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To the extent that adult|age differences in measures of cognitive performance have
implications for functioning outside the psychological laboratory, the question of
the role of experience as a potential moderator of these differences becomes ex-
tremely important. Three categories of research relevant to this issue are reviewed,
and methodological limitations of each type of research are discussed. Although it
is frequently asserted that experience minimizes cognitive differences associated
with aging, the ev1denée currently available does nict appear conswtent with a
strong experiential moderation of age-related effects in cognitive performance.

However, the paucity of relevant studies and the methodological weaknesses of
those that do exist preclude a definitive conclusion at the present time. Additional
research with improvedimethodology is necessary before strong conclusions can be
reached concerning effects of experience on age differences in cognition.

INTRODUCTIO}N

Cross-sectional compariso;ns of adults of
different ages frequently reveal that in-
creased age is associated w1th lower perfor-
mance on various measures of cognitive func-
tioning. Among the questlons‘ often raised in
connection with these findings are the follow-
ing: Are these age differences confined to
measures from novel and abstract tasks, and
are they much reduced or even completely
absent in measures from familiar and con-
crete tasks? Can the age differences be atten-
uated or eliminated with additional practice

experience with relevant activities? The pur-
pose of this article is to review the research
literature relevant to these questions con-
cerning the influence of experience as a po-
tential mediator, or moderator, of age-related
differences in cognition.

In order to providé an appropriate context
for interpreting the réséarch relevant to age
and experience, a brief'summary of previous
findings on the relation between age and
cognition will first be presented. One of the
earliest and least controversial results in the
cognitive aging literature is the finding that
age-related effects vary as a function of the

or training? Do the age differences disappear

when individuals of all ages

! Requests far reprints should be

have extensive

sent to Timothy A.

Salthouse, School of Psychology, Georgia Institute of Tech-

nology, Atlanta, GA 30332.

© 1990, 1

type of cognition being assessed. Over the

years a number of diffe
used to characterize th
cognition; the terms cr?
product ‘and process, at
popular. The' distincti

[he Human Factors Society, Inc. All rights reserved.

rent labels have been
¢ major categories of
stallized and fluid, or
e currently the most
on is essentially be-




552—October 1990

tween measures of cognitive functioning
based on the crystallized residue or accumu-
lated products from processing at earlier
times and measures reflecting the efficiency
of acquiring, transforming, and retaining—
or, more generally, processing—information
at the current time. ‘

Results from many studies with a variety of
psychometric test batteries have revealed
that age-related effects are usually very small
and are sometimes manifested in increases
rather than decreases for crystallized or prod-
uct measures of cognitior, such as scores on
tests of vocabulary or géiieral information. In
contrast, measures reflecting the efficiency of
current processing—as required by tests or
tasks emphasizing speed or accuracy of asso-
ciations, transformations, decisions, or re-
sponses—are generally found to decrease
with age. The magmtudes of ‘the adult;age
relations on process or fluid measures of cog-
nition are not great up to-about age 75 (e.g.,
Salthouse, 1985b, reported a median age cor-
relation across 54 comparisons of —0.36), but
the extreme group (i.e., young adultsvs. older
adults) differences are often larger than those
associated with most other individual differ-
ence classifications, such-as race, sex, or per-
sonality type. There is still controversy:con-
cerning the age at which,the.cross-sectional
decline in fluid or process aspects of cogni-
tion first begins; someresearchers suggest
that it starts in the 20s and others argue that
declines are not noticeable until the 50s or
60s. One possibility is that:with relatively
easy tests the predominant age trend is a pe-
riod of stability followed by a decline begin-
ning at about the decade of 1 the: 50s, ‘whereas
for very demanding tests the pattern is one of
relatively, monotonic declines. beginning in
the late 20s or early 30s. ‘

For both practical and theoretlcal reasons
it is important to determine the effects of ex-
perience on age differences in measures as-
sumed to reflect the level of an individual’s
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current processing efficiency. The practical
significance derives from the assumption that
age-related differences in these aspects of
cognitive functioning may be detrimental (o
older adults’ effectiveness in many occupa-
tional situations. However, a minimal nega-
tive effect of older adults in the workplace,
and in society in general, would be expected
if increased experience is found to attenuate,
or possibly even: eliminate, the age differ-
ences in-cognitive functlomng observed in in-
experienced adults.”

It should probably be mentioned that some
researchers have disputed the assumption
that' age- related dlfferences in ﬂuld or process
aspects of cognmon could have negatlve im-
plications for: real-world functlonlng, even in
the absence of experiential influences. For ex-
ample, . Schaie (e.g.;-1988a) has argued that
the reported age differences are generally too
small to have meaningful consequences in
most occupational activities. Perlmutter; Ad-
ams, Berry, Kaplan, Person, and Verdonik
(1987) have even suggested that in certain
situations there may. be advantages of mild
cognmvc impairments such as unrcliable
memory. Although the validity of these spec-
ulations remAins an'dpen question, it is im-
portant to notéithat ‘the agerelated effects
typically obsérved are large enough 16 lead to
estimates (Fozard and ‘Nuttall, 1971) that the
average 60-year—old ‘would bé unquahﬁed for
more thafi half'of the occupations for ‘which
predictive validity has been established with
the General Aptitude Test Battéry. (It should
also be 'acknowlédged, however; that most
validation sampleshave been d‘omposed pri-
marily of young adults, and thus itis poss1ble
that different estimates might be generated if
validityinformatidh"were availdble at each of
several age ranges.)

Rescarch on the possible interactive effects
of age and experience on fluid or process as-
pects of cognitive functioning also has consid-
erable theoretical importance. At least since
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the time of Thorndike (Thorridike, Bregman,
Tilton, and Woodyard, 1928),a major class of
explanation has attributed lage-related de-
clines in cognition to experiential deprivation
or disuse. Examination of the relations be-
tween age and measures of cognition across
different levels of experience can therefore be
expected to be informative abbut one possible
cause of the age-related differences fre-
quently observed in measurés of cognitive
functioning. i

The prevailing opinion among both lay
people and researchers in the' field seems to
be that experiénce attenuates age differences
in cognition, allowing overall cffectiveness to
be maintained either by presei‘ving the orig-
inal levels of basic abilities dr through the
development of compensatory }skills. This at-
titude is reflected in the general culture by
expressions such as “Use it or lose it” and
“He who lives by his wits, dies with his wits.”
The following quotations, sel ‘cted haphaz-
ardly from relevant articles and books pub-
lished over a 50-year period, document the
pervasiveness of this perspecti jve in the pro-
fessional litcrature.

In general, then, abilities th at are used
throughout adult experience tend to increase
with age; while abilities requiréd by situa-
tions that do not come within the scope of
adult experience show a definite lecline over
a range of adult years. (Sorenson, 1938, p.
736) f

Abilities which are exercised during our
adult years; such as the maintedance of vo-
cabulary, the capacity to underst :md and use
different words, do not decline during our
adult years. (Brozek, 195 1,p. 224)

The declines that are observed |in abilities
which are used frequently appear|to begin at
a later age and to be less drastic nhan are the
declines in abilities which are ex }*rcised less
frequently. (Denney, 1982, p. 824)

Extended practice appears to rediice age dif-
ferences in performance consid rably ...
and when older individuals are thhly expe-
rienced at the task they are perk rming, no
age differences emerge. (Davies and Spar-
row, 1985, p: 303) |

: October 1990—553

Although this sample of quotations sug-
gests a clear preference for the view that in-
creased experience reduces the magnitude of
age differences in cognitive functioning, the
empirical bases for this preference are much
less obvious. It is therefore desirable to con-
duct a thorough examination of the scientific
foundation for ‘conclusions about the role of
experience on adult age differences in cogni-

tion. In the following sections three classes of
evidence relevant to the influence of experi-
ence on age-rela{‘ted effects on fluid or process
aspects of cognition are reviewed: research
concerned with age differences in familiar ac-
tivities, research investigating the effects of
additional practice or training, and research
involving select populations, such as mem-
bers of particular occupational groups. Be-
cause the amount of data in each category is
still quite limited, the discussion will focus as
much on the Iﬂethodolpgical requirements
needed to provide convincing evidence in fu-
ture research as on summarizing the major
empirical results from past research.
|

FAMILIAR ACTIVITIES

One hypothesis concerhing age and experi-
ence is that the letrimental effects on cogni-
tive functioning\ associated with increased
age are restrictdd to novel and unfamiliar
tasks and are not evident on frequently per-
formed activities. Several different rationales
have been offered to account for this pre-
dicted pattern of results; one involves the
close association between young adulthood
and formal schooling, during which there is
considerable exposure to niovel activities, and
a presumed decrease with''age in the willing-
ness to perform what might be perceived to
be meaningless or irrelevant tasks. The fun-
damental expectation frorr:i all versions of the
hypothesis, howe] er, is that age-related ef-
fects should be rrI,uch smaller—and perhaps
even nonexistent+on famiiliar tasks than on
the presumably more abstract and novel
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tasks typically used in psychometric and lab-
oratory investigations.

Unfortunately, two major problems make
it difficult to reach a definitive conclusion
concerning the possibility that adult age dif-
ferences are smaller on familiar tasks than on
unfamiliar tasks. (These problems are in ad-
dition to the statistical and logical difficulties
associated with interpreting interactions
[e.g., between age and familiarity] and with
attempting to.establish:the nonexistence “of
differences between groups.).One problem is
that the concept: of familiarity has seldom

been operationally defiried or systematically -

investigated in adults:of different ages. Ide-
ally, claims that some:tasks are performed
more frequently than others should be docu-
mented with evidence concerning the relative
amounts of time devoted-to different activi-
ties among representative samples of adults.
However, complete;activity inventories . of
this type have apparently not yet beeri re-
ported for any. age group, much less for sev-
eral different agergroups: Furthermore, even
if such data were available, they might be of
limited valué becausé'the most relevant fre-
quencies probably: concern the basic:compo-
nents or processes involved in different activ-
ities, not the superficialiactivities themselves.
For example, paited-associate tasks involving
randomly selected wotids undoubtedly have a
low frequency of oceurrence in everyday life,
but the same fundamental association pro-
cesses may have anextremely high frequency
* when considered inithe context of pairing cui-
sine or service with:téstaurants, athletes with
sports teams, faces with names, shops with
locations, appointments with days and times,
and so on. Without accurate and detailed in-
formation concerning the frequencies: with
which particular processes or components
are used in daily life, therefore, judgments
about the relative familiarity of:different
tasks are necessarily subjective and of ques-
tionable validity.
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A second problem complicating the issue of
whether age-related differences are smaller
with familiar tasks than with unfamiliar or
novel tasks is that the two types of tasks may
vary in dimensions other than familiarity.
For example, there is an obvious confounding
if so-called familiar tasks:consist of measures
of the products of prior processing, such as
scores on a vocabulary test; whereas unfamil-
iar tasks involve assessments of the efficiency
of current processing, such as the speed and
accuracy of substituting symbols fordigits or
assembling blocks into novel patterns. Famil-
iarity may also:be confounded with amount
of processing in that familiar tasks:might in-
volve fewer processing operations:or lower
levels:of task complexity than mightunfamil-
iar tasks: Matching familiar and unfamiliar
tasks on dimensions such as the'type of cog-
nitiorbeing assessed and the amount of pro-
cessing required will probably not be ‘easy,
but only if the tasks are:equivalent in theése
respectsicould one be confidentin attributing
differences .in: observed age trends:io the ef-
fects of familiarity. . ‘

Although documentation of the actual fre-
quencies is lacking and novel tasks with pro-
cessing req\iifgménts equivalent ‘to 'those: of
familiar tasks have not yet been identified,
age compariébris“‘have been reported for a va-
riety of task can be argued to représent
familiar activities. For example, young and
old adults have been contrasted in the ability
to remember;and ‘immediately‘dialua;;‘tele-

e number (€8, Crook, Fertis, McCarthy,
and Rae, 1980; Poltard and Cooper, 1978), to
notice and repo‘rt information from a street
sign: after driving or walkingipast it (Man-
stead and Lée, 1979), to remember a'shopping
list of grocery ;itéths (Mc(:;arth}‘f];ﬂ Ferris, (}iliirk,
and Crook, 1981), to remember ‘iinform“at;ion
from a simulated news'broadcast (Hill,
Crook, Zadek, Sheikh, and Yes‘z‘?@va‘g‘e,"w“ ), to
remember the’ dource of factual information
(Mclntyre and Craik, 1987);-and.'t6' compre-
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hend and remember information on prescrip-
tion medicine bottles (Mm“rell, Park, and
Poon, 1989). In each of the;se cases, and in
numerous others summarized in Salthouse
(1987b), young adults have b(%en found to per-
form significantly more accurately than have
older adults. |

Several psychometric testsi‘have also been
designed to evaluate the abilities required in
daily activities. One such injstrument is the
Watson-Glaser Test of Critical Thinking,
which has been described as follows:

This test consists of 99 items almost all of
which are of a realistic or practical nature
involving problems, statements, arguments,
and interpretation of data similar to those
which a person might encountbr in his daily
life-as he works, reads the newspaper, hears
speeches, and participates in discussions on
various topics. (Friend and ZlTibek, 1958, p.
407) |

Apparently only. two studies have investi-
gated adult age differences d:n the Watson-
Glaser test (Burton and Toel| 1945; Friend
and Zubek, 1958), but both we‘fe consistent in
finding significant age differ?nces favoring
young adults. i

The most comprehensive study of age-
related differences in a psycho%rnetric test de-
signed to assess familiar acti;'f\/ities was re-
ported by Schaie and Willis|(e.g., Schaie,
1988b; Willis and Schaie, 1986a), using the
Educational Testing Service . Basic Skills
Test. This test was developed ko assess real-
life competencies and evaluatés the examin-
ees’ ability to understand labels‘l‘on household
articles and medicine bottles| to interpret
street maps, to obtain information from bus
schedules and from telephone :'idirectory ad-
vertisements, and so on. Not 6nly do these
items appear to have face validity as mea-
sures of functioning in daily situations, but
Willis and Schaie (1986a) also obtained esti-
mates of the frequency with which represen-
tative activities within each of jeight catego-

|
|
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ries were performed.f Within a sample of
adults between 60 and 88 years of age, activ-
ities from five of the caitegories were reported
to be performed weekly on average, with ac-
tivities from an additional category per-
formed at least monthly.

Data from 1500 adults on the ETS Basic
Skills Test, as reported in Schaie (1988b), are
illustrated in Figure 1. It can be seen that per-
formance remains relatively stable until
about the 50s or 60s, at which time a pro-
nounced decline is evident. These results
clearly indicate that young adults achieve
higher scores than do older adults, but the
exact nature of the age felationship in the rel-
evant abilities is still somewhat equivocal.
That is, it could be that actual ability to per-
form these types of tasks remains stable from
the 20s through the 50s or 60s, but it is also
possible that al?ility declines occur without
concomitant reductions in measured perfor-
mance because the performance of young and
middle-aged adults is constrained by an ab-
solute .or functional measurement ceiling.
The transformation of the scores from the
original units oﬁ measurement into T scores
obscurés a possEi‘ble absolute measurement
ceiling because it is impossible to determine
how far actual performance is from the max-
imum possible performance. Functional ceil-
ings can also exist because performance can
be less than the \highe‘stlpossible score for a
variety of reasons, such as the presence of a
few extremely difficult items or unrealisti-
cally short time allowances. If higher levels of
performance wer‘le restricted by either an ab-
solute or a funcqional measurement ceiling,
therefore, the true relali(}n between age and
ability might be a monotonic decline rather
than a period of stability followed by decline.
Regardless of the precisé nature of the age
trends, however, the data in Figure 1 are un-
ambiguous in intiicating that, as with the
studies cited ear‘lier, young adults achieve
substantially higher scdres than do older
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Figure 1. Mean levels of performance on the ETS Ba-
sic Skills Test as a function of age. Values are repre-
sented in T-score units, with the asterisked, dotted
lines representing plus and minus one standard devi-
ation. Data from Schaie (1 988b).

adulis on instruments designed to assess pro-
ficiency in familiar or everyday activities.

The studies just described are merely a lim-
ited—and not necessarily representative—
sample of the research on familiar activities,
but they are sufficient to indicate that there
are convincing exceptions to the suggestion
that age-related differences are small to non-
existent on familiar tasks or activities: Defin-
itive research (with documented frequencies
of relevant processes and comparable pro-
cessing requirements across familiar and
novel tasks) does not yet exist, but the re-
search surveyed earlier clearly provides little
support for the proposal that age differences
are restricted to novel and unfamiliar activi-
ties.

PRACTICE AND TRAINING

A second issue relevant to the relations be-
tween age and experience concerns the effects
of added experience on the magnitude of age
differences in measures of cognitive function-
ing. The primary question in this context is
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whether age-related differences are invariant
across different amounts of experience or are
reduced in magnitude as a function of addi-
tional experience.

Considerable research has focused on: the
modifiability or plasticity of behavior during
Jate adulthood, and consequently the effects
of different amounts®and types of instruc-
tional training on the cognitive functioning of
older adults have been extensively investi-
gated' (e.g., see Baltes and Lindenberger,
1988, and Willis;*1 987, for reviews). However,
because the experiential interventions were
administered to only a single age group, this
research is not directly relevant to'the issue of
the effects of added ¢xperience on age-related
differences in cognition. That is, the most im-
portant.question for the purpose of determin-
ing the effécts of expériencg on age, differ-
ences in performance is relative rather ithan
absolute modifiability, and it is simply impos-
sible to draw conclusions about possible age-
related differences in the benefits;of experi-
ence withott compatisons of two or more age
groups: ‘

Unfortinately, even the age-comparative
practice or training studies that have been
reported suffer from a number of limitations.
For ‘¢xample, in séveral studies samples of
young and'old adults wére" ¢ompared after
very 'small amounts.of experiefrice. It is diffi-
cult to specify the amount of experience ‘suf-
ficient to be considered realistic, but at a
miinimum the practice or training should ex-
tend’ acrdss multiple sessionsi‘Second, some
studies have reportéd results from'as few as
one individual in each age group: Although
virtually-all available studies 'have‘*émpldyed -
small sample sizes (i.e., 20 or fewer individu-
als per age group), results based onextremely
«mall numbers of adults in edchilage range
provide a very' limited basis for é‘eheta’liza-
tion. ‘ e

Furthermore, apparently only two studies
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have attempted to examine|the representa-
tiveness of the individuals who agree to par-
ticipate for extended testing (i.e., Kliegl,
Smith, and Baltes, 1989; Salthouse and Som-
berg, 1982). A final problem i;é that almost all
of the available studies have focused on a sin-
gle dependent variable from one particular
task, thereby greatly restricting inferences
beyond the measured variable and preclud-
ing distinctions among changes in the profi-
ciency of the same construct as opposed to
changes in the nature of the|construct being
assessed.

Although the preceding|characteristics
serve to qualify any conclusions, the existing
research literature does provide some tenta-
tive information about the effects of manipu-
lated experience on age différences in cogni-
tive functioning. Table 1 summarizes the
results from all relevant studies that could be

located with a total of at leagt 12 individuals

from two or more different }age groups, and
comparisons extending across a minimum of
four separate sessions. Thesé%particular char-
acteristics are somewhat artl)itrary but were
selected to maximize the meaningfulness of
the results while not severely reducing the
number of qualifying studies.

It should be noted that the outcomes in Ta-
ble 1 should be interpreteii cautiously be-
cause in some cases the lpatterns varied
across different stages of practice (e.g., Salt-
house and Somberg, 1982) and in others there
was no distinction betweerlll effects attribut-
able to instruction of a tec “nique and prac-
tice with that technique (elg., Kliegl ct al,,
1989). Furthermore, in sevL:ral of the con-
trasts the entries in the “effect of practice”
column are inferences based on the reported
information because apparehtly there was no
direct evaluation of the equilyalence of young
and old adults at different levels of practice,
or of the effectiveness of practice, in the two
groups. (This lack of quantitative information
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in many of the studies also precludes the use
of more systematic meta-analytic procedures
to integrate the results from different stud-
ies.) ;\

The dominant pattern in Table 1 clearly
seecms to be that practice-related perfor-
mance improve}ments are equivalent in mag-
nitude for young and old adults. In a few
cases. older ad ‘lts appear to have exhibited
greater improvements than have young
adults, primarﬁy during the initial sessions of
practice, but it is more frequently the case
that young and old adults benefit nearly the
same from prac;tice or training. Young adults
improved more than did older adults in a
couple of studies, but it is not yet clear
whether this pj;rticulai‘ outcome is restricted
to situations requiring the acquisition of new
skills or is also evident when the research
subjects are inéreasing the proficiency of ex-
isting skills. | ‘

There are also a number of miscellaneous
reports of age-related differences in more nat-
uralistic learning situations. For example,
Thorndike et eil. (1928) reported that across
15 hours of practice, adults with a mean age
of 22 improved their speed of writing with the
wrong (i.e., nonpreferred) hand more than
did adults with a mean age of 41. These same
authors also réfported ithat the benefits of 20
hr of study and instruction in cral compre-
hension of the artificifa‘l language Esperanto
were greater in young adults than in middle-
aged adults, though the two groups improved
comparable a‘plountsi in other -measures of -
language acquisition.;

Several cases of age differences in the effi-
ciency of retraining for bus drivers, electrical
technicians, postal workers, oil production
workers, and {elephoﬁe operators have been
described by Welford (1958, pp. 257-258) and
Birren (1964,fpp. 161-168). More recently,
Egan and Gomez (1985), Elias, Elias, Rob-
bins, and Gage (1987), and McAlister (1985)
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reported that older adults have greater diffi-
culty learning to operate a text editor or word
processor than do young adults (but see Hart-
ley, Hartley, and Johnson, 1984, fora possible
exception). Studies investigating the acquisi-
tion of other computer-related skills have
also found that older adults require more
time than do young adults to achieve compa-
rable levels of proficiency (e.g., Gist, Rosen,
and Schwoerer, 1988; Zandri and Charness,
1989).

Detailed analyses of the success of air traf-
fic control trainees as a function of age have
been reported by Trites, Cobb, and their as-
sociates (e.g., Cobb, Lay, and Bourdet, 1971;
Trites, 1963; Trites and Cobb, 1964a; 1964b).
A consistent finding in all of these studies was
that older trainees were much less likely than
younger trainees to complete the training
program and perform successfully as a con-
troller. One illustration of this age relation is
evident in the ratio of failures to successes at
different ages. According to Trites (1963), the
ratio of failures to successes Was 1:1 for train-
ees under the age of 35 but increased 10 4.7:1
for trainees age 35 or older and reached 7.4:1
for trainees age 39 or older.

Although the sample sizes have been small
and the range of manipulated experience lim-
jted, two findings from research on manipu-
lated experience appear 10 be fairly consis-
tent. The first is the encouraging result that
virtually all of the available research suggests
that both young and old adults improve their
performance with additional experience. If it
is the absolute level of functioning that is im-
portant, therefore, then adults of nearly any
age may eventually reach acceptable limits of
performance. However, the second consistent
finding is the complete absence of evidence
that age differences in certain types of cogni-
tive performance are eliminated after all in-
dividuals have received comparable amounts
of practice or training. At the present time
there are not even many convincing demon-
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strations of Age X Practice interactions in
which the size of the age differences in per-
formance was merely reduced with extended
experience. A tentative conclusion from the
available research on manipulated experi-
ence, therefore, is that it-is unlikely that age
differences in measures of cognitive function-
ing can be easily eliminated by the provision
of additional experience.

In light of this relatively negative conclu-
sion, it is perhaps appropriate to briefly de-
scribe a research project that is sometimes
cited as indicating that age-related cognitive
deficits can be reversed with small to moder-
ate amounts of iraining. Schaie and Willis
(e.g., Schaie and Willis, 1986; Willis and
Schaie, 1986b) relied on longitudinal data to
classify older adults as having remained: sta-
ble or having declined in either spatial or rea-
soning ability, and then they administered
one of two training interventions designed to
improve performance in either the spatial or
reasoning ‘domain. The Hypothesis that the
declines were attributable to experiential
deprivation predicts that the individuals who
had declined in a given ability would have
greater training—related,benefits in that abil-
ity than would the individuals whose abilities
had remained stable. Contrary to the predic-
tion, however, the results of the studies indi-
cated that the training benefits were virtually
equivalent for the individuals whose abilities
had declined and for those whose abilities
had remained stable. (One of four Group X%
Training interactions was significant at the
0.05 level, but considering that it occurred in
the context of 60 statistical tests, it can prob-
ably be dismissed as a chance occurrence.)
Because the experientially mediated im-
provements were not selective, thie results of
the Schaie and Willis studies provide no evi-
dence that the training altered the processes
or mechanisms actually responsible for the
longitudinal decline. Therefore, in the ab-
sence of evidence that additional experience
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is of greater benefit to oldeir adults than to
young adults, or to individuals whose abili-
ties had declined relative to those whose abil-
ities had remained stable, it seems premature
to.claim that experiential 1ntervent10ns can
reverse or remediate age- related cognitive de-
clines. !

SELECT POPULA”#IONS

A third manner in which él‘xperience could
influence the magnitude of aée-related effects
on cognitive functioning is if age effects are
attenuated when the activities are highly
overlearned and in continuous use. In other
words, extensively performmed activities
might be maintained at higﬂ levels of profi-
ciency even if there are ag‘L‘e-related differ-
ences in the efficiency of performing the ac-
tivities when first encounteréd or in the ease
of acquiring high levels of p:‘roficiency This
possibility can be investigated by examining
age-related trends among individuals within
certain experientially homogeneous catego-
ries, such as members of p@rtmular occu-
pations. The reasoning is that if a given set
of activities is regularly pe}rformed by all
members of a particular oc&upation, and if
extensive use prevents or retzj:irds age-related
decline, then small to noncxilétent age differ-
ences might be expected in i";neasures of the
efficiency or effectiveness of "fhose activities.
This category of evidence is tl‘lerefore similar
to that involving familiar achvmes but the
critical variation in experlenbe is postulated
to exist across different groups of people for
the same activities; rather than across dilfer-
ent types of activities for virt‘jlally all people.

Perhaps the optimal means?of determining
whether there are age differences in activities
related to one’s occupation is simply to exam-
ine age trends in appropriate measures of job
performance. Although potentially. informa-
tive, occupational performance studies: suffer
from a number of weaknesses|that limit their

value in determining the joint effects of age
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and experience on cogmtlve functioning. A
major problerri concerns the issue of selective
attrition. On ne hand, the poorest workers
are unlikely to continue on a job because
their employers will elther lay them off or
shift them to less demanding positions if they
are unproductive. On the other hand, some of
the best workers may hot stay on the job be-
cause they will be promoted to positions of
greater responélbnhty Tt is difficult to deter-
mine which of'these factors predominates in
any given 51tua1“t10n, ert the strong possibility
that the survivling older members in a given
occupation arelless representative of their age
peers than are the younger members should
make one very} cautious in interpreting re-
sults based on age comparisons involving
measures of job performance.

A second comphcatlon of analyses of age
differences in foccupatlonal performance is
that workers (‘)f dlfferept ages may not have
precisely equivalent job requirements: Even
within the same job!classification, older
workers often have more seniority than. do
their younger éounterparts and such senior-
ity may result in more desirable—and, possi-
bly, less strenuous or demanding—job assign-
menis. To the extent that workers of different
ages are not performmg under identical con-
ditions, therefore, age ‘comparisons in mea-
sures of job performance may- not be very
meaningful.

Finally, age comparlsons of job perfor-
mance .are sometimes of limited usefulness
because the analyses are based on coarse
evaluations of overall effectiveness in rela-
tively broad éccupaqional categories. It
would be much' more informative for the pur-
pose of examiing interrelations of age and
experience on cognitive functioning if the age
comparisons were reported on specific di-
mensions of _]Ob perforrllance with known in-
volvements of dlfferent types of cognitive
abilities. Moreover,. it is probably not suffi-

|
cient merely to restrict| comparisons to indi-

i
|
|
i
i
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viduals within what is ostensibly the same
job classification. For example, the cognitive
demands would probably be quite different
for mechanics primarily responsible for diag-
nosing engine probleins compared with me-
chanicsswho spend most of their time chang-
ing tires. Although mecasures of overall

effectiveness are frequently useful for person-
nel evaluation in-actual work situations, col-
lapsing across ‘cognitively diverse activities

in performante evaluations makes it very dif-
ficult. to identify potentially’ systematic ef-
fects of age and experience on aspects of cog-
nitive functioning:: w5 ‘
Various combinations:of these threeé factors
may be partially responsible for the generally
smalland inconsistent relations betweéen age
and job performance iréported in recent re-
views: (e.g:, ' Davies::and Sparrow; 1985;
McEvoy. and Cascio, :1989; "Rhodes; 1983;
Waldman and Avolio, 1986). In keepmg with
this suggestion, it:should be:r
systematic age! relationis': are: ‘sometimes ire-
ported within relativelynarrow océupatiotial
categories reported to'hive high cogriitive de-
mands. Several studies, for example;havere-
ported significant: negatlve correlationstbe-
tween age and rated effectiveriess’asian-air
traffic'controller (e.g., Teites, 1963; Tritesand
Cobb, 1964a, 1964b) withialmostmoldttenua-
tion of the age-related effects after dohtrolling
for amount of experience (e.g., Cobb; 1968
Matthews and Cobb, 1974) & &% ..
Comparisons across adtilts of varying ages
from select occupationsihiave also been re-
ported on measures of. performance: derived
from specially designedietpérimental tasks or
psychometric tests.- Studies:of thisitype gen-
erally provide more analytical information
than do those based on overall.evaluations of
job effectiveness, but the performance.mea-
sures are sometimes of questionable'rele-
vance to the occupation. Aniillustration of the
confusion that can result from the lack of ob-
jective evidence concerning the relevance of
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measures to occupational activities is evident
in a comparison of two studies in which age
trends in the speed of handwriting were ex-
amined in samples of adults from different
occupatiorial groups. Smith and Greéne
(1962) reported very slight age effects “in pro-
fessional and managerial groups, which use
handwriting as a familiar daily task™ (p. 161),
but LaRiviere and Simonson (1965) claimed
that there was a declinie in handwriting speed
among members of professional and manage-
rial .occupations “whose’ jobs did not réquire
a great deal of writing” (p.416). Regardless of
the purported: difference in outcorhés (which
should ‘be considered' tentative becduse ap-
paréntly-in neither case ‘wetre the age trends
evaluated ‘statistically);, one cannotthope to
reachimeaningful cénclusions abotit 'the con-
tributions of experierice when‘there is so little
agreement abouit the frequenéyiof ithe target
aotlvny indifferenit oceupations: ‘
‘Tworof the most intriguing studies within
the select populatioti'category Were Feported
by Miirréll'and his colleagues, MurreH Powes-
land, and Forsaith (1962) reported no per-
formance differences beétwéen: experlenced
younig-and ékperienced old: operators of a
drill press; but they found that novice older
adialts iperforinedizat Tower lévels than did
novice young: adults ‘A similar firiding of no
age: differerices among experienced workers
andidge différerces Tavoring ‘young adults
among inexpetienced individuals ‘was re-
ported iby Murtell 'and ‘Huniphries (1978)
with the task of speech shadowing among si-
multaneous language translators. Although
these results ate'consistent withi the mterpre-
tationithatexténsive experlence prevents age-
related! declines that would othierwibe décur,
they are alsoiconsistent with a selectivelsur-
vival ntcrprctatlon in that the experlenced
oldér aduilts may‘be a positively biased §am-
ple lof their age group. It is unfortithateithat
additional information that might thave al-
lowedi an ‘asdesstient: of the' reéprésentative-
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ness of each sample was nat provided to al-
low these possibilities to be|distinguished.
Most of the research involying targeted oc-
cupational groups has focused on pilots and
air traffic controllers because of their impor-
tance to air transportation| safety. Further-
more, because a key requirement in these
jobs is effectiveness in high-speed decision
making, the majority of the|research has fo-
cused on various measures of speeded perfor-
mance. For example, one p{qroject measured
choice reaction time and digit symbol substi-
tution performance in air traffic controllers
and civil air pilots (Birren é:nd Spieth, 1962;
Spieth, 1964). Both reports (H)ased on 161 and
560 adults, respectively) re'\'ealed that mea-
sures of perceptual-motorl‘ speed declined
with increased age in these ;samples. Despite
a restricted age range, withi}83% of the indi-
viduals below the age of 50, For‘relations with
age in the Birren and Spieth study were 0.59
with choice reaction time ar%lfd 0.42 with digit
symbol substitution performance. Both of
these values are comparablé? in magnitude to
those found in unselected s:amples of adults
(see Salthouse, 1985a). ‘l
Another project involving the measure-
ment of reaction time am ng airline, mili-
tary, and test pilots of different ages was
conducted by Szafran (1970)| Szafran hypoth-
esized that flying required making high-
speed decisions and receiving and retaining
information while carrying out routine oper-
ations. A choice reaction tim’é task containing
three, five, or eight alternatil\;res was therefore
administered either alone or in the presence
of a concurrent memory ta“‘sk requiring the
report of items presented two positions ear-
lier in the sequence. The primary dependent
variables were (1) the slope’;and intercept of
the regression lines relating [reaction time to
number of alternatives in thF single and con-
current conditions and (2) a measure of the
amount of information tragsmitted in each

condition. Interim reports o ljthe project were
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published, with successively larger samples,
in several arLicles appearing between 1965
and 1968. Results from what was apparently
the final repofﬁt, based on a total of 396 pilots,
were described in a 1970 publication
(Szafran, 1976). The major findings were that
there were no significant correlations be-
tween age and measures from the reaction
time task when it was performed alone, but
that when the memory task was performed
concurrently 'with the reaction time task,
there were significant increases with age in
the intercept 6f the regression equation relat-
ing number of stimulus-response alternatives
to reaction tirne (» = 0.26) and in the number
of errors in the memory task (r = 0.16); and a
significant age-related decrease in the rate of
information ti"ansmission (r = —0.35).

Although in his early reports Szafran sug-
gested that these results were inconsistent
with the findings from'unselected adults, it is
not clear that such a conclusion is justified
because the individuals in his sample were
unrepresentaq‘ive of the general population in
several respects. For example, his sample of
pilots was prdbably healthier, of a higher so-
cioeconomic level, and from a more restricted
agerange (i.e.L 79% of the pilots were younger
than 50 years of age) than participants in
many other studies. Furthermore, because
absolute levels of performance and, possibly,
the relations [between age and performance
vary as a function of the particular apparatus
and procedures emplayed, it is risky to make
inferences about age trends in unselected
adults withoyt actual measurements using
the same procedure and apparatus.

Perhaps the most comprehensive age-
related project involving aircrew personnel
was that of Glanzer and Glaser (e.g., Glanzer
and Glaser, 1959; Glanzer, Glaser, and Rich-
lin, 1958). These researchers based their se-
lection of job-relevant tests of perceptual and
intellectual functions on an earlier study of
critical incidents and on a detailed job anal-
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ysis of aircrew activities. A total of 544 air-
crew personnel, 518 of whom were pilots in
the Air National Guard or working for com-
mercial airlines, were administered a battery
of 14 psychometric tests. Significant age-
related declines were reported on eight of the
tests. Two of the tests with the largest age
correlations were the orientation to new
equipment (r = —0:20) and instrument com-
prehension (r = ~ 0.33) tests: The former as-
sessed comprehension and memory of infor-
mation about new equipment: of the type
prescnted in oral briefings, and the latter re-
quired the integration of‘information from a
compass and an artificial horizon to' deter-
mine:current position of anairplane. What is
particularly striking about.these correlations
is that although they were;small in absolute
magnitude, they were still statistically-signif-
icant .when hours of flying experience was
partialed out (i.e., —0:15 for orientation . to
new equipment and —0:24 -for.instrument
comprchension), and thé. correlations: were
almost certainly attenuated.by a restricted
age range. That is, although pilots up to age
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50 were tested, the mean age in the sample
was only 31.8 years, and 80% of the partici-
pants were less than 35 years old.

One of the few studies in the select popula-
tion category not focusing on aircraft pilots
was recently reported by Salthouse, Babcock,
Skovronek, Mitchell, and Palmon (1990), who
measured spatial visualization abilities
among practicing architects. The major as-
sumption underlying this project was that ar-
chitects are continuously involved in the pro-
duction or interpretation of two-dimensional
drawings of three-dimensional objects. It was
therefore hypothesized that because they
have received frequent experience using their
spatial visualization abilities, architects
might exhibit: much smaller-age-related. de-
clines 'in measures. of spatial visualization
performance than would .unselected adults.
This was not the case; however; significant
age-related:-idecrements were:found in three
separate-measures of spatial visualization
performance.

-Figure:2: illustrates the  regression equa-
tions summadrizing the relations between age

——  Architects (n=47)
s Eng. Grad. (n=50)
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Figure 2. Regression equations relating age to surface development performance for three groups of male
college graduates. Data from Salthouse et al. (1990) and Salthouse and Mitchell (in press).
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and performance in threec samples of adult
males on one of the spatial visualization mea-
sures—that is, the score on the surface devel-
opment test, which requires determination of
the correspondence betweed edges on unas-
sembled and assembled drawings of three-
dimensional objects. Each sample consisted
entirely of male college gradiuates with mean
ages in the mid-40s, but thelsamples differed
with respect to whether the individuals were
practicing architects, gradu‘\é\tes of a college
with a predominantly engi%leering—oriented
curriculum, or unselected adults responding
to a newspaper advertiseme‘} t for volunteers
for behavioral research projects.

Although the regression line for the archi-

tects is above that of the engineering school
graduates and unselected adl‘LlltS, the slopes—
which indicate the amount iof performance
decline with each additional year of age—are
very similar. If anything, the age relation, as
indexed by both the slope and the percentage
of variance accounted for byi}the linear equa-
tion, appears greater for the‘jV architects who
presumably have the greaﬁest experience
with activities related to the performance
measure. '

This basic result has been"replicated in a
subsequent study (Salthouse and Mitchell, in
press),. in which unselected a‘flults were cate-
gorized in terms of naturallyloccurring expe-
rience with activities presuined to require
spatial visualization abilities, As in the archi-
tect study, the age trends weije nearly identi-
cal for adults reporting different amounts of

i

experience with the relevant }activities.

Research with select populations offers the
opportunity for investigatin’g the effects of
much more extensive amounts of experience
than that generally possible{‘ in practice or
training studies. However, it suffers from the
problem that the young and ild members of
the target groups might not b¢ equally repre-
sentative of their age peers because of the

possibility of selective attrition. Results from
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several studies seem to suggest that age-
related dcclints may still be evident in mea-
sures of occupationally relevant activities,
but the findings should be considered tenta-
tive until they are replicated with larger sam-
ples, with indi!viduals from a broader range of
ages, and with a greater number of perfor-
mance measur{es of documented relevance to
the occupatiorr,

LIMITATIONS OF EXISTING RESEARCH

In addition on the specific methodological
problems disclissedin the context of each cat-
egory of evidence, two broader objections can
be raised against most of the research re-
viewed so far! These fare that the analyses
have generallgf ignored the contribution of
knowledge factors and that most of the stud-
ies have been Fased on a rather narrow con-
ceptualization{of the consequences of experi-
ence. | ‘

One of the ddminant distinguishing charac-
teristics of expérts in any given field is their
possession of large amounts of structured
knowledge. Ho'wever, knowledge factors have
largely been neglected in age-comparative
studies focusing on fluid or process aspects of
cognition. This is a potentially serious omis-
sion because effet:tivenéss in many situations
may depend mpre on f:actors related to one’s
knowledge than on the efficiency with which
one can execute basic processing operations.
In fact; Schmidt, Hunter, and Outerbridge
(1986) reported that in!some situations a siz-
able proportion of the influence of experience
on job. performance is mediated through
greater job knowledge. Important goals of fu-
ture research should therefore be to docu-
ment relations f)etweeu' quantity or quality of
knowledge and the variables of age and expe-
rience, and to identify tihe specific manner by
which knowledge fa¢tors contribute to en-
hanced performance in particular cognitive
activities. ‘ "

i

Although seldom explicitly stated, most of
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the studies designed to investigate interrela-
tions of age and experience seem to have im-
plicitly adopted either a maintenance (ie.,
experience preserves abilities that would oth-
erwise decline) or a remediation (i.e., added
experience reverses ability declines) interpre-
tation of the role of experience. It is possible,
however, that the most pronounced effects of
experience are not evident at the level of ba-
sic abilities but instead are operative at more
global or molar levels. Consistent with this
suggestion are several reports of age invari-
ances in the proficiency of a molar activity
despite age-related declines in measures of
presumably relevant:molectlar components.
This general pattern has been reported in
activities of bridge (Charness; 1979), chess
(Charness, 1981; Pfau and Murphy, 1988); and
transcription typing (Salthouse; 1984; Salt-
house and Saults; 1987). The apparent impli-
cation of these findings is that the composi-
tion of competence may shift w1th increased
age and experience.:.

Several mechanisms by Wthh experience
might result in’ the preservation of overall
competence despite age-related declines in
the efficiency of basic processes have been
discussed by Salthouse (e.g., 1984, 19872,
1987b, 1989a, 1989b). For example, effective
functioning might be maintained by.(a) com-
pensation, in which losses. in-some processes
are offset by gains in otheriprocesses; (b) ac-
commodation, in which the nature of one’s ac-
tivities is altered to minimize deficit-reveal-
ing situations; (c) elimination, in which the
impaired processes areigradually reduced in
importance as proficiericy in: the relevant
skills develops; and (d) compilation, whereby
once the higher-order ka‘HS are assembled or
compiled, they become independent of any
subsequent declines in the efficiency of the
constituent processes. Unfortunately, véry lit-
tle research with reasonably complex activi-
ties has been reported which would allow
these speculations to be investigated and dis-
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criminated. This is regrettable because it is at
least plausible that the greatest effects of ex-
perience are evident not in the efficiency of
basic processes. but rather at higher-order
levels concerned with the optimal combina-
tions of different abilities to maintain or in-
crease competence in relatively complex.ac-
tivities. ‘

CONCLUSION

Because the currently available evidence is
equivocal, there is ample opportunity for
one’s biases and prejudices to influence the
nature of the conclusion regarding the possi-
bility that experience attenuates age-related
differences in cognition. If the lack of strong
evidence for an experientially mediated re-
duction of age differences is emphasized, then
one: could :reasonably argue for a negative
conclusion. However, ‘if one focused ‘on the
methodological and conceptual limitations of
previous studies, then it could be justifiably
claimed:that a positive conclusion might still
be forthcoming after the approprlate studies
have been conducted.

The most defensible conclusion at'the
present time is probably that it is too early to
reach a conclusion: That is, the existing re-
search is still:too equivocal to allow.firm de-
cisions about whether age differences on fa-
miliar activitiesi are smaller than those on
novel activities, whether age differences can
be reduced or eliminated with extensive ex-
perience, or whether age differences are ab-
sent.on continuously practiced activities as-
sociated with:one’s occupation. Instead:of
trying to force a decision from currently in-
adequate data, therefore; it will be more pro-
ductive to use the lessons learned from earlier
studies to guide the design of future studlies,
which might eventually allow more definitive
conclusions. Among the features thatishould
be included in future research are (a) use of
larger samples to provide a firmer foundation
for generalizability; (b) inclusion of multiple
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indicators of the relevant abilities to allow
inferences at the level of inte%resting theoreti-
cal constructs rather than single, potentially
task-specific, variables; (c) ex :‘ploration of the
contribution of knowledge factors to different
measures of performance; (d) examination of

relatively complex activities that permit

analyses of the manner in which a given level
of proficiency is accomplished; and (e) better

documentation of the extent
and relevance of

perience to ensure realism

and type of ex-

the experience to the measured abilities.
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