, 1974; Jones, 1959).

This interpretation suggests that other, more demanding, tests of verbal
ability might reveal substantially different aging trends. In fact, several studies
have found sizable age decrements with alternative measures of verbal ability.
For instance, older individuals report less words of a particular type, e.g.,
those beginning with the letter S, in timed tests of verbal fluency than younger
individuals (e.g., Bilash & Zubek, 1960; Birren, 1955; Birren, Riegel, &
Morrison, 1962; Foster & Taylor, 1920; Riegel, 1959; Schaie, 1958; Schaie,
Rosenthal, & Perlman, 1953; Schaie & Strother, 1968a; Strother, Schaie, &
Horst, 1957).
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Figure 4.5. WAIS Similarities score at various ages expressed as a percentage of the
maximum score across all ages. Numbers refer to different samples: 1 = adapted from
Berkowitz (1953); 2 = adapted from Goldfarb (1941)—females; 3 = adapted from
Goldfarb (1941)—males; 4 = adapted from Wechsler (1944); 5 = adapted from Wechsler
(1958)—females; and 6 = adapted from Wechsler (1958)—males.

It has also been suggested that while older adults are able to provide an
adequate definition of many words, the quality of their definitions may be
lower than that of younger adults. Unfortunately, the evidence with respect
to this latter issue is rather mixed, as some studies have reported such an age
difference in the quality of definitions (e.g., Botwinick & Storandt, 1974b;
Looft, 1970), but others failed to find statistically significant differences (e.g.,
Storck & Looft, 1973) or failed to find a significant age by scoring method
(quality) interaction (e.g., Botwinick, West, & Storandt, 1975).

Finally, it appears that when people are asked to do something more than
merely define the words, such as classify them (e.g., Riegel, 1959) or perform
verbal analogies (e.g., Farmer, McLean, Sparks, & O’Connell, 1978; Gilbert,
1935; Horn & Cattell, 1966; Jones & Conrad, 1933; Owens, 1953; Riegel,
1959; Willoughby, 1927), pronounced age differences are again apparent.

This mixed assortment of results concerning the relationship between age
and verbal abilities suggests that the existing tests of vocabulary, information,
etc., may not be very satisfactory measures of actual verbal ability. Perhaps
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an assessment of active, as opposed to passive, ability would lead to better
evaluation. There are at least two methods by which such an active vocabulary
assessment might be obtained, and one of these has already been applied in
an adult development context. The technique already tried involves analyzing
the written works (e.g., letters, diaries, journals, etc.) of individuals at several
different periods in their life. Smith (1957a, 1957b) and Dennis (1960) have
explored this technique, but no definitive conclusions about adult changes in
active vocabulary are yet possible because the number of individuals studied
with the technique thus far has been quite small (i.e., from 2 to 14).

An alternative technique suggested by Howes (1971) consists of examining
oral rather than written verbal behavior. Howes proposed tape-recording
samples of an individual’s speech in a particular situation and then analyzing
the range and frequency of words in the speech sample to estimate the size of
the individual’s active vocabulary. This technique could also be used to
determine the degree of redundancy in the speech sample by comparing the
relative frequency of specific word sequences with the normative frequency of
those sequences in the speech of a large population. More research is needed
in this area as it would be desirable to determine whether alternative methods
of assessing verbal ability will yield the same pattern of results as that reported
with existing measures.

Numerical Abilities

The Arithmetic subtest of the WAIS consists of 14 simple arithmetic word
problems, with bonuses allowed for rapid responses in some of the problems.
Figure 4.6 indicates that arithmetic ability is fairly stable through about age
50, after which time a performance reduction may be beginning. Other tests
of arithmetic have yielded a mixture of results, with some indicating little
difference with age (e.g., Bilash & Zubek, 1960; Brown & Ghiselli, 1949;
Glanzer et al. 1958; Kamin, 1957; Schaie et al. 1953; Schaie & Strother, 1968a,
1968b; Sorenson, 1933), and others moderate difference in favor of young
adults (e.g., Beeson, 1920; Birren & Botwinick, 1951; Gardner & Monge,
1977; Jones & Conrad, 1933). Bromliey (1974, p. 188) has suggested that tests
emphasizing mechanical computation tend to produce stable age functions,
whereas those requiring thoughtful reasoning tend to produce age-related
declines. This interpretation does not seem to fit the WAIS data very well, as
the WAIS Arithmetic test seems to require a moderate amount of thoughtful
reasoning and yet it does not produce a very dramatic cross-sectional age
decline. Nevertheless, the mechanical-thoughtful distinction may be useful in
characterizing much of the remaining data on age relationships in numerical
abilities.

Memory Abilities

The WAIS Digit Span test involves testing individuals with the longest
series of digits they can repeat without error in both the original sequence,
and in a reversed sequence. The total score is the sum of the maximum
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Figure 4.6. WAIS Arithmetic score at various ages expressed as a percentage of the
maximum score across all ages. Numbers refer to different samples: 1 = adapted from
Berkowitz (1953); 2 = adapted from Goldfarb (1941)—females; 3 = adapted from
Goldfarb (1941)—males; 4 = adapted from Wechsler (1944); 5 = adapted from Wechsler
(1958)—females; and 6 = adapted from Wechsler (1958)—males.

sequence correctly reported in the forward and backward orders. Figure 4.7
indicates that performance on this test is negatively associated with increased
age, such that an individual in his or her 50s is, on the average, performing
at about 80% of the level of an individual in his or her 20s. Similar results
with other memory span tests have been reported by Botwinick and Storandt
(1974a), Dirken (1972), Gilbert (1935), Heron and Chown (1967), Mubhs,
Hooper and Papalia-Finley (1979), and Trembly and O’Connor (1966).

Spatial Abilities

Four of the WAIS subtests, i.e., Object Assembly, Picture Completion,
Picture Arrangement, and Block Design, can be described as involving spatial
abilities.

The Object Assembly subtest involves the examinee attempting to arrange
the parts of a figure to make a complete pattern in a manner similar to a
jigsaw puzzle. Four patterns are presented with time limits of either 120 or
180 seconds each, and bonuses allowed for rapid responses. The age functions
are illustrated in Figure 4.8. Notice that there is a fairly constant performance
difference of about 5% per decade beginning at about age 25 or 30.

The Picture Completion subtest of the WAIS requires identification of the
element missing from a particular picture. Examinees are allowed 20 seconds
for each of 21 pictures. Figure 4.9 indicates that the cross-sectional age
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Figure 4.7. WAIS Digit Span score at various ages expressed as a percentage of the
maximum score across all ages. Numbers refer to different samples: 1 = adapted from
Berkowitz (1953); 2 = adapted from Goldfarb (1941)—females; 3 = adapted from
Goldfarb (1941)—males; 4 = adapted from Wechsler (1944); 5 = adapted from Wechsler
(1958)—females; and 6 = adapted from Wechsler (1958)—males.
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Figure 4.8. WAIS Object Assembly score at various ages expressed as a percentage of
the maximum score across all ages. Numbers refer to different samples: 1 = adapted
from Berkowitz (1953); 2 = adapted from Goldfarb (1941)—females; 3 = adapted from
Goldfarb (1941)—males; 4 = adapted from Wechsler (1944); 5 = adapted from Wechsler
(1958)—females; and 6 = adapted from Wechsler (1958)—males.
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Figure 4.9. WAIS Picture Completion score at various ages expressed as a percentage of
the maximum score across all ages. Numbers refer to different samples: 1 = adapted
from Berkowitz (1953); 2 = adapted from Goldfarb (1941)—females; 3 = adapted from
Goldfarb (1941)—males; 4 = adapted from Wechsler (1944); 5 = adapted from Wechsler
(1958)—females; 6 = adapted from Wechsler (1958)—males; and 7 = adapted from
Whiteman & Jastak (1957).

declines on this test are very similar to those in the Object Assembly test as
the rate of cross-sectional decline is again about 5% per decade.

The WAIS Block Design subtest involves the examinee attempting to
arrange a number of patterned blocks to match a specific design. Ten design
problems are presented, with a bonus allowed for quick responses on the
most difficult problems. The age functions for this test are illustrated in Figure
4.10. The rate of decline is approximately 8% per decade.

The WAIS Picture Arrangement subtest requires the examinee to arrange
a series of pictures into a sequence that conveys a meaningful story. Eight
series are presented, with a time limit and a quick-response bonus for each
series. Figure 4.11 exhibits the age functions from this subtest. Notice that the
cross-sectional age declines are quite steep, averaging over 10% per decade, or
about 1% per year.

The finding that older aduits are generally poorer than young adults on
tests of visual or spatial abilities has been repeatedly confirmed with a variety
of other psychometric tests (e.g., Arenberg, 1978; 1982; Berg, Hertzog, &
Hunt, 1982; Bilash & Zubek, 1960; Bromley, 1966; Chown, 1961; Fozard &
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Figure 4.10. WAIS Block Design score at various ages expressed as a percentage of the
maximum score across all ages. Numbers refer to different samples: 1 = adapted from
Berkowitz (1953); 2 = adapted from Botwinick & Storandt (1974a); 3 = adapted from
Goldfarb (1941)—females; 4 = adapted from Goldfarb (1941)—males; 5 = adapted from
Howell (1955); 6 = adapted from Wechsler (1944); 7 = adapted from Wechsler (1958)—
females; and 8 = adapted from Wechsler (1958)—males.

Nuttall, 1971; Glanzer et al. 1958; Helander, 1967; Heron & Chown, 1967,
Heston & Cannell, 1941; Horn & Cattell, 1966, 1967, Kamin, 1957; Kennedy,
1981; Lee & Pollack, 1978; Mason & Ganzler, 1964; Muhs et al. 1979; Schaie
et al. 1953; Schaie & Strother, 1968a, 1968b; Weisenburg et al. 1936;
Westworth-Rohr, Mackintosh, & Fialkoff, 1974; Wilson et al. 1975).

Perceptual-Motor Speed

The WAIS Digit Symbol Substitution test is often considered to be a test
that primarily emphasizes speed, although it has been suggested that spatial
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Figure 4.11. WAIS Picture Arrangement score at various ages expressed as a percentage
of the maximum score across all ages. Numbers refer to different samples: 1 = adapted
from Berkowitz (1953); 2 = adapted from Botwinick & Storandt (1974a); 3 = adapted
from Goldfarb (1941)—females; 4 = adapted from Goldfarb (1941)—males; 5 = adapted
from Howell (1955); 6 = adapted from Wechsler (1944); 7 = adapted from Wechsler
(1958)—females; and 8 = adapted from Wechsler (1958)—males.

and memory factors also contribute to performance on this test. The exami-
nee’s task is to write the symbols associated with particular digits in boxes
below the digits. The score is based on the number of correct digit-symbol
substitutions completed in a 90-second period. Performance on this test as a
function of age is displayed in Figure 4.12. It is obvious that there is
substantial age-associated decline as the function indicates that performance
decreases by a little more than 10% per decade. Slightly different substitution
tests have also yielded very similar steep cross-sectional age declines (e.g.,
Heron & Chown, 1967; Weisenburg, Roe, & McBride, 1936; Willoughby,
1927), as have alternative psychometric measures of perceptual-motor speed
(e.g., Bilash & Zubek, 1960; Schaie & Strother, 1968a).
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Figure 4.12. WAIS Digit Symbol score at various ages expressed as a percentage of the
maximum score across all ages. Numbers refer to different samples: 1 = adapted from
Berkowitz (1953); 2 = adapted from Goldfarb (1941)—females; 3 = adapted from
Goldfarb (1941)—males; 4 = adapted from Howell (1955); 5 = adapted from Wechsler
(1944); 6 = adapted from Wechsler (1958)—females; 7 = adapted from Wechsler (1958)—
males; and 8 = adapted from Whiteman & Jastak (1957).

Reasoning Abilities

The WALIS has occasionally been criticized for not containing any measures
of reasoning ability besides the Similarities test which is very dependent upon
prior stored information. One type of reasoning test that is included in many
other intelligence scales is the series completion test. The items in this test
may be either letters or digits, but in either case the examinee is presented
with a number of the items ordered in some sequence and the task is to supply
the next item in the sequence. For example, a number completion problem
might involve the presentation of the numbers 3-6-9 with the examinee
instructed to provide the next number expected in the sequence. Performance
on several tests of this type as a function of adult age is summarized in Figure
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Figure 4.13. Series Completion reasoning score at various ages expressed as a percentage
of the maximum score across all ages. Numbers refer to different samples: 1 = adapted
from Jones & Conrad (1933); 2 = adapted from Schaie & Strother (1968a)—1956 males;
3 = adapted from Schaie & Strother (1968a)—1963 males; 4 = adapted from Schaie &
Strother (1968a)—1956 females; 5 = adapted from Schaie & Strother (19682)—1963
females.

4.13. As can be seen, reasoning performance exhibits cross-sectional declines
of 6%-7% per decade beginning at about age 25 or 30. Similar results have
been reported by Bilash and Zubek (1960) and Kamin (1957).

A second type of reasoning test involves nonverbal analogical reasoning in
which the examinee is presented with three spatial patterns, and is required to
select a fourth pattern that would possess the same relationship to the third
pattern that the second pattern possesses with respect to the first. A very
simple problem might contain a complete circle and a half circle as the first
two patterns, and a complete square as the third pattern. In this case, the
examinee should select a half square as the fourth pattern because it has the
same half-to-complete relationship to the complete square as the half circle
does to the complete circle. The best known test of this type is Raven’s
Progressive Matrices, and age functions for this test are illustrated in Figure
4.14. These data indicate that the cross-sectional age decline may not begin
until about age 40, but once it starts the rate of loss is approximately 10% per
decade. Similar age differences with this test have been reported by Chown
(1961), Cunningham, Clayton, and Overton (1975), Davies and Leytham
(1964), Davies, Spelman, and Davies (1981), Farrimond (1967), Foulds and
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Figure 4.14. Raven’s Progressive Matrices score at various ages expressed as a percentage
of the maximum score across all ages. Numbers refer to different samples: | = adapted
from Burke (1972); 2 = adapted from Edwards & Wine (1963); 3 = adapted from Heron
& Chown (1967)—females; 4 = adapted from Heron & Chown (1967)—males; and 5 =
adapted from Slater (1948).

Raven (1948), Guttman (1981), Mergler and Hoyer (1981), Muhs et al. (1979),
Panek and Stoner (1980), Wilson et al. (1975) and Wilson (1963).

Characterizing the Differential Decline

The preceding sections have clearly indicated that the component abilities
included in standardized tests of intelligence exhibit quite distinct develop-
mental trends. Some abilities, such as previously acquired verbal skills, appear
essentially invariant across most of the adult life span, but others, such as
spatial abilities, begin to exhibit cross-sectional age differences as early as age
30 or 40. At the present time it is not known whether these different
developmental trends are caused by variations in the proportion of reliance
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on a single mechanism, or by a number of separate mechanisms each with
varying sensitivity to the effects of aging.

Although no generally accepted explanations for the differential declines
are yet available, many descriptions of the differential decline pattern have
been provided. Examples of several of the dichotomies suggested for charac-
terizing the abilities that do, and do not, decline with age are listed in Table
4.1. In general, most of the descriptions suggest that increased age is associated
with an impairment of ability to acquire or use new information. This
characteristic is also one of the principal assumptions of a more elaborate
descriptive system that makes a distinction between fluid and crystallized
intelligence.

Horn (1967, 1970, 1975, 1978), Horn and Cattell (1966, 1967), and Horn
and Donaldson (1976, 1977, 1980) have repeatedly suggested that develop-
mental trends in intelligence can be understood in terms of a distinction
between two major types of intelligence. One type, called fluid intelligence, is
expected to decrease with increased age in adulthood. It is assumed to be
reflected in tests of figural relations, memory span, induction, and most
processes involved in acquiring new information. The second type of intelli-
gence, called crystallized intelligence, is assumed to be the cumulative end
product of information acquired by the activity of fluid intelligence processes.
It is thus the sum total of the culturally dependent information stored by the
individual as a result of his or her interactions in the environment. Crystallized

Table 4.1 Descriptions of Stable and Declining Abilities

Author
Jones & Conrad (1933)

Age Stable

Accumulative effects of
differential experience

Age Decline

Native capacity or “‘sheer
modifiability”

Language functions

Recall acquired
information

Familiar materials

Accumulation of verbal
or factual information

Verbal abilities
Stored information

Static intelligence
Specialized abilities
Structure

Utilization of stored
information

Nonlanguage functions

Understand and adopt
new methods of
thinking

Abstract materials

Flexible use of mental
resources

Performance abilities

Immediate adaptive
ability

Flexible intelligence

Unspecialized abilities

Process

Processing and
integrating new
information

Weisenburg et al. (1936)
Foulds & Raven (1948)

Brown & Ghiselli (1949)
Jones (1955)

Wechsler (1958)
Reed & Reitan (1963)

Verhage (1965)
Bromley (1974)
Kinsbourne (1974)
Botwinick (1975)
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intelligence is presumed to be measured by such tests as vocabulary, general
information, comprehension, arithmetic, and reasoning with familiar material.

The fluid-crystallized dichotomy may or may not prove to be useful in
describing the differential age trends in various intelligence subtests, but as it
currently stands it represents no more of an explanation than any of the other
descriptions listed in Table 4.1. The classification of a particular ability as
fluid or crystallized seems to be somewhat arbitrary and based primarily on
the observed developmental trend rather than a priori considerations. What
is needed is some means of identifying the neurological processes responsible
for a given ability such that the classification of abilities into fluid and
crystallized groupings could be verified with neurological observations. Horn’s
(1975) speculation that fluid intelligence might be based on generalized, diffuse
neural activity while crystallized intelligence is derivable from focused, specific
neural activity is a step in this direction, but much more elaboration of
mechanisms is necessary before the fluid-crystallized classification system can
be considered a true theory of intellectual development.

Issues of Controversy

Does Intelligence Decline with Age?

It should be quite clear from the discussion thus far that different compo-
nent abilities from intelligence tests exhibit quite different trends across the
adult life span. It follows from this differential decline of subtests that the
question of whether intelligence remains stable or declines depends upon the
particular composite abilities included in the global test of intelligence. Based
on the subtests discussed in the preceding sections, we could predict that
scores on an intelligence test composed of Information, Vocabulary, and
Comprehension subtests would be fairly stable across the adult life span, but
scores on a test comprised of Digit Symbol, Picture Arrangement, and Object
Assembly subtests would drop dramatically with increased age in cross-
sectional samples. Global measures of intelligence are thus simply not suitable
for analyzing adult changes in intellectual behavior because the nature of the
function for the global measure is completely dependent upon the particular
combination of subtests included in that intelligence scale. Moreover, in many
cases the specific combination of subtests included in a global intelligence
scale is rather arbitrary, although it is true that extensive validating studies
have been carried out with most intelligence scales.

One implication of this argument is that the relationship between age and
intellectual ability must be examined separately for each component ability.
Neither comparisons of two different global tests, nor of the same global test
at different ages, are meaningful if an identical total score can be achieved by
various combinations of subtest scores. Abandoning the concept of global
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intelligence in favor of component abilities in discussions of adult development
should therefore eliminate much of the confusion (and emotionality) associ-
ated with the utilization of the same term, intelligence, to refer to a large
variety of behaviors.

Are Intelligence Tests Valid for Older Adults?

Another issue that is often raised concerning the age-intelligence relation-
ship concerns the applicability of intelligence tests originally devised for
children to the assessment of adults. The argument is that intelligence tests
were constructed to predict success in academic environments, and although
they have been relatively successful in that context, there is no comparable
criterion with which to judge their success with adults who are no longer
within academic settings. To some extent this argument is based on an
assumption that academic intelligence, as measured by traditional intelligence
tests, is not the same thing as “real-world intelligence.”” Unfortunately, there
is not yet any satisfactory measure of this other type of intelligence.

Demming and Pressey (1957) attempted to provide a test that would sample
practical, as opposed to academic, behaviors, and found that older adults
were actually superior to most young adults on such a test. Their test was
primarily a test of general information, however, and many would object to
this measure of stored information as an index of intelligence. Moreover,
other investigators have administered tests of information related to one’s
occupation and found slight but consistent cross-sectional age declines of the
type reported with traditional intelligence tests (e.g., Glanzer & Glazer, 1959;
Lefever, Van Boven, & Banarer, 1946). It has also been reported that there
are sizable age differences in untimed tests of critical thinking ability involving
problems related to daily experiences (e.g., Burton & Joel, 1945; Friend &
Zubek, 1958), and in tests of ability to follow directions (e.g., Jones & Conrad,
1933; Price, 1933), and of ‘“‘common sense’’ but not general information (e.g.,
Jones & Conrad, 1933). The consistency across these quite different tests
suggests that the age-associated decline in intellectual abilities is real, and not
merely a consequence of assessing intelligence with a contrived set of subtests
originally invented for assessing children.

A reasonable conclusion with respect to the issue of whether intelligence
tests are valid for older adults is that no conclusion can yet be reached.
Largely because of the problem of defining an appropriate criterion for adult
intelligence, the validity issue must still be considered an open question. One
fact is clear, however, and that is that many of the component abilities used
to measure intelligence, regardless of their respective validities in nonacademic
contexts, do tend to have substantially lower scores with increased age.
Therefore, to the extent that a valid test is developed in the future which
relies on these component abilities, we can expect that it too will exhibit
sizable cross-sectional age declines.
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The Role of Speed

Many critics have claimed that the speeded nature of most intelligence tests
unfairly penalizes older adults. The major assumption of this argument seems
to be that speed loss is a peripheral, or extrinsic, factor that is irrelevant to
the measurement of intelligence. Jones (1959) has summarized this position in
the following query:

We permit a 60-year-old man to wear his bifocals when he takes a mental test. Why
should we not adjust the test to his changed speed requirements as well?”” (1959,
p. 722)

The problem with attempting to eliminate speed considerations from tests
of intellectual ability is that, as Wechsler (1958) has pointed out, the older
adult may not simply be slower, he or she may be ‘“‘slowed-up.” That is, the
slower performance of older individuals may be a reflection of an intrinsic
characteristic of the nervous system, and not merely a slowing of response or
motor processes.

There are also several empirical arguments against removing speed consid-
erations from intelligence tests. For example, it is generally found that speeded
tests such as the WAIS Digit Symbol subtest correlate very highly with other
nonspeeded subtests, suggesting that loss of speed is intrinsic to many
intellectual processes. It has also been frequently reported that removing the
time limits from a particular subtest does not alter the age relationships to
any significant degree; older adults are still much less proficient than younger
adults (e.g., Doppelt & Wallace, 1955; Gilbert, 1935; Klodin, 1976; C. Miles,
1934; Schaie et al. 1953; Storandt, 1977). Furthermore, Jones and Conrad
(1933) have argued that the content of the test material is much more
important than the presence of time limits as both the Information and
Analogies subtests of the Army Alpha have time limits, but only in the
Analogies subtest are substantial impairments evident in older individuals.

There can be no doubt that older adults are slower than young adults;
however it does not seem legitimate to attempt to remove these effects in
order to obtain ‘“‘purer” estimates of intelligence. Salthouse (in press) has
argued that the majority of the evidence indicates that age-related slowing is
primarily a reflection of central nervous system deterioration. To the extent
that slowing is centrally determined, removal of speed factors will tend to
eliminate genuine effects of aging. Jones and Kaplan (1945) have also pointed
out that there is no evidence that tests without time limits have any validity
as tests of intelligence; they may merely reward patience and persistence
instead of intellectual competence.

One additional point should be mentioned concerning the role of speed in
tests of intelligence. Several investigators have claimed that the age relation-
ship in a particular subtest can be changed by analyzing performance only
with the first half of the test items rather than the entire test. A classic
example of this outcome is a study by Christian and Paterson (1936) in which
an age decline in the complete test was eliminated by considering performance
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only on the items from the first half of the test. The Christian and Paterson
(1936) test involved vocabulary material and since nonspeeded tests indicate
no age decline with such material the procedure may have been legitimate in
their case. In other situations, however, this procedure may be inappropriate
because many tests are constructed such that items become progressively more
difficult in later sections of the test. Eliminating the last half of the test would
therefore make the test easier, in addition to minimizing the role of speed. An
investigator employing such a procedure should therefore be quite cautious in
attributing any change in age relationships to the factor of speed rather than
the factor of test difficulty.

The Role of Education

It has been noted earlier that intelligence tests were originally designed as
a means of predicting academic success. If the tests are valid in this context,
we would expect test performance to be highly correlated with educational
achievement in quantitative, as well as qualitative, respects. In fact, correla-
tions between test score and number of years of education in adults range
from .40 to .66 across the WAIS subtests (Wechsler, 1958). On the average,
the greater the number of years of schooling, the higher is the score. It is also
known that adult age is negatively correlated with amount of education since
educational opportunities have increased dramatically over the past 50 years
or so.

Several investigators have argued that the positive correlation between
amount of education and intelligence score, on the one hand, and the negative
correlation between age and amount of education, on the other hand, may
lead to a spurious age-related decrease in measured intelligence. In other
words, the critical factor in the decline in measured intelligence may not be
a deterioration associated with increased age, but instead an increase in
quantity and quality of education in younger adults.

Several pieces of evidence have been presented in support of this line of
reasoning. First, a number of large studies with the WAIS (e.g., Birren &
Morrison, 1961; Granick & Friedman, 1967; Green, 1969) have demonstrated
that many of the age differences in intellectual abilities are greatly reduced or
even eliminated by matching individuals of various ages in terms of the
number of years of education. And second, there have been reports that
scores are higher with more recent administrations of a test to individuals of
the same age, and it has been suggested that this time-lag improvement is
primarily caused by improvements in education.

The clearest cases of a time-lag improvement are the comparison of the
1939 standardization of the Wechsler-Bellevue, the predecessor of the WAIS,
with the 1955 standardization of the WAIS, and the comparison of World
War II soldiers tested with the World War I Army Alpha test. Wechsler (1958)
reported that scores in the 1955 revision of the WAIS were consistently higher
than those from the initial 1939 testing, and he attributed a portion of this
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improvement to the increased educational opportunities from 1939 to 1955.
Tuddenham (1948) reported that soldiers in World War Il produced an
average score on the Army Alpha that fell at the 83rd percentile of the
distribution from World War I, and he too suggested that the increase in
educational level in the general population was probably responsible for at
least some of the improved test performance. A number of smaller-scale
studies have also reported positive time-lag effects with higher scores in more
recent test administrations (e.g., Cunningham & Birren, 1976; Owens, 1966;
Schaie & Labouvie-Vief, 1974; Schaie & Strother, 1968a), although at least
two studies have failed to report substantial time-lag differences (e.g., Camp-
bell, 1965; Garrison, 1930). While there does appear to be a trend for
intellectual performance to be higher on more recent test administrations (at
least over periods of decades rather than the last several years), educational
opportunities are only one of many changes that occurred during the inter-
vening interval and any of these progressive aspects may be responsible for
the improved performance.

In interpreting the role of educational level on intelligence it is important
to distinguish between amount of education as a cause, or as an effect, of
level of intelligence. The mere presence of a correlation between the two
variables is not informative about which variable is primarily responsible for
the other. It seems reasonable to argue that intelligence is in some sense the
“cause” of amount of education since each successive level of education
presumably requires a higher minimum amount of intelligence. In order for
the education contamination argument to have validity with respect to age-
intelligence relationships, however, it must be assumed that an increase in
years of education somehow ‘“‘causes’” an increase in intelligence. Although
some educators might be willing to accept this particular direction in the
relationship, there appears to be little evidence that merely increasing the
amount of schooling substantially affects an individual’s intellectual capacity.
It is possible that increased educational experience alters an individual’'s
interests or attitudes such that he or she maintains or even increases certain
abilities across the life span instead of having them deteriorate, but it seems
unlikely that the educational process itself is responsible for substantial
increases in basic intellectual abilities.

Another objection to the education artifact interpretation is that making
individuals of various age groups equivalent in terms of the number of years
of education does not match them in terms of quality of education, or in the
number of years since schooling. With the increase in the average number of
years of education there has also been a dramatic change in the qualitative
nature of instruction. The educational facilities, the extensiveness of the
teachers’ training and preparation, and even the dominant mode of instruc-
tion, i.e., rote versus discovery, have all changed over the past 50 years and
it may be unrealistic to assume that a year of education has had the same
impact on the individual at all periods in our history. Furthermore, it is
generally impossible to balance the number of years since the formal educa-
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tional experience, and cumulative forgetting would appear to impair the
performance of the older individual more than the younger one. That is, if
specific information acquired during the periods of formal education is
assumed to be important in influencing intelligence scores, then the older
adult is at a disadvantage with respect to the younger adult because of the
greater time that has elapsed in which forgetting may be taking place. The net
effect of these considerations is difficult to estimate, but it does appear that
the strategy of matching individuals of different ages on the basis of years of
education is rather naive, and the results of such a procedure do not lend
themselves to simple interpretations.

A related objection was briefly mentioned in Chapter 2. This concerns the
comparability of individuals in different ages who are matched on years of
education when the educational trends have changed so dramatically in recent
history. A college graduate in the 1930s was a member of a relatively small,
and elite, minority among his or her age cohorts, whereas a much larger
proportion of young people are graduating from college in the 1980s. The
mere fact that an individual was attending college in the 1930s signified that
his or her family was probably well-to-do and highly educated, but college
attendance in the 1980s is less informative about the family’s socioeconomic
status. Since college attendance was more highly related to socioeconomic
status in previous years than at the present time, and since socioeconomic
status has been found to be related to intelligence, it might be argued that
older college graduates were initially more intelligent, on the average, than
young college graduates. This argument implies that matching on the basis of
education to examine intelligence may be actually contaminating the age
differences by means of biasing the various age samples.

There is also an empirical argument against the education artifact expla-
nation of the age-intelligence relationship. If educational differences are
partially responsible for the observed age differences in intellectual abilities,
one would expect the age differences to be greatest on those subtests that are
most similar to the type of material studied in school. However, many years
ago Jones and Conrad (1933) and Willoughby (1927) pointed out that the
most dramatic age differences were in subtests such as the series completion,
analogies, and digit symbol substitution, which are quite dissimilar to school-
trained information. The subtests that did involve material related to school,
e.g., vocabulary, general information, and arithmetic, were found not to
decline with increased age. This general trend is also evident in the WAIS
subtests discussed earlier, and seems to argue against the hypothesis that
educational differences are major contributors to the age-related decline in
measured intelligence.

Cross-Sectional versus Longitudinal Results

It has sometimes been suggested that longitudinal studies of intellectual
ability portray a very different developmental trend from cross-sectional
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studies, and that the results from cross-sectional studies might therefore be
misleading if considered in isolation. Actually, one of the first longitudinal
studies of intelligence, i.e., C. Miles (1934), reported that the longitudinal
decrease over a two-year period in the same individuals was very similar to
the cross-sectional decrease over a comparable age span for individuals of
different ages. In other words, this initial study indicated that longitudinal
and cross-sectional designs produced nearly identical results. More recent
studies, however, have revealed that longitudinal age differences in intellectual
functions are often considerably smaller than those reported in cross-sectional
studies. The best known example of this discrepancy comes from a comparison
of the Jones and Conrad (1933) cross-sectional study and the Owens (1953)
longitudinal study, both using the Army Alpha test. Unlike Jones and Conrad,
Owens found that college-educated adults changed very little, or even im-
proved, on the Army Alpha over a 25-year span. Several other studies have
also been reported in which the longitudinal age differences were much smaller
than might be expected on the basis of cross-sectional results (e.g., Bayley &
Owen, 1955; Glanzer & Glazer, 1959; Kangas & Bradway, 1971; Nisbet, 1957,
Schaie & Labouvie-Vief, 1974; Schaie & Strother, 1968a; Tuddenham, Blu-
menkrantz, & Wilkin, 1968).

Although many researchers have been impressed with these apparent
differences, the discrepancies in results with cross-sectional and longitudinal
designs seem to be explainable if one considers the particular measures of
intelligence employed, the age span investigated, and the problems of sampling
bias inherent in longitudinal studies (e.g., Botwinick, i977; Horn & Donald-
son, 1976, 1980). As an example, several of the studies cited above (e.g.,
Bayley & Owen, 1955; Nisbet, 1957) employed tests primarily assessing verbal
ability as the measure of intelligence, and it has been noted earlier that verbal
ability remains fairly stable across the life span with the tests currently
available. The absence of a decline with such tests of intelligence is thus
consistent with what would occur in a cross-sectional study employing a
similar verbal ability test.

Most of the longitudinal studies have also been severely restricted in the
span of ages involved. For instance, Bayley and Owen (1955) compared
individuals at ages 30 and 42, Nisbet (1957) compared individuals at ages 23
and 47, and Kangas and Bradway (1971) contrasted 30-year-olds with 44-
year-olds. This is a segment of the age span in which the decline may not be
particularly prominent as the peak years in the early 20s are not included,
and the later years where the decline is most evident are also absent.

One of the most important factors involved in the apparent discrepancy
between cross-sectional and longitudinal results is the selective attrition
operating in nearly all of the available longitudinal studies. C. Miles (1934),
in one of the first longitudinal studies, noted that there was actually a gain in
the scores of individuals who readily volunteered for retesting, but that
inclusion of the more reluctant participants from the initial testing led to an
overall decline in test score. Such a retest bias, with the least competent
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individuals being less available for retesting, has probably been contributing
to the results of most longitudinal studies. Since this selective attrition is
progressive, the overall effect would be a distorted age relationship with the
older ages much more favorably represented than the younger ages. Excellent
discussions of how such selective attrition can affect the results and interpre-
tations from the longitudinal data of Schaie and his colleagues (e.g., Schaie
& Labouvie-Vief, 1974; Schaie & Strother, 1968a) have recently been presented
by Botwinick (1977) and Horn and Donaldson (1976, 1980).

While Schaie and his colleagues have argued that nonmaturational factors
are responsible for many of the age differences typically reported with
psychometric measures of intelligence, one is struck by the remarkably similar
age trends in his data from different measurement periods. Nearly identical
age trends are evident in the cross-sectional comparisons from the 1956, 1963,
and 1970 measurement periods (e.g., Schaie & Labouvie-Vief, 1974; Schaie
& Strother, 1968a) for almost all intellectual variables. For several of the
variables the absolute level of performance changed across successive meas-
urement periods, thus causing the longitudinal results to exhibit slightly
different age trends than the cross-sectional results. However, both the
direction and the magnitude of the change over successive measurement
periods varied across dependent variables and thus the effect is not yet
systematic enough to allow specification of its exact nature.

With the exception of the sizable time-of-measurement effects, Schaie’s
cross-sectional data portray a pattern of age trends very similar to those
described earlier in this chapter, although perhaps with somewhat more
dramatic age differences in the measure of vocabulary (verbal meaning) than
generally found. Schaie’s longitudinal data indicate a slightly more gradual
aging trend, but do not differ qualitatively from his cross-sectional findings.

In view of the preceding arguments it seems reasonable to conclude that
the discrepancy between longitudinal and cross-sectional studies is more
apparent than real. Kuhlen’s (1963) observation that the longitudinal data are
too tenuous to allow definitive statements about the relationship between the
two types of data collection is still valid, but the presently available evidence
is not particularly compelling concerning the hypothesis that there is a
fundamentally different pattern of results on adult intelligence with the two
methods.

Miscellaneous Extraneous Factors

In addition to the major issues discussed above, a number of other factors
have been proposed as being responsible for reducing the older individual’s
performance below his or her actual level of competence. Because these
factors are assumed to be extrinsic to the individual’s true ability or compe-
tence, they are considered to be extraneous to the measurement of real
intelligence.

One such extraneous factor is motivational level. It has occasionally been
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suggested that older adults perform poorly on experimental and psychometric
tasks because they are less motivated in those activities than young adults.
Although this argument has intuitive plausibility (particularly when one
compares older adults to college students who seem willing and even enthu-
siastic to perform the most trivial and mundane activities under the guise of
psychological experiments), there is apparently no empirical evidence to
support such a speculation. Indeed, when only highly motivated individuals
are tested (e.g., Ganzler, 1964; Schaie & Strother, 1968b), the age differences
are of about the same magnitude as those reported in other studies. Also,
Jones and Kaplan (1945) have noted that reduced motivation is most likely
to be manifested in refusal to participate in the research project, and yet when
individuals who initially refuse are finally coerced into participating, the cross-
sectional age declines are often greater than those reported in the initial
sample (e.g., Jones & Conrad, 1933).

Judging from some of the statements concerning the role of motivation,
there appears to be considerable confusion about the relationship between
motivation and ability. One of the clearest statements of this relationship was
made by Jones:

We sometimes speak of motivation as though it were a prime mover which could be

turned on or off irrespective of target mechanisms. But motivation and ability are

usually interactive. We like to do things that we can do well. We become resistant
toward activities which reveal our shortcomings. (1959, p. 718)

To state that older adults do not perform well on activities for which they
have not been reinforced recently is therefore not an explanation. What is
necessary is a determination of whether the reinforcements were lacking
because the performance was inferior, or the performance was inferior because
the reinforcements were lacking. This is an empirical issue that must ultimately
be resolved with data, and cannot simply be dismissed with emotional appeals.

Three other factors that have been discussed as performance-limiting
extraneous factors working against older adults are practice, fatigue, and
cautiousness. Several studies have been reported in which some type of
intervention program was implemented to remedy the lack of practice, greater
susceptibility to fatigue, or excessive cautiousness suspected to be limiting the
performance of older adults in assessment situations. For example, Hoyer,
Labouvie, and Baltes (1973), Kamin (1957), and Plemons, Willis, and Baltes
(1978) administered practice treatments; Cunningham, Sepkoski, and Opel
(1978), Furry and Baltes (1973), Hayslip and Sterns (1979), and Kamin (1957)
investigated fatigue manipulations; and Birkhill and Schaie (1975) studied the
effects of a treatment designed to reduce excessive cautiousness. Unfortu-
nately, many of these studies did not include a young control group and, as
Horn and Donaldson (1976) pointed out, without such an age comparison
the studies simply do not address the age difference issue. The outcome of
studies with only one age group contribute very little to an understanding of
why one age group is different from another. Furthermore, in the studies that
did include at least two different age groups, only Furry and Baltes (1973)
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reported a significant age by treatment (fatigue) interaction, and this was not
confirmed by Cunningham et al. (1978), Hayslip and Sterns (1979) or Kamin
(1957). Without clear evidence of a differential effect of the treatment such
that one age group benefits more than another, it is impossible to claim that
any of these extraneous factors contributes to the differences observed between
various age groups.

Another extraneous factor that has been mentioned as influencing the
performance of older adults is auditory sensitivity. Granick, Kleban, and
Weiss (1976) reported that many of the subtests of the WAIS are moderately
correlated with degree of hearing loss such that the greater the hearing
impairment, the poorer the performance on the subtest. While suggestive,
these results should be interpreted with considerable caution. The particular
subtests that exhibited high correlations (e.g., the digit symbol substitution
test) were not related to auditory sensitivity in any intuitively obvious manner,
while other tests that might be expected to be related did not have high
correlations (e.g., the digit span test). Further, in order to claim that the age
differences are at least partially attributable to differences in auditory sensi-
tivity, it would have been desirable to demonstrate that a group of young
adults with comparable auditory impairments produced similar decrements in
performance. Only older adults were included in the Granick et al. (1976)
study, and thus the significance of the correlations to the question of the
cause of age differences in intellectual performance could not be assessed.

Individual Differences

A point that deserves special emphasis when considering the topic of
intelligence is that there are tremendous individual differences in the rate of
change in intellectual abilities, just as there are very large differences in the
peak levels of these abilities. In fact, the correlations between chronological
age and raw scores on subtests of intelligence seldom exceed .5, which
although often considered sizable, indicates that only about 25% of the
variability in intelligence scores can be accounted for by knowledge of age.
The results discussed in this chapter have referred to statistical averages, and
therefore they are of very little use in attempting to predict the performance
of a specific individual.

There have been some reports that the rate of decline in intelligence is less
rapid in the initially more intelligent individuals (e.g., Blum & Jarvik, 1974,
Foulds & Raven, 1948; Gilbert, 1935; Riegel & Riegel, 1972; Shakow &
Goldman, 1938), but Baltes, Nesselroade, Schaie, and Labouvie (1972) have
presented a convincing argument that many of these results might be explain-
able by a statistical regression artifact. (These authors employed an intriguing
time-reversed analysis procedure in which forward, i.e., 1956-1963, and
backward, i.e., 1963-1956, comparisons were examined.) At the present time,
then, it is probably not wise to draw any conclusions about differential rates
of declines across particular groups of individuals. It is obvious that people
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vary greatly in their specific patterns of aging; it is just not possible at the
current time to characterize the commonalities responsible for particular aging
trends.

Theoretical Evaluation

In view of the evidence that the various component abilities in intelligence
tests exhibit substantially different developmental trends, any theoretical
discussion of intelligence must be rather vague. Intelligence is a multifaceted
concept, particularly when viewed from an adult development perspective,
and thus it is impossible to be very concrete in one’s theoretical speculations.
Nevertheless, it is still worthwhile to examine some of the major theoretical
issues from the context of the literature surveyed in this chapter.

With respect to theories stressing a biological (maturational) determinant
of age changes, three observations may be considered as favorable evidence.
The first is that the intellectual ability decline associated with increased age
has at least a superficial similarity to the impairments associated with diffuse
brain damage (e.g., Davies, 1968; Davies et al. 1981; Reed & Reitan, 1963;
but see Overall & Gorham, 1972), suggesting that organic factors might be
responsible for the aging deficits. Second, the decline with most abilities is
more continuous than abrupt, and thus seems characteristic of a gradual
biological process. An environmental determinant of the observed aging
differences might be expected to be more abrupt as an individual suddenly
retires and is removed from previous reinforcements or stimulation. And
third, there is some indication that the age decline is greatest on tests that are
most unfamiliar and least dependent upon specific experience, €.g., the spatial
abilities tests and the digit symbol substitution test. Since these tests are
unlikely to have been ‘““contaminated” by social or cultural factors, they might
be interpreted as providing the best index of the biological deterioration that
underlies all mental performance.

Environmentally oriented theories of age differences can also claim support
from the literature on adult intelligence. Many researchers have argued that
increased age is associated with a progressively narrower range of interests
and activities such that certain activities can no longer be performed as well
because they are less often practiced (e.g., Granick & Friedman, 1967; Heron
& Chown, 1967; Jones & Conrad, 1933; Schaie et al. 1953; Sorenson, 1938;
Tuddenham et al. 1968; Williams, 1960). It has also been pointed out that
abilities that are in continuous use throughout the life span, such as vocabulary
and other verbal abilities in teachers (e.g., Garfield & Blek, 1952; Nisbet,
1957; Sorenson, 1933; Sward, 1945), either do not decline, or possibly even
increase, with increased age. On the other hand, attempts to relate the rate of
decline on particular tests to the type of activity in which the individual has
been engaged in the years intervening between successive testings have not
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revealed any significant relationships (e.g., Green & Reimanis, 1970; Owens,
1953; but see Kohn & Schooler, 1978 for an interesting exception). It should
also be noted that Kamin (1957) found that older adults did not improve any
more than young adults when provided with practice, i.e., given additional
administrations of the same test.

The competence-performance distinction has been the subject of consider-
able speculation within the field of adult intelligence, but as yet there is little
solid evidence in either direction. Some researchers have argued that age-
associated performance declines are not accurate reflections of true compe-
tence, and consequently have examined a number of manipulations designed
to optimize performance of older adults. Unfortunately, most of these studies
failed to include a young adult group and thus it cannot be determined
whether performance below the level of one’s competence is unique to older
adults. It is clear that much more research, with at least two age groups, is
needed in this area. At the current time there simply is not enough data to
justify any conclusion on the competence-performance issue.

In view of the widely varying developmental trends for different component
abilities, it seems likely that successful theories in this area must be specific
rather than general. Only if it is eventually determined that the assorted
abilities all depend, in varying proportions, upon a single mechanism or
process would a general theory appear credible.

To summarize, the presently available literature in psychometric intelligence
does not allow strong conclusions about theoretical issues. There is mixed
evidence concerning maturational versus environmental determinants of the
observed results, and no useful evidence concerning the performance versus
competence distinction. The most that can be said is that it is unlikely that a
single general theory will be able to account for the diverse age trends
observed across the domains of ability typically included in tests of intelli-
gence.

Summary

Although nearly every other conceivable issue seems to have been debated,
the fundamental fact that intelligence as assessed by traditional intelligence
tests with cross-sectional procedures exhibits more or less continuous decreases
across successive age groups beginning at about age 25-30 has not been
disputed. Many psychologists, like Spearman (1927), have been impressed by
the “tragical import” of this finding and have speculated that humans are
already too old for their best work at age 30, rather than S0 or 70. Wechsler
(1958) and others, however, have noted that intelligence is not the only factor
involved in human accomplishments, and that wisdom, judgment, and sagacity
are dependent more on actual experience than sheer capacity. It is likely that
knowledge acquired through experience is often as important as intelligence
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in human activities, and experience is generally to the advantage of the older
individual.

It is also important to note that the decline is continuous rather than
abrupt and thus the loss of intellectual ability may be as important a
consideration in a comparison of 50-year-olds with 30-year-olds, as it is in a
comparison of 70-year-olds with 50-year-olds. The important question in
many evaluations of adults seems to be whether the individual can handle the
tasks of interest, rather than the position on the decline function. Since most
abilities exhibit gradual decline, such that even at age 70 there is considerable
residual ability that may be sufficient for the performance of many activities,
data of the type discussed in this chapter may be quite useless for most
predictive purposes.

One of the major assertions in this chapter was that intelligence is not a
single, unitary trait (at least with respect to how it is measured), but instead
consists of a combination of developmentally distinct component abilities.
The implication of this view is that it does not make sense to attempt to
examine the relationship between age and a unidimensional index of global
intelligence. Each of the component abilities must be examined separately if
any understanding of causal factors is to be obtained. Such a detailed
examination is conducted in the following chapters as the focus shifts from a
psychometric perspective, in which the concern was with descriptive infor-
mation about relative ability, to an experimental perspective, in which the
mechanisms and processes responsible for particular levels of performance
are analyzed.
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Imagine that you have been placed in the position of screening applicants
for a high-level decision-making position. What criteria would you employ to
evaluate the candidates for a job that involves making important decisions
and solving difficult problems? Perhaps the first attribute that you would look
for would be previous experience in making similar types of decisions or
solving related problems. It is reasonable to expect that someone who has
enjoyed success in such situations in the past will likely prove successful in
the future. However, if experience is excluded, other characteristics must be
considered. Some of those that might be useful in this context are: (1)
creativity; (2) flexibility; (3) organizational skills; (4) ability to make valid
logical deductions; (5) ability to sift relevant from irrelevant information; (6)
ability to operate at both abstract and concrete levels; and (7) ability to
proceed systematically towards a problem solution.

Although the amount of research concerned with adult age and decision
making or problem solving is not large, it is somewhat discouraging that age
decrements have been reported in all the decision-making characteristics noted
above. It is not possible to conclude on the basis of these findings that older
adults are generally poorer decision makers than young adults because the
contribution of sheer experience is unknown in most decision contexts, and
undoubtedly of major importance. Nonetheless, the available evidence seems
to portray a rather pessimistic view of the older adult as a decision maker in
novel situations. In the present chapter we will examine this evidence to
determine whether it is actually reasonable to conclude that there are
substantial declines in “pure’ decision-making abilities, independent of ex-
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perience, as one grows older. Our coverage of the literature will be organized
primarily in terms of the seven optimal decision-maker characteristics listed
above.

Creativity

While creativity is one of the most valued attributes an individual could
possess in modern society, it is unfortunately the case that there are very few
accepted assessment techniques for the measurement of creativity. One fairly
typical procedure simply asks individuals to name as many different uses as
possible for a common object like a brick. The reasoning is that a great
number of people will be able to provide a few familiar answers such as using
it as a component in construction, but only the most creative people will be
able to offer unique responses such as using the brick as a doorstop. The
argument that unusual or infrequent responses are creative has some intuitive
appeal, but we do not yet know whether these types of measures are really
valid reflections of creativity as the term is commonly used. In the absence of
any better assessment devices, however, the current tests of creativity will have
to suffice if one wishes to make any statements about differences in creativity
across groups of people.

Two slightly different types of tests have been employed in studies of the
influence of aging on creativity, but both have used the “unique response”
rationale just discussed. The Vygotsky Test consists of 22 wooden blocks in
a variety of colors, shapes, heights, and widths. The task is to discover as
many different sortings or arrangements of the blocks as possible. The Shaw
Test is very similar but there are only four different blocks with a smaller
number of dimensions of difference.

Bromley (1967) administered both the Shaw and Vygotsky Tests without
time limits to 250 adults in three age groups with approximate age means of
27, 47, and 67 years. The mean number of responses in each test declined
with increased age such that the individuals with a mean age of 67 years
produced only 50%-66% as many different responses as the individuals with
a mean age of 27 years (see Figure 5.1). This result is particularly impressive
when it is noted that the participants in Bromley’s study were all intellectually
superior adults with approximately the same mean Wechsler-Bellevue Intelli-
gence Score (i.e., means of 122 for the young adults, 123 for the middle-aged
adults, and 121 for the older adults).

Bromley’s interpretation of these results was that there is a decline in either
persistence, flexibility, or abstraction—the combination of which is presumed
to be necessary for a high score. Regardless of which specific process is
primarily responsible, the results portrayed in Figure 5.1 clearly suggest that
increased age is associated with a reduction in creativity, as measured by the
number of different responses, even when the mean level of intelligence is
held constant.
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Figure 5.1. Shaw Test (1) and Vygotsky Test (2) scores at various ages expressed as a
percentage of the maximum score across all ages. Data from Bromley (1967).

Alpaugh and Birren (1977) reported a striking confirmation of Bromley’s
results in a comparison of 111 adults between the ages of 20 and 83. Increased
age was associated with poorer performance in a composite measure of
creativity or divergent thinking, despite comparable levels of verbal intelli-
gence across age groups.

Less dramatic age trends in creativity were reported in a recent study by
Jaquish and Ripple (1981). However, the task employed in this study was
very unstructured, with participants merely requested ““to be imaginative” in
writing reactions to auditory stimuli. Given such a vague task, it is not clear
that the responses should be considered reflections of creativity rather than,
for example, some dimension of personality. This latter interpretation is
supported in the finding that the measures of *‘divergent thinking” reported
by Jaquish and Ripple were significantly correlated with an index of self-
esteem.

A test specifically designed to measure ingenuity was administered to 64
pilots by Glanzer et al. (1958). On the assumption that ‘““an ‘ingenious’ person
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is one who can form relationships between things or ideas which are not
generally thought of as one concept,” pairs of words or pictures were
presented with instructions to specify a relationship between the pair of items.
A higher score on this “finding relations” test can therefore be interpreted as
a reflection of greater creativity or ingenuity. Although no individuals over
the age of 50 were tested, the correlation between adult age and this measure
of creativity was —.28 (p < .05), indicating fewer ingenious or creative
responses with increased age.

It would be very desirable to obtain additional evidence from other types
of tests assessing creativity before drawing a firm conclusion, but at the
present time the consistent results with relatively large samples in the Bromley
(1967), Alpaugh and Birren (1977) and Glanzer et al. (1958) studies suggests
that creativity, at least insofar as we can measure it in the laboratory, seems
to be lower with increased age.

Flexibility

Flexibility is a desirable characteristic for a decision maker to the extent
that it enables one to change his or her opinion in the face of new information.
An inflexible or rigid individual would have a difficult time adapting to new
situations and might even find it impossible to function under rapidly changing
conditions.

Flexibility, or its converse, rigidity, has been measured in several ways. As
was the case with creativity, however, the validity of the various measures is
still not known. Each has a certain amount of face validity in that it seems to
reflect ability or willingness to change, but large-scale empirical studies
documenting the relationship between these measures and extralaboratory
behaviors have not yet been reported.

One procedure to determine an individual’s relative position on the
flexibility-rigidity dimension requires the person to perform different opera-
tions either separately or in alternation, with the score being some comparison
of the relative performance in the two conditions. For example, Botwinick,
Brinley, and Robbin (1958) presented addition and subtraction problems
separately or alternately, Schaie (1958) presented separate or alternating
synonym and antonym questions, and Brinley (1965) presented both arithmetic
and verbal items in this type of separate or alternating arrangement. The
assumption is that an individual who requires more time when performing
two operations in rapid alternation, compared to performing first one oper-
ation and then another, is less flexible than an individual whose performance
is the same under separate and alternating conditions. The additional time
required for the alternation of activity, independent of the activity time itself,
is thus taken as an index of the individual’s rigidity, or lack of flexibility.

Using this type of measure, all three of the studies cited above reported
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Table 5.1 Motor-Cognitive Rigidity Measures Across the Adult Life Span

Age
20-25 26-30  31-35 36-40 41-45 46-50 51-55 56-60 61-65 66-70

Percent of 100 95 96 88 90 91 86 82 80 73
Maximum
Score

Note. Adapted from Schaie & Strother, 1968a.

greater rigidity in older adults than in younger adults. Schaie’s (1958) results,
with 25 males and 25 females in each of ten 5-year age ranges, are displayed
in Table 5.1. Notice that the age function, while not steep, exhibits a gradual
reduction in flexibility, i.e., an increase in rigidity, with increasing age. This
result, in conjunction with the similar findings by Botwinick et al. (1958) and
Brinley (1965), strongly suggests that the ability to shift rapidly from one type
of activity to another tends to decrease with increased age.

A second method of measuring an individual’s position on the rigidity-
flexibility dimension utilizes what has come to be known as the Einstellung
procedure. Several different tasks have been used to investigate the Einstellung
effect (e.g., the water-jug task, the alphabet-maze task, and the anagram task),
but each follows the same basic logic. First, a series of problems is presented
which can be solved only by a rather complicated solution. Later, several
problems are introduced which can be solved with either the complicated
solution or with a much simpler solution. And finally, one or more problems
are presented in which only the simple solution is effective. The measure of
rigidity or flexibility available from this procedure is the relative difficulty of
solving the last problem. If an individual tends to persevere in a previously
successful strategy that is no longer applicable, he or she will experience great
difficulty with the final, new-solution, problem. On the other hand, if the
person is flexible and readily adopts alternative strategies when the previous
strategy is discovered to be ineffective, the final problem should not be
excessively difficult.

The major aging study employing the Einstellung procedure was reported
by Heglin (1956). One-hundred and fifty males and 150 females were admin-
istered the water-jug and alphabet-maze versions of the Einstellung task. The
participants were divided into three age ranges, with 100 teenagers (age range
14-18, median age of 16), 100 young adults (age range 20-49, median age of
32), and 100 older adults (age range 50-85, median age of 66). Older adults
were reported to experience more difficulty on the new-solution problems than
the young adults on both the water-jug and alphabet-maze tasks. Older adults
also benefited less than young adults from specific instructions warning about
the tendency to use only one solution strategy for all problems. (The teenagers
were either at the level of the young adults, or between the two adult groups,
on all measures.)

Heglin’s findings can be interpreted as indicating that older adults are less
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flexible than young adults in considering alternative solutions to a problem
when the old solution no longer works. Our confidence in this conclusion
should not be too great, however, since all of the results upon which it is
based are derived from a single experiment.

A third measure that has been used as a reflection of rigidity or flexibility
is obtained in concept-identification tasks. Typically a number of stimulus
items for which one concept is “correct” are presented, and then either with
or without the individual’s awareness a new concept is substituted for the old
one. For example, the stimuli might be cards that vary in the number, shape,
color, and size of objects drawn upon them, with the individual instructed to
determine which dimension or combination of dimensions is reponsible for
some stimuli being classified positive and others negative. Initially the concept
might be “red and square” such that any card with one or more red squares
on it would be classified as positive and all other cards classified as negative.
At the time of the transfer the concept might be shifted to some other set of
dimensions (e.g., “two and large”), or to different values along the same
dimensions (e.g., “blue and circular’”). The relative difficulty of acquiring this
new concept can be considered a measure of the individual’s rigidity. A
person low in rigidity, one who adapts easily to changes in the rules or
requirements, would presumably not experience much difficulty in acquiring
the new concept, whereas a highly rigid person might be expected to experience
great difficulty and frustration when the ‘“‘correct” concept is changed in the
middle of an experiment.

Two studies have reported that young adults are more successful at shifting
to a new concept than older adults, but each has some problems that limit the
conclusions that can be drawn. Wetherick (1965) employed very few individ-
uals in each age group and conducted no formal statistical analyses to evaluate
the differences that were observed. Nehrke (1973) examined a larger number
of participants, a total of 192 different individuals, but substantial age
differences in the acquisition of the initial concept made it difficult to interpret
the results with the changed concept. In light of these difficulties it is perhaps
best to reserve judgment on whether this particular measure of rigidity exhibits
sizable age differences.

It seems fairly certain that some aspects of flexibility tend to decline with
increased age. The task-alternation and Einstellung procedures have yielded
consistent results indicating lower levels of flexibility among older adults
compared to young or middle-aged adults, and the available evidence on
shifting concepts, although flawed, is also consistent with this conclusion.

Organizational Skills

An ideal decision maker or problem solver should possess the ability to
organize seemingly unrelated aspects of a problem into a single, meaningful
pattern. Many times the key to a problem solution lies in the manner in which



Organizational Skills 89

it is organized; the right organization can make the solution trivial, and an
inappropriate organization can make the problem nearly impossible.

Organizational abilities have been investigated in the laboratory by asking
people to classify groups of stimulus items and examining either the number,
or types, of groupings. The Shaw and Vygotsky Tests discussed earlier can
therefore be interpreted as providing measures of organization. It will be
remembered that Bromley (1967) found fewer different organizations of the
stimulus items in the older age groups than in the young age groups. This
result may indicate an organizational deficiency, in addition to a lower level
of creativity, among elderly adults.

Two more recent studies, by Kogan (1974) and Cicirelli (1976), examined
age differences in both the number and the type of groupings. As would be
expected from Bromley’s results, both investigators found that the older
adults formed fewer groups than the young adults. However, it was also
found in both studies that older adults tended to make proportionally more
groupings on the basis of functional relationships among items than the young
adults. For instance, a drawing of a stove and a drawing of a frying pan
might be grouped together because the frying pan is used on the stove. A
more abstract level of classification, exhibited with greater frequency by young
adults, would involve the grouping of items by category. As an example, the
drawing of the frying pan might be grouped with drawings of a tea kettle or
a pot, while the drawing of the stove might be grouped with a drawing of a
refrigerator or a dishwasher.

The difference in types of groupings does not necessarily mean that the
older adults were completely defective in organizational skills, but it does
suggest that the organizations formed by older adults relative to those formed
by young adults are more often dominated by rather primitive relationships
among items than by higher abstract categories. In this respect, therefore, the
Kogan and Cicirelli results might be interpreted as indicating a weakness in
certain types of organizational abilities in later adulthood. Experiments by
Annett (1959) and Denney and Lennon (1972) also reported adult age
differences in classification criteria and are thus consistent with the results
and conclusions from the Kogan and Cicirelli studies.

A second technique that has been used in the laboratory to investigate
organizational skills utilizes a variant of the familiar 20-questions game. In
the version employed by Denney and her colleagues (e.g., Denney, 1980;
Denney & Denney, 1973, 1982; Denney & Palmer, 1981; Kesler, Denney, &
Whitely, 1976), the participants were presented with 42 pictures and instructed
to ask questions to determine which picture the experimenter had designated
as the target picture. Organization is important in this task to provide an
initial grouping of the alternatives so that each question might serve to
eliminate as many alternatives as possible. That is, grouping the pictures into,
for example, animals and nonanimals, would allow a question about whether
the target is an animal to eliminate many possibilities with a single question.
This type of organization can be inferred by the proportion of total questions
that are constraining in the sense of eliminating more than one alternative at
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Table 5.2 Percentage of Constraining Questions in the 20-Questions Task

Age
20-29 30-39 40-49 50-59 60-69 70-79
Percent of maximum 87 100 83 77 53 27

score, Denney &
Palmer (1981)

Percent of maximum — 100 92 74 58 44
score, Denney &
Denney (1982)

a time. In all of the studies cited (i.e., Denney, 1980; Denney & Denney,
1973, 1982; Denney & Palmer, 1981; Kesler et al. 1976) it was reported that
elderly adults (ages 65-81 years) required more questions to solution, and
asked a smaller proportion of constraining questions, than did middle-aged
adults (ages 30-50 years). Data for the percentage of constraining questions
across the adult life span are illustrated in Table 5.2, although Denney and
Palmer (1981) state that the value for the 30- to 39-year old group in their
experiment is atypically high relative to other studies. Arenberg (1974), using
a quite different experimental task, also reported an age-related increase in
the number of uninformative questions, again suggesting a less effective
problem organization among older adults.

Although one might have reservations about the validity of these laboratory
measures of organizational ability, particularly if one is concerned with
generalizing to complicated decision situations, it must be admitted that the
results available thus far are reasonably consistent. Older adults apparently
make fewer and less abstract organizations than younger adults, and also tend
to rely less on self-generated organizations when seeking solutions to simple
problems.

Ability to Make Logical Deductions

Logical consistency, both in drawing one’s own conclusions and in evalu-
ating the arguments of others, would seem to be a very desirable trait for a
high-level decision maker. Many problem-solving situations involve inferences
that go beyond the strict rules of logic, and yet it is inconceivable that one
would be respected as a decision maker if he or she was unable to use
deductive logic to identify the implications of an argument.

The most commonly used laboratory technique for investigating logical
deductive ability involves some variant of a concept-identification task. Stimuli
in concept-identification tasks are composed of several elements or dimen-
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sions, one (or a combination of two or more) of which is designated as
defining the concept. The stimulus complexes are typically presented sequen-
tially, with feedback provided about the concept identity after the individual’s
response. A concept is considered identified if the person can state the critical
element or dimension, or can demonstrate this knowledge by performing for
a certain number of trials without any errors.

Most concept-identification tasks have employed abstract stimulus dimen-
sions such as color, shape, or size. However, Arenberg (1968a), and later
Hayslip and Sterns (1979) and Hartley (1981), cleverly incorporated concrete
stimulus dimensions by portraying the task as a problem of detection in which
the participant was to decide which of several foods contained poison. A
stimulus complex consisted of a meal with three different foods, and the
feedback after the response indicated whether a person eating that meal had
lived or died. After several “meals” involving various combinations of foods,
the participant was asked to identify which food contained the poison.

The results with both abstract and concrete versions of concept-identifica-
tion tasks have been quite consistent in indicating sizable age differences in
the speed of acquiring the concept. Typical results are illustrated in Figure
5.2, with similar findings also reported by Arenberg (1968a), Hartley (1981),
Nehrke (1973), and Wiersma and Klausmeier (1965). In all cases, it appears
that older adults either require more trials to identify the concept, or are less
accurate with a fixed number of trials, than young adults.

The reliability of age differences in concept-identification tasks seems
indisputable in light of the consistent results from several independent studies.
The interpretation of these findings is not quite so definitive, but it seems
reasonable to conclude that older adults are less able to evaluate the
relationships among different pieces of information and draw logical deduc-
tions than younger adults. A similar conclusion has been reached on the basis
of results from a complex “logical analysis™ task that requires the individual
to determine the relationships between lights and buttons (e.g., Arenberg,
1974; Jerome, 1962; Young, 1966), and in a study of syllogistic reasoning
(Nehrke, 1972). Friend and Zubek (1958) also reported sizable age-related
declines for all five subtests of the Watson-Glaser Critical Thinking Appraisal
Test which assess: (a) inference; (b) recognition of assumptions; (c) deduction;
(d) interpretation; and (e) evaluation of arguments.

Ability to Discriminate Relevant from Irrelevant Information

In complex situations where there is a vast amount of information available
but only a small portion that is pertinent to the issue at hand, the ability to
distinguish between information that is, and is not, relevant is a very valuable
characteristic. Many problems are overwhelming if one attempts to examine
every little detail, but are relatively simple and straightforward when the
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Figure 5.2. Concept identification performance at various ages expressed as a percentage
of the maximum score across all ages. Numbers refer to different tasks or experiments:
1 = adapted from Brinley, Jovick, & McLaughlin (1974); 2 = adapted from Hayslip &
Sterns (1979)—abstract problems; and 3 = adapted from Hayslip & Sterns (1979)—
concrete problems.

critical variables have been isolated so that all other information can be
ignored.

There have been frequent informal, almost anecdotal, reports in the
literature on aging to the effect that older adults are less able to ignore
irrelevant information than younger adults, but only a couple of research
studies have directly addressed this issue. Rabbitt (1965a, 1965b) used a
speeded classification task in which people had to make rapid decisions about
the categorical identity of simple stimulus patterns. His major finding was
that the age differences tended to increase as the number of stimulus
dimensions irrelevant to the classification increased, suggesting that older
adults had greater difficulty ignoring irrelevant information. (But see Chapter
8 for additional discussion of this result.)
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A more recent study by Hoyer, Rebok, and Sved (1979) found essentially
the same pattern of results as Rabbitt in a simple concept-identification task.
Twenty young (mean age 21 years), 20 middle-aged (mean age 52 years), and
20 elderly (mean age 73 years) adults attempted to select which of two
stimulus patterns was the most similar to a target stimulus pattern. The
concepts were always defined in terms of one dimension (e.g., color, shape,
number, or position), but zero, one, two, or three of the remaining dimensions
could be variable and irrelevant. If an irrelevant dimension, i.e., a dimension
other than the concept dimension, was not variable it still existed in the
patterns but all stimuli had the same value on that dimension. For example,
a problem with two irrelevant dimensions might consist of two gray squares
in a vertical arrangement as the target, with four white squares in a vertical
arrangement as one stimulus alternative, and three black triangles in a vertical
arrangement as the other stimulus alternative. With this problem, shape would
be the relevant dimension defining the concept, number and color would be
the irrelevant variable dimensions, and positional arrangement would be the
irrelevant constant dimension.

Individuals in all three age groups tended to commit more errors and take
more time to make their decisions as the number of irrelevant dimensions
increased. That is, the difficulty of determining which dimension was common
to the target and one of the stimulus alternatives increased as the number of
variable dimensions increased. Of greatest importance in the present context
is that the differences among the age groups also became larger as the number
of irrelevant dimensions increased from zero to three. In other words, the
older adults seemed to have more problems in distinguishing between relevant
and irrelevant dimensions than young and middle-aged adults. A slightly
different experiment by Rebok (1981) failed to find an age difference in the
effects of amount of irrelevant information, however, and thus this conclusion
must be considered somewhat tentative.

Concrete and Abstract Thinking

One prerequisite of being able to profit from one’s experience is the ability
to think in the abstract rather than always in concrete terms. Only if one is
able to discard the inessentials and retain the abstract principles will it be
possible to transfer knowledge from an old familiar context to a new and
different context. Abstraction can thus be considered the mechanism by which
general, as opposed to specific, knowledge is acquired.

The status of the concrete-abstract distinction in aging research is much
like that of the relevant versus irrelevant distinction discussed in the previous
section; there is remarkable consensus on the basis of incidental and anecdotal
evidence, but very few research studies have directly addressed this question.
The prevailing opinion is that thinking becomes less abstract and more
concrete with increased age.



94 5. Decision Making and Problem Solving

Many authors have relied on unsystematic observations or researchers’
speculations as the basis for their opinions, but there does seem to be at least
one study providing rather direct evidence. This was a study by Bromley
(1956) in which he asked adults of different ages to interpret proverbs.
Bromley felt that this was an ideal procedure for assessing abstract thinking
since the proverbs are expressed in concrete terms but they embody an
abstract principle. If the individuals are able to think at an abstract level they
will provide a general principle as their response. On the other hand, if they
are limited to concrete thinking, very specific responses or even paraphrases
of the proverb will be produced. Bromley employed both a free-response test,
in which the participant provided the answers, and a multiple-choice test,
where the participant selected the best answer from among three alternatives.
The tendency to produce or select abstract and general responses decreased
successively across age groups with mean ages of 27, 47, and 67 years. The
very similar pattern with both types of tests is particularly interesting since it
suggests that the age deficiency is not simply a difficulty in generating
abstractions, but also in recognizing them among more concrete alternatives.

Ability to Proceed Systematically towards a Problem Solution

A final desirable characteristic for a decision maker is that he or she
progresses in a systematic fashion to the eventual conclusion or solution,
appropriately using information at every intervening stage. One who ignores
relevant information, who fails to grasp the significance of information, or
who alternates in an apparently haphazard fashion between various solution
strategies, would obviously not command much respect as a decision maker.

Several researchers have reported that older adults seem less able than
young adults to adopt and maintain an appropriate solution strategy. Young
(1966), in particular, noted this tendency and attempted to train adults to
employ an effective strategy. She found that the older adults were less
consistent in their adherence to a strategy even when it was explicitly pointed
out to them. Sanford (1973) in a search task, and Jerome (1962) and Arenberg
(1974) in a logical-analysis task, also found reduced utilization of effective
strategies among older adults.

Perhaps the clearest case of this age difference in solution strategy is evident
in the results of an experiment by Offenbach (1974). A modified concept-
identification task was used in which special stimuli without feedback were
presented after every feedback trial. The purpose of the no-feedback presen-
tations was to allow the participant’s hypothesis about the concept identity to
be determined without causing a change in that hypothesis. With 20 college
students (mean age 19 years), Offenbach found that 88.4% of the hypotheses
were retained after a correct trial, but only 9.4% were retained after an
incorrect trial. In both respects these values are reasonable as one should
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keep a hypothesis that has been confirmed, but should discard a hypothesis
that has been falsified. The older adults (mean age 75 years), however, were
less consistent in following this strategy as they retained only 49.5% of
hypotheses that had been confirmed, but 20.0% of the hypotheses that had
been disconfirmed. Obviously the data indicate that the older adults in this
study were less systematic in their progress towards the solution than the
young adults.

Sanford (1973) reported a similar result in an analysis of strategies for
locating a hidden target. The older adults (mean age 75 years) were much less
likely than young adults (mean age 20 years) to employ a systematic stepwise
search strategy, and more often relied on a haphazard, random, search
pattern.

Sanford and Maule (1973) performed two experiments comparing the
development of optimal prediction strategies in young (mean ages 20-22
years) and old (mean ages 64-70 years) adults. In both cases the older
individuals used optimal strategies less often than did the younger ones. Maule
and Sanford (1980) later confirmed this result in an experiment involving
slightly different procedures.

The consistency of the finding that older adults are less systematic in their
progress towards a problem solution suggests that this is a real phenomenon.
If it were simply a chance result it is highly unlikely that the same trend
would be evident across such varied tasks as logical analysis, concept
identification, visual search and prediction. It therefore seems reasonable to
conclude that with increased age there is a decline in the systematic nature of
one’s solution attempts.

Miscellaneous Factors

In addition to the attributes mentioned above, a number of other charac-
teristics of older problem-solvers have been discussed as contributing to their
poor performance in problem-solving and decision tasks. Friend and Zubek
(1958), Welford (1958), and Young (1966), for example, have claimed that
older adults are more likely than young adults to react to the content of
propositional statements rather than the logical relationships in an argument.
In Young’s words, the behavior of the elderly is often dominated by “attitude
rather than analysis.” While these observations are interesting, it is not yet
clear whether the emotional reactions are the cause, or simply a consequence,
of the poor performance on logical tasks. The realization that a logical
argument is quite complex may lead some individuals to ignore the abstract
relationships and concentrate on the concrete content of the statements.
However, at least one study (Nehrke, 1972) has reported that older adults are
not differentially affected by the emotional content of a syllogism.

Another frequently mentioned characteristic of older problem solvers is
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that they experience more memory failures than younger people. This is
manifested in a variety of ways, ranging from redundant inquiries in the 20-
questions task (e.g., Denney & Palmer, 1981) and the button-light arrangement
task (Arenberg, 1974; Jerome, 1962; Young, 1966), to great confusion with
array sum tasks (e.g., Clay, 1956b). We will see in Chapters 6 and 7 that
memory problems in older age are quite well documented and thus it is
reasonable that an older adult will be impaired with problems and decisions
that require reliance on memory.

Excessive cautiousness has also been frequently discussed as a factor
contributing to poorer decision making in older adults. Two different proce-
dures have been used to assess cautiousness, but one of them, the choice-
dilemmas questionnaire, seems to measure reluctance to respond more than
cautiousness per se (e.g., Botwinick, 1969; Okun, 1976), and thus it will not
be discussed in this context.

The other procedure more directly assesses risk-taking propensities by
instructing adults to attempt to solve problems (e.g., provide definitions of
words) at the level of difficulty at which they feel comfortable. The measure
of willingness to take risks is some index of the problem difficulty selected by
the individual. The assumption is that an individual who selects a very high
level of difficulty is more willing to take risks than an individual who prefers
a lower level of difficulty. A problem with this assumption is that it is
probably reasonable only if there is some special incentive to select the riskier
alternative. For example, most natural high-risk situations also present much
higher payoffs and thus selection of the riskier alternative leads to the
possibility of a greater payoff. In two studies with a constant expected value
(i.e., probability of success multiplied by the payoff for success) across
difficulty levels (e.g., Okun & DiVesta, 1976; Okun & Siegler, 1976), it was
found that adults in their 60s and 70s selected less difficult problems than
adults in their late teens and 20s. However, when expected values varied
across difficulty levels such that much higher rewards were given for greater
levels of difficulty, no age differences were found in the difficulty level selected.
(i.e., Okun & Elias, 1977). Taken together, these studies seem to indicate that
when a special incentive is provided for selecting risky alternatives, as is the
case with most real-life situations, little or no age differences are apparent.

Cognitive Regression

A very influential perspective in the child portion of the life span has been
Piaget’s Genetic Epistemology Theory of Cognitive Development in which
the growth of knowledge in an individual was explained in terms of a series
of qualitatively distinct cognitive structures or modes of logical organization.
The existence of these cognitive structures, and the transition from one to
another, was inferred from the responses of the child to a very cleverly
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designed set of tasks now familiar to all introductory psychology students
(e.g., multiple classification, conservation, seriation, spatial egocentrism).

The structures (and hence competence on the tasks indexing these struc-
tures) were assumed to be acquired in a sequential fashion such that higher
structures could only be obtained after the more primitive structures had been
mastered. The Piagetian perspective has been extended to adult development
by researchers postulating that increased age might be associated with a
cognitive regression, i.e., a loss of cognitive structures during advanced age in
the reverse order that they were acquired during childhood. Several early
studies did indeed find some evidence for this hypothesis in that the tasks
mastered latest in childhood were the first to exhibit declines in adulthood
(see Hooper & Sheehan, 1977, and Papalia & Bielby, 1974, for reviews),
although subsequent research with more comparable samples of individuals
across the age span has generally failed to find significant age differences on
Piagetian tasks (e.g., Chance, Overcast, & Dollinger, 1978; Muhs et al. 1979;
Selzer & Denney, 1980; Tesch, Whitbourne, & Nehrke, 1978).

In addition to the weak empirical support for the regression phenomenon,
at least two major problems with this hypothesis can be identified. One of
these is that regression is not an intrinsic part of Piaget’s developmental
theory and substantial modifications would therefore be necessary to incor-
porate a reversal of the processes of accommodation and assimilation to
produce a deterioration of cognitive structures. A more likely interpretation
of the findings from a Piagetian perspective (e.g., Bearison, 1974) is that they
simply reflect a growing discrepancy between the individuals’ competence
(which is still intact), and his or her performance (which is limited by a variety
of structure-independent processes). This is clearly a less dramatic hypothesis
than the view that the logical structures responsible for thought have regressed
to an earlier primitive form, but it seems to be more parsimonious and
consistent with the rest of Piaget’s theory than the structural reversal hypoth-
esis.

A second problem with the use of Piagetian tasks to infer a regression of
qualitative thought modes is that the tasks used to index progressively more
advanced cognitive structures are themselves systematically increasing in
difficulty, and it is reasonable to expect that aging will affect difficult tasks
earlier and to a greater extent than easy tasks. This trend would be consistent
with a reversal of the normal developmental sequence, but it might simply be
a reflection of the general tendency for age effects to be most pronounced on
the most difficult activities. In other words, the finding that age differences
are more apparent on difficult (i.e., developmentally later) tasks may have
nothing to do with a change in cognitive structures.

If the Piagetian tasks are merely considered as a set of progressively graded
cognitive tests, they should be evaluated with the same criteria applied to
other tasks or tests in the literature. In this respect they do not fare very well.
Compared to psychometric tests of the type discussed in Chapter 4 the
Piagetian tasks are of unknown reliability and validity in adults. And
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compared to other laboratory-based measures of cognition such as those
reviewed in this and subsequent chapters the Piagetian tasks are generally less
analytical about the specific processes responsible for deficient performance.
For all of these reasons, therefore, the Piagetian approach to adult cognition
has not had a major impact in the field and hence it will not receive further
discussion in this book.

The Critical Role of Experience

It is a fact that the majority of important decision-making positions in
government and industry are held by adults in their 50s, 60s, and 70s. Since
it is highly unlikely that these individuals would hold such responsible
positions if they were not respected for their problem-solving or decision-
making abilities, we are faced with something of a paradox. On the one hand,
we find that it is primarily older adults who are in the highest-level decision-
making positions, suggesting that some aspect of decision making tends to
improve with age. On the other hand, the laboratory investigations summa-
rized earlier in this chapter generally indicate that older adults perform worse,
rather than better, than young adults on a variety of decision-making and
problem-solving tasks. The key to this paradox seems to lie in the factor of
experience. Increased age is associated with more and broader experience,
and this greater experience apparently more than compensates for any other
age-related limitations in most real-life decision contexts. All of the results
discussed in this chapter must therefore be interpreted with considerable
caution because at the present time there is no way to assess the relative
contributions of experience versus *“‘pure’ ability in a given decision situation.

One example of the role of compensatory experience in problem solving
comes from a recent analysis of chess players of varying ages by Charness
(1981a, 1981b). Lehman (1953) and Elo (1965) have found that chess skill
seems to peak in the decade of the 30s, with performance declining at greater
ages. Charness was interested in determining whether different mechanisms
might be employed to accomplish the same global performance (i.e., reach a
comparable level of skill), and thus he selected a sample of 34 chess players
ranging in age from 16 to 64 years, but with almost no correlation (i.e., r =
.09) between age and chess skill.

Several chess-related tasks were administered to all participants and anal-
yses performed to determine the influence of the age and skill level of the
participant on task performance. Not surprisingly, because the sample was
deliberately selected to have little correlation between age and skill, skill level
but not age was a significant determinant of performance on tasks most
clearly related to actual chess activity, e.g., selecting a move and predicting a
game outcome. The more interesting results were that increased age was
negatively related to ability to recall the locations of chess pieces in an



Theoretical Evaluation 99

unexpected recall task, and to the extensiveness of the mental search of
plausible moves. (The latter measure was derived from an analysis of the
taped records of participants attempting to select a move while thinking
aloud.) The possibility that these measures are not relevant to actual chess
performance was rejected by the finding that performance on both tasks was
positively related to skill level. Similar results, although on a somewhat
smaller scale, were also reported in an analysis of bridge players (Charness,
1979), and an independent sample of chess players (Charness, 1981c).

The implication of these results is that good performance in chess is usually
associated with accurate recall of piece locations and extensive search of
alternative moves, but that older players can achieve the same overall level of
chess performance without high proficiency in these component skills. Al-
though Charness (1981a) suggests that older players compensate by developing
more efficient search processes, the evidence that this is the only, or the major,
compensatory process employed by the older adults is not yet conclusive.
What is quite clear, however, is that experience can lead to dramatic changes
in the means by which a molar activity is performed, and thus age-related
deficiencies in component activities may not be useful predictors of overall
performance.

Theoretical Evaluation

Several investigators (e.g., Gardner & Monge, 1977; Wiersma & Klaus-
meier, 1965) have advocated a version of the disuse theory in attempting to
account for age differences in certain problem-solving or decision-making
skills. Gardner and Monge (1977) suggested that older people might be
“...rusty at ‘school-learned skills,” ” and Wiersma and Klausmeier (1965)
argued that the infrequency of new learning experiences might be reflected in
“forgetting how to learn” in older individuals. While these types of explana-
tions may apply to one or two limited abilities, they do not seem to have
general applicability in the area of decision making. Laboratory tasks of
decision making and problem solving are usually somewhat unfamiliar, but
the abilities measured are presumed to be similar to those used in a great
variety of daily activities. Indeed, Friend and Zubek (1958) found sizable age
declines in a test of critical thinking specifically designed to involve practical
and realistic problems. To the extent that the laboratory tests are valid
reflections of daily decision-making and problem-solving activities, it seems
unlikely that a disuse mechanism could explain the age differences that are
typically observed.

At least two sources of evidence might be cited in favor of the disuse
interpretation, but both have methodological flaws that limit their value.
Denney and Palmer (1981) reported that the age decline started later and was
more gradual for a task involving “practical problems” than for a traditional
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(20-questions) problem-solving task. However, examination of the types of
problems and scoring procedures in the practical-problems task suggests that
personality or other factors may be more important than problem-solving
ability in this task. As an example, one of the nine problems in the test was
stated as follows:

If you were walking down the street at night and saw two men beat up another
man, take his wallet, and run, what would you do?

According to the scoring scheme described by the authors, more points were
given for solutions that involved self-action than for those involving reliance
on others. In the situation described above, therefore, one would apparently
receive a lower score for calling the police than for attempting to intervene
oneself, regardless of the size and strength of the assailants!

The practice of using more realistic tasks or materials than typically found
in laboratory tasks thus runs the risk of introducing other contaminating
factors that make interpretations difficult if not impossible. Moreover, without
more information about the reliability and validity of such “practical” or
“relevant’ tasks it is simply impossible to arrive at any meaningful conclu-
sions.

A second source of data sometimes mentioned as evidence for an experien-
tial basis of age deficits in problem-solving ability comes from intervention
studies attempting to modify problem-solving behavior of older adults. The
logic of the argument seems to be based upon the idea that if it can be
demonstrated that problem-solving performance of elderly adults can be
improved by various manipulations such as strategy training, social reinforce-
ment, practice, etc., then one can conclude that the age deficits typically
observed are at least partially attributable to a lack of recent experience.
However, most research of this type has employed only a single (elderly) age
group, and as we have noted in previous chapters, without at least one other
age group the results are of little or no value for explaining age differences.
If it is to be argued that the intervention manipulation was responsible for
age differences in the task, then it must be demonstrated that the intervention
is helpful only (or at least to a significantly greater extent) for the older adults
who are presumably deficient in that mechanism. If the younger individuals
exhibit comparable performance improvements with the intervention then it
cannot be claimed that the intervention mechanism is responsible for the
initial differences between young and old adults.

A biological interpretation of the age differences also has difficulty because
there is very little known about the neural processes responsible for such
complex mental activity as decision making or problem solving. One possi-
bility, mentioned by Rabbitt (1977) and Welford (1958), is that an age
difference in some elementary neural process could, by a ‘‘vicious spiral
effect,” lead to progressively larger and more serious age differences in
complicated activities that rely on that elementary process. For example, if
the time for each mental operation is slowed with increased age, perhaps
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because more information samples are needed to compensate for the lower
signal-to-noise ratio, older adults might experience: (a) greater difficulty in
preserving relevant information while making decisions (because some infor-
mation is lost while other information is being acquired); (b) fewer infrequent
or “creative” solutions to problems (because each solution requires a greater
proportion of the limited time for its generation); and (c) less organization of
the problem information (because the greater time for information assimila-
tion leaves less time for organization). This type of “‘domino effect” interpre-
tation of age differences in complex mental activity is currently highly
speculative, but it does provide an illustration of how a theory from the
biological class of theories might be applied to this area.

The research by Charness on chess skill can be interpreted as evidence that
performance in at least some situations accurately reflects competence since
the chess players would be strongly motivated to make maximum use of their
abilities in order to perform well in chess. Despite this incentive, age-related
declines were observed in two relevant components of overall skill. Admittedly
this is rather weak evidence, but there does not appear to be any other
evidence either for or against the view that actual performance accurately
reflects true competence at the present time.

[t also appears premature to attempt to evaluate the general versus specific
dimension for theories of problem solving and age because of the lack of
sufficient data. A large-scale study employing a variety of problem-solving
and decision-making tasks administered to the same individuals might prove
useful in this regard as the intertask correlations would be informative about
the feasibility of theories stressing a single, general mechanism.

To summarize, there is very little that can be said about the type of theory
that might be successful in accounting for age-related differences in decision
making and problem solving. Research that is more focused on theoretical
issues is needed before one can determine whether a theory incorporating
notions of disuse or concepts such as neural noise will be more successful in
this area of research.

Summary

Many of the laboratory measures of problem-solving or decision-making
skill can be criticized, but several broad conclusions nevertheless seem
warranted. Older adults compared to young adults: are less likely to produce
unusual solutions to problems; experience more difficulty in shifting from one
type of problem to another; tend to form primitive “functional” organizations
of items; have greater difficulty in ignoring irrelevant information; are less
systematic in their progress towards a solution; require more information to
make logical deductions; and may operate less effectively at abstract, as
opposed to concrete, levels of thought. Whether we label these differences
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with terms such as creativity, flexibility, etc., is really immaterial to the fact
that the differences do seem to exist and that they probably contribute to
difficulties in decision making and problem solving. It is unfortunate that
there has been little attempt to identify the specific processes responsible for
age-related declines in reasoning since the measures obtained in psychometric
intelligence batteries (e.g., see Figures 4.13 and 4.14) indicate that substantial
age differences also exist in this type of decision making.

The role of experience in compensating for these age-related declines in
basic skills was briefly discussed in the context of the recent research on chess
players by Charness (1981a, 1981b, 1981c). There is still far too little
information available about the positive contributions of experience, and thus
it is quite possible that the results from inexperienced individuals have little
generalizability to most actual decision situations where experience is typically
positively correlated with age.

Because decision making and problem solving are so pervasive in our daily
lives it seems unlikely that a disuse explanation could account for many of
the age differences that have been observed in this field of research. However,
it cannot yet be concluded that biological factors, e.g., in the form of an age-
associated increase in neural noise, are primarily responsible since there has
been very little work linking neural processes to complex mental activity.



6. Comprehension and Use of Information

It is conventional to make a distinction between learning and memory
when reviewing research related to the understanding and retention of
previously presented information. The two processes are obviously related,
because both are necessary to infer the existence of either, and thus the basis
for the learning-memory distinction is often arbitrary. For example, Craik
suggests that:

... “learning” may be thought of as referring to the acquisition of general rules and
knowledge about the world, while “memory” refers to the retention of specific
events which occurred at a given time in a given place. (1977, p. 385)

As Craik acknowledges, his classification is very similar to the semantic-
episodic distinction originally introduced by Tulving (1972). A roughly
comparable division will be used here to organize coverage of the research
literature in this general area. In this chapter, “Comprehension and Use of
Information,” we will examine research concerned with language comprehen-
sion, and a variety of topics loosely related to information use, i.e., structural
characteristics of semantic memory, rate of activation of stored information,
metamemory, and long-term or remote memory. In the following chapter,
“Acquisition and Retention,” more traditional memory research will be
reviewed in which simple verbal material is tested for verbatim retention at
relatively short intervals. The present chapter titles do not contain such
familiar terms as “learning,” “memory,” “semantic,” etc., but it is believed
that they form a more meaningful basis for organization, and are more
descriptive of the actual topics discussed, than most alternatives. There is also
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a pragmatic reason for not simply titling the present chapter “Learning” and
the following chapter “Memory.” Despite the obvious importance of learning
processes throughout adulthood, there has been very little research on the
long-term (i.e., greater than 1 day) acquisition of meaningful material as a
function of adult age and consequently there is not yet much research that
can be reported on learning processes, per se.

Comprehension

It was suggested in Chapter 4 that although most psychometric tests
indicate that verbal ability is well maintained in later years, more demanding
tests might reveal sizable age-related declines. Indeed, it was reported that
older adults are generally poorer than young adults in tests of verbal fluency,
classification, and verbal analogies. A verbal ability only briefly mentioned
earlier but perhaps the most important in many daily activities is comprehen-
sion. Here it is not so much static world knowledge or information about the
meaning of individual words that is critical, but rather the rapid integration
of this intrinsic or old (stored) information with the extrinsic or new (message)
information. Regardless of the vastness of one’s store of information, com-
prehension is going to be impaired if one cannot activate that information at
a rate commensurate with the pace of new external information.

The special status of comprehension among verbal abilities was demon-
strated many years ago in an experiment reported by Thorndike et al. (1928).
Young (mean age 22 years) and middle-aged (mean age 41 years) adults of
comparable general intelligence received instruction in the Esperanto artificial
language. Before and after the 20 hours of study four tests were administered
assessing vocabulary, ability to follow written directions, ability to follow oral
directions, and ability to understand written paragraphs, all involving the
Esperanto language. At the initial testing the middle-aged and young adults
performed equivalently on the vocabulary and written directions tests, with
the middle-aged adults slightly inferior on the oral directions and paragraph
tests. By the final testing both groups had improved substantially on all tests
except following oral directions. In this test the young adults performed 109%
better after the study period, but the middle-aged adults improved only 28%.
Comparable improvement therefore occurred in the verbal tests that did not
have time limits, but the increase was much less in middle-aged individuals
with oral (externally paced) presentations requiring conversational response
times (i.e., 5 sec). This finding suggested that the processes of simultaneous
activation and integration of information involved in comprehension may
present particular problems with increasing age.

Unfortunately, while this is clearly an important research area, there are
presently only a limited number of studies that have investigated comprehen-
sion processes across the adult life span. The studies that do exist can be
roughly classified into two categories, descriptive and analytical.
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Descriptive Studies

Descriptive studies encompass all investigations that compared adults of
varying ages on some measure of immediate understanding or comprehension
of verbal material. Results from such studies have been fairly consistent, but
not very informative. The consistency is that whether the material is spoken
(e.g., Botwinick & Storandt, 1974a; Cerella, Paulshock, & Poon, 1982; Gilbert,
1941; Hulicka, 1966) or read (e.g., Gardner & Monge, 1977; Gordon, 1975;
Gordon & Clark, 1974a; Moenster, 1972; Taub, 1976), and whether compre-
hension is assessed with procedures based on recall (e.g., Botwinick &
Storandt, 1974a; Gilbert, 1941; Glanzer et al. 1958; Gordon & Clark, 1974a;
Hulicka, 1966) or multiple-choice (e.g., Gordon, 1975; Gordon & Clark,
1974a; Moenster, 1972; Taub, 1976), older adults have been found to be less
accurate in reporting information from immediately presented material. There
are some exceptions to this trend (e.g., Feier & Gerstman, 1980), but by far
the majority of the studies have indicated an age-related decline in the report
of just-presented information.

To many readers the suggestion that increased age is associated with
problems of comprehension may be surprising, and in apparent conflict with
one’s own observations of the reading and conversational abilities of older
adults. This apparent contradiction is probably attributable to the large degree
of redundancy in natural language. Redundancy, or duplication of informa-
tion, exists at the lttr lvl, at __ word , and even at the level of sentences
and entire phrases, __. The general meaning of the communi-
cation is usually evident without the necessity of registering and comprehend-
ing every word. Under controlled situations, however, hidden difficulties may
become more obvious as the time of presentation is restricted or detailed
information is requested in the test of comprehension.

As evident from the preceding survey, the descriptive studies have been
reasonably consistent in reporting reduced comprehension performance with
increased age. The low informativeness of these studies is a consequence of
the absence of manipulations that would allow one to determine why older
adults have this difficulty in comprehension.

Analytical Studies

The studies that can be classified as analytical have incorporated deliberate
experimental manipulations to assess the nature of the comprehension deficit,
but they appear at first glance to be somewhat inconsistent. The primary
manipulation has been whether information probed in the comprehension test
was explicit in the presented material, or was merely implied. Cohen (1979,
1981) reported that older adults relative to young adults had more difficulty
with implicit than with explicit information, but Belmore (1981) reported
exactly the opposite result.

Before attempting to resolve this discrepancy, we will first consider the
experiments of Cohen, which at least are consistent with one another. Cohen’s
research strategy has been to administer a number of distinct tasks to the
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same young and old individuals, matched on vocabulary and digit span
performance, and then to treat each task as a separate experiment. No details
are provided in either the 1979 or 1981 reports concerning the order of task
administration or the existence of possible fatigue effects, but this procedure
does eliminate the worry that sample characteristics are fluctuating across
experiments (or tasks).

The major conclusion reached by Cohen was that comprehension problems
associated with increased age are a consequence of older adults being unable
to access and integrate old stored information while simultaneously registering
the surface meaning of newly presented information. In support of this thesis
Cohen offered evidence from five experiments. One source of evidence (1979,
Exp. 1) was that young (mean age 24 years) and old (mean age 68 years)
adults did not differ in their accuracy of answering verbatim (explicit infor-
mation) questions, but that older adults were much poorer at answering
inference (implicit information) questions. A related finding (1981, Exp. 2)
was that young (mean age 23 years) and old (mean age 69 years) adults were
comparable at answering questions from text containing explicit information,
but the elderly were greatly disadvantaged at answering questions from
(implicit) text arranged such that the reader must infer the relevant informa-
tion. Other results in support of the inadequate simultaneous processing
interpretation were: (a) the finding (1979, Exp. 2) that older adults are less
accurate than young adults at detecting anomalies between stored and
presented information; (b) the discovery (1979, Exp. 3) that older adults
apparently cannot identify the most important summary propositions as well
as young adults because they do not retain as many gist facts from a story;
and (c) the observation (1981, Exp. 1) that age differences are more pro-
nounced with spoken than with written presentation, presumably because the
latter allows more time for performing integration of old and new information
than the former.

In contrast to Cohen, Belmore (1981) reported the results of only one
experiment with a single sample of young (mean age 18 years) and old (mean
age 67 years) adults. The participants in Belmore’s study were required to
read a three-sentence paragraph, and then decide whether a test sentence was
true or false. The test sentence was designed to represent either paraphrase
(explicit) information, or inference (implicit) information. Accuracy in an
immediate test was quite high, ranging from 87% to 93%, and rather
surprisingly, did not differ between inference and paraphrase questions. The
older adults performed less accurately than the young adults with both types
of questions, but the age difference was greater with paraphrase than with
inference questions.

Most previous researchers employing samples of young adults, and Cohen
(1979, 1981) with both young and old adults, have reported an advantage for
explicit information relative to implicit information, and thus Belmore’s
failure to find such a result should make one cautious in interpreting her
findings. It is not clear why Belmore was unable to replicate the basic
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phenomenon, but regardless of the reason it is difficult to evaluate arguments
about age differences in the susceptibility to an effect when the effect is not
evident in either age group.

Another reason for emphasizing the Cohen results rather than those of
Belmore is that a series of experiments by Till and Walsh (1980) also indicate
that older adults have difficulty with implicational information. Till and Walsh
used a cued-recall task in which the cue presented at the time of recall was an
implication of the sentence that was to be remembered. As an example, The
youngster watched the program served as a to-be-remembered sentence with
the implicational cue of television. To the extent that the individual has access
to this implication of the sentence, the cue should facilitate recall of the
sentence compared to when no cue was provided (free recall). This is exactly
what happened across six conditions in three separate experiments for young
(ages 17-31 years) adults. In contrast, the older (ages 57-81 years) adults
actually had worse, rather than better, recall in the presence of the cue in all
but one condition of one experiment. (That condition involved the participants
writing a word reflecting their comprehension of the sentence at the time of
its initial presentation.) The results of Till and Walsh (1980) are therefore
inconsistent with Belmore’s results, but quite consistent with the Cohen
findings, i.e., with increased age there is a reduction in the spontaneous
generation of implied information.

Three additional analytical comprehension experiments also give the
impression of being in conflict. Meyer and Rice (1981) required adults in three
age groups to read a 641-word passage and then: (a) write as much as they
could remember from the passage; (b) complete an outline of the text; and
(c) answer short questions about the material. Perhaps because both the
reading and test phases were self-paced, no significant age differences were
evident in the total number of idea units recalled or in the accuracy of either
outline completion or question answering. However, a similar experiment by
Zelinski, Gilewski, and Thompson (1980) with a shorter 227-word passage
found significantly greater accuracy among young adults (ages 18-40 years)
than older adults (ages 60-82 years). A difference in the range of information
levels examined in the recall attempts may be contributing to this discrepancy
as Meyer and Rice categorized recall idea units into 17 levels whereas Zelinski
et al. (1980) apparently made only the 7 highest-level distinctions. Moreover,
when Meyer and Rice examined the accuracy on levels 1 through 7 they did
find a significant age advantage for the young adults, thus confirming the
Zelinski et al. (1980) finding. Dixon, Simon, Nowak, and Hultsch (1982) also
reported superior recall of important story items among young adults, and
further demonstrated that the age differences persisted over a one-week
interval. All three sets of results are therefore consistent with Cohen’s findings
that young adults are more accurate at recalling critical gist information,
relative to supporting detail information, than are older adults.

Although there have not yet been many studies using analytical compre-
hension or prose structure procedures, techniques such as these should be
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pursued further as they offer a promising tool for more precisely specifying
the nature of the age deficit in meaningful comprehension processes.

Structural Characteristics of Semantic Memory

As noted earlier, Cohen has argued that older adults suffer comprehension
problems because they are too slow in activating old information while
simultaneously processing new information. An alternative possibility is that
activation of stored information becomes ineffective, as well as merely
inefficient, with increasing age. That is, older individuals may be unable to
activate the old information, or to integrate old and new information, and
not simply slower at handling these activities while also registering new
information. This interpretation, that increased age is associated with a change
in the structure or functioning of semantic memory, seems unlikely on the
basis of at least four independent sources of evidence.

One class of evidence comes from the results of experiments by Walsh and
Baldwin (1977) and Walsh, Baldwin, and Finkle (1980). Both experiments
used a procedure introduced by Bransford and Franks (1971) to assess the
abstraction and integration of linguistic ideas. This procedure involves the
presentation and subsequent recognition of short sentences embodying from
one to four basic ideas. During the acquisition phase of the experiment
sentences that contain varying numbers of partial ideas are presented. In the
test phase these and other sentences are presented with the instructions that
the participant should judge whether each sentence had previously appeared
in the acquisition phase. Many studies with young adults have reported that
despite equal presentation frequencies, sentences embodying more partial
ideas (e.g., three or four constituent ideas) are recognized better and with
more confidence than sentences containing fewer partial ideas (e.g., one or
two constituent ideas). Moreover, it is also generally found that this same
trend is evident for both old (actually presented) and new (not previously
presented) sentences. These findings have been interpreted as indicating that
the original information was abstracted and integrated such that familiarity
is no longer a function of actual presentation frequency, but instead is
determined by the extent to which the test sentence matches the holistic,
synthesized memory representation.

If the integration interpretation is accepted, one can consider the presence
of a linear trend between recognition rate (i.e., accuracy and confidence) and
number of partial ideas embodied in the test sentence as evidence of abstrac-
tion and integration. The major result in the Walsh and Baldwin (1977) and
Walsh et al. (1980) experiments was that young (mean ages 19 years) and old
(mean ages 67 and 74 years) adults exhibited comparable linear recognition
trends. There were some differences across the two experiments, e.g., in the
latter study the older adults were less accurate in answering comprehension



Structural Characteristics of Semantic Memory 109

questions in the acquisition phase and committed more false recognitions in
the test phase, but the linear trend was evident in both age groups in both
experiments. It therefore appears that older adults abstract and integrate
linguistic information in a manner similar to young adults.

A second type of evidence indicating that there is not an age-related deficit
in the functioning of semantic memory, in this case, activation of stored
information, was provided by Howard, Lasaga, and McAndrews (1980). These
investigators used a procedure adopted from Warren (1972) in which individ-
uals attempt to name the color of ink in which a word is printed while
simultaneously trying to remember words that are, or are not, related to the
colored word. The reasoning is that holding words in memory may cause
activation of related words which, in turn, may lead to temporary interference
of color naming. Finding that related words in memory delays color naming
more than unrelated words in memory would therefore constitute evidence
that semantic activation occurred. The major result from the Howard et al.
(1980) study was that three groups of adults (mean ages 31, 49, and 66 years)
all exhibited this type of interference effect. The implication is that the process
of activating stored information is effective at all ages.

A later experiment by these same investigators (Howard, McAndrews, &
Lasaga, 1981) confirmed the basic finding with a different paradigm. The task
in this second experiment involved making lexical decisions about whether
two letter strings were both words. It has been reported with young adults
that related words are classified more rapidly than unrelated words, and this
has been attributed to a spreading activation, or priming, of related words in
semantic memory. Howard et al. (1981) found that old (mean age 70 years)
adults exhibited this effect in the same manner as young (mean age 28 years)
adults, thus suggesting again that the activation process was unaffected by
increased age.

Three studies employing a proactive-inhibition release procedure (see
Wickens, 1972) have also demonstrated comparable activation of memorial
information across age groups (Elias & Hirasunad, 1976; Mistler-Lachman,
1977; Puglisi, 1980). In her version of the procedure, Mistler-Lachman
presented four successive triads of the same category of items (letters or digits
in one experiment, boy’s or girl’s names in a second experiment), and then
either presented another triad from the same category or from another
category of items (e.g., digits if letters had previously been presented, or vice
versa). The logic behind this procedure is that if performance differs between
the two types of items on the fifth triad presentation then the participants
must have been encoding the attribute of categorical membership of the
stimulus. The normal accumulation of proactive inhibition associated with
one category of items is apparently “released”” when the stimulus material is
shifted to a different category. Elias and Hirasuna (1976), Mistler-Lachman
(1977), and Puglisi (1980) all found that both young and old adults exhibited
proactive inhibition release, i.e., their performance differed between trials
when the category remained the same and trials when the category was
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changed. The implication from this result is that young and old adults do not
differ in the type of information encoded about a stimulus, but only in the
amount of information.

Several miscellaneous experiments also support the idea that the activation
of stored information only differs quantitatively, and not qualitatively, across
age groups. The first of these experiments (Birren, 1955) examined verbal
fluency by requesting adults of different ages to write as many words as
possible from categories defined by the initial letter of the word. An analysis
of relative word frequencies in the English language indicated that the greatest
number of words began with the letter S, while the letter C was the first letter
in only about 79% as many words, the letter N about 14%, and the letter O
approximately 5% as many words as the letter S. The rate of producing words
across these categories can therefore be interpreted as a measure of the
efficiency of accessing stored information of varying degrees of availability.
However, because there is a well-documented age difference in speed of
writing, the writing-speed variable has to be partialled out of later compari-
sons. This has been done in Figure 6.1 by expressing the values for each

T T T T T T
70| .
£ so} i
o
|
5]
o
2 sof .
2]
[
; ‘N’
3 40| .
o
5
8 30 /."\\ 7]
o. / T~ ‘Q’
r—'"‘"_.—_———— \\ /
20 - ~< _
! ] ] | l }
20 30 40 50 60 70
Age (Years)

Figure 6.1. Number of words beginning with a specific letter written relative to the
number of words beginning with any letter written at various ages. Data from Birren
(1955).



Rate of Information Activation 111

category as a proportion of the total number of words written without
restrictions on category membership, a measure of base writing speed. Between
28 and 127 individuals contributed to each data point.

The important finding from Figure 6.1 is that the relative efficiency of
gaining access to both frequent and infrequent categories is approximately
the same across all age groups. This suggests that the organization of stored
information is similar across adulthood because, relative to their base writing
speed, all age groups perform equivalently for accessible (e.g., S words) and
inaccessible (e.g., Q@ words) categories in memory.

More recently, Mueller, Kausler, Faherty, and Oliveri (1980) compared
classification speed of typical members of a category (e.g., ANIMAL-DOG)
with atypical category members (e.g., ANIMAL-TADPOLE) in young (mean
age 19 years) and old (mean age 71 years) adults. Older adults required 24%
more time to make atypical than typical judgments, while two groups of
younger adults required 27% and 37% more time. Because the older individuals
were not impaired any more by the necessity of referring to rare members of
a category, it can be inferred that the semantic storage system may be
structurally similar in the two age groups. Bowles and Poon (1981), Eysenck
(1975), Thomas, Fozard, and Waugh (1977) and Poon and Fozard (1980) also
reported no interactions of age by exemplar typicality (Eysenck), or age by
word frequency (Bowles & Poon, Poon & Fozard, Thomas et al.), again
implying that adults of all ages were equally sensitive to the structural
characteristics of semantic storage.

Considerably more research is necessary before one can be confident of
conclusions about the reasons for age differences in comprehension, but the
available evidence hints at an explanation. It appears that older adults have
difficulty performing deep, integrative processes while simultaneously regis-
tering the surface meaning of either written or spoken messages. Moreover,
the deficit seems not to be structural in nature since older adults have been
found to be comparable to young adults in integration, activation, and access
of information when that is the only task to be performed.

Rate of Information Activation

Most of the results discussed in the previous sections could be explained if
it is assumed that with increased age there is a slower rate of accessing and
utilizing memorial information. The derivation of implications would be
hindered and comprehension impaired because of the greater time needed to
retrieve relevant knowledge; but abstraction, integration, and activation of
information would still be possible if time was not limited by presentation
rate or rapid response requirements.

A number of procedures have been employed to measure the rate of
activating stored information, but because of the age-related reduction in
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speed of most activities (cf. Salthouse, in press) it is rather difficult to obtain
measures of activation rate independent of other factors. As an example,
Thomas et al. (1977) and Poon and Fozard (1978) used a picture-naming
procedure in which the time to name a picture is assumed to represent an
estimate of the retrieval speed of verbal (name) information from long-term
memory. The problem is that the naming task involves many components
besides information retrieval, and longer naming latencies among older adults
could be due to a slower retrieval component, or to a slowness in any of the
other components.

These investigators did attempt to subtract out nonretrieval components
by also using a matching task in which the picture was preceded by its name
in order to eliminate the necessity of name retrieval. However, one can
question the appropriateness of this procedure as a control for all nonretrieval
components since there were a number of other differences between the
matching and naming tasks (e.g., in matching there were two stimuli requiring
attention instead of just one, and on half of the trials the experimenter
“tricked” the participant by presenting a name that did not match the picture).
Even more important than the appropriateness of the control task is the
inconsistency obtained with this procedure. In the Thomas et al. (1977) study
age differences were evident in both naming and matching tasks, with the
former somewhat greater than the latter. Poon and Fozard (1978), on the
other hand, reported that the age differences were not significant in the
naming task, but were substantial in the matching task. There were a number
of procedural differences across the two experiments that might be contrib-
uting to these discrepancies (e.g., the participants were somewhat older and
the stimulus materials were more familiar in the Thomas et al. study), but
whatever the reasons the present inconsistency of the findings necessarily leads
to reservations about the usefulness of this particular technique.

A much better accepted and more frequently employed procedure for
measuring the rate of accessing memorial information was developed by
Sternberg (1969, 1975). His technique involves the presentation of a list of
items (e.g., digits or letters) to be remembered, followed soon after by a probe
stimulus that is to be rapidly classified with respect to whether it was in the
earlier memory set. The results of literally dozens of experiments have revealed
that reaction time to the probe stimulus increases in a linear fashion with
increases in the number of items in the memory set. According to the model
proposed by Sternberg (1969, 1975), the intercept of the memory set-reaction
time function reflects the duration of processes of stimulus encoding, decision,
and response preparation or execution, while the slope represents the time to
scan (retrieve or activate) a memory representation.

For the present purposes the slope parameter is of greatest interest because
it can be interpreted as an estimate of the time required to activate information
in memory, independent of the duration of all other processes. At least seven
experiments have been reported in which adults of different ages have been
compared in the Sternberg paradigm, and all but one have reported an age-
related increase in the slope of the memory set-reaction time function. The
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single exception (Marsh, 1975) was primarily due to one atypical data point
in the data of older adults, apparently caused by incomplete understanding of
the task among some participants. The results of the remaining studies,
expressed in terms of the proportion of the fastest slopes, are illustrated in
Figure 6.2.

The important point to be noted from Figure 6.2 is that the time needed
to activate information from memory increases by over 60% between the ages
of 20 and 50. Extensive practice with the same stimulus items may reduce or
eliminate this age difference (e.g., Plude & Hoyer, 1981; Salthouse & Somberg,
1982¢), but for up to moderate levels of experience (e.g., 200-2000 trials) there
appears to be a slower rate of accessing and utilizing stored information
among older adults.

There are undoubtedly other factors involved in the comprehension deficit
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Figure 6.2. Sternberg memory-scanning slope at various ages as a proportion of the
fastest slope across all ages. Numbers refer to different experiments: 1 = adapted from
Anders, Fozard, & Lillyquist (1972); 2 = adapted from Anders & Fozard (1973); 3 =
adapted from Eriksen, Hamlin, & Daye (1973); 4 = adapted from Ford, Roth, Mohs,
Hopkins, & Kopell (1979); 5 = adapted from Madden & Nebes (1980); and 6 = adapted
from Salthouse & Somberg (1982a).
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observed in older adults relative to young adults, but the slower rate of
activating old information almost certainly plays a major role. If compre-
hending a message requires activation of memorial information and the
duration of that activation process is longer with increased age, it is only to
be expected that older adults will experience difficulties understanding spoken,
or complex written, communications. Despite the plausibility of this interpre-
tation, it must be admitted that at the present time it is primarily speculative
and based on circumstantial rather than direct evidence. More research is
needed to investigate possible age differences in the rate of performing actual
comprehension processes such as encoding the meaning of a phrase, identi-
fying possible implications, and evaluating potential inconsistencies with
earlier presented information. Until such research is available it is impossible
to reject the possibility that the existence of well-documented age differences
in both comprehension and rate of information activation is mere coincidence,
rather than a reflection of a true causal interconnection.

Metamemory

In many ways human memory can be considered analogous to a large
information storage system like a library, and consequently it can be consid-
ered to be confronted with problems similar to those facing a librarian, e.g.,
supervising the organization of information, monitoring what is stored, and
determining the most efficient methods of gaining access to information.
Within the field of memory these executive functions have come to be called
metamemory processes since they do not deal with specific information within
memory, but rather with the operation of the memory system in general.

A question that has attracted considerable interest in recent years concerns
the existence of possible age differences in metamemory, regardless of whether
or not there are age differences in what already exists, or what can be
deposited, in the memory store. The question has important implications for
overall cognitive functioning since inefficient metamemory processes might
exaggerate any memory differences that exist, while highly adaptive processes
could conceivably compensate for deficits in other aspects of memory.

Much of the speculation about possible age differences in metamemory was
fueled by reports that older adults use memory strategies less often, or less
effectively, than young adults. Perhaps the most dramatic demonstration of
this strategy difference is evident in a recent study by Sanders, Murphy,
Schmitt, and Walsh (1980). These investigators were able to analyze strategies
of rehearsal by instructing participants to ‘“‘verbalize aloud everything they
thought of as they studied.” They found that young adults (mean age 24
years) rehearsed initial items from a list of related words in a serial fashion,
and later list items in a categorical fashion. Both types of rehearsal are
strategic, i.e., nonrandom, and can be considered optimal for that segment of
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the list. In marked contrast, the older adults (mean age 74 years) in this study
exhibited no evidence of either type of strategy, and instead seemed to rehearse
by simply naming each item as it was presented. These data are therefore
quite clear in indicating that increased age is associated with a reduction in
the use of memory strategies that might facilitate memory performance.
Further research confirming this general finding will be discussed in Chapter
7; for the present it is sufficient to note that many other experiments have
reported similar results.

The issue in metamemory is whether these age differences in strategy
utilization, as just one example, are attributable to a lack of awareness about
the existence or usefulness of the strategies, or to a fundamental inability to
employ the strategies.

Among the procedures for investigating knowledge about memory pro-
cesses, perhaps the most direct is simply to ask people about the kinds of
memory difficulties they experience, and the strategies they employ, in their
attempts to remember information. Perlmutter (1978) administered such a
questionnaire to 32 adults between 20 and 25 years of age and to 32 adults
between 60 and 65 years of age. She found no age differences either in general
knowledge about memory, or in reported use of various mnemonic strategies.

Comparable performance across age groups has also been reported in a
variety of laboratory tasks assessing metamemory functioning. For example,
both Perlmutter (1978) and Murphy, Sanders, Gabriesheski, and Schmitt
(1981), but not Bruce, Coyne, and Botwinick (1982), reported that young and
old adults were equally accurate at predicting their level of recall in a
subsequent task. The implication is that information about the state of one’s
own memory is equally available throughout adulthood. It is also noteworthy
that young adults outperformed older adults in the recall tasks in all three
experiments, and thus prediction accuracy may be maintained despite an
overall reduction in memory performance.

Lachman, Lachman, and Thronesberry (1979) also reported age invariance
in measures related to monitoring memory information. These researchers
found that adults with mean ages of 21, 50, and 69 years all exhibited
comparable trends with latencies, confidence ratings, and ‘“‘feelings of know-
ing” for information not immediately recalled but later recognized in a
multiple-choice test. That is, for all age groups these indicators revealed that
the individual can differentiate between information not presently available
for recall but stored in memory, and information unavailable for recall and
not existing in memory. This outcome suggests that all age groups were aware
of the relative accessibility of information in their memory stores, and that
whatever other age-related memory problems that may exist are unlikely to
be attributable to defective monitoring of stored information.

There is one recent finding that runs counter to this trend of finding no age
differences in measures of metamemorial functioning. Murphy et al. (1981)
examined a measure of the time spent studying material before attempting to
recall and found that young adults (mean age 20 years) spent more time
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studying than older adults (mean age 69 years). Moreover, it was also reported
that older adults performed in a manner similar to young adults if forced to
spend as much time preparing for recall as the young adults. Still another
finding was that the young adults exhibited greater variation in study time
with shifts in task demand than did older adults. Murphy et al. (1981)
interpreted these results as suggesting that there is an age decline in the
monitoring of recall readiness, and in the flexibility with which one can
modify the state of readiness.

There are at least three criticisms that can be directed at this work and the
conclusion based upon it. The first is that four other studies have reported
conflicting results. Bruce et al. (1982) and Perlmutter (1978, 1979a) found no
age differences in study time, and Perlmutter, Metzger, Nezworski, and Miller
(1981) found that older adults (mean age 64 years) actually took more time
in preparation for subsequent recall than did young adults (mean age 20
years). The second criticism is that the greater variation in study time across
tasks was obtained only with absolute measures of performance and was not
evident in the arguably more meaningful proportional or relative measures.
Finally, there is a curious anomaly in the results of the recall readiness phase
as all individuals received list lengths based on their own memory spans, and
yet the young adults were 11% more accurate than the older adults. The fact
that the older adults decreased their performance so dramatically between the
first and second testing of memory span while the young adults maintained
roughly comparable performance suggests that other factors such as differ-
ential fatigue may have been operating in this study. For all of these reasons,
therefore, it seems best to disregard the Murphy et al. (1981) results as they
apply to metamemory functioning. The basic finding is apparently not reliable,
and other aspects of the study make one hesitant about accepting any strong
conclusions from these data.

Nickerson (1980) has pointed out two other aspects of memory functioning
that should fall within the realm of metamemory, but which apparently have
not yet received much investigation in adults of any age (however for a
notable exception see Johnson and Raye, 1981). The first of these concerns
the ability to distinguish between information (either current in the form of
stimulation, or past in the form of memory) originating in the outside world,
and that originating from within the organism. Loss of this ability results in
profound psychological disturbances often requiring institutionalization, but
virtually nothing is presently known about intermediate levels of this ability
and whether or not it is affected by aging.

The second metamemorial process mentioned by Nickerson concerns what
might be called prospective memory, the mental notes we make to ourselves
in order to perform some activity in the future. How is it that we are able to
remember to call Mr. Jones on Tuesday, or to bring milk home for dinner
after being told in the morning before going to work? The fact that we
sometimes fail to remember to perform such actions indicates that prospective
memory of this type is fallible, but we do not yet know whether the degree of
fallibility is related to adult age in any systematic fashion. Because this is
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likely to be one of the more salient aspects of memory in everyday life it
would be desirable to investigate individual and developmental differences in
prospective memory ability.

Research investigating the effects of adult age on metamemory processes is
still very new and consequently only a very limited number of studies are
currently available. As we have seen, most of the results from these studies
suggest that there are not pronounced age differences in the monitoring
processes investigated thus far. The existence of age differences in the
frequency or effectiveness of strategy use still presents a challenge to the
metamemory perspective since there have not yet been any direct explorations
of whether older adults are as capable of selecting and utilizing these strategies
as young adults. Stated differently, there is presently no basis for distinguishing
between a performance-based explanation, as might be expected if a meta-
memory process declined with age, and a competence-based explanation, in
which case it is simply beyond the ability of the older adult to employ a
strategy while also trying to remember.

Remote Memory

The use of stored information obviously involves a variety of memory
processes. Memory is a topic that has had a long and active research history
in psychology, and as a consequence a number of integrative theories or
models have been developed in this area, several of which will be discussed in
Chapter 7. However, an aspect of memory that has typically not been
represented in theoretical conceptualizations but which is the subject of
considerable folklore concerns memory about very remote (on the order of
years or decades rather than minutes or hours) experiences. There are often
reports of older individuals with phenomenal memories about events that
occurred 40-60 years ago, but very poor memories for events of the last few
minutes. This raises the question of whether memory problems associated
with aging are confined to recent events, with the possibility that information
about early experiences are immune from the effects of aging. Unfortunately,
despite several attempts at investigating very long-term or remote memory,
there is not yet enough evidence to allow an adequate evaluation of this
hypothesis.

One source of ‘‘evidence” that can be easily dismissed are the anecdotal
reports of the remarkable memories of older adults in recalling very old
happenings. At least four problems limit the value of such reminiscences for
scientific purposes. First, the information that is recalled is often impossible
to verify and thus the memories may be more fiction than fact. Second, the
individual in such situations is usually very selective in the report of infor-
mation, and may simply be sampling only a few extremely salient pieces of
information. Third, much of the information could be inference rather than
memory. Schonfield and Stones (1979) illustrated this point with the example
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of an individual describing his or her fifth birthday by ‘“remembering” that
there were five candles on the cake. Obviously, certain facts would be
extremely likely in particular contexts and their accurate description can often
be inferred and need not be based on remembered information. The fourth
problem with anecdotal reports as evidence for impressive long-term memory
is that the information is likely to have been repeated many times, and thus
the “memory” is only as old as the last repetition. If reminiscing is a favorite
activity in family gatherings, the individual need only remember the infor-
mation from one gathering to the next and not since the time of the original
event,

Several investigators have devised questionnaires in an attempt to introduce
more control into the assessment of very long-term memory. Generally the
questions concern public events that occurred at different points in an
individual’s life span. This technique has the advantage of testing objectively
verifiable events, and allowing the investigator to control the sampling of
information at different periods. Important disadvantages of this approach
are that it is not easy to ensure that items from different years were originally
learned to the same degree, and that it is often impossible to be certain that
no other opportunity for acquisition or rehearsal occurred since the original
event. These problems can be illustrated by considering the following two
questions from a fictitious remote memory questionnaire.

1. What happened on December 7, 1941?
2. Which baseball team won the World Series in 1955?

If items such as these were to appear on a remote memory questionnaire
most individuals would probably be judged to have accurate memories of
1941, but rather poor memories for 1955. However, the fact that the event
used to represent 1941 was much more important and salient to most people
than the event used to represent 1955 would tend to invalidate this result.
Most remote memory questions do not involve questions differing in impor-
tance or significance to the extent illustrated here, but the problem of unequal
item difficulty or initial acquisition level across time periods is nevertheless a
serious limitation of nearly all existing questionnaires.

The second problem, concerning the opportunities for later acquisition or
rehearsal of information, is also illustrated by the preceding example. It is
likely that many adults born after 1941 would correctly answer the first
question, and yet the information could not possibly have been acquired from
personal experience of the actual event. Other opportunities for acquiring that
information must have been present or else the correct answer could not have
been given. This indicates that items are probably inappropriate for a test of
remote memory if people who were not even alive at the time of the critical
event are able to score above a chance level. Unfortunately, most of the
questionnaires that have been used in aging investigations fail to meet this
criterion of chance performance by individuals too young to have acquired
the relevant information by first-hand experience.
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In view of these methodological problems, it is perhaps not surprising that
the results from questionnaire studies of remote memory have been mixed.
Two early reports indicated poorer performance among the older individuals
in samples of age 40-90 (Warrington & Sanders, 1971) or age 50-90 (Squire,
1974). Botwinick and Storandt (1974a) reported no significant age difference
across the age range 20-80, while Storandt, Grant, and Gordon (1978) and
Botwinick and Storandt (1980) reported very complicated patterns with no
easily interpretable age trend. Perlmutter (1978), employing the same ques-
tionnaire as Botwinick and Storandt (1974a), and Poon, Fozard, Paulshock,
and Thomas (1979) with a different questionnaire, found older adults superior
to young adults in memory for remote events.

No age differences were reported in a slightly different procedure in which
examinees were asked for the dates and judgments of priority about events
occurring 3-18, 43-58, or 103-118 years ago (Perlmutter, Metzger, Miller, &
Nezworski, 1980). Because it was clearly impossible for the participants to
have acquired all of the information through first-hand experience, this is
better considered as a test of stored information than of memory. Performance
was also very low, ranging from 1% to 7% correct on dates and 50% to 69%
(where 50% is chance) on the priority judgments. In light of these factors, the
results of the Perlmutter et al. (1980) study cannot be considered very
informative about age differences in remote memory.

Still another technique has been reported by Franklin and Holding (1977)
and McCormack (1979). These investigators used a free-association procedure
in which the research participants were presented with single words and the
instructions to provide an immediate association with a personal reference.
The associations were then time-tagged with respect to the date of the event
in one’s life. Because there is no means of checking either the accuracy of the
memory or the initial date of the relevant event, this technique seems to be of
limited usefulness for studying remote memory. It has also provided rather
conflicting results thus far in that Franklin and Holding (1977) found that the
majority of associations produced by adults in their 70s were triggered by
events in the last 20% of their life span, whereas McCormack (1979) reported
the greatest frequency of associations dated from the first 25% of one’s life.

The diversity of these results, in conjunction with the methodological
difficulties hampering interpretation even with consistent results, makes it
impossible to draw any conclusions from the research employing the ques-
tionnaire and related techniques. Two other techniques have recently been
introduced, and although they too have problems, with modification they may
eventually prove to be useful in aging research.

One of these alternative techniques was employed by Bahrick and his
colleagues in two separate studies (Bahrick, 1979; Bahrick, Bahrick, &
Wittlinger, 1975). In one study he assessed memory for names and faces of
high school classmates, and in the other, memory for college campus locations.
As one might expect, Bahrick found sizable performance declines as a function
of interval since the experience (high school or college) with most types of
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information. Unfortunately, since nearly everybody has these experiences at
approximately the same age, it is impossible with this procedure to separate
losses due to the age of the memory (time since the experience), and those due
to the age of the individual (chronological age at testing). This will obviously
limit the applicability of such a technique for aging research. The confounding
of age of memory and age of the individual is also a problem with a variant
of this procedure in which individuals of different ages are asked to recall the
names of former school teachers (e.g., Schonfield, 1972).

Another technique, which apparently has not yet been used in aging
studies, is based on questions about television programs that appeared for
only one season. Squire and Fox (1980) have recently summarized the evidence
concerning the validity of this technique for assessing remote memory, but it
will clearly be useful only for individuals who have been moderate to intense
watchers of television, and can only be used for periods and cultural contexts
in which television was widely available. A modification of this technique
involving tests of memory for songs popular in different decades was admin-
istered to middle-aged (mean age 46) and older (mean age 65) adults by
Bartlett and Snelus (1980). The older individuals were poorer at both melody
and title recognition than the middle-aged individuals, despite the fact that
some of the songs were popular before the middle-aged participants were even
born.

An interesting experiment employing similar reasoning was reported by
Speakman (1954), who contrasted adults of varying ages in their memory for
discontinued stamp colors. After a period of nearly 20 months, memory for
old stamp colors declined monotonically with increased age between 20 and
86 years. Although Speakman’s results seem to indicate poorer remote
memory with increased age, the findings should merely be considered sugges-
tive because of the relatively small sample of participants and the absence of
control over initial level of learning or familiarity with the stamp colors.

Despite the interest in remote memory and aging, we are not yet in a
position to offer any conclusions. The procedures that have been employed
are flawed, and have yielded very inconsistent results. Moreover, at the present
time there do not appear to be any completely satisfactory procedures for
assessing very long-term memory and thus this may be a topic which cannot
be adequately investigated in the immediate future.

Theoretical Evaluation

Although there have been few investigations of adult age differences in
learning across two or more sessions, it is from this type of research that most
arguments about the viability of a disuse hypothesis are based. For example,
one study often cited as support for a disuse interpretation of age differences
in comprehension and utilization of information is the Sorenson (1930)
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comparison of adults of different ages taking the same college courses.
Sorenson reported that performance in a course was independent of the
student’s age for adults who had recently taken other college courses, but
increased age was negatively related to course performance for individuals
returning to college after a long absence. The apparent conclusion is that
learning skills may become “‘rusty” with disuse, but given an opportunity to
sharpen or brush-up on those skills there is no effect of increased age on
ability to learn.

However, a closer examination of some of the methodological details of
this experiment serves to weaken one’s confidence in the conclusion. One
problem is that the classification of individuals as having had recent college
courses or not was based entirely on the specific course the individuals were
taking. One course was considered to consist primarily of school teachers
returning to college after a long absence, while two other courses were
assumed to contain individuals with recent college attendance. This classifi-
cation is obviously very gross, and the fact that the age range was from 20 to
56 in the ‘“long absence’ group suggests that it was imprecise since it is highly
unlikely that someone aged 20 could have had a “long absence’ from formal
schooling. The distribution of ages is another problem in that only 3% of the
total sample was over 50 years of age, and 77% were 36 years of age or
younger. This limited range obviously restricts the generalizations one can
make to the entire adult life span. And finally, although the correlation

between age and course performance was different from zero (» = —.32) in
the “long absence” group, this correlation was not significantly different from
that obtained in one of the courses containing ‘“‘recent learners” (r = —.12).

Taken together, these characteristics suggest that the Sorenson (1930) study
is not very convincing evidence for the disuse interpretation.

The results of another set of early experiments can be interpreted as
support for a biologically based deterioration of learning abilities, and
indirectly as evidence against a disuse perspective. These were experiments by
Thorndike et al. (1928) on what they termed “‘sheer modifiability.” In order
to study learning independent of previous experience, Thorndike et al. selected
very simple activities such as drawing lines of specified lengths and writing
with the wrong (nonpreferred) hand. The question of primary interest was
how much improvement could be obtained with practice in groups of young
(early 20s) and middle-aged (early 40s) adults. It was presumed that the degree
of improvement could serve as an index of the ‘“‘sheer modifiability” of the
nervous system at different ages. By this criterion, basic learning ability was
found to be impaired with increased age. The middle-aged adults reduced
their line length errors by only 35% compared to the 53% error reduction in
young adults, and they improved their rate of wrong-hand writing from 35%
to 50% the rate of preferred-hand writing while young adults improved from
31% of their ““normal” rate to 58% of that rate with comparable amounts of
practice. The apparent implication is that the nervous system of older adults
is not as malleable, and as amenable to new learning, as that of younger



122 6. Comprehension and Use of Information

adults. The age differences were not particularly large, however, and since
line drawing and wrong-hand writing are rather unusual activities one might
have reservations about basing conclusions concerning learning ability on the
results from such tasks.

With the exception of these very early studies, there is little basis for
distinguishing between maturational and environmental interpretations of the
age differences in the comprehension and use of information. There is no
convincing evidence that environmental factors can account for the observed
results, but there is also not yet any understanding of the neurological
processes involved in these activities nor how they are affected by increased
age.

Because of the nature of the processes examined in this chapter, it seems
rather unlikely that the age differences that have been observed could be easily
explained by assuming only a deficit in performance, and not competence,
with increased age. For example, comprehension is a process involved in
nearly all human interaction and it is implausible that one would perform at
less than the maximum level of competence in such an important activity.
Moreover, the evidence suggests that many of the age differences are more
quantitative than qualitative, and thus it does not appear that the older adults
are simply doing different things than young adults. The topic of metamemory
was initially approached with the expectation that older adults would be
found to be deficient in their knowledge about memory functioning and
monitoring, but so far this expectation has not been confirmed. Because there
are apparently not any pronounced age differences in the awareness of one’s
own memory operations it is unlikely, although certainly not impossible, that
age differences in other aspects of memory performance are caused by
unfamiliarity with mnemonic techniques rather than diminished competence.

The general-specific dimension is difficult to evaluate because of the wide
range of topics discussed and the variable pattern of age trends. With respect
to comprehension processes a single general mechanism, slower rate of
information activation and integration, may account for nearly all of the
reported findings. There are evidently no structural differences in the semantic
memory systems of young and old adults, and it has been demonstrated that
older adults require more time for memory activation than young adults. The
situation concerning age differences in metamemory and remote memory is
still unclear, and it remains to be seen whether a processing-rate mechanism
would be able to account for any age differences that might be found in these
processes.

Summary

The topics discussed in this chapter do not form a coherent whole, but
instead consist of a variety of issues broadly related to the understanding and
utilization, i.e., learning, of information. Comprehension processes were found
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to be impaired in older adults, apparently because of a growing inability to
simultaneously register message information while also activating the meaning
and implications of the information from a semantic storage system. Because
older adults are sensitive to integration, associative-interference, proactive-
inhibition-release, item-typicality, and item-frequency effects in the same
manner as young adults, it seems unlikely that the comprehension difficulty
is based on a structural disruption of the semantic storage system. Moreover,
independent evidence confirms that the rate of activating information in
memory decreases with increased age.

The means by which one organizes and controls memory processes was
discussed under the topic of metamemory. Not much research is yet available
concerning adult age trends in this area, but what does exist reveals little or
no age differences. Older adults do seem to employ useful mnemonic strategies
less frequently than young adults, but they apparently have equal awareness
of the strategies, and are as accurate as young adults in assessing their level
of confidence or predicting their degree of recall. Other interesting aspects of
metamemory have not yet been investigated, and at the present time it is not
known why certain mnemonic strategies are used less often or less effectively
with increased age.

The final topic discussed was long-term or remote memory. Despite a
number of recent studies, it was concluded that methodological problems
inherent in all current techniques for assessing memory for long-term infor-
mation make it impossible to reach any conclusions about the influence of
age on memory for “old” information.
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Although it is often referred to as if it were a single process, memory is not
a unitary ability but instead consists of many diverse aspects with a variety of
different age trends. One particularly dramatic illustration of how age selec-
tively affects some facets of memory more than others is available in a contrast
of the age functions for a paired-associate task and a digit-span task.

Paired-associate tasks require learning to associate stimulus-response pairs
such that the individual will be able to produce the response term when the
stimulus term is presented alone. Several different measures can be used to
express paired-associate performance (e.g., number of trials to a given
criterion, number of errors to criterion, and number of correct responses after
a fixed number of trials), but for the current purposes all measures for a given
age group have been expressed as a percentage (or its reciprocal in the case
of errors or number of trials) of the maximum score across all age groups.
Data from six different studies, each including at least 20 individuals in three
or more age groups, are illustrated in Figure 7.1.

The digit-span task measures the maximum number of unrelated digits that
can be immediately repeated in the original sequence. Performance on this
task, expressed as a percentage of the maximum score across age groups, is
illustrated in Figure 7.2. (The data of Figure 7.2 differ from those of Figure
4.7 in representing only forward digit span, whereas Figure 4.7 indicates the
sum of forward and backward digit spans.)

The important point in comparing the age trends in Figures 7.1 and 7.2 is
that they are quite different. Paired-associate performance appears to decline
by as much as 20% to 40% between 20 and 70 years of age, while the difference
on the digit-span task is slight to nonexistent. This type of divergence of age
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Figure 7.1. Paired-associate score at various ages expressed as a percentage of the
maximum score across all ages. Numbers refer to different experiments: 1 = adapted
from Canestrari (1968); 2 = adapted from Gladis & Braun (1958); 3 = adapted from
Hulicka (1966); 4 = adapted from Monge (1971); 5 = adapted from Smith (1975); and 6
= adapted from Thorndike, Bregman, Tilton, & Woodyard (1928).

trends suggests not only that there are different kinds of memory, but also
that some are more affected by increased age than are others.

Although the discrepancy between the age functions for the paired-associate
and digit-span tasks serves to illustrate the point that different aspects of
memory may be differentially influenced by aging, one should be very cautious
in making across-task comparisons of this type. The problem is that it is
generally impossible to equate the level of difficulty across tasks with different
types of information and response requirements. For example, while the age
trends in Figures 7.1 and 7.2 may be representative of most situations, it is a
simple matter to construct a very easy paired-associate task that exhibits no
age difference, and it might also be possible to increase the difficulty of the
digit-span task such that it results in sizable differences with increased age.
The problem of variations in task difficulty is particularly severe in making
age comparisons because there is considerable evidence in support of the view
that the magnitude of age differences varies directly with the level of difficulty
of the task. That is, as task difficulty increases by increasing the memory
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Figure 7.2. Digit span score at various ages expressed as a percentage of the maximum
score across all ages. Numbers refer to different experiments: 1 = adapted from
Botwinick & Storandt (1974a); 2 = adapted from Bromley (1958); 3 = adapted from
Caird (1966); 4 = adapted from Inglis & Ankus (1965); 5 = adapted from Inglis &
Caird (1963); 6 = adapted from Kriauciunas (1968); and 7 = adapted from Smith (1975).

demands, decreasing the familiarity of the material, requiring other concurrent
activity, etc., performance generally declines more rapidly in older adults than
in young adults.

This argument indicates that comparisons of the magnitude of age declines
across various tasks (e.g., as reported in Botwinick & Storandt, 1974a; Gilbert,
1941; Gilbert & Levee, 1973) may be interesting, but not necessarily inform-
ative about the nature of the memory problems associated with increasing
age. In order to obtain this latter information one must turn to research based
upon modern analytical models of memory.

Before examining the research findings derived from recent memory models,
we will consider a criticism often directed at contemporary research on
memory. Skeptics frequently claim that the majority of research on memory
is exclusively concerned with meaningless verbal material such as digits,
nonsense syllables, or isolated words, and therefore it has little or no
generalizability to the more realistic types of material found in natural
learning environments. There are two rebuttals to this type of criticism—one
methodological and one pragmatic. The methodological argument is that only
by controlling the relevant material in this fashion can one be certain that the
processes being investigated are related to current memory and not previous
learning or experience. Most comparisons derived from naturalistic environ-
ments are of limited value because the achievement of high performance
might be attributable either to prior familiarity with the material, or to
superior learning and memory ability. Unless there is some degree of control
over these factors any results one might obtain would be difficult to interpret
because of the confounding of variables.

The pragmatic argument is that many studies have now demonstrated that
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age trends very similar to those found with meaningless verbal material are
evident with other types of material. For example, sizable age-associated
declines in the verbal recall, reproduction, or recognition of pictures, spatial
displays, and geometrical drawings have been reported by Adamowicz (1976,
1978); Adamowicz and Hudson (1978); Arenberg (1977, 1978, 1982); Botwin-
ick and Storandt (1974a); Bromley (1958); Ceci and Tabor (1981); Charness
(1981b); Davies (1967); Farrimond (1967); Ferris, Crook, Clark, McCarthy,
and Rae (1980); Gilbert and Levee (1971); Harwood and Naylor (1969);
Heron and Chown (1967); Howell (1972); Kendall (1962); Laurence (1966);
Mergler, Dusek, and Hoyer (1977); Murphy et al. (1981); Perlmutter, Metzger,
Nezworski, and Miller (1981); Riege and Inman (1981); Riege, Kelly, and
Klane (1981); Schear and Nebes (1980); Smith and Winograd (1978); Trembly
and O’Connor (1966); Winograd and Simon (1980); and Winograd, Smith,
and Simon (1982). Substantial age-related reductions in recognition or non-
verbatim recall of meaningful verbal prose such as sentences, paragraphs, and
recipes have been reported by: Botwinick and Storandt (1974a); Cohen (1979);
Dixon et al. (1982); Gilbert (1941); Gilbert and Levee (1971); Gordon (1975);
Gordon and Clark (1974a); Hulicka (1966); Kear-Colwell and Heller (1978);
Moenster (1972); Schneider, Gritz, and Jarvik (1975); Taub (1975, 1976); Taub
and Kline (1976); Till and Walsh (1980); Whitbourne and Slevin (1978); and
Zelinski et al. (1980). The age trends with meaningful verbal material are
particularly noteworthy as several authors have suggested that this is the type
of memory encountered in daily life in conversations, reading, etc. (Gilbert
& Levee, 1971), and that because it is meaningful and close to real experience
it maintains a high motivational level across age groups (Hulicka, 1967a;
Zelinski et al. 1980).

It therefore seems clear that the age-associated decline in memory perform-
ance is not simply a consequence of one particular type of stimulus material
being used in the experimental tasks. There have been a few reports that the
age trend, while still present, is not as dramatic when the material is presented
auditorially, rather than visually (e.g., Arenberg, 1968b; McGhie, Chapman,
& Lawson, 1965), but even these claims have been disputed in other reports
(e.g., Arenberg, 1976; Craik, 1968; Talland, 1968; Taub, 1972, 1975, 1976).
We will see that age trends in memory performance differ as a function of
several variables, but it does not appear that stimulus type or stimulus
modality are among those variables.

Localizing the Loss

Much of the research investigating memory during adulthood has been
conducted with the goal of identifying the specific memory processes or
mechanisms that are most affected by increased age. In the pursuit of this
localization or isolation strategy, most researchers have employed one or
more of the conceptualizations of memory in vogue at that time. The field of
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memory has been a source of active theoretical speculation and consequently
there has been no lack of conceptualizations to help guide research. Many of
these models have influenced research on aging, but only four or five have
had a substantial impact. In the remainder of this chapter we will examine
these ways of conceptualizing memory, and the age trends observed in the
postulated mechanisms, in approximate chronological order of their intro-
duction into research on aging.

Interference

A number of researchers have made vague reference to the concept of
interference in attempting to “‘explain” age differences in memory functioning.
Precisely what has been meant by this term has never been clearly stated, but
it appears to have been used in at least three different ways.

Unfamiliarity. One of the earliest usages of the interference concept was by
Ruch (1934) in the context of the disruption (or interference) of habitual
associations by new arrangements or relationships among items. Ruch hy-
pothesized that new, unfamiliar associations should be particularly difficult to
form in the older nervous system already set with established associations.
Essentially, then, Ruch was suggesting that unfamiliar material, that which
was not in accord with previous learning, would be more interfering for older
individuals than familiar material. Ruch (1934) found some support for this
hypothesis in that paired-associate learning of familiar material (highly
associated words) exhibited smaller age differences than less familiar material
(incorrect mathematical equations). These results were later confirmed by
Korchin and Basowitz (1957) using the same types of material.

Subsequent research in this area has relied on normative values of the
association strength between the stimulus and response terms in paired-
associate learning as the index of preexperimental familiarity. These associa-
tion-strength norms are obtained by presenting stimulus words to large
numbers of individuals with instructions to produce immediate associations
of the word, and then recording the number of individuals producing each
association. The more people that give a particular word as an association to
the stimulus, the higher the associative strength of the response word to the
stimulus word. The results from studies manipulating associative strength in
this manner have been quite consistent in demonstrating a greater age
impairment with items of low associative strength compared to items of high
associative strength (e.g., Botwinick & Storandt, 1974a; Canestrari, 1966;
Kausler & Lair, 1966; Lair, Moon, & Kausler, 1969; Ross, 1968; Shaps &
Nilsson, 1980; Zaretsky & Halberstam, 1968).

The consistency of the above result indicates that one can be fairly
confident that the magnitude of age differences are related to stimulus
familiarity. What this means, however, is still not clear. It may be the case
that unfamiliar material is more interfering with already established neural
associations, as Ruch had suggested. On the other hand, in all of the studies
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cited above it could be argued that the familiarity manipulation was con-
founded with level of difficulty. As the material was made less familiar and
more interfering with past experience, it also became more difficult for
individuals of all ages and thus the relatively greater impairment of older
adults may be due to the increased difficulty, rather than the “‘interfering”
nature, of the material. At the present time it does not appear possible to
disentangle these two issues, and thus no definite conclusion can be reached
about the unfamiliarity aspect of interference as a factor contributing to age
differences in memory performance.

A related issue concerns the possibility of generational differences in
familiarity with the material often used in memory research. It has been
reported that the word-association norms changed from 1927 to 1954 (Jenkins
& Russell, 1960), and although recent investigations failed to find any
noteworthy age differences in other characteristics of verbal stimuli (e.g.,
Howard, 1980; Kausler, 1980), it is possible that some age differences in
memory might be attributable to age differences in item familiarity. This
hypothesis has been the subject of at least five published investigations, but
the results have been mixed and no conclusion is yet possible. Howell (1972)
compared memory for pictures of contemporary objects and for pictures of
“dated” objects from the 1908 Sears catalog, and found smaller age differences
with the “dated” material. Poon and Fozard (1978), employing similar
material, actually found that older adults (ages 60-70 years) were faster and
slightly more accurate at identifying the ‘“‘dated” objects than were young
(ages 18-22 years) adults. Barrett and Wright (1981) contrasted ‘“‘young
words” (e.g., bummer, freon, cassette) with “old words” (e.g., poultice, settee,
teacakes) in young (mean age 21 years) and old (mean age 70 years) adults,
and found that each group performed best with their ‘‘age-appropriate”
material. One can question the relevance of each of these findings to
contemporary studies of memory and aging, however, since almost no research
is done with such markedly biased material.

Two studies using a paired-associate task appear to address the issue of
differential stimulus familiarity more directly. Winn, Elias, and Marshall
(1976) contrasted young and old adults in the learning of lists with material
from 1928 or 1960 norms, and Wittels (1972) compared young (mean age 20
years) and old (mean age 71 years) adults in the learning of lists with associates
generated by another person of one’s own age or by a person in the other
(young or old) age group. Both studies found young individuals to be superior
to old ones with each type of material. This finding suggests that any
differences in the associative strength of items across age groups are probably
not large enough to be responsible for more than a very small proportion of
the age differences typically observed in paired-associate performance.

Concurrent Activity. A second manner in which the concept of interference
has been invoked to account for age differences in memory refers to the
impairment produced by the requirement to perform some other activity while
simultaneously attempting to remember information. Welford (1958) sum-
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marized much early work on age and skill (including memory), and interpreted
it as reflecting an age change in the susceptibility to interference by concurrent
activity. For example, Welford described an experiment by Kay in which the
performance of older adults was greatly affected by increasing the number of
items to be remembered while monitoring a display, but the performance of
younger adults was either not affected or only slightly affected.

A great deal of research can be assembled in support of this interference-
susceptibility hypothesis. For example, Kirchner (1958), Brinley and Fichter
(1970), Botwinick and Storandt (1974a), and Wright (1981) have reported
variations of Kay’s experiment with the same basic result—age differences
increase with the memory demands of the concurrent activity. Gilbert (1941)
and Bromley (1958), but not Botwinick and Storandt (1974a), have also
reported that older adults suffer more than young adults when required to
reorganize the input sequence in a digit-span task and to repeat the items in
the reverse order from that in which they were initially presented. Further,
Talland (1965) found a greater age-associated decline in a recall task which
required simultaneous retention and reorganization of the material compared
to one that merely required retention.

There is also a large and fairly consistent body of literature indicating that
age deficits are particularly pronounced in dichotic-listening tasks in which
different material is presented simultaneously to the two ears. Some of the
studies report that age differences only occur in the performance of the
material recalled second (e.g., Caird, 1966; Inglis & Ankus, 1965; Inglis,
Ankus, & Sykes, 1968; Inglis & Caird, 1963; MacKay & Inglis, 1963;
Parkinson, Lindholm, & Urell, 1980), while others report age differences in
both the first and the second recalled set (e.g., Clark & Knowles, 1973; Craik,
1965; Inglis & Tansey, 1967; Schonfield, Trueman & Kline, 1972), but all are
similar in indicating that the dichotic-listening task is particularly sensitive to
the effects of aging. Broadbent and Gregory (1965) and McGhie et al. (1965)
have also demonstrated that simultaneous visual and auditory presentations,
rather than two simultaneous auditory presentations, result in comparable
age deficits.

As was the case with the unfamiliarity aspect of interference, however, it
could be argued that in all of these studies task difficulty is inextricably
confounded with the requirement to perform some other activity. When a
task demands that one’s attention be divided among two or more activities,
it not only involves the possibility of concurrent interference, but it also
becomes more difficult. It therefore seems that the interference-susceptiblity
interpretation cannot yet be evaluated independent of the level of difficulty.

Prior or Subsequent Activity. The third major way in which interference has
been introduced in research on memory and aging is the manner in which the
concept has been used in traditional verbal-learning research. Here there is no
confounding with level of difficulty as acquisition and retention on the same
primary task is evaluated as a function of the amount and type of prior
(proactive interference), or subsequent (retroactive interference), learning.
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Although not formally stated, the implicit arguments in this type of interpre-
tation are that because the older individual has accumulated more prior
memories, there is greater competition in memory for the storage of new
information. An early anecdote illustrating the displacement aspect of this
type of interference describes a professor of ichythyology who, upon becoming
a dean of students, complained that everytime he learned the name of a new
student he forgot the name of another fish. The major assumption in this type
of interpretation, therefore, is that memory is finite and that once the storage
limit is reached, new information can be retained only by displacing old
information.

The ideal procedure for assessing the magnitude of proactive inhibition or
interference involves examining performance on a given learning or memory
task after various amounts of prior learning. In most situations, however, the
proactive-interference comparisons are made with different lists of material,
and each successive list is assumed to be contributing to the accumulation of
proactive interference. Five aging studies have been reported in which per-
formance decline over progressive lists has been systematically examined, and
in four it was found that the rate of proactive-interference accumulation was
very similar in groups of young and old adults (Craik, 1968; Elias & Hirasuna,
1976, Fozard & Waugh, 1969; Mistler-Lachman, 1977; but not Hartley &
Walsh, 1980). That is, younger adults generally had higher memory scores
than older adults, but both groups had nearly equivalent declines across
successive lists. A tentative conclusion, then, is that susceptibility to proactive
interference does not appear to differ across the adult life span.

An optimum design for assessing retroactive-interference effects involves
comparing initial and subsequent acquisition of the same information when
the interval between the two tests is filled with learning material of different
levels of similarity to the original material, or is filled with different amounts
of interpolated activity.

A major limitation with much of the aging research in retroactive interfer-
ence is that there are typically age differences in initial acquisition that
produce serious problems for all later comparisons. If the task is presented
for a fixed number of trials the older adult will likely have a lower degree of
initial and/or interpolated learning. On the other hand, if the tasks are learned
to the same criterion the older adults are likely to require more trials for
acquisition and thus will have more total exposure to the initial and/or
interpolated material. Attempting to solve this problem by using a statistical
adjustment (e.g., analysis of covariance) to control for differences in initial
learning, as was done in several studies (e.g., Arenberg, 1967a; Gladis &
Braun, 1958; Wimer & Wigdor, 1958), is not appropriate because the age
group effect may also be eliminated with this adjustment (Evans & Anastasio,
1968; Storandt & Hudson, 1975).

One basis for comparison of retroactive-interference effects is to examine
performance as the percentage savings in relearning relative to original
learning after different types of retention-interval activity. Alternatively, one
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could examine the percentage of items correctly recalled on the first relearning
trial in the control (no interpolated activity) and experimental (interpolated
interfering activity) condition. In three separate experiments allowing one or
both of these types of comparisons (i.e., Hulicka, 1967b; Traxler, 1973; Wimer
& Wigdor, 1958) there was no consistent age trend in the magnitude of the
interference effect. These methods of comparison are also flawed, because
there is no control of degree of exposure to the interpolated material, but it
is clear that there is not yet any convincing evidence of age differences in
retroactive-interference susceptibility with existing procedures.

Another comparison relevant to the issue of amount of retroactive inter-
ference in various age groups was reported by Smith (1974, 1975a), who
compared the functions relating recall accuracy to recall output position. He
found that the slopes of these interference functions were not significantly
different across three age groups, thus suggesting that increased age is not
associated with greater susceptibility to interference from previous responses.

A later experiment by the same author, Smith (1979), also found no
evidence for age differences in the effects of retroactive interference. Young
(ages 20-39 years), middle-aged (ages 40-59 years), and old (ages 60-80 years)
adults received lists of words with the instructions to recall items after the last
word in a given list from the list prior to the one just presented. Amount of
retroactive interference was assessed by comparing recall performance when
the intervening list contained 10, 20, or 40 items. As expected, performance
decreased with a greater number of intervening items, but the rate of decrease
was nearly identical across the three age groups. The implication of this result
is that susceptibility to retroactive interference apparently does not differ
across the adult life span.

On the basis of the evidence reviewed above it does not appear that the
interference hypothesis, in any of its three versions, provides a very satisfactory
explanation of adult age differences in memory. Interference viewed as
unfamiliarity or concurrent activity is confounded with task difficulty, and
the existence of greater age differences under “interfering’ conditions might
simply be attributable to a general tendency for age impairments to be
proportional to task demands. Methodological problems hamper the interpre-
tation of studies investigating amount of proactive and retroactive interference
in various age groups, although there appear to be little or no age differences
in susceptibility to either proactive or retroactive interference.

Memory Stages

Another conceptualization of memory that has been useful in guiding
research on age differences in memory functioning is based on a trichotomous
distinction among registration, retention, and recall, or in more recent
terminology, among encoding, storage, and retrieval. Registration or encoding
refers to the initial establishment of a neural code of the information, retention
or storage refers to the preservation of the information over time, and recall
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or retrieval refers to the recovery and use of information at the time of testing.
Successful memory performance obviously requires each stage to be func-
tional, but unsuccessful memory performance could be due to a problem in
one, two, or all three, of the hypothetical stages. The goal of research
conducted under this memory stage framework has been to determine the
relative importance of each stage for age deficits in memory.

Encoding. One of the most generally accepted conclusions with respect to
memory stages is that the encoding stage presents particular problems for
older adults.

Imagery. A specific manifestation of this encoding difficulty is evident in the
use of visual imagery or other mnemonic techniques to establish meaningful
links between the items that are to be remembered, or between those items
and more permanent information in long-term memory. Research over the
last 10-20 years has clearly established the beneficial effects of such mnemonic
tricks as using bizarre imagery, locations, or rhymes to help remember many
different types of information. However, a fairly consistent finding in research
with adults of different ages is that older adults report the use of mediators
much less frequently in their memorizing attempts than younger adults (e.g.,
Hulicka & Grossman, 1967; Hulicka & Rust, 1964; Hulicka, Sterns, &
Grossman, 1967; Hulicka & Weiss, 1965; Rowe & Schnore, 1971).

On the basis of the finding just described, several investigators have
attempted to induce older individuals to use mediational strategies to deter-
mine whether age differences might be eliminated under facilitating conditions.
The results of these studies have been mixed, and it seems likely that
methodological factors have been contributing to some of the confusion. For
example, Canestrari (1968) found that old adults improved more than young
adults with the provision of a mediator, but the task was so easy that the
young participants were near perfect in their performance even without
mediators and hence they had less room for improvement when the mediator
was provided. Hulicka and Grossman (1967) handled the differential-difficulty
problem by requiring the young (mean age 16 years) adults to remember a list
of 20 words, while the old (mean age 74 years) adults had to remember only
10 words. It was reported that the two age groups achieved comparable
proportions of items recalled when a mediator was provided, but since this
means that the young participants actually recalled twice as many words as
the old participants the exact interpretation of this finding is not clear. Treat
and Reese (1976) also reported the elimination of age differences when a
mediator was used by all individuals, but they employed an inappropriate
covariance adjustment in analyzing the data, and they examined only the data
from the first trial in which there was likely very large variability. Providing
imagery instructions resulted in greater reduction in the number of trials to
a learning criterion for elderly (mean age 73 years) than for young (mean age
22 years) adults in a study by Poon and Walsh-Sweeney (1981), but the
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differential benefit was apparently transient as it did not persist in subsequent
retention tests. Treat, Poon, and Fozard (1981) replicated and extended these
results in the finding that older adults exhibited short-term benefit of imagery
instructions, but there was no sustained improvement over intervals of two
weeks.

Three recent studies without these methodological or consistency problems
indicated that the benefit of imagery mediation relative to young adults was
greater for middle-aged but not for old adults (Mason & Smith, 1977), was
not differentially effective across age groups (Whitbourne & Slevin, 1978), or
had slightly greater effect for older adults without eliminating the age
differences (Treat, Poon, Fozard, & Popkin, 1978).

In the face of the inconsistency in the results surveyed above it appears
impossible to draw a definite conclusion about whether explicit mediational
instructions are of any greater help to older adults than to younger ones. In
fact, there is some evidence that older adults actually derive less benefit from
a mediator than do younger adults. Both Hulicka and Grossman (1967) and
Hulicka et al. (1967) have reported data suggesting that when a mediator is
used for a pair of words the resulting recall is greater for young adults than
for old adults. In an interesting extension of this line of research, Marshall,
Elias, Webber, Gist, Winn, and King (1978) found that young people learned
faster with mediators generated by other young individuals than with media-
tors generated by older individuals, although the two sets of mediators were
not easily discriminable and had no obvious structural differences. This result
might be interpreted as indicating that older adults are not only less effective
users of externally provided mediators, but are also less efficient producers of
effective mediators.

While much of the experimental research has been inconclusive, the
consistency with which older adults report not using mediational processes
suggests that ineffective use of imagery and mediation may be contributing to
the poorer memory performance of older adults in many laboratory tasks.
The possibility that this deficiency can be corrected with instructions or special
conditions cannot yet be evaluated because of inadequate data.

Organization. A second aspect of encoding that has been found to exert a
substantial influence on the memory performance of young adults is the
organization imposed on the material to be remembered. Several lines of
research demonstrate that meaningful structuring or organizing of information
at the time of presentation generally facilitates recall, but that older adults
typically engage in less of this beneficial organization than young adults.
One class of research has found that stimulus material with the most
potential for organization exhibits the greatest differences between young and
old adults. Heron and Craik (1964), for example, found that young and old
individuals matched for memory span with meaningless material (Finnish
digits) nevertheless exhibited age differences with more meaningful material
(English digits), presumably because the young adults were better able to
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organize this material than older adults. Craik (1968) and Taub (1974) also
found no age differences with unorganizable material (color names or random
letters), while young adults were markedly superior with material that could
be easily organized (text sentences or letters grouped into words). Greater age
differences under conditions most favorable to internal organization have also
been reported by Kausler and Puckett (1979), contrasting high frequency
words and low frequency words (the former assumed to have more associa-
tions that could promote organization), and Laurence and Trotter (1971),
contrasting blocked and random arrangement of related words (the former
presumably facilitating organization according to meaning).

The evidence on this issue is not entirely consistent as one manipulation
has produced contradictory results. Craik and Masani (1967) systematically
varied the closeness with which strings of words approximated meaningful
English sentences and found that young adults improved more than old adults
in recall performance as the approximation to English increased. A later
attempt at replicating this finding (Craik & Masani, 1969) failed to reveal any
differential age effects, however, and a similar study by Kinsbourne (1973)
also failed to find any age differences in the effect of variations in approxi-
mation to English on recall performance. These exceptions are puzzling, but
the weight of the evidence seems to favor the view that age differences are
accentuated when the conditions are most favorable for organization.

In a related vein, three studies (Friedman, 1966, 1974; Kinsbourne, 1973)
have reported that the performance differences between young and old adults
are larger when the recall is scored with respect to the exact order of
presentation compared to when free (unordered) recall is allowed. One
interpretation of this result is that the requirement of maintaining the original
organization of the material presents a special difficulty for older individuals.

A number of experimenters have attempted to discover evidence for age
differences in organizational processes by analyzing the recall protocols of
participants, but the attempts have met with varied success. Laurence (1966)
and Hultsch (1971a) found no age differences in the consistency of recall order
over trials, an index which is presumed to reflect the internal organization of
the material. Using a measure of recall clustering according to the semantic
relationships of the randomly presented items, which indicates the amount of
internal reorganization of the material, Eysenck (1974), Gordon (1975), and
Howard et al. (1981) reported no significant age differences between young
and old adults. However Denney (1974) found that middle-aged individuals
(ages 30-60 years) exhibited more clustering than old individuals (ages 70-90
years) and Horn et al. (1981) found organization measures to be negatively
correlated with increased age. Sanders et al. (1980) also reported that young
adults (mean age 24 years) clustered more and exhibited evidence of greater
organization while rehearsing than older adults (mean age 74 years).

Hultsch (1974) has argued that some of these measures of organization are
unfairly biased against young adults since they fail to account for more rapid
improvement in performance of young adults compared to older adults across
successive trials. With alternative measures of input-output and output-output
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consistency, Hultsch (1974) did find that increased age (range 18-85 years)
was negatively associated with measures of mnemonic organization. Smith
(1980) confirmed this finding and also demonstrated that younger adults do
indeed exhibit greater increases in organization across successive trials.

At the present time it is perhaps best to reserve judgment with respect to
whether age differences are evident in measures of organization derived from
recall protocols. The available evidence is still too inconsistent to warrant any
reasonably definitive conclusion.

Only slightly more confidence can be attached to conclusions based on
deliberate attempts to encourage organization through manipulations of
instructions or presentation conditions. Hultsch (1971b) found that the age
difference in recall between young (ages 20-29 years) and middle-aged (ages
40-49 years) adults was eliminated by the requirement to sort the items to be
remembered into categories before the recall test. Smith (1977) also reported
that age differences among young, middle, and old groups were eliminated by
presenting semantic cues with each item at the initial presentation; a manip-
ulation that presumably increased the organizational potential of the items.
Deliberate instructions to organize the items during presentation did not lead
to significantly greater effects in older adults in a study by Hultsch (1969),
although there was a tendency for older individuals of low verbal ability to
exhibit greater performance increases than younger, low-verbal-ability indi-
viduals.

A reasonable conclusion with respect to aging and organizational processes
in memory is that older adults engage less frequently, and perhaps less
successfully, in the types of organization that facilitate memory performance.
No one source of evidence is completely compelling, but the consistency with
which age differences in organization are reported makes it quite likely that
a real difference in organization exists.

Pacing. Another rather dramatic example of an age deficit in the encoding
stage is the finding that the magnitude of age differences in learning, memory,
and comprehension tasks tends to decrease when the rate of stimulus pres-
entation is slower (e.g., Adamowicz, 1976; Arenberg, 1965; 1967b; Canestrari,
1963; Cohen, 1979; Eisdorfer, Axelrod, & Wilkie, 1963; Kinsbourne, 1973;
Kinsbourne & Berryhill, 1972; Taub, 1967). There are some exceptions to this
finding (e.g., Mason & Smith, 1977, Monge & Hultsch, 1971; Smith, 1976;
Taub, 1966; 1968), but it is more often the case that the less time allowed for
stimulus encoding the greater the age differences that result in subsequent
tests of memory. This, of course, is indirect evidence, but it is certainly
consistent with the interpretation that older individuals have particular
problems with the encoding stage of memory.

Possible Mechanism. An intriguing speculation as to a mechanism responsible
for the problem of older adults in the encoding stage has been offered by
Perlmutter (1978, 1979b). Noting that previous researchers have reported that
there is greater variability in word associates produced by older adults than
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by young adults (e.g., Riegel & Birren, 1965; Riegel & Riegel, 1964; Tresselt
& Mayzner, 1964), Perimutter suggested that encoding inconsistency could be
responsible for some of the observed memory deficits. Older adults might be
more variable in their encodings of an identical stimulus across time, and
thus would be less likely to generate the same encoding during the acquisition
and test phases. Perlmutter (1979b) reported a study investigating this encod-
ing-variability hypothesis, and did find that the older individuals produced
fewer repetitions of word associations on successive trials than younger
individuals. The task instructions were quite vague, however, and it may be
that the differences were more a reflection of personal style rather than actual
capability.

A similar mechanism, but operating in the opposite direction, was postu-
lated by Simon and Craik (described in Craik and Simon, 1980). The task in
this experiment was cued recall of words originally presented in sentences.
Two types of cues were used; context-specific, consisting of the adjective
preceding the word in the sentence, and general, consisting of a simple
definition of the word. The “young” and “old” groups (no details about ages
or sample sizes were provided) were found to have equivalent recall perform-
ance with the general cues, but the young were better and the old were worse
with the context-specific cues. Craik and Simon (1980) suggested that older
adults might ‘have a tendency to be less influenced by the context, to encode
events in a similar way from occasion to occasion ...” (p. 106). In other
words, age-associated memory problems might be a consequence of encodings
that are too stereotyped, rather than too variable.

Although the Perlmutter and Simon and Craik interpretations are in a
sense contradictory, both rely on the notion of encoding specificity as a factor
in the memory problems of older adults. It therefore seems likely that further
research in this area would prove informative. At the present time the
speculations must be considered interesting and provocative, but by no means
verified.

Storage. Age-related problems in storage have been rather difficult to inves-
tigate because of the known (or suspected) age differences in acquisition. If
older individuals never acquired the material to the same degree as younger
ones, it is impossible to attribute subsequent recall failures to a problem of
storage. Fortunately there have been several techniques developed that allow
a way around this difficulty.

Equating for Acquisition. One of these techniques is to examine retention
only after individuals in different age groups have been equated for level of
acquisition. This should not be a statistical adjustment of initial acquisition
because of problems with analysis-of-covariance techniques when the covariate
is correlated with the independent variable (e.g., Evans & Anastasio, 1968;
Storandt & Hudson, 1975), but rather all individuals should be taken to the
same criterion of initial learning. Recall or relearning performance can then
be compared as a relatively “pure” measure of retention.
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Two studies using this “equating for acquisition” technique (Desroches,
Kaiman, & Ballard, 1966; Hulicka, 1965) did not find age differences in the
rate of initial learning, perhaps because middle-aged rather than young adults
were used (i.e., individuals aged 30-39 years in the Hulicka study, and with
a mean age of 45 years in the Desroches et al. study). These studies should
probably be ignored, therefore, since it is difficult to interpret retention
findings when the samples of adults were apparently not typical, as judged by
the absence of expected age differences in rate of initial learning.

The remaining studies are fairly consistent when the interval between
acquisition and test is considered. Three experiments (Hulicka & Rust, 1964;
Hulicka & Weiss, 1965; Wimer & Wigdor, 1958) found no age differences with
retention intervals of 15-20 minutes; two studies (Wimer, 1960b; Hulicka &
Rust, 1964) found an age impairment with a 24-hour interval; and four of five
studies (Belbin & Downs, 1964, 1965; Harwood & Naylor, 1969; Hulicka &
Rust, 1964; but not Hulicka & Weiss, 1965) found age differences at retention
intervals of three days to one month. Poon and Walsh-Sweeney (1981)
examined retention of perfectly learned paired-associates after intervals of 45
minutes, 1 day, 1 week, and 1 month, and found progressively greater age
differences in favor of the young adults with increasing interval. Taken
together, these studies seem to suggest that there is no age deficit in short-
term storage over 15-30 minutes, but that older individuals may suffer more
than young ones with intervals greater than 24 hours.

Rate of Forgetting. A second technique for investigating age differences in
storage makes no attempt to equate the level of acquisition but instead
examines the relationship between memory accuracy and interval since initial
acquisition. If information is lost from storage at a faster rate in older adults,
the function relating memory performance to retention interval should exhibit
a steeper drop for them than for younger adults. However, if individuals of
all age groups lose information from storage at the same rate then the
functions should be parallel.

One task in which this “rate of forgetting” comparison has been examined
is a recognition procedure in which a series of items is presented with the
participant asked to decide whether specific probe items were presented earlier
in the list. The general finding is that accuracy of identifying an item as old
or new decreases with the number of items (i.e., with time, since items are
usually presented at a fixed rate) intervening between the initial presentation
and the occurrence of the probe item. Of particular relevance to the present
argument is that at least six independent studies have reported that although
the initial level of accuracy is often lower with increased age, the rate of
decline for intervals greater than about 10 seconds is almost identical across
adult age groups (e.g., Craik, 1969, 1971; Erber, 1978; Ferris et al. 1980; Poon
& Fozard, 1980; Wickelgren, 1975).

Talland (1968) employed a running-span version of this procedure in which
accuracy was assessed for items at varying positions from the end of lists of
different lengths. Data from two experiments with 36 and 40 individuals per
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Figure 7.3. Running memory span in two age groups (20 to 29 years and 60 to 69 years)
for letter and digit material. Data from Talland (1968).

decade are illustrated in Figure 7.3. Notice that the functions relating recall
accuracy to item position are quite parallel across age groups. This can be
interpreted as indicating that the rate at which items are lost from memory is
approximately the same across age groups.

A very similar finding of parallel forgetting functions has also been reported
in tasks where several items are presented, a retention interval is filled with
some type of distracting activity, and then an attempt is made to recall the
original items. Most studies of this type have found that recall accuracy
declines with the length of the retention interval, and four studies have
indicated that the rate of decline is no greater for old individuals than for
young ones (i.e., Keevil-Rogers & Schnore, 1969; Kriauciunas, 1968; Schon-
field, 1972; Talland, 1967). Three types of tasks utilizing the rate-of-forgetting
technique are therefore consistent in indicating that regardless of the level of
initial acquisition, the proportion of information that is preserved over time
is approximately the same in adults of all ages.

Cumulative Learning. The third technique that has been employed to inves-
tigate possible age differences in storage is almost the converse of the rate-of-
forgetting technique. This is an indirect procedure in which the cumulative
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learning of repeated presentations of the same item is examined. The reasoning
is that the rate of learning should be slower if less information is preserved
from one presentation to the next, but that learning rates should be the same
if there are no differences in the amount of information retained. In order to
minimize the use of conscious learning strategies that could lead to encoding
differences the participants should be unaware of the repetition of the items.
This can be done by presenting lists of meaningless letters or digits with, for
example, every third list being repeated. Of the five experiments that have
been reported using this technique, four (Caird, 1966; Heron & Craik, 1964,
Exps. II and III; Talland, 1968) reported no age differences in the rate of
cumulative learning, while one (Heron & Craik, 1964, Exp. I) found that
young adults improved with repetitions whereas older adults did not.

On the basis of very similar findings with the “‘equating for acquisition,”
“rate of forgetting,” and “cumulative learning” techniques, we can be fairly
confident that age differences in the storage stage of memory are slight to
nonexistent. This conclusion must be qualified somewhat, however, since all
of the evidence indicating no age differences in storage processes dealt with
time intervals of less than 30 minutes and there is some indication that older
adults might be impaired with intervals of 24 hours or more.

Retrieval. Many researchers have argued that the retrieval stage is a source of
particular difficulty for older adults, but a close examination of the evidence
indicates that this conclusion is still rather equivocal.

Recall versus Recognition. One of the major arguments implicating a retrieval
problem in older age is based on the different pattern of results sometimes
obtained on recognition tests of memory compared to recall tests. It is
assumed that if an item can be recognized as one previously presented then
it must have been encoded and stored. However, if the item cannot be recalled
but can be recognized, one might infer that the difficulty was in retrieval since
recall tests presumably require more of a retrieval component than do
recognition tests.

There are at least three problems with this argument. The first is that the
empirical findings are not nearly as consistent as implied by the early
advocates of this position. Several studies have reported no significant age
differences in recognition performance (e.g., Craik, 1969, 1971; Kausler,
Kleim, & Overcast, 1975; McCormack, 1982, Exp. 2; Schonfield, 1965;
Schonfield & Robertson, 1966; Shaps & Nilsson, 1980; Smith, 1975b), but
even more studies have reported moderate to large age differences (e.g.,
Botwinick & Storandt, 1974a; Bruning, Holzbauer, & Kimberlin 1975; Cerella
et al., 1982; Erber, 1974, 1978; Fozard & Waugh, 1969; Fullerton & Smith,
1980; Gordon & Clark, 1974a, 1974b; Harkins, Chapman, & Eisdorfer, 1979;
Harwood & Naylor, 1969; Kausler & Kleim, 1978; Kausler & Puckett, 1981a;
McCormack, 1981, 1982, Exp. 1; Perlmutter, 1978; Rankin & Kausler, 1979;
Schonfield et al., 1972; Wickelgren, 1975; Witte & Freund, 1976; Zelinski et
al. 1980).
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The second problem is that it is by no means established that the primary
difference between recognition and recall is that the latter involves retrieval
and the former does not. In fact, a phenomenon known as recognition failure
suggests that this distinction is erroneous, or at best, incomplete. Tulving and
Thomson (1973) demonstrated that if individuals learn words in the context
of other strongly associated words, they will sometimes fail to recognize the
critical words in a recognition test but will be able to recall them if cued with
the strong associate. Recall without recognition should be impossible if the
only difference between the two is that recall involves retrieval whereas
recognition does not. The existence of recognition failure followed by suc-
cessful cued recall has now been documented in several studies, including at
least one involving older adults (i.e., Shaps & Nilsson, 1980), and thus the
recognition-recall distinction on the basis of retrieval demands is in consid-
erable doubt.

Another problem with this argument is that recognition tasks are also
generally easier than recall tasks, and therefore the degree of retrieval in a
recognition-recall contrast is confounded with the level of difficulty (see
Botwinick, 1978; McNulty & Caird, 1966). Thus, between-task comparisons
are not meaningful unless there is some independent assurance that the
various tasks are of equivalent difficulty. At the present time, it simply is not
possible to determine whether older adults are at a greater disadvantage in
recall tasks than in recognition tasks because the former have a greater
retrieval component than the latter, or because the former are more difficult
than the latter.

Cued Recall. A similar argument concerning the confounding of type of task
with level of difficulty applies to a second body of evidence often cited as
indicative of a retrieval problem in older adults. Laurence (1967) reported
that older (mean age 75 years) adults improved more than young (mean age
20 years) adults when semantic cues about the item’s identity were provided
at the time of recall. This contrast between free or uncued recall and cued
recall has been considered to reflect a difference in the amount of retrieval
cues present at the time of recall, but it also could represent a difference in
the level of difficulty. A cued-recall test must necessarily be easier than the
uncued test, or else one would conclude that the cues were ineffective in
facilitating retrieval.

Laurence’s (1967) results have also proven difficult to replicate under
slightly different conditions. For example, Drachman and Leavitt (1972)
found no age difference in the effectiveness of a structural (i.e., first letter of
the word) cue, and Smith (1977) found that when the cues were present only
at recall there were no age differences in the effectiveness of either structural
or semantic (i.e., the taxonomic category of the word) cues. Smith did report
that the age differences were eliminated when the semantic cues were available
during the initial presentation of the items regardless of whether they were
available at the time of recall, but in this case it seems that encoding rather
than retrieval processes are involved. Ceci and Tabor (1981) reported a very
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similar experiment and also found that age differences were eliminated when
cues about the taxonomic or thematic grouping of the items were available at
both initial presentation and time of recall. A structural cue was found to be
equally beneficial to young and old adults by Simon (1979), although the
older adults in her experiments derived less benefit from the semantic
(synonym) cue. Older adults were actually hindered, whereas young adults
were facilitated, by the presence of a semantic (implicational cue) in a study
by Till and Walsh (1980). Hultsch (1975) also reported no age difference in
the effectiveness of a semantic (category name) cue at recall for the number
of words recalled, although he found that the older adults were helped more
than the young adults in a measure of the number of words from different
categories that were recalled. This latter measure must be viewed with some
caution, however, since given a category name it is very easy to think of a
common exemplar and thus there may be little or no actual memory involved
with this measure.

The situation with respect to the uncued-cued recall comparison is therefore
very similar to that with the recognition-recall comparisons, namely, it may
be the presumed retrieval requirement or it may be the level of difficulty that
distinguishes the tasks. In either case the age patterns are not very consistent
and thus it is probably best not to attempt any conclusions from this research
at the present time.

Other Evidence. Several other arguments have been proposed in favor of a
retrieval deficit in older individuals but none are particularly compelling. For
example, a number of researchers have suggested that the age decline in the
number of higher-order groupings of items in free-recall tasks (e.g., Craik &
Masani, 1967, 1969; Eysenck, 1974; Hultsch, 1975) reflects a deficit in retrieval
efficiency. However, it is almost inevitable that when there is a decrease in the
number of total words recalled, there will be a similar decrease in the number
of higher-order groupings that are recalled. Under these circumstances it does
not seem reasonable to claim that the number of groupings accurately reflects
efficiency of retrieval.

Craik (1968) has also suggested that retrieval problems become especially
pronounced when the number of items in a list is increased, and with his
finding that age differences increase with list size he concluded that retrieval
processes are impaired with aging. Smith (1979), however, found the exact
opposite result, with age differences decreasing as the size of the list increased.

A final argument is based on a small pilot project by Buschke (1974). No
statistical evaluation was conducted, but it was reported that middle-aged
adults were somewhat less consistent in recalling items over successive recall
attempts than were young college students. This finding, if confirmed in a
formal investigation, might be interpreted as indicating that the information
had been stored but that the effectiveness or consistency of retrieval decreased
with age. With the little evidence presently available, however, it is impossible
to draw any conclusions from this method.

Despite the general opinion that retrieval represents a special problem for
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older individuals, it is difficult to identify any definite evidence in support of
that position. What is often considered to be the strongest evidence (i.e., the
recognition-recall and cued recall-uncued recall contrasts) is confounded with
level of difficulty and is not entirely consistent across several published studies.
No strong conclusion about retrieval as a major source of age difficulties in
memory can therefore be reached at this time.

One reason for the apparent difficulty in isolating the effects of the retrieval
stage is that the ease or efficiency of retrieval clearly depends upon the nature
of the encoding. Just as the retrievability of documents from one’s office
depends upon the manner in which they were initially organized and filed, so
does the retrieval of items in memory depend upon the type of encoding the
items initially received. A growing awareness of the intrinsic interrelationships
of encoding, storage, and retrieval processes has led to questions about the
appropriateness of this distinction in memory research. If the distinction itself
is in doubt, it is unlikely that an approach based upon this distinction will
prove very useful in the identification of the factors involved in memory
problems associated with increased age.

Memory Stores

A very popular approach to understanding memory involves making
distinctions among different types of memory storage systems, either in terms
of temporal parameters or functional properties. The categorization of this
type that has had the greatest impact in research on adult development
distinguishes between primary memory on the one hand, and secondary
memory on the other. Primary memory is thought to be a temporary holding
or organizing buffer through which all information that will be subsequently
remembered must pass. It is roughly analogous to the span of consciousness
in that it refers to the information that is in one’s immediate awareness or
occupies one’s current attention. Information is assumed to be maintained in
primary memory only by the active process of attention or rehearsal; without
such attention the information decays or is displaced from primary memory.
Secondary memory in this scheme refers to all of the durable knowledge that
one possesses that is not in immediate consciousness. Information in secondary
memory does not require active attention for its maintenance, nor is the
storage capacity narrowly limited as is the case for primary memory.

The manner in which the primary memory-secondary memory distinction
has been used in aging research has been to assume that sizable age differences
are present in secondary memory (because most information that is recalled
is not recalled directly from immediate consciousness), and then to determine
whether age deficits are also present in primary memory.

Measuring Primary Memory. One argument against an age decline in primary
memory capacity assumes that immediate memory span is largely determined
by primary memory capacity, and since there are very slight differences in
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memory span across adulthood (cf. Figure 7.2), there must be little or no
change in primary memory capacity. While this reasoning is compelling, it is
somewhat circular and one would feel more comfortable about the conclusion
if independent methods of assessing primary memory could be shown to
produce the same result. Unfortunately, the other techniques for assessing
primary memory have yielded rather inconsistent results.

Craik (1968) proposed a mathematical technique for estimating primary
memory size based on the relationship between recall performance and the
number of items to be remembered. With three types of material there was no
significant difference between the primary memory estimates of young (mean
age 22 years) and old (mean age 65 years) adults, but with the fourth type of
material (unrelated words) the estimated capacity of primary memory was
larger for young adults than for older adults.

Another technique used to measure primary memory capacity involves
presenting a list of 12-30 items for free recall, and then examining the level
of recall for the last 3-5 items in the list. The reasoning is that the most
recently presented items should still be in immediate consciousness, and thus
recall accuracy for those items can serve as an estimate of primary memory
functioning. Two early studies (Craik, 1968; Raymond, 1971) employing this
technique reported no age differences in primary memory effectiveness, but
one of these studies (Raymond, 1971) did not include an appropriate group
of young adults and so the results from that study are not very meaningful.
Moreover, two later studies (Arenberg, 1976; Salthouse, 1980) found statisti-
cally significant age differences in these primary memory measures, with
younger individuals scoring higher than older individuals. Robertson-Tchabo
and Arenberg (1976) also reported that this measure of primary memory
correlates —.24 with age, i.e., the capacity estimates decrease with age between
a range of 20 and 80 years. A correlation of —.15 was reported by Horn et al.
(1981) in a sample of 105 males between the ages of 20 and 60. Furthermore,
two studies by Walsh and his colleagues (Walsh & Baldwin, 1977; Walsh et al.
1980) noted that younger adults had higher estimated primary memory
capacities than older adults, i.e., 3.7 versus 3.2 and 3.5 versus 2.9, although
in neither case was the age difference statistically significant.

A continuous-recognition task was used by Poon and Fozard (1980) to
argue that age differences are more pronounced in secondary than in primary
memory. Indeed, these investigators did find a smaller age difference in
recognition accuracy when the interval between presentation and test was
short and performance was presumably based on primary memory, than when
it was long and performance was presumably based on secondary memory.
Similarly, Smith (1975a) found very small age differences with short intervals
between input and recall, but much larger differences with greater intervals.
It is important to note that in both of these cases it is the time in memory
rather than some functional property that has been used to distinguish
between primary and secondary memory. Whether this is an acceptable means
of defining primary memory is still a matter of some dispute.
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Hartley and Walsh (1980) examined three alternative measures of primary
memory in two groups of adults (mean ages 21 and 69 years). One measure
was the number of items recalled in the first 15 seconds of recall, another was
the number of words from the last four input positions recalled in the first
four output positions, and the third was the number of words from the last
four input positions recalled in the first 15 seconds of recall. The measures
varied considerably for both age groups (i.e., means of 6.4, 1.4, and 1.7 for
young adults, and 4.3, 1.2, and 1.3 for old adults, respectively), and only the
first measure yielded statistically significant age differences. As the authors
point out, however, “For both age groups the number of recency items
appearing in the early stages of recall was well below even a conservative
estimate of the capacity of primary memory for words; therefore, we cannot
be certain that primary memory did not differ” (p. 903).

A similar state of confusion exists with respect to the primary memory
estimates available in data originally reported by Salthouse (1980) and later
reanalyzed by Wright (1982). If, following Watkins (1974), primary memory
is ““defined as the mechanism underyling the recency effect in free recall,” one
can measure primary memory either by the level of recall of the last four
input items (Tulving & Patterson, 1968), or by the level of recall with fewer
than seven items intervening between presentation and test (Tulving &
Colotla, 1970). Unfortunately, contradictory results were obtained with the
two techniques as age differences were pronounced in the first measure, but
much smaller and not statistically significant for the second measure.

It is not yet clear whether the absence of age differences with some measures
of primary memory is attributable to large variability producing weak
statistical tests, or whether there are truly no differences across age groups in
this hypothesized process. What is clear, however, is that the currently
available measures yield contradictory results and thus it is possible for
researchers to espouse either an age-stable or an age-decline position with
respect to primary memory functioning by judicious selection of dependent
measures.

Based on the research described above it appears that the primary memory-
secondary memory distinction has not yet been particularly useful in aging
research. The evidence as to the intactness of primary memory throughout
the life span is still not very convincing, and if both hypothetical storage
systems reveal age declines the distinction will not be very helpful in identifying
the specific aspects of memory that are, and are not, age sensitive.

Processing Depth

A relatively recent interpretation of memory functioning focuses on the
depth of processing the to-be-remembered information. A fundamental as-
sumption is that incoming stimuli are subjected to different amounts of initial
processing and, other things being equal, those stimuli receiving the ‘‘deepest”
levels of processing (i.e., semantic or conceptual rather than sensory or
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structural) will have the most durable and strongest memory representations.
As applied to aging, this perspective maintains that older adults either do not,
or cannot, engage in the “deep” levels of processing that are responsible for
superior memory performance.

Orienting Tasks. One of the most popular procedures for investigating the
effect of levels of processing in memory is to instruct the participants to
perform various orienting tasks during the initial presentation of the items,
and then to examine performance across conditions in a subsequent memory
test. Shallow levels of processing are produced by requesting judgments about
superficial characteristics (e.g., how many letters are in this word?), while deep
processing is produced by requesting conceptual or semantic judgments (e.g.,
what is a synonym of this word?). The results with this orienting-task
procedure in studies with adults of varying ages have been mixed. Several
studies have reported that older adults are apparently less capable of deep
processing as age differences in recall were found to be largest under conditions
that involved the deepest levels of processing (Erber, Herman, & Botwinick,
1980; Eysenck, 1974; Mason, 1979; Simon, 1979; White, described in Craik,
1977). However, two studies employing recognition measures yielded results
in contradiction to one another (Mason, 1979; White, described in Craik,
1977), and a third (Erber et al., 1980) obtained inconclusive results (i.e., an
age by depth interaction at p < .07). Moreover, three recent studies with recall
measures (Craik, described in Craik and Simon, 1980; Till & Walsh, 1980;
Zelinski, Walsh, & Thompson, 1978) and two with recognition measures
(Craik, described in Craik & Simon, 1980; Smith & Winograd, 1978) failed to
find significant Age by Depth interactions. (See Burke and Light, 1981, for
further discussion of these studies.)

It might also be expected from the processing-depth perspective that, other
things being equal, the more different orienting tasks performed on a stimulus
the greater the total processing depth associated with that stimulus. Barrett
and Wright (1981) examined performance in an unexpected recall test after
one or two orienting tasks and found that both young (ages 18-24 years) and
old (ages 63-75 years) adults averaged about one additional correct word
when there were two orienting tasks rather than just one. The stimulus items
in this study were highly unusual words, however, and there was no overall
age difference in free-recall performance. Because this is an atypical finding,
one must be very cautious in interpreting these results in the context of the
processing-depth hypothesis.

False Recognitions. Smith (1975b) and Rankin and Kausler (1979) employed
a false-recognition procedure to investigate the processing-depth explanation
of adult age differences in memory. This procedure involves the presentation
of a series of words with the participant required to select previously presented
words in the context of distractors that are similar either superficially (i.e.,
either visually or acoustically), or semantically (i.e., synonyms), to the old
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words. Both groups of investigators reported that older adults made more
false recognitions of semantically similar distractor items than young adults,
but they interpreted their results differently. Smith (1975b, p. 363) concluded
that: *. .. the older, participants were less able to distinguish the correct
alternatives from their semantic distractors because of incomplete semantic
processing at the time of presentation,” while Rankin and Kausler (1979, p.
63) argued that: “Whatever age-related deficits take place in the encoding of
information on a recognition memory task, they do not involve the failure to
encode informational inputs either phonologically or semantically.”

This conflict illustrates a serious problem with the false-recognition pro-
cedure; one attempts to make inferences about the nature of the processing
on the basis of the frequency of certain types of errors, but it is not clear
whether an increase in a certain type of error signifies more or less of the
relevant processing. Smith (1975b) suggested that more errors in the older
adults indicated poorer semantic processing, while Rankin and Kausler (1979)
appear to argue that more errors indicate equivalent or superior semantic
processing among the elderly. In the face of this confusion, and the failure to
find any age differences in semantic recognition errors by Coyne, Herman
and Botwinick (1980), it is perhaps best to disregard the results from the
false-recognition procedure as they pertain to the processing-depth hypothesis.

Incidental Learning. One implication of the processing-depth hypothesis is
that the age differences should be smallest on tasks in which the processing
depth is the shallowest. That is, to the extent that all individuals process the
items superficially, there is little opportunity for the greater processing ability
of the younger adults to produce superior performance. An incidental-learning
paradigm provides a reasonable test of this implication as participants are
tested for the retention of material that they were not specifically instructed
to learn.

The orienting-task procedure includes a form of incidental learning since
the participants are not informed that they will later be tested for their
memory of the items they are classifying. However, as discussed earlier the
results from studies using orienting tasks have not been very consistent. Most
such studies have reported that age differences are evident in some, but not
all, of the incidental learning conditions (e.g., Erber et al., 1980; Eysenck,
1974; Mason, 1979; Till & Walsh, 1980; White, described in Craik, 1977,
Zelinski et al., 1978), although two studies found age differences in all
incidental conditions (i.e., Craik, described in Craik & Simon, 1980; Smith
& Winograd, 1978).

A great variety of other incidental-learning procedures have also been
employed, and the results from these procedures have been somewhat more
consistent. Four studies found no age differences in incidental-learning per-
formance (Hulicka, 1965; Perlmutter, 1978,; 1979a; Wimer, 1960a), but one of
these (Hulicka, 1965) also failed to find age differences in intentional learning
and since this is quite unusual the samples may have been atypical. Another
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(Wimer, 1960a) employed very small sample sizes (i.e., 10 and 6 individuals in
young and old groups, respectively), and the remaining two (Perlmutter, 1978,
1979a) reported that age differences in incidental learning were large and
significant with a recall test but were less pronounced and not significant with
an easier recognition test. On the other hand, quite a few studies have reported
significant age differences with incidental-learning tasks. Thorndike et al.
(1928), Willoughby (1929), and Erber (1976) found that older adults were less
accurate at retaining the code associations after performing a code-substitution
task; Bromley (1958) and Peak (1968) found that older adults recalled fewer
names of subtests after performing in a battery of tests; Horn et al. (1981)
reported a decrease with increased age in accuracy of reporting details of an
incidental event; Kausler and Lair (1965) and Lair et al. (1969) found that
older adults recalled fewer backward (i.e., response-stimulus rather than
stimulus-response) associations after a paired-associate learning procedure;
and Nebes and Andrews-Kulis (1976) and Mergler et al. (1977) found that
older adults were poorer at recalling incidental stimulus pairings after per-
forming in a primary task.

The remarkable consistency with which age differences have been reported
despite the many different procedures that have been employed dictates a
conclusion that, contrary to the predictions from the processing-depth inter-
pretation, older adults are poorer than younger adults with incidental-learning
tasks.

The depth-of-processing interpretation is still being actively investigated,
but the presently available evidence is not very favorable for this perspective.
The results from experiments employing orienting tasks to control depth of
processing are not consistent with one another, and the outcomes from the
false-recognition procedure are confusing and at least partially contradictory.
The greatest consistency noted was in the report of age differences in incidental
learning, a finding the opposite of what would be predicted from a processing-
depth age deficit. On the basis of this evidence, therefore, it must be concluded
that the depth-of-processing interpretation does not yet provide much clari-
fication of the nature of age-related memory difficulties.

Automatic and Effortful Processing

A related framework for memory research makes use of a continuum from
automatic memory processes on one end, to effortful memory processes on
the other end. This continuum is roughly analogous to the distinction between
shallow and deep processing in that the amount of resources or effort required,
and the demands on capacity, increase as the processing becomes deeper or
more effortful.

Many of the arguments raised with respect to the processing-depth inter-
pretation can also be used in support of this effort interpretation, but as we
have seen, the evidence cannot yet be considered very favorable. It has also
been argued that recognition tests are less demanding of processing effort and
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thus might be expected to reveal smaller age differences than recall tests.
However, as was pointed out earlier, recognition tests do not always yield
equivalent performance across age groups and most recognition-recall com-
parisons to date have been confounded with task difficulty, and thus this
evidence cannot be considered convincing.

Frequency Judgments. One substantive research area in which the processing-
effort interpretation has been subjected to direct experimental test is frequency
or recency judgments. It has been assumed that registration of the frequency
with which an item has occurred is an automatic process requiring little or no
cognitive effort, and thus accuracy of frequency or recency judgments should
be the same across all age groups. Three studies (Attig & Hasher, 1980;
Kausler & Puckett, 1980a; Perlmutter et al., 1981) confirmed this expectation
in finding no age differences with a pair-discrimination procedure, but two
subsequent studies with the same basic procedure (e.g., Kausler, Hakami, &
Wright, 1982; Kausler, Wright & Hakami, 1981) and two studies (e.g., Hasher
& Zacks, 1979; Warren & Mitchell, 1980) with a frequency-rating procedure
did find age differences in favor of young adults. Until these conflicts are
resolved the existing results must be considered only partially consistent with
the prediction from the processing-effort interpretation. One can also question
whether frequency judgments are truly automatic since a recent study indicated
that the accuracy of frequency discrimination was impaired by the perform-
ance of a concurrent task, as though both tasks were competing for the same
limited capacity and neither was capacity-independent (i.e., Kausler, Wright,
& Hakami, 1981).

Other Automatic Memory Processes. Memory for other nonsemantic attributes
assumed to be processed automatically, i.e., without cognitive effort, was
investigated by Kausler and Puckett (1980b; 1981a; 1981b), McCormack
(1981, 1982), Park, Puglisi, and Lutz (1982), Perlmutter et al. (1981), and
Waddell and Rogoff (1981). Contrary to prediction, older adults were signif-
icantly poorer than young adults in memory for the case (upper or lower) of
visually presented words (Kausler & Puckett, 1980b; 1981b), and for the sex
of the voice (male or female) of auditorially presented sentences (Kausler &
Puckett, 1981a; 1981b). Contradictory results have been reported for memory
of spatial location of visually presented items as Park et al. (1982) and
Perlmutter et al. (1981) found an advantage for young adults, Waddell and
Rogoff (1981) found older adults inferior to middle-aged adults in one task
but equivalent in a second task, and young and old adults were equivalent in
location accuracy in experiments by McCormack (1982). McCormack (1981)
did find comparable performance in young (ages 18-19 years) and old (ages
63-74 years) adults in a measure of the accuracy of temporal location of
earlier presented words that appears conceptually similar to the recency-
judgment measure employed by earlier investigators.

It has sometimes been argued that the existence of age differences in a
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memory process indicates that that type of memory is effortful because
automatic processes are, by definition, age insensitive. This reasoning is clearly
circular, however, and precludes the possibility of ever testing the hypothesis
that automatic memory processes are unaffected by adult age. In fairness, it
must be pointed out that other criteria, such as a superiority of intentional
over incidental learning, were consistent with the conclusion that the case and
sex-of-voice attributes do require cognitive effort.

It might well be argued that much of the research discussed earlier under
the topics of encoding and semantic memory is consistent with the processing-
effort interpretation in that the formation of imaginal mediators or the
organization of information requires deep, effortful processing, whereas
semantic activation may be automatic. While this may be true, the evidence
examined above is equivocal with respect to the automatic-effortful hypothesis
as it currently stands, and it is doubtful that subsuming additional results
under this interpretation would lead to a greater understanding of the
phenomena of interest.

An assessment of the effortful-automatic distinction with respect to memory
performance in adulthood must conclude that it has little support at the
present time. The evidence with respect to recency or frequency judgments is
only moderately consistent within a paradigm (and much less so across
paradigms), and several attempts at identifying other automatic processes that
are age invariant have not been very successful. Moreover, the distinction is
primarily descriptive, and explanations of the cause of age decrements in
effortful processes have relied exclusively on vague notions of an age-related
reduction in ‘“‘processing capacity,” a concept which has not yet received a
satisfactory operational definition (see Chapter 9).

Theoretical Evaluation

A number of researchers have suggested that older adults are less effective
in employing mnemonic techniques, and in performance on memory tasks in
general, because they are long removed from the type of academic environment
that stresses memorizing skills. Following this reasoning, one might expect
little or no age differences on measures of ‘‘basic” memory, but sizable age
differences on measures that stress organizational or mediational strategies.
Some support for this expectation is available in the research literature,
although the existence of reliable age differences in incidental-learning tasks
weakens this argument.

Another implication of the disuse perspective is that individuals who have
continuously used their memory abilities should exhibit smaller age declines
than those who have not been active memorizers. Murrell and Humphries
(1978) reported that this was indeed the case for simultaneous language
translators whose job requires that they remember what is said in one language
long enough to convert it to speech in another language.
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Young (mean age 25 years) and older (mean age 57 years) adults who were
either naive or experienced in simultaneous translating were administered a
speech-shadowing task. The experienced translators exhibited no age differ-
ence in accuracy (22% vs. 23% errors), but the inexperienced older adults were
much less accurate than the inexperienced younger adults (59% vs. 35%
errors). While quite suggestive, the possibility that the people who have lasted
long enough on the job to become experienced were unrepresentative of the
general population in terms of initial level of ability should make one cautious
about attaching too much significance to this finding.

Perhaps the strongest argument raised in support of a disuse interpretation
of memory problems associated with aging is the demonstration that some of
the deficits can be overcome by relatively short intervention programs. For
example, three recent studies have reported quite dramatic memory improve-
ments with relatively brief training in samples of older adults (Langer, Rodin,
Beck, Weinman, & Spitzer, 1979; Schmitt, Murphy, & Sanders, 1981; Zarit,
Cole, & Guider, 1981). While encouraging with respect to the modifiability of
behavior in later life, these studies are of limited usefulness for determining
the causes of age-associated memory problems because only one age group
was involved. In order to argue that disuse is a major factor contributing to
age differences, it is necessary to demonstrate that older adults improve more
than young adults on a measure of memory that does not have a low
performance ceiling. Simple repetition or practice is one intervention that has
been examined in several age groups, but the currently available evidence
suggests that older adults benefit no more from practice on at least some
memory tasks than do young adults (Murphy et al., 1981; Taub, 1973; Taub
& Long, 1972).

One of the most plausible of the biologically oriented interpretations of
age differences in memory is based on the hypothesis that nearly every mental
operation requires more time with increased age. Whether this is termed a
“slower tempo” (Waugh & Barr, 1980) or a “reduced processing rate”
(Salthouse, 1980; Salthouse & Kail, in press), it is obvious that if encoding,
organizing, rehearsal, retrieval, etc., take more time in some individuals than
in others the resulting memory performance will generally be poorer in the
slower individuals. Indeed, Waugh and Barr (1980) have suggested that:

Dichotomies such as ‘““episodic’ versus ‘‘semantic’ or “‘primary”’ versus ‘‘secondary”

or “deep” versus ‘‘superficial” may possibly prove useful in accounting for age-

related memory decrements. They will surely not be sufficient. The ‘“‘slow tempo”
principle may even make them unnecessary. (p. 258)

The major limitation of the processing-rate hypothesis of age differences in
memory is that at the present time the amount of directly relevant evidence
is still rather limited. However, the evidence that does exist appears quite
consistent with this perspective. For example, it was noted in the previous
chapter that the activation of information in memory requires more time with
increasing age. It has also been reported with two independent procedures
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that the rate of rehearsing information in memory is slower in older adults
than in young adults (Salthouse, 1980; Sanders et al., 1980). There are also
some reports (e.g., Horn et al., 1981) indicating that measures of rate of
processing are moderately correlated with measures of primary and secondary
memory, and indices of mnemonic organization.

Two experiments by Nebes (Nebes, 1976; Nebes & Andrews-Kulis, 1976)
are sometimes cited as providing evidence against the processing-rate per-
spective, but a close examination reveals that neither study is particularly
convincing. In both studies it was claimed that there were no age differences
in the speed of mediator formation, but Nebes (1976) failed to include short
enough time intervals to provide a sensitive test of this hypothesis, and Nebes
and Andrews-Kulis (1976) actually found older adults to require more than
1 second longer than young adults (i.e., an average of 3.68 vs. 2.60 seconds)
to construct integrative sentences relating two words.

An evaluation of memory research with respect to the competence-perform-
ance dimension is faced with many of the same problems found to confront
the disuse-biological deterioration issue. In order to demonstrate that older
adults have the same competence as young adults and are simply performing
at a lower level because of less efficient strategies, one must compare the
performance of both young and old adults in a situation where strategy
variation is eliminated and there are no artifical limits on the range of
performance. As reported earlier in the chapter, mixed results have been
obtained with attempts to induce imagery, organization, or *“‘deep processing”
in adults of different ages and thus it is not yet possible to reach a conclusion
concerning the exact nature of the age differences observed in memory
functioning.

Perhaps the strongest conclusion that can be drawn concerning the theo-
retical classification of age differences in memory processes is that a variety
of specific mechanisms, rather than a single general mechanism, are likely to
be responsible for the observed age effects. The reason is the many different
aspects of memory that have been discovered, and the evidence indicates that
increased age has different patterns of effects across the various aspects.
Correlational evidence should also be relevant to this issue as the presence of
high intertask correlations would support a single memory factor, while low
correlations would favor multiple, independent memory processes. Unfortu-
nately, the few studies that have reported intertask correlations (e.g., Botwin-
ick & Storandt, 1974a; Kausler & Puckett, 1981b; Perlmutter, 1978; Perlmutter
et al., 1981) have typically failed to provide information about the reliabilities
(within-task correlations) of the measures and thus the between-task correla-
tions are not easily interpretable. Nevertheless, factor-analytic investigations
with adults of varying ages (Botwinick & Storandt, 1974a; Robertson-Tchabo
& Arenberg, 1976) have identified at least three distinct memory factors in
which paired-associate performance, free-recall performance, and memory-
span performance play important roles.
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Summary

Two conclusions seem warranted from the research summarized above.
One is that no single conceptualization of memory functioning has been
markedly successful in isolating the age impairment to a single process or
mechanism. Whether the focus has been on interference, stages, stores,
processing levels, or automatic versus effortful processing, the research evi-
dence has not been consistent with the specific localization of age differences
in only one theoretical process. The reviews of the evidence for various
theoretical positions have necessarily been succinct, and undoubtedly propo-
nents of each could provide interpretations of many of the negative findings.
The overall impression, however, is that the existing theories have not yet
been very useful for precisely localizing the age deficit in memory.

Despite this somewhat negative outcome, these formulations have provided
several plausible directions for research. Indeed, the second conclusion, that
some aspects of memory functioning appear to be more affected by age than
others, is primarily based on research generated from one or the other of the
theoretical conceptualizations. Certain aspects, such as the use and efficiency
of imaginal mediators and stimulus organization, and processing at ‘‘deep”
and “‘effortful” levels to encode in secondary memory, seem to present
particular problems for older adults. Other aspects either are unaffected by
aging, e.g., intermediate-duration storage between acquisition and test, or
cannot be unambiguously evaluated at this time, e.g., retrieval, primary
memory, and shallow or automatic processing. This pattern of findings
presents a challenge for any proposed explanation since the successful candi-
date explanation must be able to account not only for the memory aspects
that do exhibit age differences, but also for those that do not.

The discovery that sizable age differences are evident with incidental-
learning procedures also serves to provide some constraints on the types of
explanations that might be proposed. For example, since older adults appar-
ently exhibit performance deficits even when the learning is unintentional,
simple monolithic explanations based on motivational or anxiety differences
will probably not provide satisfactory interpretations of age-related memory
losses.
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The current chapter deals with selected topics in visual perception. Percep-
tion is a very broad term, however, and thus it is desirable to begin with a
brief statement as to the type of topics that will, and will not, be considered
in the present context. Primarily because of space limitations, only research
involving “higher” perceptual processes within the visual modality will be
discussed. Restricting one’s coverage to visual perception is commonly justi-
fied by authors of books in cognition and perception because a dispropor-
tionate amount of the research on perceptual processes has focused on vision
rather than any of the other sense modalities. This is not quite so true in
research on aging as there have been numerous investigations of adult age
differences in auditory processes, but it is still the case that the majority of the
research of interest to cognitive psychologists has employed visually presented
stimuli. Studies primarily concerned with sensory factors will be ignored
because the amount of relevant material is so vast that entire books have
recently appeared on this topic (e.g., Colavita, 1978; Corso, 1981), and to
attempt to do justice to this topic would take us too far from the major focus
on cognitive processes.

The material that will be covered in the current chapter can be broadly
organized into spatial, temporal, and sensitivity aspects of perception. The
former includes topics such as perceptual organization, spatial manipulation,
geometrical illusions, and selective attention. Within the temporal category
are the topics of motion judgment, temporal fusion and integration, and
visual masking. The final section will examine the major results concerning
adult age differences in sensitivity to light (detection) and pattern (discrimi-
nation).



156 8. Stimulus Registration and Interpretation

Spatial Aspects of Perception

Among the most dramatic age differences noted in the discussion of
psychometric intelligence in Chapter 4 were those evident in the measures of
spatial abilities. On the average, adults in their 60s were found to perform at
only about 70%-80% the level of adults in their 20s on the Object Assembly,
Picture Arrangement, Picture Completion, and Block Design subtests of the
WAIS (see Figures 4.8-4.11). These results have been confirmed in other
measurements of spatial ability (see pages 61-64), and thus it is clear that
increased age is generally associated with reduced spatial perceptual ability.

A first step in attempting to determine the exact nature of the age-related
difficulty in spatial perception is to classify the types of activities required in
various tests of spatial ability. One possible classification scheme is based on
a distinction among analysis, integration, and manipulation. Analysis opera-
tions are required when the individual is expected to locate a specific
component within a large configuration, or to identify a missing or unusual
component within a scene or complex figure. Integration skills are needed to
synthesize complete figures from jumbled or partial segments. And finally,
manipulation or transformation abilities are implicated in the performance of
tasks involving the comparison of different perspectives of an object or
environment.

The present classification scheme is not based on factor analytic investi-
gations, and indeed studies employing sophisticated correlational analyses
have generally revealed somewhat different factors (e.g., McGee, 1979).
Nevertheless, the current three-factor scheme is useful because the “factors”
are intuitively plausible and conceptually distinct, and (most importantly)
because the experimental research involving adults of different ages can be
easily organized into these three aspects.

Analysis

A variety of results suggest that older adults are poorer at analysis tasks
than young adults. The WAIS Picture Completion Test can be considered to
require detailed analysis or decomposition of the total pattern in order to
identify the missing element, and Figure 4.9 indicates that older adults are
generally slower or less accurate than young adults on this test. Other common
tests requiring analysis of complex patterns are the Embedded Figures Test
and the Gottschaldt Hidden Figures Test in which the individual is required
to locate a simple pattern embedded in a more complex pattern. At least nine
studies using tests such as these have found older adults to be less accurate,
or to require more time, than young adults (e.g., Axelrod & Cohen, 1961;
Basowitz & Korchin, 1957; Bogard, 1974; Botwinick & Storandt, 1974a;
Chown, 1961; Eisner, 1972; Lee & Pollack, 1978; Panek, Barrett, Sterns, &
Alexander, 1978; Schwartz & Karp, 1967).
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Another type of test that appears to require a similar type of analytical
ability is perception of reversible stimuli. A number of ambiguous figures have
been constructed in which two alternative perceptions are possible, and three
studies (Botwinick, 1965; Botwinick, Robbin, & Brinley, 1959; Silverman &
Reimanis, 1966) have reported that older adults are less likely than young
adults to perceive both percepts in the figure. The second percept can be
considered analogous to an embedded figure, and thus these results are
consistent with those found in more traditional tests of embedded-figure
perception.

The situation with respect to ambiguous figure perception is actually not
quite this simple as two recent experiments have found no age difference in
the rate of figure reversals (e.g., Kline, Culler, & Sucec, 1977; Kline, Hogan,
& Stier, 1980, Exp. 2), and one experiment actually reported more reversals
in older adults than in young adults (i.e., Kline et al. 1980, Exp. 1). The
apparent contradiction may be attributable to different processes contributing
to the initial reorganization of the figure, and to the rate of subsequent
fluctuations between alternative organizations once the first reorganization
has been achieved.

There have been a number of speculations offered as to why older adults
have difficulty in analyzing parts of complex figures, e.g., they are more
distracted by the irrelevant segments or they have problems discriminating
figure from ground, but there is not yet any explanation which has received
even a moderate amount of empirical support.

Integration

A situation similar to that found with analysis ability exists with respect to
tests of the ability to integrate parts into a whole in that there is convincing
evidence of age-associated declines with little understanding of the underlying
reasons. The WAIS Object Assembly Test requires the individual to assemble
a complete object from separate parts in much the same way as a jigsaw
puzzle, and Figure 4.8 indicates that older adults are generally poorer at this
task than young adults. Other tests requiring integration abilities are the
Gestalt Completion Test and the Street Incomplete Figures Test in which
individuals are asked to identify pictures that have had various portions
deleted. A number of studies have reported an age-related deficiency, either
in time or errors, in performance on this type of test (e.g., Basowitz &
Korchin, 1957, Crook, Alexander, Anderson, Coules, Hanson, & Jeflries,
1958; Danziger & Salthouse, 1978; Dirken, 1972; Eisner, 1972; Glanzer et al.
1958; Thomas & Charles, 1964; Verville & Cameron, 1946). Only Danziger
and Salthouse (1978) attempted to investigate possible causes for these age
differences, and their conclusions were mainly negative, i.e., the poorer
performance of older adults did not seem attributable to response bias,
differential familiarity with the materials, or inefficient distribution of attention
across stimulus components.
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Kline and his colleagues (e.g., Kline et al., 1977; Kline et al., 1980) have
recently examined age differences on a word version of the incomplete figure
test, one in which the boundaries of letters are either ill-defined or completely
absent. In the first experiment in this series there were three groups of adults
with mean ages of 19, 45, and 70 years. The young adults averaged 86%
correct identification of the partial words, but the middle-aged and older
adults averaged only 14% and 2%, respectively. However, two later experi-
ments (both reported in Kline et al., 1980) found much smaller age differences
(i.e., 98% vs. 91%, and 95% vs. 85% for young (ages 18-21) and old (ages 56—
87) adults in Experiments | and 2, respectively). These later experiments were
very similar to the first one except that the words were presented in a slightly
different typescript. The format of the letters may therefore be an important
factor contributing to the magnitude of the age differences in this particular
task. It would now be desirable to conduct a study in which the legibility of
the items is systematically manipulated in the same groups of young and old
adults to confirm that letter format is, in fact, the major determinant of the
age difference in perceiving such inconspicuous stimuli.

One interesting attempt to identify the specific nature of the age difficulty
in spatial integration was reported by Ludwig (1982). Stimulus figures com-
posed of six line segments were presented either sequentially or simultaneously
in two spatially separated parts. If older adults are hampered at integration
or synthesis tasks because of memory problems, one might expect the age
differences to be smaller when the two parts are presented at the same time
compared to when the parts are presented one after the other. While the
reasoning is plausible, Ludwig’s results revealed that neither young (mean age
21 years) nor older (mean age 68 years) adults had poorer performance with
sequential rather than simultaneous presentation, and thus this particular
memory manipulation was evidently not very powerful. Nevertheless analyt-
ical investigations of this type will be necessary if one hopes to determine the
causes for the dramatic age differences in spatial integration tasks (e.g., 35%
vs. 16% correct reproductions for the young and old groups, respectively, in
Experiment I of Ludwig’s study).

Manipulation

More dynamic aspects of spatial perception are required by tests of
perspective taking or mental rotation. Experimental investigations of these
abilities are quite recent, but the available studies are fairly consistent in
indicating age-associated deficits in both activities. For example, one experi-
ment (Herman & Coyne, 1980) found young (mean age 24 years) adults to be
superior to old (mean ages 65 and 75 years) adults in the accuracy of localizing
objects from imagined perspectives. A series of three experiments by Ohta,
Walsh, and Krauss (1981) also investigated spatial perspective-taking skills in
adults of varying ages, and found older adults to be generally less accurate
and to require more time than young adults. These investigators attempted to
identify the nature of the age difficulty by examining performance across
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different classes of inappropriate perspectives, but a significant age by incorrect
alternative interaction was found in only one of six comparisons (i.e., two
dependent measures in each of three experiments). Therefore, the major
conclusion warranted from the Ohta et al. (1981) study simply seems to be
that older adults have greater difficulty, for still unspecified reasons, than
young adults at imagining different perspectives.

Shepard (e.g., Shepard & Metzler, 1971) introduced a paradigm for
investigating the rate of mental rotation that has been employed in four
studies with adults of varying ages. Gaylord and Marsh (1976) used the same
stimuli (i.e., pairs of line drawings of three-dimensional figures in different
perspectives), and task [i.e., classification of the pairs as ‘“same” (identical
figures) or “different” (mirror image figures) as rapidly as possible], as
Shepard and Metzler (1971). The function relating classification time to degree
of angular discrepancy between the stimulus pairs has been found to be quite
linear, and thus the rate of mental rotation can be inferred from the slope of
this function. The primary result from the Gaylord and Marsh (1976) study
was that older (ages 65-72 years) adults had slower rates of rotation than
young (ages 18-24 years) adults (i.e., 17.7 msec/degree vs. 8.1 msec/degree).
A subsequent experiment by Jacewicz and Hartley (1979) failed to confirm
the slope difference with slightly different procedures, but their older adults
were only 52-62 years of age. That this was probably an important difference
is suggested by a recent extension of the Jacewicz and Hartley study with a
more senior (i.e., mean age 72 years) group of older adults in which the
original Gaylord and Marsh result of slower rates of mental rotation with
increased age was confirmed (Cerella, Poon, & Fozard, 1981). Berg, Hertzog,
and Hunt (1982) also reported that the mental rotation rate increased
monotonically across age groups with mean ages of 21, 32, 51, and 63 years.
This latter finding is particularly convincing since the same trend was evident
across four sessions of practice involving 480 trials each.

Selective Attention

Another potentially important aspect of spatial perception concerns the
ability to focus selectively on certain stimulus features while ignoring other,
irrelevant features. One of the most widely cited studies in the psychology of
aging literature is an experiment on selective-attention ability by Rabbitt
(1965a). A card-sorting task was used in which young (mean age 19 years)
and old (mean age 67 years) adults were requested to sort cards into two piles
on the basis of whether an A or a B was present on the card. In different
conditions either 0, 1, 4, or 8 irrelevant letters were also present in various
locations on the card. It was reported that an increase in the number of
irrelevant items led to a greater absolute increase in card-sorting time among
older adults (i.e., from .63 to 1.16 sec/card with 0 to 8 irrelevant items) than
young adults (i.e., from .38 to .65 sec/card).

However, the exact interpretation of the Rabbitt (1965a) result is not yet
clear. It is commonly found that the absolute age difference in time increases
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with increased task difficulty, apparently regardless of the specific manipula-
tion employed to influence difficulty (cf. Salthouse, in press), and thus one
cannot simply attribute this finding to an age-related difficulty in ignoring
irrelevant items. Furthermore, relative rather than absolute measures of
performance did not increase systematically with an increase in the number
of irrelevant items. That is, the ratio of card-sorting time of older adults to
card-sorting time of young adults was 1.66 for O irrelevant items, 1.25 for 1
irrelevant item, 1.56 for 4 irrelevant items, and 1.78 for 8 irrelevant items. No
statistical evaluation of these ratios is available but this method of analysis,
which may be more meaningful than the comparison of absolute performance
times, is not consistent with the hypothesis that older adults are more affected
by increased number of irrelevant items than young adults.

A similar problem is evident in a more recent elaboration of Rabbitt’s
(1965a) experiment by Farkas and Hoyer (1980). These investigators compared
the effects of irrelevant items that varied in the similarity of orientation to the
relevant items and found that older adults had greater absolute increases in
card-sorting time than younger adults with each manipulation. However, once
again ratio comparisons were not statistically evaluated, and the data in the
figures presented in the report appear to indicate roughly constant old/young
ratios across conditions.

An experiment by Wright and Elias (1979) raised the question of whether
there is an age difference in the ability to ignore, rather than merely
discriminate, irrelevant items by eliminating the positional uncertainty of the
target. Target letters were presented in the middle of the visual field, and in
different conditions the target was either alone or flanked by neutral letters,
by letters designating the same response, or by letters designating the opposite
response. The various manipulations were effective in altering reaction time,
but comparable effects of the presence of irrelevant letters were found in
young (age 18-25 years) and old (age 60-82 years) adults. The authors
concluded that there may be an age deficit in competition between alternative
responses, but that both young and old adults are equally able to ignore
irrelevant features of a stimulus array.

It is unfortunate that there is not less ambiguous evidence concerning age
differences in selective attention as this ability might be a major factor in tests
of analysis and integration. However, at the present time no definite conclusion
can be reached concerning the effects of adult age on the focusing on specific
elements in the spatial environment. There is still some question about
whether absolute, rather than relative, age comparisons are adequate for
making interpretations of age differences, and a study eliminating discrimi-
nation processes in selective attention revealed no age differences.

Miscellaneous

Several other aspects of spatial perception have also been investigated in
adults of varying ages, but the results from such studies have not yet been
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impressive enough to warrant firm conclusions. For example, three studies
have reported contradictory results on the effect of body position on judgments
of rod verticality in adults of different ages. Comalli, Wapner, and Werner
(1959) and Girotti and Beretta (1969) found young adults to shift the apparent
vertical to the opposite direction of one’s body tilt, while older adults judged
a rod to be vertical when it was aligned in the same direction as the body
orientation. However, Davies and Laytham (1964) reported that adults in all
age groups from 20-79 years located the vertical in the side opposite of the
body tilt. It is not clear why these studies would yield different results,
although the subjective nature of the judgment is probably responsible for
some of the variability.

A report by Brebner (1962) indicated that older adults (mean age 74 years)
were less accurate than young adults (mean age 21 years) in absolute
judgments of line length, but a later experiment with a magnitude estimation
procedure revealed no age differences in line estimations (Verillo, 1981).
Moreover, Miles (1935) reported age invariance in his analyses of spatial
estimation data originally collected by Galton. Correlations involving over
3000 adults between the ages of 25 and 81 years were: age and perpendicularity
error = .06; age and bisection error = .07; and age and trisection error = .03.
It thus appears that there are no pronounced age differences in these two-
dimensional aspects of space perception, although there is some evidence that
depth perception may be slightly impaired with increased age (e.g., Bell, Wolf,
& Berholz, 1972; Jani, 1966).

Another area of spatial perception that has been the focus of considerable
research is susceptibility to various geometrical illusions. Unfortunately this
area has also contributed little to the understanding of age differences in
perception; in this case because the results have been rather inconsistent, and
because no well-accepted explanations of the factors responsible for the
various illusions are yet available. The most research has been done with the
Mueller-Lyer (double arrow) Illusion, with several studies reporting increased
illusion with increased age (e.g., Atkeson, 1978; Frederickson & Geurin, 1973;
Wapner, Werner, & Comalli, 1960), but others reporting unsystematic age
effects (e.g., Barclay & Comalli, 1970; Eisner, 1972). Wapner, Werner, and
Comalli (1960) reported smaller Titchener (satellite circles) Illusion magnitude
in older adulthood, but two later studies (e.g., Coren & Porac, 1978; Eisner,
1972) found insignificant age trends. The Delboef (concentric circles) Illusion
was reported to yield comparable illusion effects between the ages of 21 and
46 (Sjostrom & Pollack, 1971), but both to decrease (Lorden, Atkeson, &
Pollack, 1979) and increase (Pollack & Atkeson, 1978) with increased age
between the ages of 25 and 75 years. A trend of stability until middle age
followed by reduced susceptibility in older age has been reported for the
Ponzo (converging lines) Illusion (e.g., Farquhar & Leibowitz, 1971; Leibowitz
& Judisch, 1967).

Substantial age-related impairments in spatial aspects of perception have
been consistently reported whenever there is a requirement for some type of



162 8. Stimulus Registration and Interpretation

active cognitive processing. The processing can be analysis, integration, or
manipulation, but in each case performance seems to be adversely affected by
increased age. It is not yet clear whether perceptual activities that may involve
lesser amounts of processing, such as some forms of selective attention and
judgments of lines, angles, and geometrical illusions, are also affected by
increasing age.

Temporal Aspects of Perception

Many stimuli are limited in the duration that they are available in the
environment and thus visual perception can be as dependent upon the
temporal, as upon the spatial, dimension. This is particularly true when the
relevant stimulus is in motion, but it is also the case when a stationary
stimulus is only available briefly because of rapidly changing environmental
conditions or motion on the part of the observer. In this section we will
examine the evidence relevant to adult age differences in these processes.

Motion Judgment

Perhaps the temporal task with the most obvious practical relevance
involves anticipating the future position of a moving object. Crook, Devoe,
Hageman, Hanson, Krulee, and Ronco (1957) first investigated age differences
in this ability in the context of judgments about the possible collision of
simulated airplanes. This was a very careful study involving 165 healthy males
between the ages of 15 and 59 years of age, none of whom had had prior
flying experience. With increased age more time was needed to make the
decision concerning whether or not the approaching aircraft were on a
collision course. Approximately 1 additional second was required by the 50-
year-olds compared to the 20-year-olds, which the authors claim would be
equivalent to about 1/3 of a mile closer to collision if the two aircraft had
speeds of 600 miles per hour. This reduced safety margin would obviously
have important consequences if comparable results were to be found with
experienced pilots.

Hills (1980) has reported a similar age-related deficit in motion judgments
concerning automobiles. Older adults (ages 61-70 years) were found to be less
sensitive than young adults (ages 31-40 years) at estimating the speed of
approaching vehicles at an intersection.

Two studies employing artificial laboratory tasks have also been consistent
in demonstrating poorer position anticipation with increased age. One of
these (Haywood, 1980) compared a group of young adults (mean age 23
years) with two groups of older adults (means ages 68 and 72 years) in the
accuracy of pressing a button when an object, simulated by sequentially
illuminated lamps, reached a predesignated position. The young adults aver-
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aged .049 second absolute anticipation error, whereas the two groups of older
adults had average errors of .075 and .089 seconds. A similar finding of
greater errors in older adults (mean age 69 years) than in young adults (mean
age 23 years) was reported by Salthouse and Somberg (1982¢) in a task
designed to resemble an activity from a video game. A target crossed a display
screen on a horizontal trajectory, and the individual attempted to initiate a
projectile on a vertical trajectory such that the two trajectories would intersect
one another at the same point in time (i.e., the target was shot down). The
older adults scored fewer hits than the young adults, and there was no trend
for this age difference to become smaller across 600 trials of experience.

Although there is remarkable consensus concerning the existence of age
differences in the accuracy of judgments about moving objects, there is still
very little known about the reasons for these differences. It seems unlikely
that the older adults were limited by basic sensory processes since the stimuli
were well above threshold and were displayed for a period of at least 1 second.
(However in a later section we will learn that older adults have poorer acuity
for moving objects even when they are equivalent to young adults on static
acuity.) There is some evidence (e.g., Shagass, Amadeo, & Overton, 1974;
Sharpe & Sylvester, 1978) that the eye movements of older adults lag behind
moving stimuli to a greater extent than those of young adults, and the inability
to maintain continuous visual contact with the moving stimulus may be
contributing to the poorer performance of older adults. Another possibility,
consistent with results in a variety of other tasks, is that the mental compu-
tation of the projected trajectory requires more time with increased age such
that older adults were less likely to correctly complete the mental computations
by the time the relevant action was required.

Tachistoscopic Perception

Some of the most dramatic age differences reported in cognitive psychology
tasks are found in the accuracy of identifying briefly presented stimuli. The
poorer performance of older adults was first described by Miles (1933), and
the basic result has been confirmed in many subsequent studies with a great
variety of stimuli (e.g., Charman, 1979; Eriksen, Hamlin, & Breitmeyer, 1970;
Eriksen & Steffy, 1964; Rajalakshmi & Jeeves, 1963; Wallace, 1956). This
phenomenon of age-related increases in the duration required to perceive a
single (unmasked) stimulus has also been frequently reported in most (e.g.,
Coyne, 1981; Kline & Birren, 1975; Kline & Szafran, 1975; Till, 1978; Walsh,
1976; Walsh, Till, & Williams, 1978) but not all (e.g., Hertzog, Williams, &
Walsh, 1976; Till & Franklin, 1981; Walsh, Williams, & Hertzog, 1979) visual
masking studies.

Many of the recent investigations of age differences in tachistoscopic
perception have utilized a procedure involving the successive presentation of
two or more short-duration stimuli, Figure 8.1 illustrates the basic paradigm
and the two major mechanisms that appear to be responsible for performance
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Figure 8.1. Proposed model for persistence and processing mechanisms in successive
stimulation conditions. S1 and S2 refer to two successively presented visual stimuli. Time
increases from left to right in all panels.

in such multiple-stimulus tasks. The top portion of the figure illustrates the
temporal sequencing of the two stimuli. The interval between S1 and S2 is
usually manipulated as an independent variable or measured as a dependent
variable. The middle panel of Figure 8.1 represents the neural residual of the
physical stimulus, sometimes referred to as iconic memory. Formation of an
internal representation, or the process of stimulus encoding, is portrayed in
the bottom panel of Figure 8.1.

It is important to note that Figure 8.1 incorporates several specific
assumptions that may eventually be proved inaccurate. For example, persist-
ence is represented as beginning at the point of stimulus offset, and yet there
is some evidence (e.g., DiLollo, 1980) that it may actually begin at stimulus
onset. Also, the efficiency of processing is assumed to be independent of the
quantity or quality of information in the persistence, but it is possible that
processing efficiency is directly related to the level of persistence. And finally,
the relationships illustrated in Figure 8.1 suggest that the persistence provides
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the raw material for processing, at least after the offset of the stimulus. An
alternative possibility is that rather than serving as the basis for processing,
the persistence is itself a product or consequence of some form of processing.

Although these particular details may eventually have to be altered, Figure
8.1 is useful for clarifying the relationships among several different experi-
mental tasks. Tasks requiring identification of single stimuli can be conceived
of as involving a race between rate of processing and decay of persistence,
whereas judgments concerning the perceived duration of stimuli would be
primarily dependent upon the time course of the persistence mechanism.

Moreover, following Hawkins and Shulman (1979), two different types of
persistence judgments can be distinguished. One type has to do with the
detection of a noticeable difference from the physical stimulus, or the
perception of discontinuity in two or more discrete stimuli. The second type
of persistence judgment is based on the point at which the sensory residual is
no longer detectable, or distinguishable from no persistence. In a sense, the
former judgment concerns the perceived duration of the external stimulus,
while the latter relates to the duration of the stimulus aftereffect within the
nervous system. This distinction is primarily qualitative, in that the two types
of persistence judgments are assumed to involve different kinds of information.
However, quantitative variations are also possible within each type of judg-
ment as the exact location of the threshold region would be expected to vary
with a multitude of sensory and decision factors.

Critical Fusion Frequency. The rate of alternation between light and dark that
just leads to the transition between flicker and fusion is known as the critical
fusion frequency (CFF). In terms of Figure 8.1, the critical fusion frequency
is probably equivalent to the threshold for discontinuity. This type of judgment
can apparently be made quite easily, as the reliability coefficients are often
reported to be above .9 (e.g., Misiak, 1951; Wilson, 1963). A large number of
factors have been found to influence the critical fusion frequency (e.g., size,
brightness and retinal locus of the target, ratio of light to dark in the flicker
cycle, state of dark adaptation, and presence or absence of an artifical pupil),
but most values for young adults are in the range of 30 to 50 cycles per
second. Since the most frequent cycle ratio is 50% light and 50% dark, these
values correspond to dark intervals between successive light flashes of ap-
proximately 10 to 17 msec (i.e., 50 cycles per second is equivalent to one cycle
in 20 msec, and 50% of 20 msec is 10 msec).

It is now well-established that increased age is associated with a reduction
in the critical fusion frequency, i.e., an increase in the dark interval between
light flashes while still perceiving a continuous light. Figure 8.2 illustrates the
results from studies including three or more age groups with adults ranging
from 20 to 75 years. Additional experiments indicating fewer cycles per second
in order to perceive continuity among older adults relative to young adults
were reported by Botwinick and Brinley (1963), Falk and Kline (1978),
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Figure 8.2. Critical fusion frequency at various ages expressed as a percentage of the
maximum across all ages. Numbers refer to different experiments: 1 = adapted from
Brozek & Keys (1945); 2 = adapted from Coppinger (1955); 3 = adapted from Misiak
(1951); 4 = adapted from McFarland, Warren, & Karis (1958); and 5 = adapted from
Wilson (1963).

Huntington and Simonson (1965), Misiak (1947), Simonson, Anderson, and
Keiper (1967), and Simonson, Enzer, and Blankstein (1941). A notable
exception to this declining trend was reported by Szafran (1968) who found
a correlation of only —.04 between age and critical fusion frequency for 189
healthy male pilots between the ages of 20 and 60. No reason is yet available
for this discrepant result.

A two-stimulus version of the critical fusion procedure involving a discrim-
ination between one and two light flashes was investigated by Amberson,
Atkeson, Pollack, and Malatesta (1979) and DiLollo, Arnett, and Kruk (1982).
Older adults relative to young adults were again found to require more time
between flashes before they could perceive two distinct stimuli, but for some
unknown reason the thresholds for this task were on the order of 50-70 msec
rather than the 10-17 msec typically reported with the multiple-stimulus
version of the critical fusion frequency task. Nevertheless, it is clear that
increased age is accompanied by a greater refractoriness to successive stimu-
lation, and that as a consequence older adults are less able to distinguish
between temporally discrete events than are young adults.

Temporal Integration. The situation is somewhat more equivocal with respect
to age differences in the second type of persistence judgment. Our discussion
will be restricted to situations in which the stimuli were exposed tachistoscop-
ically for relatively brief durations, although there have been a number of
studies, with mixed results, examining age differences in the duration of
aftereffects to visual displays of prolonged duration. (For example, Coyne,
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Eiler, Vanderplas, and Botwinick, 1979, and Heron and Chown, 1967, found
no age differences in aftereffect duration, but Griew, Fellows, and Howes,
1963, and Kline and Nestor, 1977, found greater persistence in older adults.)

Two basic tasks have been employed; one involving different stimuli as S1
and S2, and the other involving the same stimulus for both S1 and S2. When
the first and second stimuli are different the task is to attempt to integrate the
two stimuli to form a composite stimulus that is then to be identified. The
ease of integration is presumed to be dependent upon the quality of infor-
mation still available in the persistence from the first stimulus at the time of
presentation of the second stimulus. In terms of the scheme of Figure 8.1, this
task probably involves persistence judgments of the maximal duration of the
stimulus aftereffect rather than the initial perception of discontinuity.

The first aging study of this type was an experiment by Kline and Baffa
(1976) in which the S1 and S2 stimuli consisted of patterns of dots, each
forming a random half of a three-letter word. Accuracy of composite stimulus
identification was determined at six interstimulus intervals ranging from O to
150 msec. A fairly rigorous screening procedure, employed to ensure that all
participants could perceive the composite stimuli in a single presentation,
resulted in the elimination of 13 older adults and 4 young adults. The
remaining sample of 12 young (mean age 21 years) and 12 old (mean age 56
years) adults were then presented the two stimuli at durations determined by
their individual thresholds (i.e., an average of 15 msec for the old, 7 msec for
the young). Despite the longer presentation times for the older adults and the
select nature of the sample, the older adults were significantly less accurate
than the young adults at identifying the composite stimulus at each intersti-
mulus interval.

A later study by Kline and Orme-Rogers (1978) employed stimuli con-
structed out of line segments rather than dot patterns, and found exactly the
opposite result as Kline and Baffa (1976). The highest accuracy was achieved
by adults with a mean age of 68 years rather than adults with a mean age of
19 years. No individuals were excluded for failure to recognize composite
stimuli in the 1978 experiment, and all participants had perfect identification
when the two stimulus components were presented with a 0 msec interstimulus
interval. The nature of the stimuli is probably a critical factor in the
discrepancy between the studies as the dot pattern stimuli apparently required
spatial integration or closure which, as noted earlier, is especially difficult for
older adults. However, without results from a single experiment systematically
manipulating the nature of the stimuli this interpretation must merely be
considered speculation at the present time.

Two experiments employing the same stimulus (S1 = S2) version of the
persistence task have also yielded contradictory results. Walsh and Thompson
(1978) examined the interstimulus interval at which individuals reported the
stimulus (a circle) to be continuously present. The instructions are similar to
those in the critical fusion frequency task, but the participants apparently
interpreted them to mean that the judgment should concern the longest
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interval at which some residual of the first stimulus is still detectable because
the durations were over 10 times greater than those typically reported in
critical fusion frequency tasks.

The major result from-the Walsh and Thompson (1978) experiment was
that older adults (mean age 67 years) reported shorter persistence than young
adults (mean age 24 years) across several conditions of monoptic (same eye)
and dichoptic (alternate eyes) exposure and varying stimulus durations (i.e.,
10, 50, and 90 msec). On the average, the older adults reported a persistence
of 248 msec compared to the 289 msec value reported by the young adults.

The contradictory study was reported by Kline and Schieber (1981a) who
followed very similar procedures and yet found older adults (mean age 69
years) to have longer persistence judgments than young adults (mean age 19
years). The reason for this discrepancy is not yet clear, but it is noteworthy
that the various studies have not been very consistent in the estimates derived
from roughly comparable samples of young adults. For example, in the two
conditions of the Kline and Schieber experiment the young adults averaged
183 and 206 msec persistence. The average in the Walsh and Thompson (1978)
study was 289 msec, and the young adults in the original study by Haber and
Standing (1969) upon which the later experiments were based averaged 386
msec. It is likely that some of the variability in these results is due to the
ambiguous instructions and the subjective nature of the data. However,
regardless of the exact reasons for the inconsistency, the existing results are
inadequate as a basis for a conclusion about adult age differences in iconic
persistence.

Visual Masking. Visual masking tasks typically involve the presentation of
two successive stimuli with the individual required either to identify the first
(backward masking), or the second (forward masking), stimulus. The primary
dependent variable is usually the interstimulus interval that is necessary for a
given level of accuracy, although the level of accuracy at a fixed interstimulus
interval can also be used as a performance index. Since the requirement is to
identify one of the two stimuli, performance in visual masking tasks will be
dependent upon both the persistence and processing mechanisms illustrated
in Figure 8.1.

Forward masking is primarily determined by the persistence mechanism as
the likelihood of identification of S2 will vary inversely with the level of
persistence remaining from S1. The rate of processing S2 may also influence
performance, but it is unlikely that the processing mechanism for the second
stimulus can begin until the persistence from the first stimulus has reached
some minimum level. Only one experiment has been published comparing
adults of different ages in forward masking, but the results of that study
appear unambiguous. Coyne (1981) examined the interstimulus interval nec-
essary to achieve four successive identifications of the second stimulus in 24
adults from each of three age groups (mean ages of 25, 64 and 74 years). The
average intervals were 25, 52, and 70 msec, respectively, for the three age
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groups, clearly suggesting that with increased age more time is needed to
escape from the residual persistence of the preceding stimulus.

Many more studies have been reported with the backward masking task
because it is assumed to provide an estimate of the time necessary to complete
the processing of the initial stimulus. Variations in the time of occurrence of
S2 should lead to systematic changes in the probability of correct Sl
identification, and thus the time course of the processing mechanism can be
inferred from backward masking data. Without exception studies comparing
backward masking susceptibility in different age groups have found older
adults either to be less accurate at a fixed interstimulus interval, or to require
a longer interstimulus interval to achieve a fixed level of accuracy, than young
adults (e.g., Cerella, Poon, & Fozard, 1982; DiLollo et al., 1982; Kline &
Birren, 1975; Kline & Szafran, 1975; Till & Franklin, 1981; Welsandt,
Zupnick, & Meyer, 1973).

The results from backward masking experiments in which the data were
presented in tabular form are illustrated in Figure 8.3. The data from these
separate studies are considered together because the experiments were all very
similar in terms of sample characteristics, experimental procedures, tasks, and
dependent measures. The axes represent a measure of the S1-S2 interval (i.e.,
stimulus onset asynchrony or interstimulus interval) necessary to achieve a
specified level of accuracy. Two important features should be noted from this
figure. The first is simply that all of the data points fall above the positive
diagonal, indicating that the older adults always required more time than the
young adults. The second, and more intriguing, aspect of Figure 8.3 is that
the data suggest that the absolute difference between the times of young and
old adults increases monotonically with the time required by the young adults.
This is evident in the linear regression slope of 1.85 when the data from all
studies are combined. Such a trend was probably not obvious in any single
study because each involved only a restricted range of times, and there was
considerable variability in the interval estimates because of small sample sizes.

One implication of the trend apparent in Figure 8.3 is that the specific
conditions leading to backward masking may be less important as a deter-
minant of the absolute magnitude of the age difference than the overall
difficulty of the task, as reflected in the time required by the young adults.
For example, one of the major theoretical issues in this area has been whether
age differences were comparable in both “peripheral’” and “‘central” masking.
(The terms are primarily labels referring to operationally distinct forms of
backward masking; there has not yet been any evidence establishing that they
have different anatomical loci.) It has been claimed (e.g., Till & Franklin,
1981) that the age differences are greater in central compared to peripheral
masking, but this may simply be an artifact of the central masking tasks
generally resulting in longer interstimulus intervals than peripheral masking
tasks. Indeed, the two studies in Figure 8.3 with the shortest time requirements
for young adults, and also the smallest absolute age differences (i.e., Till,
1978; Walsh et al., 1978) involved peripheral masking, while the other three
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Figure 8.3. Backward masking effectiveness in older adults as a function of backward
masking effectiveness in young adults. Each point represents a different condition in the
designated report. Numbers refer to different articles: 1 = adapted from Hertzog,
Williams, & Walsh (1976); 2 = adapted from Till (1978); 3 = adapted from Walsh (1976);
4 = adapted from Walsh, Till, & Williams (1978); and 5 = adapted from Walsh, Williams,
& Hertzog (1979).

studies all involved central masking. The data reported by Till and Franklin
are also consistent with this trend (e.g., their Figure 3), as the time require-
ments and absolute age differences in the central masking task were much
greater than those for the peripheral masking task.

A second implication of the trend portrayed in Figure 8.3 is that if age
differences increase with increased task complexity, then it is likely that many
higher cognitive processes will also be affected by the slower rate of processing
associated with increased age. In other words, the more complex the cognitive
activity, the greater the likelihood that processing rate will be an important
factor contributing to the performance differences between age groups. This
inference has also been reached on the basis of similar age trends observed in
perceptual-motor tasks (Salthouse, in press).
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A reasonable conclusion from the research on visual masking is that the
rate of processing visual stimuli is slower with increased age. One would
therefore expect age differences to be more pronounced the greater the
processing requirements of the task. In fact, there is reasonable support for
this prediction at the present time. For example, older adults have been found
to suffer more than young adults with increases in the number of items in the
display (e.g., Cerella, Poon, & Fozard, 1982; Schonfield & Wenger, 1975;
Walsh & Prasse, 1980), and with the requirement to search the array in order
to report only items from a specified region of the display (e.g., Salthouse,
1976; Walsh & Thompson, cited in Walsh, 1975). It has also been reported
that very large age differences are evident when there is spatial uncertainty as
to the location of the target stimulus and some type of visual search process
is necessary (e.g., Eriksen & Steffy, 1964; Salthouse & Somberg, 1982c;
Somberg & Salthouse, in press; Walsh, Vletas, & Thompson, cited in Walsh
& Prasse, 1980).

Age differences appear to be evident in both of the mechanisms portrayed
in Figure 8.1. The persistence mechanism is implicated in the age differences
in the critical fusion frequency and forward masking tasks, even though there
are mixed results concerning other measures of visual persistence. The
processing mechanism is assumed to be slower because older adults require
more time between successive stimuli in order to identify the first one in the
sequence.

Visual Sensitivity

Although the primary focus in this chapter has been on higher perceptual
processes, it is important to examine some of the more elementary aspects of
perception in order to appreciate the role of peripheral mechanisms in age
differences in cognitive processes. The two aspects that will be considered
here are detection, the registration of the presence of a stimulus, and
discrimination, the identification or resolution of spatial patterns.

Static Acuity

The best known measure of visual sensitivity is acuity or spatial resolving
power. This is essentially the ability to discriminate fine details of a spatial
pattern as is needed to identify a letter in the Snellen eye chart, or to determine
the orientation of the gap in a Landolt C. Although optical corrections can
usually improve static acuity, age differences have been noted in both
uncorrected and corrected acuity.

Galton (1885) was one of the first to collect systematic data on adult age
differences in uncorrected visual acuity, although his results were not published
until 1927 by Ruger and Stoessiger. Miles (1935) analyzed these data from
3,250 males between the ages of 25 and 81 years, and reported that the
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correlation between age and acuity (distance at which type could be read) was
—.51. More recently Heron and Chown (1967) examined acuity with the
Landolt C procedure at a viewing distance of 6 meters. They found that
between the range of 20-79 years, age and uncorrected acuity were correlated
—.42 for 300 males, and —.44 for 240 females. These negative values clearly
indicate that the ability to resolve spatial detail decreases with increased age.

It is somewhat surprising that corrected vision also exhibits age declines in
large population surveys. For example, Chapanis (1950) reported poorer static
acuity with increased age in a sample of 574 individuals tested with glasses if
they were normally worn. Burg (1966) also found a negative relationship
between corrected binocular acuity and age in a sample of 17,500 adults
between the ages of 16 and 92 years. The results for the males in this sample
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Figure 8.4. Visual sensitivity at various ages expressed as a percentage of the maximum
across all ages. Data from Burg (1966, 1968).
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are illustrated in Figure 8.4. Notice that there is a slight progressive decrease
in visual acuity beginning in the decade of the 40s. It is likely that at least
some of this acuity impairment could be eliminated with more frequent
prescription changes.

Light Sensitivity

The simplest measure of visual detection is the absolute threshold for
determining the presence of light. This clearly varies with the state of dark
adaptation and consequently experiments investigating absolute thresholds
have typically also reported data on the transition from the unadapted to the
completely dark-adapted state. The universal finding in many such studies is
that older adults relative to young adults need more light to detect a target at
the beginning of adaptation, and that they need even more light after 20-40
minutes of adaptation. Correlations between chronological age and final level
of light sensitivity have been reported as high as —.895 (for a sample of 194
males between the ages of 20 and 60—McFarland & Fisher, 1955), with others
generally between —.16 (for a sample of 197 male pilots aged 20-60 years—
Szafran, 1968) and —.84 (for a sample of 240 males aged 16-89 years—
McFarland, Domey, Warren, & Ward, 1960). McFarland and Fisher (1955)
have estimated that the amount of light in the target must be doubled for
every 13 years of age in order to be just detected by the dark-adapted eye.
The basic phenomenon is robust as well as powerful as a number of other
studies have reported very similar results with slightly different procedures
(e.g., Birren, Bick, & Fox, 1948; Robertson & Yudkin, 1944; Steven, 1946).

The absolute level of light, and the degree of contrast between target and
background, are also important in discrimination tasks. Moreover, a number
of studies have indicated that variations in light and contrast have greater
effects in samples of older adults than in young adults (e.g., Blackwell &
Blackwell, 1971; Fortuin, 1963; Guth, 1957; Richards, 1977; Weston, 1948).
On the average, adults in their 60s appear to require from two to three times
as much total light energy, or as much contrast between targets and back-
ground, in order to achieve visual performance comparable to adults in their
20s.

There are also sizable age differences in the disrupting effects of a sudden
light producing a glare (e.g., Burg, 1967; Wolf, 1960). This would be expected
on the basis of the results just discussed because a light flash reduces the
contrast between target and background, and changes the individual’s state of
dark adaptation such that a recovery time is needed to achieve the prior state
of sensitivity.

Many of these differences in basic detection and discrimination are probably
attributable to a variety of physical changes that take place in the visual
system as one grows older. For example, the loss of lens elasticity reduces the
ability to focus on objects at different distances (presbyopia), and this
undoubtedly contributes to the poorer uncorrected static acuity. A reduction
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in average pupil size (senile miosis), altered spectral transmission character-
istics of the lens, and increased opacity of the ocular media all serve to
attenuate the amount of light reaching the retina in older age and thus these
factors are involved in the reduced sensitivity to light. It is not yet known
whether there are actual structural changes in the retina associated with
normal aging.

Visual Field

Another visual change that has been noted to occur with increased age is
a slight shrinkage of the effective field of vision. The average young adult has
a horizontal field of approximately 175 degrees of visual angle, but several
studies indicate that there is a loss of about two degrees per decade beginning
at around age 45 (e.g., Bell, 1972; Ferree, Rand, & Monroe, 1930; Wolf, 1967).
Data from Burg’s (1968) large-scale study are illustrated in Figure 8.4. It has
been hypothesized that changes in the prominence of the nose and the relative
location of the eyeball contribute to this loss of peripheral sensitivity, but
confirmatory measurements have apparently not been performed.

Dynamic Visual Acuity

Although the conventional method of measuring acuity involves a station-
ary observer and a stationary target, acuity can also be measured when there
is relative motion between the observer and the target. As one might expect,
static and dynamic visual acuity are closely related with slow target speeds,
but the correlations drop to about .3 or less with target velocities in excess of
100 degrees/second. Older adults have been found to exhibit more pronounced
acuity drops than young adults with moving targets in at least three experi-
ments (e.g., Farrimond, 1967; Heron & Chown, 1967; Reading, 1972). Burg
(1966) also included measures of dynamic acuity in his survey of California
automobile drivers, and his results for a target velocity of 120 degrees/second
are illustrated in Figure 8.4.

Two more recent studies have also reported special difficulties with moving
targets in older age groups. Sekuler, Hutman, and Owsley (1980) found older
observers (mean age 75 years) to be less sensitive to moving gratings than
young observers (mean age 20 years), despite the two groups having nearly
equivalent static acuity. Sivak, Olson, and Pastalan (1981) also matched
young (ages 18-24 years) and old (ages 62-74 years) adults on high-luminance
static acuity, and then compared them on low-luminance dynamic acuity (i.e.,
ability to distinguish the orientation of the letter E on a highway sign while
riding in an automobile at night). The distance at which the sign was legible
was significantly shorter for the older adults, indicating that the combination
of low luminance and relative motion presented problems above and beyond
those associated with typical static acuity.
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Miscellaneous

Sekuler and Hutman (1980) have reported another visual phenomenon that
does not appear to be interpretable in terms of simple acuity or light sensitivity
factors. These investigators presented observers with bar gratings of different
widths to determine the minimum contrast necessary for detection. Young
(mean age 19 years) and old (mean age 73 years) participants did not differ in
standard clinical acuity tests, and were also found to be equivalent in contrast
sensitivity to high spatial frequency (narrow bar) gratings. However, the
contrast sensitivity to low spatial frequency (wide bar) gratings was much
poorer for the older adults than for the younger ones. This rather counterin-
tuitive finding deserves further attention by researchers as it may prove useful
in isolating the neural, rather than simply optical, changes associated with
visual aging.

It is indisputable that fundamental biological changes are responsible for
most if not all of the age differences reported in visual sensitivity. The
association with age is so strong in the case of two of these changes that they
have even been labeled with age-specific terms, i.e., senile miosis and presby-
opia. What is not yet clear is whether there are also neural changes at the
level of the retina or beyond. The findings that older adults are poorer at
dynamic visual acuity and low spatial frequency detection even when equiv-
alent to young adults in static acuity suggest that there may be age differences
at higher levels in the visual system, but there is apparently no direct
physiological or anatomical confirmation of these speculations available at
the present time.

Theoretical Evaluation

There is very little basis for making firm theoretical distinctions from the
research available in visual perception and aging, but the implicit assumptions
of most researchers are that the age differences are maturational in nature,
that they are not mere performance factors but instead are reflections of true
competence, and that there are several specific mechanisms involved rather
than a single general cause. It is possible that a particular type of environ-
mental exposure exacerbates what are normally rather slight age differences,
as has been found in the case of age-related loss of auditory sensitivity to
high-frequency tones (presbycusis), but the evidence documenting such an
effect in the visual modality is not yet available.

The age differences that have been observed in visual perception are
presumed to indicate levels of competence because people are highly motivated
to maintain their visual abilities. The laboratory tasks assessing spatial and
temporal aspects of perception are probably unfamiliar to most people, but
no explanations have been offered to account for how unfamiliarity per se
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could lead to the age differences that have been reported. Because of the
variety of perceptual processes that have been found to exhibit age differences
(e.g., light sensitivity, dynamic acuity, visual persistence, rate of processing,
spatial analysis, spatial integration, etc.), it is assumed that a number of
different mechanisms are involved. For example, in addition to peripheral
optical factors, several theorists have hypothesized that a stimulus persistence
(e.g., Kline & Schieber, 1981b; Pollack, 1978) or visual noise (e.g., Layton,
1975) mechanism may be contributing to the observed visual perception
differences across age groups.

Summary

A limited sample of topics related to the initial registration and interpre-
tation of visual stimuli was examined in this chapter. The topics ranged from
absolute detection of light, to motion judgments, to jigsaw puzzle tasks of
spatial integration. All are involved in some manner in the transformation of
visual information into cognitive representations, and most of them have been
found to decline somewhat with increased age. This clearly has important
implications for the higher cognitive processes discussed in previous chapters
since if the information is not adequately perceived it cannot be acquired,
retained, comprehended, or utilized.

Physical changes in the optical characteristics of the visual system (e.g.,
decreased lens flexibility, reduced pupil size, increased opacity) can account
for some of the basic sensory results, but there are not yet satisfactory
explanations to account for the age differences observed in dynamic acuity,
motion judgment, or any of the aspects of spatial perception. A slower rate
of processing coupled with a prolonged persistence to previous stimulation
may account for the age differences in critical fusion frequency and visual
masking tasks.



9. Attentional Capacity
and Processing Resources

Much of the early research that led to the development of contemporary
cognitive psychology was concerned with investigating the limits of human
abilities. These limits were clearly evident in tasks such as span of apprehen-
sion, absolute judgment, reaction time, and in a variety of dual-task situations
where two activities had to be performed simultaneously. After the restrictions
on maximal performance were well documented, theorists started speculating
as to the type of mechanisms that might be responsible for such limitations.
Judging from its longevity, one of the most popular of the mechanisms
proposed was a limit on the human’s attentional capacity or processing
resources. There is considerable confusion about the exact nature of atten-
tional capacity, but all theorists agree that whatever it is, less of it leads to
poorer performance on a variety of tasks.

As an example of some of the controversy surrounding the current usage
of the attentional capacity and processing resources terms, the following
questions are among the issues still hotly debated by researchers in the field.
(1) Are the limits observed in certain situations a true reflection of scarce
attentional capacity, or can they be explained simply as an undeveloped skill?
(2) Is there a single pool of capacity, or are there separate capacities for
different types of processes? (3) Does the total amount of capacity remain
fixed, or can it vary across tasks and situations? And, (4) when capacity is
allocated to more than one task, is some reserved for executive monitoring
operations or is it all distributed and made available for actual task perform-
ance?
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The existence of such fundamental questions indicates that there is presently
poor understanding, or at least poor consensus, about the nature of attentional
capacity or processing resources. This state of uncertainty has important
implications for research on individual and developmental differences since if
there is little agreement as to what capacity is, there can be even less agreement
as to how it can be measured. Moreover, without some means of measuring
the amount of capacity or resources available, these concepts take on a rather
metaphysical quality and are of limited usefulness for purposes of explanation.
Nevertheless, phrases such as “reduced processing resources” or ‘‘diminished
attentional capacity” are appearing with increasing frequency in discussions
of aging phenomena, and it is therefore desirable to examine the history and
limitations of these concepts before reviewing the aging literature considered
relevant to these notions.

History of the Capacity Concept

The idea of a limit in capacity being responsible for one’s maximum level
of performance can be traced to communication theory and the development
of abstract measures of information. Scientists working with physical com-
munication devices proposed that biological organisms might also be consid-
ered information transmitting or processing systems, and hence should be
found to be limited in the amount of information that could be transmitted
in a manner analogous to the restrictions imposed by the physical dimensions
of communication channels. The only hindrance to the application of this
perspective seemed to be the lack of a general measure of what was transmitted
in biological systems. However abstract measures of information soon became
available in which information was defined in terms of reduction of uncertainty
(i.e., one bit of information was equivalent to 50% reduction in uncertainty),
and optimism grew about the potential for information-processing analyses
of human performance.

One of the first psychological applications of concepts from information
and communication theory involved determination of the human channel
capacity for transmitting information. This was done by examining the
functional relationships between the amount of input to the organism and the
amount of output subsequently produced in a variety of simple tasks. For
example, the individual might be instructed to assign specific responses to a
series of unidimensional stimuli varying only in size, and then to provide the
appropriate response upon presentation of a given stimulus. A typical finding
in this type of absolute judgment task was that the number of items correctly
identified mirrored the number of items presented up to some limit, after
which performance was essentially the same regardless of the number of
different stimuli that were presented. Figure 9.1 illustrates this prototypical
result. The point at which the output of the system fails to keep pace with
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Figure 9.1. Determination of channel capacity as the point at which the number of
correct output items fails to correspond to the number of input items.

increases in the input is considered to reflect the channel capacity of the
system, in this case the human observer, for that type of information.

While there was considerable success in producing functions such as that
portrayed in Figure 9.1 for tasks ranging from apprehension span to absolute
judgment to immediate memory span, a number of problems soon became
apparent. One of these was that the abstract information measure failed to
account for the fact that many of the errors committed were only partially
incorrect. That is, the information theory measure was restricted to absolute
categories of correct or incorrect, and consequently it did not adequately
reflect the partial information that was being transmitted when errors could
be of differential severity. Some mistakes were very similar to the input
message whereas others were completely dissimilar, and yet this distinction
was ignored with the formal information measure.

A more important problem was evident in research on the span of
immediate memory. Here it was discovered that it was not the formal
information content of the material that was critical in determining the limits
of memory, but rather the number of meaningful “chunks” into which the
information could be organized. For example, words carry much more formal
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information than single letters, and yet we are generally able to remember as
many unrelated words as unrelated letters. This type of result eventually led
to the abandonment of the formal uncertainty-reduction concept of infor-
mation, although the term information is still used to refer in a rather vague
way to whatever it is that is processed by biological systems.

Despite these kinds of problems, the early application of information
theory in psychology did lead to the development of a fairly specific concep-
tualization of capacity. According to this perspective, capacity was a structural
limitation of the processing system essentially equivalent to the number of
distinct mental states, or memory locations, that could be simultaneously
activated when performing some task.

Somewhat later a dynamic measure of capacity was derived to measure
throughput rate, or the amount of information transmitted per unit of time.
A prototypical procedure for measuring information-processing rate involves
presenting a number of stimuli that are below the capacity limit determined
from static assessments, requiring that the responses be made as rapidly as
possible, and then recording the interval elapsing between each stimulus and
response. In this manner a graph could be constructed in which response time
was plotted as a function of amount of input information (or actual infor-
mation transmitted if there were errors in responding). The slope of the
function represents time per unit of information, and consequently its recip-
rocal could be used as an estimate of dynamic capacity, or information
processed per unit of time. As an example, consider two conditions involving
two and four equally likely stimuli, respectively. Reaction time might average
300 msec in the condition with two stimuli, and 350 msec in the condition
with four stimuli. Since the amount of information is ! bit with two stimuli
and 2 bits with four stimuli, the information transmission rate would be the
reciprocal of the slope, i.e., 1/[(350-300)/(2-1)], or .02 bits/msec.

Unfortunately, this dynamic measure of capacity also was found to be
inadequate as a number of experimental results appeared indicating that the
slope of the information-time function was much reduced, sometimes even to
a value of 0, by extensive practice or high degrees of stimulus-response
compatibility. Since the reciprocal of the slope was assumed to be a reflection
of capacity, these results led to the implication that capacity could be
increased, perhaps to an infinite amount, by various experimental manipula-
tions. This was obviously an unacceptable conclusion, and therefore the
interpretation of capacity as amount of information transmitted per unit time
has also been generally abandoned by recent researchers.

Although these early conceptualizations of capacity based on information
theory measures are no longer accepted, they have resulted in a legacy of two
general perspectives towards the concept of capacity; one structural and static,
the other rate-related and dynamic. This structural-dynamic distinction is
roughly analogous to the different ways one might speak of the capacity of a
banquet hall as opposed to the capacity of a fast food restaurant. In the case
of the banquet hall one is primarily interested in the total number of seats
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available in order to assess the maximum number of diners that can be
accommodated at one time. However, with a fast food restaurant it is
probably more meaningful to speak of capacity in terms of the number of
that can be served in a given period of time. A similar distinction is often
made when referring to the capacity of computers. On the one hand there is
the memory or structural capacity consisting of the total amount of infor-
mation accessible to the computer; on the other hand there is dynamic
capacity in terms of the amount of information that can be handled in a
limited period of time.

The structural-dynamic distinction is not without its problems, e.g., in
some computers the memory states have to be continuously refreshed such
that the dynamic capacity or processing rate can determine the number of
active memory locations, but it seems useful as a general framework for
categorizing research procedures and explanations concerned with attentional
capacity or processing resources.

Usages of the Capacity Concept

Capacity and resource concepts have been increasingly employed as ‘“‘ex-
planations” for age differences observed in a variety of situations. For
example, it is well known that memory performance can be improved by
greater organization, mediation, and elaboration. It has also been discovered
that older adults typically engage less often or less effectively in such beneficial
processes compared to young adults. In order to explain why these processes
decrease in effectiveness or frequency with increased age it is sometimes
suggested that the resources necessary for carrying out those processes are
diminished as one grows older in adulthood (e.g., see the discussion of
effortful and automatic processing in Chapter 7).

This type of explanation, in which an age-related reduction in the amount
of some unspecified capacity is assumed to be responsible for whatever
cognitive differences are observed between young and old adults, is obviously
not very meaningful without some independent means of assessing the total
amount of capacity available to an individual. Primarily explanatory usages
of capacity or resource concepts will therefore not be of concern here, and
instead the focus will be on attempts either to document, or to measure the
amount of, age-related reductions in capacity or resources.

Single-Task Procedures

The most direct means of determining an individual’s capacity for process-
ing simply involves the presentation of a task at several systematically
manipulated levels of difficulty. The logic is similar to that illustrated in
Figure 9.1, which is actually a special case of the more general procedure. An
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individual’s capacity is inferred from the difficulty level (represented on the
abscissa) at which performance decrements (portrayed on the ordinate) first
become obvious. The units would be specific to the manner in which task
difficulty was manipulated, but some generality might be obtained by carrying
out similar procedures with a variety of different tasks.

It is rather surprising that very few studies have apparently utilized this
procedure in comparisons of young and old adults. One of the reasons may
have been a recognition that capacity and resource interpretations are not
particularly useful in this context because of the absence of additional
converging operations, Our understanding of the relevant mechanisms is not
substantially improved by attributing the observed performance limitations to
a restriction in amount of attentional capacity or processing resources since
a number of other interpretations are just as plausible and often considerably
more meaningful. For example, absolute-judgment and perceptual-span tasks
may be limited by peripheral, sensory (structural) factors rather than amount
of processing resources. Determination of the quantitative limits of perform-
ance across ages in a variety of different tasks may therefore have little
theoretical importance, but such data could be useful in human-factors
applications and therefore it is unfortunate that more information of this type
is not available.

Dual-Task Procedures

Probably the greatest application of capacity and resource concepts in
contemporary cognitive psychology is in situations where two activities are
performed simultaneously. A common finding is that performance on one or
both tasks is degraded relative to the level of performance achieved when the
tasks are performed separately. This dual-task or divided-attention decrement
is often interpreted as indicating that the demands of the two concurrent tasks
exceed the attentional capacity or processing resources available to the
individual. Each task is assumed to require a finite amount of capacity or
resources when performed alone, and together the sum of the requirements
may be greater than the total amount available and therefore cause perform-
ance to be impaired on one or both tasks. Although seldom explicitly stated,
this type of reasoning seems to be based upon a static or structural concep-
tualization of attentional capacity.

It is primarily on the basis of aging studies employing two concurrent tasks
that led Burke and Light (1981) to make the following statement:

A well-established finding in research on aging is that the elderly have diminished
processing capacity in that they are less able than are the young to divide attention
between two tasks to be performed simultaneously. (pp. 528-529)

However, we will soon see that this conclusion is based on an inadequate
empirical foundation, and that all interpretations based on dual-task para-
digms must be considered cautiously because of the number of questionable
assumptions involved with this procedure.
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At first impression it might appear that the dual-task procedure could
easily be used to quantify an individual’s capacity for attention, or resources
for processing. All that seems necessary is to have two tasks with unambiguous
performance measures, and to have the capability of systematically manipu-
lating the difficulty (capacity requirements) of at least one of the tasks. The
difficulty level at which performance decrements are evident on one or both
tasks could serve as an estimate of attentional capacity.

Limitations of the Dual-Task Procedure. Unfortunately, while the preceding
sequence of steps is plausible, no less than five distinct types of problems have
been discovered that greatly complicate interpretations from the dual-task
procedure. Many of these problems relate to the assumption that there is a
single fixed pool of general capacity, and that the only cause of impaired
performance is processing demands exceeding available capacity. For example,
one objection to the dual-task logic is that interference with two concurrent
tasks can arise from sources other than a limited processing capacity. Two
tasks might compete for the same processing “structures,” and therefore joint
performance would be impaired because the relevant structures could only be
used for one activity at a time. An extreme illustration might be the
simultaneous performance of writing and typing with one’s right hand.
Because these two tasks require the same physical structure (i.e., the right
hand) for their output, performance on one or both tasks will be degraded
relative to the single-task situation even if the demands are considerably
below the available capacity for attention. Only if this type of structural
interference is ruled out, e.g., by demonstrating no performance impairment
at low levels of task difficulty in the dual-task situation, can one make capacity
interpretations of performance decrements with two simultaneous activities.

A second objection to the type of reasoning proposed above is that there
is not yet convincing evidence that the amount of capacity remains constant
in all situations, or that there is only one source of capacity rather than a
number of structure-specific capacities. At least one theorist (Kahneman,
1973) has explicitly rejected a fixed limit on capacity and instead argued that
the amount of capacity available depends upon situational and motivational
factors. If it is true that the amount of attentional capacity allocated to tasks
is variable, then it will obviously be difficult if not impossible to obtain a
reasonable estimate of the total amount. There is also considerable debate as
to whether capacity is unitary and relevant to all processes, or whether each
process has its own source of capacity. Only in the former case will the
interpretations of dual-task impairments as reflections of limitations on
capacity be meaningful. One could still hope to assess the amount of capacity
within each separate structural pool, but this is much more complicated as
the requirements by various tasks on each pool of capacity are not known
and overall task performance could be affected by demands exceeding any
one of the several different capacities.

A third objection is that while the procedure for estimating total capacity
may be reasonable if performance on one of the tasks remains the same in
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single- and dual-task situations, in practice it is often found that both tasks
exhibit performance decrements in the dual-task situation. The difficulty in
this case is that the two tasks might have quite different resource demands
such that witholding the same amount of capacity leads to a performance
reduction of, for example, two units in task A and only one unit in task B.
This problem can be solved, but it requires the generation of complete
performance operating characteristic functions (e.g., Norman & Bobrow,
1975; Sperling & Melchner, 1978) in which performance on task A is plotted
against performance on task B across several conditions involving different
relative emphases on the two tasks. Such a function provides a direct
assessment of the value of units in one task in terms of units of the other task.
Time-sharing decrements can then be determined by reference to the shape of
the performance operating characteristic, or by an analysis of the area of the
region bounded by the minimum and maximum performance levels on each
task subsumed under the performance operating characteristic (Somberg &
Salthouse, in press). Unless some procedure of this type is carried out it is
impossible to make precise quantitative comparisons of the degree of impair-
ment, or the amount of capacity expended, when performance is degraded on
two dissimilar concurrent tasks.

Another problem with the reasoning from dual-task procedures is that it
is not clear that all of the available capacity would be directly allocated to the
tasks since it is conceivable that a sizable fraction might be held in reserve to
handle the special requirements of two concurrent activities. Some theorists
(e.g., Norman & Bobrow, 1975) assume that the available capacity is com-
pletely divided across two concurrent tasks, but others (e.g., Moray, 1967,
Taylor, Lindsay, & Forbes, 1967) have argued that a portion of the capacity
is needed for overhead, i.e., executive or control functions. At present there
is little empirical evidence to distinguish between these alternatives, and thus
it is quite possible that estimates of amount of capacity could be very
misleading if the overhead requirements vary across tasks, situations, or
individuals,

A fifth objection to using the dual-task procedure to make inferences about
the amount of available capacity is that some tasks can apparently be
performed without placing demands upon the hypothesized capacity. There
may be a variety of reasons for this capacity independence, e.g., the task may
be limited by the quality of the data rather than the amount of resources
(Norman & Bobrow, 1975), the task might be automatic as a consequence of
long practice (Shiffrin & Schneider, 1977), or the tasks might be grouped with
one another such that no more total capacity is required to perform the tasks
in combination than separately (Kantowitz, 1974). Regardless of the reason,
if one or both tasks do not require capacity for their performance it is not
appropriate to use dual-task procedures to assess available capacity.

A reasonable number of experimental studies have been reported in which
dual-task procedures were administered to groups of young and old adults,
but all studies suffered from one or more of the problems just described and
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therefore it is not yet possible to derive satisfactory measures of the amount
of processing resources available to adults of different ages. The various
studies differed in their respective limitations, however, and therefore it is
instructive to examine why each is inadequate for making inferences about
age differences in processing capacity.

Dichotic Listening. The most commonly employed dual-task procedure with
adults of varying ages has been the dichotic-listening paradigm in which a
series of items, typically digits, are simultaneously presented to each ear and
the listener is instructed to recall as many items as possible from each ear in
a designated sequence. Dichotic listening can be considered a dual-task
situation if the input into each ear is assumed to represent a separate task.
Inferences about processing capacity in the dichotic listening paradigm might
be obtained by assuming that the two tasks (inputs to the two ears) are
formally identical, and thus the sum of their performances can serve as an
estimate of total capacity utilization in the dual-task (dichotic) situation. An
estimate of the capacity required in the single-task situation can be derived by
assuming that the traditional digit span, i.e., maximum recall of digits
presented binaurally to both ears, reflects total capacity. Comparisons of these
two estimates of processing capacity can therefore provide information about
the relative amounts of capacity expended in single- and dual-task conditions,
and the difference can be interpreted as an index of the cost of having to
divide one’s attention.

Data allowing an analysis of this type are available in reports by Inglis and
Caird (1963) and Inglis and Ankus (1965). Both experiments included standard
digit-span measures as well as dichotic presentations of from one to six digits
in each ear. The data from the two extreme age groups in the Inglis and Caird
(1963) experiment are plotted in Figure 9.2. (The Inglis and Ankus, 1965,
data provide virtually identical results.) Three features of this figure are
particularly interesting. First, note that the maximum level of summed
performance in the dichotic situation (i.e., amount recalled from the right ear
plus amount recalled from the left ear) is considerably less than the level of
performance achieved in the standard digit span (which was the same for
both young and old adults). This suggests either: (a) that some of the total
capacity is required to monitor the special requirements of simultaneous
presentation of material (e.g., rapid switching of an attentional *““filter” from
one ear to the other, or keeping track of which stimuli arrived in each ear);
(b) that the amount of capacity allocated is variable, with apparently more
distributed to the single digit-span task than to the dichotic task; or (c) that
structural interference is responsible for the poorer performance with simul-
taneous presentations in the two ears.

It is also interesting that the difference between the capacity estimated from
the digit span and the summed performance from the two dichotic tasks tends
to increase with increases in the amount of input information. Consider only
the group of young adults. The memory span was 6.3 digits, but the sum of
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Figure 9.2. Single-task (digit span) and dual-task (dichotic listening) performance as a
function of the number of input items. Both age groups had the same digit span but
performed in the manner illustrated in the dichotic listening task. Data from Inglis and
Caird (1963).

the items correct on the two ears was 4.23 for an input list of 6 (3 digits in
each ear), 4.10 for an input list of 8, 3.08 for an input list of 10, and only 2.66
for an input list of 12. This complicates interpretations even further as it
appears either that the amount of capacity allocated varies across different
dual-task conditions as well as between single- and dual-task conditions, or
that the amount of capacity required to handle the coordination of the two
tasks increases with the difficulty of the component tasks. In any case, it seems
clear that the dichotic-listening paradigm is not as simple as it initially
appeared.

The third important feature of Figure 9.2 is that the older adults appear to
exhibit the same general trends as the young adults, but are always at a lower
level of performance. It is rather surprising that performance differences
would be evident with only two and four input items (i.e., one or two digits
per ear), as these should be well within everyone’s capacity. Two possibilities
to account for the age differences in the simplest conditions are that the older
adults have some structural interference that the young adults do not, e.g.,
increased auditory impairment, or that more of the older adults’ processing
capacity is required for dual-task monitoring than that of younger adults.
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These alternatives cannot be clearly distinguished at the present time, although
the former alternative is supported by the Parkinson et al. (1980) finding that
young and old adults screened for auditory sensitivity and matched on digit
span do not differ in performance on dichotic-listening tasks.

To summarize, there are two important limitations of most of the research
employing dichotic presentation. One is that the possibility of structural
interference limiting performance in one or both age groups has not been
ruled out, and therefore decrements in the dual-task situation cannot simply
be attributed to limits on available capacity or resources. The second problem
is that the data suggest that the amount of available capacity, or the
proportion of capacity required for dual-task monitoring, may not be fixed
across conditions and levels of task difficulty. As discussed earlier, it is
impossible to determine the total amount of available capacity if that amount
is not constant across various conditions. Therefore despite the numerous
studies reporting age differences in dichotic listening situations (e.g., Craik,
1977, cited 10 separate studies), it must be concluded that this paradigm is
not very useful for investigating possible age differences in the amount of
available processing capacity.

Other Dual-Task Studies. Several other frequently cited dual-task studies are
also inadequate for a variety of reasons. For example, an experiment by
Kirchner (1958) required young (ages 18-24 years) and old (ages 60-84 years)
adults to make keypress responses to stimulus lights under conditions in
which the response was to the light physically present at that time, or to lights
presented one, two, or three lights previously. The older adults were more
affected than young adults by the requirement to respond to earlier presented
stimuli, and many older participants were unable to even perform the task in
the two- and three-back conditions. It is clear that the stimulus-response
coding manipulation led to pronounced age differences, but without measures
of single-task performance to provide a contrast for the dual-task performance
it is impossible to quantify the amount of decrement in each age group.

A similar objection can be applied to an experiment by Broadbent and
Heron (1962) in which young and old adults were compared in a digit-
cancelling task and an auditory-monitoring task. There was no assessment of
performance on the auditory-monitoring task when it was performed alone,
and thus one cannot compare the magnitude of the time-sharing (i.e., dual-
task vs. single-task) decrement across age groups. Older adults were slower
and less accurate than the young adults in the dual-task condition but
quantitative comparisons of amount of processing resources, or of the costs
of divided attention, are simply not possible.

An experiment by Botwinick and Storandt (1974a) contrasted digit-span
measures obtained under normal and “distracting” conditions, with the
distraction consisting of repetitive finger tapping. Nearly the same estimates
of digit-span were found in the two conditions for all age groups, thus
suggesting that the tapping task was not sufficiently demanding of general
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capacity, or of the same type of specific capacity as that required for the digit-
span task. With either alternative the negative results are not informative
about the amount of capacity available to individuals in any age group.

Three studies have been reported in which performance was assessed in
single- and dual-task situations for two tasks that both appeared to require
capacity or resources. The first of these was an experiment by Talland (1962)
in which young (early 20s) and older (ages 40-63 and 75-89 years) adults
were required to perform two manual tasks separately and together. One of
the tasks involved manipulating a counter, and the other consisted of using
tweezers to pick up small colored beads. The older adults were poorer than
the young adults on each task in both the single- and dual-task situations.
This suggests that the older adults had greater difficulty in the time-sharing
situation, but quantitative comparisons are impossible with such different
tasks because performance operating characteristics were not derived. Also,
because the two groups of adults differed in their performance in the single-
task conditions, it could be argued that the dual-task condition merely added
to the overall difficulty of each task and that older adults were more affected
because they were already performing at a lower level in each component
task.

A more recent experiment by Wright (1981) is subject to the same criticisms.
Here the two tasks were a digit-span task and a verbal-reasoning task, and
older adults were once again poorer in both tasks under single-task conditions.
With six digits to be remembered the older adults (mean age of 68 years)
recalled 88% correctly, while the young adults (mean age of 19 years) recalled
96%. The older adults in the corresponding condition of the reasoning task
required about 5.97 sec to respond whereas the young adults responded in an
average of 4.66 sec. (The experiment was actually quite complicated and a
number of less demanding conditions were also employed but the important
points can be illustrated in this single condition.)

Wright (1981) reported that older adults had greater, performance decre-
ments than the young adults with the added complexity of having to perform
both tasks simultaneously. As with the Talland (1962) experiment, then, this
result clearly indicates that the older adults experience greater problems with
the more difficult dual-task situation. However, again it is impossible to
quantify the amount of difficulty because the tasks were quite different and
there was no performance operating characteristic generated to allow assess-
ments of the “cost” of improved time or accuracy in one task by reduced
performance in the other task.

The problem of separating general increases in task difficulty from unique
requirements of the divided-attention situation was also considered by Wright
(1981), and a second experiment demonstrated that similar increases in the
performance differences between young and old adults could be obtained by
simply manipulating the processing requirements in a single-task situation.
Different manipulations were carried out in the two experiments and thus
direct comparisons of dual-task and single-task increases in overall task
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complexity could not be conducted, but it is clear that the requirement to
perform two simultaneous tasks is not the only manipulation that increases
the magnitude of age differences in performance.

When two tasks, each having some nonzero level of difficulty, are performed
concurrently, it is inevitable that the total difficulty or complexity of the joint
task will be greater than either single task. It is therefore likely that the effects
observed in many dual-task situations are no different than those that would
be obtained when task difficulty or complexity is manipulated in a single task.
This argument thus suggests that the requirement of performing two concur-
rent tasks is simply another means of increasing task complexity, and that
there may not be a specific age deficit associated with divided attention,
per se.

Two dual-task comparisons were examined in the context of a large project
reported by Salthouse and Somberg (1982c), but mixed results were obtained
and no definite conclusions are possible. One comparison involved a contrast
between accuracy of detecting small targets in two visual arrays when they
were presented successively, or simultaneously. Both young (mean age 23
years) and old (mean age 69 years) adults were less accurate with the
simultaneous presentation, but the magnitude of the difference between
successive and simultaneous conditions was the same across age groups and
across 50 sessions of practice. This could be interpreted as indicating that the
additional capacity required for the simultaneous (dual-task) condition was
equally available to young and old adults, although it is possible that
performance in the successive (single-task) condition was limited not by
general capacity but by structural factors (i.e., the stimulus arrays were quite
large and a sensory limitation of effective visual field may have been involved).

The second dual-task comparison available in the Salthouse and Somberg
(1982c) report involved a vocal reaction time task performed either in
isolation, or concurrently with a series of other perceptual-motor tasks.
Performance on the other tasks was affected very little by the presence of the
vocal reaction time task and thus the primary results are the reaction times in
the single- and dual-task conditions. The older adults had a greater difference
between the dupal-task and single-task reaction time measures than did the
young adults, and both groups tended to reduce these dual-task decrements
with increased practice. Unfortunately the results are complicated by ex-
tremely large within-group variability, and the main effect of age on vocal
reaction time was not statistically significant. It appears that the older adults
had less reserve processing capacity than the young adults to devote to the
vocal reaction time task, but the absence of expected age differences in the
single-task reaction time measure indicates that other factors may also have
been operating.

No definite conclusion about age differences in capacity can therefore be
reached from the Talland (1962), Wright (1981), and Salthouse and Somberg
(1982c) experiments. It seems that the age differences in performance increase
when the difficulty of a task is increased by the requirement to perform
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another simultaneous activity, but in most cases the young adults were
superior in the single-task condition and there was no provision for assessing
the trade-offs in performance on the two concurrent tasks.

A recent experiment by Somberg and Salthouse (in press) was designed to
determine whether age differences would be present in dual-task situations
when the performance of young and old adults was equated in the single-task
situation. This experiment was apparently also the only one to have compared
complete performance operating characteristics in young and old adults. The
two tasks both involved visual discrimination in order to minimize the
possibility that different structural resource pools were involved in the
performance of each task. These tasks also allowed initial performance to be
equated by adjusting the duration of the visual displays in order that each
research participant achieved between 80% and 90% accuracy when concen-
trating entirely on one task. In different conditions individuals were induced
to vary the relative emphasis on each task, and thus complete performance
operating characteristics could be constructed for each individual.

The principal finding in the Somberg and Salthouse experiment was that
young (mean age 20 years) and old (mean age 65 years) adults had virtually
identical performance operating characteristics. That is, once the two groups
of individuals were equated for their initial level of performance, ability to
divide attention across two different tasks was the same for young and old
adults. Both age groups exhibited the same quantitative performance decre-
ments, relative to their performance when concentrating entirely on a single
task, when attempting to divide their attention between two tasks.

A second experiment in the same report (Somberg & Salthouse, in press)
extended this finding with two manual tasks, one involving repetitive keying
in a fixed sequence and the other auditory reaction time. Performance could
not be directly equated across the two age groups in these tasks, but
comparisons of dual-task performance relative to performance in the single-
task conditions indicated that the young (mean age 19 years) and old (mean
age 69 years) adults exhibited the same quantitative amount of decrement
when performing two concurrent tasks. Griew (1958) had earlier reported a
similar experiment, with a tracking rather than a keying task, and also found
nearly identical time-sharing performance in two age groups. He used adults
who did not differ very much in age (i.e., 24-31 years vs. 42-50 years) and
consequently their performance levels were equivalent in the single-task
conditions. More recently, Parkinson et al. (1980) reported that the age
difference in dichotic-listening performance was eliminated by screening for
auditory sensitivity and matching individuals of different ages on standard
digit span.

Taken together, these experiments, particularly those of Somberg and
Salthouse (in press), suggest that there is little age difference in divided
attention per se, because adults of varying ages appear to perform identically
when their initial level of performance is similar either because of duration
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adjustment, because of restricted age ranges, or because of matching of
individuals. This conclusion conflicts with frequently repeated claims that
divided-attention situations present particular problems for older adults (e.g.,
Burke & Light, 1981; Craik, 1977, Wright, 1981), but as discussed above,
most of the evidence considered to support that position is far from definitive.
It does seem reasonable to conclude that older adults are generally poorer
than young adults at a variety of activities, and that increasing the difficulty
of the activity will tend to affect the performance of older adults more than
young adults. However, such a conclusion is not unique to the divided-
attention situation, and direct attempts to investigate age differences in ability
to allocate or divide one’s attention have not revealed striking differences
beyond what can be accounted for by base task differences.

None of the studies described in this section have been able to provide
quantitative assessments of the amount of processing capacity available to an
individual and therefore the major issue of whether there are age differences
in amount of processing capacity has not been satisfactorily resolved with
experiments using dual-task procedures.

Dynamic Measures of Capacity

The classical measure of information-processing rate in which the reciprocal
of the slope of the function relating reaction time to stimulus information is
interpreted as an estimate of dynamic processing capacity has been employed
in a number of different studies with older adults. However, in addition to the
problems with this measure discussed earlier (e.g., its dependency on state of
practice and degree of stimulus-response compatibility), there has been an
inconsistent pattern of results in the studies comparing information-transmis-
sion rate in adults of differing ages. Some experiments appear to indicate
equivalent slopes for young and old adults (e.g., Crossman & Szafran, 1956,
Goldfarb, 1941; Szafran, 1966, 1968), while others have revealed larger slope
parameters for older adults (e.g., Griew, 1959b; 1964; Suci, Davidoff, &
Surwillo, 1960).

One factor that may be contributing to this inconsistency is the grossness
of the required response. The three studies reporting larger slopes in older
adults involved simple (i.e., stylus release or vocal) responses, while Crossman
and Szafran (1957) employed a card-sorting task and Goldfarb (1941) included
both reaction and movement time in his measurements. Age differences in the
slope parameter may not have been apparent with the more complicated
responses because the greater time and variability may have hidden the small
but systematic age effects. This explanation is not completely satisfactory as
Szafran (1966, 1968) used relatively simple key-press responses, and an
alternative post hoc interpretation to account for the discrepancies among
these studies has been proposed by Welford (1977). However, in light of the
interpretation problems, and the inconsistent results presently available,
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studies employing classical information theory procedures cannot be consid-
ered very useful with respect to the issue of possible age differences in
processing capacity.

A procedure similar to that employed for measurement of information-
transmission rate is Sternberg’s (1969) memory-scanning paradigm in which
reaction time to a probe stimulus is examined as a function of the number of
items in the previously presented memory set. It was reported in Chapter 6
that older adults have steeper memory-scanning slopes (i.e., greater increases
in reaction time with each additonal memory set item) than young adults (see
Figure 6.2). The relationship between attentional capacity and the slope
parameter in this paradigm is based on the finding that the slope reduces to
a value approximating zero with moderate levels of practice on the task. This
led to the interpretation (e.g., Shiffrin & Schneider, 1977) that the slope is a
reflection of the amount of demands upon a fixed amount of processing
capacity. With a moderate degree of experience the memory-scanning task
presumably becomes automatic and requires less processing capacity, thereby
accounting for the shallower slope after practice.

A functionally equivalent interpretation to account for individual differ-
ences in the slope parameter might postulate that the memory-scanning task
at a given level of practice places the same absolute demands upon varying
amounts of capacity, such that the slope can serve as an approximate index
of the proportion of total capacity required by the task. With this perspective,
therefore, the steeper slopes of older adults could be interpreted as indicating
that there is a smaller amount of processing capacity available with increased
age.

One problem with this capacity interpretation is that two recent studies
have demonstrated that the age differences in the memory scanning slope
parameter are much reduced or even eliminated with extensive practice (e.g.,
Plude & Hoyer, 1981; Salthouse & Somberg, 1982c). Both groups of research-
ers assumed that with practice the scanning task may have become automatic,
and independent of capacity. However, if a factor such as experience can lead
to capacity independence, one might question whether the individual differ-
ences evident at early stages of practice might also be attributable to various
degrees of capacity independence. In other words, memory-scanning slope
differences might reflect alternative degrees of reliance on the same fixed
amount of capacity, rather than a fixed proportion of differing total amounts
of capacity. At the present time these two alternatives do not appear to be
empirically distinguishable.

Moreover, while the resource interpretation of the memory-scanning slope
parameter is currently popular, it should also be noted that other interpreta-
tions are conceivable. For instance, two alternatives discussed by Salthouse
and Somberg (1982c) were that shallower slopes could be a consequence of a
different mode of processing (e.g., parallel rather than serial comparison), or
a different organization of the stimulus items (e.g., separate memory set items
could be coded or grouped into the same functional category). If either of
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these interpretations is eventually supported the speculations about capacity
differences based on the larger slopes of older adults would obviously have to
be rejected.

There is at least one additional technique that has been proposed to assess
dynamic processing capacity based on reaction time measurements. This is
the speed-accuracy tradeoff procedure in which instructions or payoffs are
employed to encourage an individual to produce a range of reaction times at
varying levels of accuracy. Since the slope of the function relating accuracy to
reaction time represents the increase in accuracy (or stimulus information)
achieved per unit of time, it has been interpreted (e.g., Swensson, 1972;
Thomas, 1974) as a relatively pure measure of dynamic information-processing
capacity.

Only two studies have reported direct age comparisons of the speed-
accuracy slope parameter, and unfortunately the results were not very con-
sistent. In the first study (Salthouse, 1979), different speed and accuracy values
were obtained in separate blocks of trials, and a rather coarse procedure was
used to derive slope estimates. In the later study (Salthouse & Somberg,
1982b) a complete range of speed-accuracy values was derived within a single
trial block, and a more precise method of computing the slope was used in
which values at chance and perfect levels of accuracy were eliminated for
each individual prior to computing the regression parameters relating reaction
time and accuracy.

Because the second study used more exact procedures and included larger
sample sizes, its results are probably more meaningful. These were that young
(mean age of 19 years) and old (mean age of 69 years) adults had virtually
identical slopes, and only differed in the intercept parameter reflecting the
reaction time at which accuracy began to improve above the chance level.
This finding could be interpreted as indicating that there is no age difference
in processing capacity defined as the amount of increase in information per
unit of time. Such a conclusion must be very tentative at the present time,
however, since the earlier study did find shallower slopes in some samples of
older adults, and there is not yet any independent evidence that the slope of
the speed-accuracy function is truly a valid reflection of processing capacity.

Conclusions about Age Differences in Capacity

The discussion of the preceding two sections indicates that there is presently
little concrete evide