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The Role of Experience
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Although it is generally expert rather than novice levels of performance that are
the most esteemed in society, expertise has been a largely neglected dimension of
human performance. In fact, most psychological researchers deliberately attempt
to eliminate the effects of prior experience in their evaluations of an individual's
capabilities by utilizing novel and unfamiliar tasks and materials. Although this
experience-minimizing strategy has a long tradition in psychology (dating at least
to Ebbinghaus and the invention of nonsense syllables) and has influenced the
development of sumerous psychometric tests of cognitive functioning, it can be
considered somewhat misdirected and possibly even perverse from the perspec-
tive of ecological validity because the effects of experience are frequently orders
of magnitude greater than the performance differences observed across in-
dividuals at the same level of experience. At minimum, therefore, researchers
interested in individual differences in behavior should be familiar with the nature
of the variations in performance attributuble 10 experience and, ideally, should be
cognizant of how those experience effects interact with the individual difference

of interest. The present chapler addresses these issues with reference to in-

~dividual-differences-in-cognition assuciated with increased age’ in adulthood.”

At the outset it is important (o clarify how the terms expersise, experience,
practice, and training will be used in the present context. Basically, expertise is
viewed--as-the--extremely-high-levels -of skill- in- #- given- activity domain that
sometimes occur as a consequence of experience, and practice and training are
interpreted as systematic ways of providing that experience. Training is usually
distinguished from practice in that there is an attempt to control the nature of the
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experience acquisition in training situations, whereas there is little direction or
control in practice situations; but they are similar in that both try to manipulate
the quality or quantity of relevant experience received by an individuai.

Conceprualizing experience in this task-specific, or af least domain-restricted,
manner has the advantage of allowing at least a theoretical separation of the
effects of age and the effects of expericice. This potentially important distinction
has been blured when experience has been interpreted in very general tcrms,
almost as if it were synonymous with time or age. It is extremely difficult
to desermine the cognilive effects of something as ill-defined as life experience,
but it"does seem feasible. to examiiie the consequences on cognition of exper-
ience with a specific activity. Moreover, only in the latter case is it practical
10 ask questions about the reciprocal influences on cognition of age and ex-
perience.

The chapter is organized into six distinct sections. The first is simply a brief
overview of basic research on expertise with unselected populations, that is,
individuals from a broad variety of backgrounds and individual-difference group-
ings. The second section consists of an examination of the classical distinction
between cognitive abilities that do and do not exhibit declines with increased age

. from the perspective of a contrast between novice and expert levels of perfor-
mance. Practice effects in studies of aging arc reviewed in the third section, with

mere repetition. Studies of the effects of age in actual occupational activities are
-discussed in-the fourth section, including the limitations of this type of research
for the purpose of investigating the vole of experience in cognitive aging.
The fifth section of the chapter is devoted to discussing a promising new
approach for investigating experience effects termed the Molar Equivalence—-
Molecular Decomposition Srategy. This strategy differs from earlier approaches
in that the focus is ot on the examination ui age differences in adults with
comparable amounts of experience but instead on the determination of how

chiapier COSIsEs of a discussion of aliernalive conceplualizations of the relations
between age and experienice. Of particular interest is whether experience should
be considered a causal factor coniributing 1o observed age differences in Cogii-

practice referring both to specific intervention manipulations and o the effects of

people of different ages, and presumably different_amounts.of. relevant-experi——————
ence; accomplish the-same vverall level of performaice. The final section_in the
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tion obviously vary across activity domains, and in only a few domains are the
answers yet definitive. Nevertheless, some very intriguing findings have
emerged from research in this area, and a few of these results will be briefly
summarized here to lay a foundation for the subsequent discussion of the joint
effects of age and experience.

Itis certainly not surprising that research has revealed that expertisc in a given
domain is associated with more extensive declarative (factual) and procedural
action or “how 10") knowledge relevant to that domain. However, recent
discoveries have revealed that this knowledge is also better organized in experts
than in novices and that there appear to be more automatic connections between
the perceplual or pattern-recognizing processes and the procedural or response
processes among the more skilled individuals in a given domain.

Evidence for these inferences derives from a variety of sources. For example,
experts in physics (Chi, Feltovich, & Glaser, 1982), mathematics (Schoenfeld &
Herrmann, 1982), and comy Progr ing (Adelson; 1981, 1984y have been
found to sort or group domain-relevant items according to underlying “deep-
structure™ principles, whereas novices rely on more superficial “surfuce” fea-
tures. It has also been reported that the internal representations of expert problem
solvers are more principted and structured than those of novices (e.g., Chase &
Chi, t981; Chi, Feltovich, & Glaser, 1981; Chi & Glaser, 1980; Greeno, 1980;
Voss, Tyler, & Yengo, 1983), thereby leading more directly to appropriate
action sequences. And finally, there are numerous demonstrations that experts in
an area are superior t0 novices in recalling domain:specific material but no
different in recaiting material that is not organized or structured according to the
conventions of that arca. This result, which has been interpreted as indicating
that the expertise is associated with a facilitation of the encoding of domain-
specific information, has been reported in studies of chess (Chase & Simon,
1973; Chi. 1978; DeGroot, 1978; Frey & Adesman, 1976; Lane & Robertson,
1979), bridge (Chamess, 1979; Engle & Bukstel, 1978), music (Halpern &

————Bower: 1982y -the-game-of go(Reitrmaw, 1976y, wnd with echnical clectronic

drawings (Epan & Schwartz, .1979),

e S
it is important to note that the effects of practice or expertise are not restricted
to complex higher-order activities, because substantial practice effects have been

{tive performance, of wheiher expenience is best conceptualized as a dimension
limiting potential generalization of results obtained in laboratory settings.

BRIEF OVERVIEW OF EXPERTISE HESEARCH

The fundamental question of concern in most rescarch on expertise is, in what
way do expents and novices differ that allows the former to achieve such
dramatically better levels of performance than the latter? Answers 1o this ques-

o] o
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repoiied in tasks as cIemanagLnﬁ,uEijyjpam&g*EmmnleBS#signﬂfWW =

detection; perceptual discrimination, and choice reaction time (Saithouse &
Somberg, 1982). In fact, beneficial effects of experience seem to be so pervasive
that it has been suggested (Salthouse, 1985, Chap. 5) that they can be found in
nearly all stages or components of information processing that have been identi-
fied. To the extent that this is true, the study of the effects of extensive
experience and expertise has obvious implications for investigating individual
differences in information processing. The remaining sections of the chapter

contain discussions of some of these implications for the variable of age in
aduithood.



138 T. A SALTHOUSE
DOES EXPERIENCE PRODUCE CRYSTALLIZED KNOWLEDGE?

From the very carliest systematic investigations of adult age differcnces in
cognitive functioning, researchers have made distinctions between intelleciual
abilities that exhibit rather dramatic age-related declines and intellectual abilities
.that either do not decline, or may actually increase, across adulthood. (See Tabie
4.1 in Selthouse, 1982, for illustrations of some of the terminology used to
characterize this contrast.) The most popular terms in recent years have been the
tabels fluid and crystallized (e.g., Cattell, 1972; Hom, 1982; Hom & Cattell,
1967}, with fluid abilities assumed to decline with age and crystallized abilities
assumed 10 at least be maintained, or possibly even increase, with age.
Examination of the types of tasks postufated to assess the age-stable or
age-increasing crystallized abilities suggests that, for the most part, what is being
evaluated are the products of earlier processing, or what might be termed the
crystallized residue of prior experience. For example, tests of vocabulary, factual
knowledge, emote associations, or analogies based on esoteric information have
been used as indices of an individual’s level of crystallized ability, and all of
these aie clearly dependent on the quantity and quality of one's past experiences.
Because increased age is generally d with g of experi-
ence, itis certainly not surprising that performance on lasks dependent on
experience does not decline with increased age (al least not until the typical
retirement age of 65 (o 70). In fact, the most puzzling aspect of the relation
beiween age and crystallized abilities seems to be why, in light of the greater
expérience of older adulis, there are so few reported increases in crystallized
ability across adulthood. That is, if crystallized abilities primarily depend on
cumilative experience, and if adults in their 60s have had about 40 more years of
expericnce than adaits in their 20s, why are the former not markedly superior to
the fatter in the performance of experience-dependent tasks rather than merely
performing at roughly comparable levels?
__At least four hypotheses_can_be_advanced to account for the general-failure-to—

find more pervasive age-related increases in crystallized abilities. One hypoih-

esis 1s that decreases in the efficiency of fluid ability processes presumed to be
responsible for the effective conversion of experience into knowledge more than
offset the increases attributable to greater experience. This hypothesis is clearly
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exposed (or from which relevant test items are sampled) is finite and relatively
small. However, the existence of the weli-publicized “information explosion™ in
contemporary society tends to weaken the credibility of the finite-knowledge
assumption, and thus the hypothesis, at least in its strong version, should
probubly not be considered very tenable al the present time.

The third hypothesis to account for the failure (o discover more age-related
increases in crystallized abilities is that after a certain amount of knowledge has
been acquired, further knowledge results in a higher level of abstraction and is
not necessarily reflected by increments in measures designed to assess quantity
of information. For example, Horn (1982) suggested that “improvements in . . .
{crystallized ability] . . . probably reflect individuals’ restructurings of their
knowledge systems to make the knowledge increasi gly more cohesive, cotrect,
and accessible™ (p. 266). Birren (1969) also speculated that “. . . with increased
experience the adult forms broader concepts . . . |and consequently] . . . the
adult,.as. he grows_older,. may be able to deal with his- environment on-a more
abstract basis™ (p. 25). Unfortunately, there currently seems to be very little
evidence relevant to the existence or nature of these hypothesized qualitative
changes in knowledge, and thus this hypothesis must alse be considered specula-
tive at the present time,

A fourth hypothesis that might be proposed to account for the general absence
of expected increases with age in crystallized abilities is that as people grow
older their opportunities to acquire new information often decrease because of
occupational specialization and a namowing of professional and personal in-
terests. This hypothesis is distinct from the previous two hypotheses because no
threshold level of knowledge or qualitative shift in the type of acquired knowl-
edge is d, but i d there are postulated to be limits on the range of
information to which one is exposed because of circumstances of one's hfe. Two
implications of this view are that clearly increasing trends should be observed (1]]
when the information being queried falls within the individual’s current realm of

. ,inse.restkrmq-zywhemiki&feﬂsenablrt«rassulnrthar.’btcmﬁhtrﬁwm’ﬁf

Both of these expectations have largely been supported in the research litera-

plausible because considerable rescarch seems to support the idea that fluid
abulities experience fairly substantial age-related declines, but at present one can
only speculate about the specific correspondence between the benefits of in-
creased experience and the costs of impaired efficiency of fluid abilities.

A second hypothesis, first proposed by Hebb (1942), is that there is a
threshold levet of experience relevant to pesformance on tests ol crystailized
abilities, and that once that threshold is exceeded, further increments in experi-
ence do not contribute (o increases in performance. This interpretation seems
reasonable if ofie assumes that the poo! of potential information to which one is

ture. For example, Demming and Pressey (1957) found that older_adults were
better than young adults at answering questions based on “practical” information,
such as the meaning of common legal terms, the use of yellow pages in the
telephone book, and the type of people who might be called on to perform
specific services. Gardaer and Monge (1977) also reported an advantage of older
adults in answering questions about death and disease. Furthermore, there are a
number of reports that scores on tests of general information or vocabulary tend
10 increase with age among individuals drawn from occupations such as teachers
or college professors (e.p., Garficld & Blek, 1952; Lachman & Lachman, 1980;
Lachman, Lachman, & Taylor, 1982; Sorenson, 1933; Sward, 1945). Because
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these occupations, perhaps more than most others, seem to provide a nearly
continuous exposare to new ideas and terminology, the findings that teachers and
professors tend to exhibit age-related increases in measures of crystallized ability
is consistent with the reduced-exposure interpretation of the failure to find more
age-related increases in measures of crystallized ability.

Regardless of which of the four hypotheses 1o account for the lack of more
frequent findings of age-related increases in crystallized ability is eventually
supporied, it seems reasoniable to suggest that many cases of stability or in-
crements in pérformance associated with increased age are atiributable to greater
experience on the part of older adults. It is still too early to conclude that abilities
tabeled as crystallized differ from those labeled as fluid solely in terms of the
amount of experience adults typicaily receive with each class of ability, but this
speculation seems generally consistent with the available data and certainly
deserves further investigation.

DIRECT MANIPULATION OF EXPERIENCE

One means of investigating the role of experience -in cognilive aging is to
determine whether age trends can be modified with direct manipulation of
experience. Two distinct approaches 1o this issue have been employed. In both
cases rescarchers have attempied to manipulate the quantity or quality of experi-
ence the individuals receive, but the goals of these manipulations have been quite
different. Research conducted under the rubric of “training” has generally con-
centrated on demonstrating the exisience of considerable plasticity or modifiabil-
ity in thic behavior of older aduits, whereas age-comparative practice studies have
atteinipted 1o determine whether the effects of age are invariant across different
amounts of experience.

Many of the training studies (for reviews, see Baltes & Willis, 1982; Willis,
1985) have been motivated by a desire to i tigate the validity of a stercotype
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cognitive aging. For example, the following remarks appeared a decade Ago in an
introduction to a review of age effects in leaming and memory: “If the adage,
“You can't teach an old dog new tricks,” was not buried in the previous hand-
book . . . the research reported since then should complete the intemment”
(Arenberg & Robertson-Tchabo, 1977, p. 421).

To most cognitive-aging investigators, therefore, the issue is not whether older
adults are capable of learing or exhibit behavioral plasticity but the degree 10
which their leaming effectiveness or range of plasticity differs from that of young
adults. Because numerous studies have convincingly demonsirated that the
ability to leam or improve with experience is not completely lost in later
adulthood. the meaningful question is not whether there is a complete or absolure
loss in cognitive modifiubility with increaied age but rather whether there is a
relative loss, and if so, why, )

Unfortunately, because the focus of most training studies was on the existence
of behavioral plasticity in Jater life, many have employed only a single (typically
older adult) age group and are consequently of limited value with respect 1o the
issue of relative loss. That is, when only one age group receives the training, it is
impossible to determine whether the benefits of training would have been larger,
smaller, or equivalent had the training been administered at different ages.

Age-comparative practice studies are also limited in value because very few
studies have been reported in which adults of different ages have been adminis-
tered-practice or some type of experimental manipulation extending 5cross mone
than a singie session. Moreover, most of those studies have involved perceptual-
motor activities such as choice réaction time, visual search, and card-sorting
(e.g., Berg, Henizog, & Hunt, 1982; Leonard & Newman, 1965; Madden &
Nebes, 1980; Murrell, 1970; Noble, Baker, & Jones, 1964; Plude & Hoyer,
1981; Rabbint, 1964; Salthouse & Somberg, 1982), although memory span tasks
(Klicgl & Baltes, 1987; Taub, 1973; Taub & Long, 1972) and mental computa-
tion tasks (Charness, 1984, personal communication) have also been in-

vestigated.

of hopelessly incompetent older adilts, as exemplified by clichés such as, “You

The-dominant finding from the available age:comparative practice studies hag

- van teach-ar-old-dog-mew-tricks: "~ This-pessimisiic - view" warranted serious

challenge because it has had considerable public acceptance and was advocated
by no less a distinguished figure than William James, generally acclaimed as the

gohamr oFf A - hel
—tather-of Americanpsychology:

“been that practice results in considerable improvement among all age groups but

that age "differences in overall level of performance are seidom completely
eliminated with experience. 1t is still not clear from the existing litcrature

Qutside of their own business, the ideas gained by men before they are twenty-five are
practicaily the oaly ideas they shall have in their lives. They cannot get anything new.
Disinterested curiosity is past, the mental grooves and channels set, the power of
assimnilation gone. (James, 1890, p. 402)

‘For a varicty of reasons, including results from training studies, extreme views
such as these are no fonger held by most contemporary researchers in the area of

whether there are refiable age differences in the rate of improvement associated
with practice or experience, or whether such differences do occur but are a
function of s yet unidentified parameters of the task or conditions of the
practice.

Two points regarding the literature conceming effects of manipulated experi-
ence on age differcnces in cognitive functioning warrant special emphasis. The
first is that there is at present no evidence that some degree of expertise in most
cognitive tasks cannot be acquired by adults up to at least age 75. A discovery
that many older adults with a few hours of experience outperform even the most

gl
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talented of inexperienced young adults on a large variety of cognitive activities
should therefore not be surprising. An obvious implication is that one’s level of
performance should always be evaluated relative to the amount of relevant
practice or experience one has received and relative to the amount one can expect
1o reccive in the context to which the researcher wishes to generalize. Very
misleading conclusions could be reached if individuals are compared when they
differ ini the quantity of relevant experience, or if novice performance is assessed
when attemipting 10 predict performance in a work situation where people will
have considesable experience.

The second point with respect to the results of the manipulated-experience
studics is that the currently available evidence suggests that the age differences
on many cognitive tasks are relatively invariant across at least moderate levels of
experience. As noted above, adults of ali ages appear to benefii from experience,
and thereforé expenienced older aduits will often be found to perform better than
most young adults with lesser amounts of experience. However, when the

the enisting data seems to suggest that age differences in performance still
remain. This conclusion should be considered quite tentative’ because only a
few task domains have been subjected (o investigation, and the range of ex-
perience examined thus far has been quite limited; but it is of considerable im-
portance for theoretical interpretations of the cause of age differences in
cognitive funclioning. We will return to this issue in the final section of
the chapter.

|

|
]
i
i

OCCUPATIONAL EXPERIENCE STUDIES

Onc important limitation of research attempting to manipulate the amount of
relevant cxpericnce an individual receives is that it is enormously difficult 10
provide quantitics of experience that come close to approaching that encc |

confouitding between age and task-specific experience is eliminated, the bulk of |
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much larger range of experience than is generally possible in experimental
studies.

Unfortunately, but perhaps not unexpectedly, recent reviews of the effects of
age on job performance (e.g., Davies & Sparrow, 1985; Rhodes, 1983; Waid-
man & Avolio, 1986) suggest that there is little overall consistency in the
rejevant literature. The nature of the relationship between age and performance
apparently depends not only on the level of experience possessed by the worker
but also on the type of job and the specific p:rfom\unce measure employed.

A particular concern from the perspective of delermmmg the effects of experi-
ence on possible age differences in performance is that the measures available to
assess actual job performance are rather crude (e.g., production records, super-
visor ratings, performance appraisals) and may not be sensitive enough to detect
age differences should they actually exist. Doubts about measurement insensitiv-
ity could possibly be resolved by making performance comparisons between
experienced and inexperienced individuals in the relevant activity and demon-

sirating that age-related differences in performance can be detected among the
inexperienced individuals even if they are not apparent among experienced
individuals. For example, LaRiviere and Simonson (1965) and Smith and Greene
{1962) both reported that age trends in speed of handwriting were minimal (o
nonexistent among adults from clerical and managerial occupations in which
handwriting is 2 common daily activity, but that pronounced age-related declines
in handwriting speed were evident for occupational groups in which handwriting
was less frequently used.

Two studies by Murrell and his colleagues provide an especially intriguing
demonstration of this interaction between age and experience. In the first study,
Murrell, Powesland, and Forsaith (1962) compared inexperienced adults in their
205 with inexperienced adults in their 50s, and experienced adults in their 20s
with experienced adults in their 50s, in the speed of aiming an industrial drill.
The primary result was that “typical” age-related deficits in speed of performance
were evident among the inexpenenced of novice adulis, ~but experienced workers

in daily life or in most_occupational siluations. To illustrate, very few ex-

“—perimental-studies—have-been—reported—in—which agedifferences ave been

in their-50s were just as fast as experienced workers in their 20s. A later study by

examined afier 5 hours of practice—which might be considered equwalem o a
smgle day-on a new job. Furthermore, there have app ly been no studices in

d-adults-was-contrasted-after- the-equiv——————

alent of | month’s experience, approximately 100 hours: and yet in many
occupations people would still be considered rank novices after only a month on
the job.

One means of overcoming these limitations of experimentally imposed experi-
ence studies might be to inspect the relationship between age and performance in
aciual occupational activities. Of course, there are numerous factors that com-
plicate the imerpretation of these relations simply in terms of experience, bul
occupational studies do have the distinct advantage of allowing examination of a

Muirrell and Humphiies (1978) involving the activity of simultaneous transiation
revealed a similar ‘age-by-expericnce interaction in that young novices were
superior to old novices, but older professional translators performed equivalently

rofessional transiafors.

Although the studics just discussed appear to provide convincing evidence that
experience may altenuate or eliminate at least some of the detrimental effects
associated with aging, there are at least two reasons why one should be cautious
in accepting this interpretation. First, it is quite possible that something like

“survival of the fittest” could have occurred among the experienced workers 50
that the older workers who remain available for performance COmparison: are
more competent in certain occupationally relevant dimensions than their age
cohorts who left that accupation. This type of selective anrition would have the




£

144 T. A. SALTHOUSE

consequence of biasing the contrast of experienced workers in favor of older
adults, with no comparable bias operating among the inexperienced workers.
Such a confounding would obviously jeopardize the interpretation of age-by-
experience interactions in terms of experience attenuating the age effects, and
thus the question of its existence must be resolved before the results should be
considered strong suppon for the experiential interpretation.

A second weakness of the studies discussed above is that they were not
analytical with respect 1o how experience could have led to the elimination or
attenuation of age effects. In other words, even if one were to accept the
interpretation that the absence of age trends among experienced individuals is
due 10 experienice somehow compensating for age-related declines, the studies
provide no hint as to the mechanisms or processes that might have been used 1o
achieve this compensation. it is primarily to address the guestion of exactly how
experiénce might compe for age-related impalrments that the research
sirategy described in the following section was formulated.

THE MOLAR EQUIVALENCE-MOLECULAR DECOMPOSITION
STRATEGY

The preceding two research approaches each have advantages and disadvantages
Tor the purpose of investigating the joint effects of age and experience. Practice
studics have the advantage of rigorously controlling the amount of experience
cach individual réceives and generally allowing very precise measurements of
performance. However, they have the disadvantage of a quite restricted range of

praciice or experience that can be investigated because of the practical difficul-
ti€s associated with providing extensive experience within a laboratory setling.
Occupational siudies allow the examination of much greater amounts of experi-

; ence, albeit with somc vagueness about the specific quantity or quality of

experience received by any given individual. However, because performance in
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The strategy involves selecting a sample of adults from a wide range of ages
and a wide range of proficiency on some molar activity that in the aggregate
exhibits no corvelation between age and overall competence on the molar activ-
ity. The molar activity is then decomposed into molecular processes, and age
trends are examined in each component process. By equating adults of different
ages on molar proficiency it becomes possible to determine how, people of
different ages, and presumably different degrees of competency on relevant
molecular processcs, are able to achieve the same level of performance on the
molar activity. A distinct advantage of this strategy is that the focus on the
mechanisms responsible for accomplishing a given level of molar performance
allows the investigator to determine what compensalory mechanisms are used by
older adults 1o overcome the deficits normally experienced with increased age.

As mentioned above, the Molar Equivalence-Molecular Decomposition Strat-
egy was introduced by Neil Chamess in his studies of skilied bridge (Chamess,
1979, 1983) and chess (Chamness, 1981a, b, c) players. A consistent finding in
thesc studies was that memory for domain-relevant information was positively
telated to measures of skill in the activity but was negatively retated 10 the
player’s age. This was evident in a measure of the accuracy of recalling ihe
identities of an assemblage of cards in bridge (1979) and in the accuracy of
reproducing configurations of chess pieces (198 1a, c). Unfonunately, no defini-
tive conclusions were possible concemning the mechanisms used by older adults
to compensate for their declining memory efficiency and still perform at a level
of overall skill comparable to that of young adults.

One possible compensatory mechanism considered by Chamess in the domain
of chess was that older players had & more extensive knowledge base or “vocab-
ulary” of chess patterns and associated actions. However, a discovery that there
were no age differences in the quality of static evaluation of games in progress
(1981a), together with the finding that older players relative 10 young players
cither had smaller-sized memory chunks (1981a) or did not differ in chunk size

occupational settings is commonly evaluated with existing méasures relevant to

(1981¢), was ‘inconsistent_ wiﬂLﬂusfimcrpmmionfbeeausef—gmalcrfknowlcdgc
should result ‘in”betier evaluitions’ and larger knowledge units_or_chunks.. .

el cmployment;-and-not- with -measures “sclected for their theoretical 6

analytical precision, the results from such studies are frequently not as theoreti-
cally informative as one would desire.

A new-research-strategy—designed 1o avoid the problems of attempting 1o
provide realistic amounts of expericace in the laboratory, and the imprecision
associated with relying on available measures of occupational assessment, was
mtroduced several years ago by Neil Chamess. This strategy, which | have called
the Molar Equivalence-Molecular Decomposition Strategy (Salthouse, 1984),
relies on naturalistic activities to capitalize on real-world experience but then
decomposes those activities into their meaningful components to allow the
detailed analysis and sénsitivity of measurcment characteristic: of laboratory-
based research.

" “Afinding that oider players took less time than young players to sclect an
equally good move led (o the suggestion that “the compensating mechanism is
more efficient search of the problem space” (1981, p. 37). However, this
interpretation was later placed in doubt when analyses (1981b) of the verbal
protocols of the players while selecling the moves revealed that the older players
considered significantly fewer alternative moves than did young players, The
shorter time on the part of older players may therefore reflect search that is less
extensive, rather than scarch that is more efficiens. Charness himself seems 1o
have accepted an interpretation of this type because in a recent discussion of
these results (1985) he suggests that the age differences in search time may be an
artifact of the young players continuing 1o search until the time limit, whereas
older players stopped searching as soon as they found an acceptabie move.
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Another application of the Molar Equivalence-Molecular Decomposition
Strategy has been reposted by Salthouse (1984) in the domain of transcriplion
typing. Typists between 19 and 72 years of age and ranging from {7 to 104 net
words per minute in skill participated in the activity of normal typing, and in a
serics of typing-like tasks. Molar equivalence was established by selecting the
sample of typisis so that there was a near-zero (r = —.01) correlation between age
and typing skill evaluated in terms of net words per minute, and then the activity
of typing was decomposed by examining performance on a variety of tasks
designed to assess proficiency on molecular processes presumed 1o be involved
in typing.

A number of different measures of molecular proficiency were examined in
this study. Several measures of perceptual-motor speed (e.g., choice reaction
time, speed of repetitive tapping, rate of digit symbol substitution) revealed
typical differences in favor of young adulis (i.e., correlations between age and
speed ranging from —0.4 10 -0.6). but only one measure exhibited a difference
favoring older_adults (r_=_ +0.37) consistent with the operation of a com-
p y mechani This was derived from a manipulation of the
number of simuliancously visible to-be-typed characters and was interpreted as
an indication of how far ahead of the currently typed character the typist was

focusing his or her attention. Because a greater span of anticipation minimizes
" the importance of the speed of perceptual-motor processes as a major factor in
skilled typing, the larger span on the pant of older typists was considered an
ex ly effective ¢ y mechanism,

Research with the Molar Equivalence~Molecular Decomposition Strategy is
still invits infancy, and it has thus far been applicd onty to the activities of bridge,
chess, and transcription typing. It seems natural to extend it to activities like
medical diagnosis, economic or weather forecasting, and virtually any type of
multidimensional decision-making in which successful performance is dependent
both on abilities that might be expected to exhibit age-related declines and
abilities that might be expected to improve with experience. Many questions also
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Another interesting question is whether the mechanisms presumably employed
by older adults to compensate for their declining capacities are the same mech-
anisms used by skilled individuals at any age to accomplish their high degree of
skill. In the case of typing it was discovered that a similar mechanism of
expanded anticipation, as reflected in a larger eye—hand span, was employed by
skilled typists and by older typists. However, it is at least possible that the
processes used by highly skilied individuals to achieve a superior level of
proficiency are not identical to those used by older adults to achieve a moderate
level of proficiency in the face of declines in relevant capacities. .

This distinction is of considerable theoretical importance because it might
allow the researcher to determine whether what appears to be compensation is
not actually a case of selective dechine. That is, the mechanism might have
developed during or afier the period in which the decline occurred as a conscious
of unconscious means of compensation, or it could have been developed during
the skill-acquisition phase and for some reason was preserved at a high level
while other components of overall performance experienced age-related de-
clines. Expensive and laborious longitudinal studies could be conducted to
investigate this issue, but the viability of the selective decline interpretation
would be severely weakened if it were discovered that highly skilled individuals
at any age employed different mechanisms from those utilized by moderately
skilled older individuats.

A related question is whether it might be possible to selectively train com-
pensatory mechanisms, or whether they are developed only after an extensive
period of skill acquisition. Should the former prove to be the case, there might be
tremendous potential for remediating age-related performance differences in
activities considered important enough to warrant specific training procedures,
Unfortunately, because so littie is yet understood about the nature of age-reiated
compensatory mechanisms, it is still 100 early to know whether these mech-
anisms might be selectively facilitated by short-term interventions.

mm“nmmuncmcmingissueuima!—mighkb&addreswfby—(hrMum

present are described below. .

One imtriguing question, for which the answer is likely to be no but which
currently lacks relevant data, is whether an extended anticipatory period is the
only compensatory mechanism available to ofder adults. A larger eye—hand span
with increased age among skilled typists is the only age-related compensatory
mechanism with unequivocal evidence discovered thus far, but it seems reason-
able to expect that a variety of different mechanisms might be employed by older
adults to optimize their performance in activities in which they are highly
experienced: Further systematic research with a number of different activities
should allow this issue to be explored and should increase understanding of the
nature of age-related compensation in cognitive functioning.

Equivaience-Molecutar Decomposition Strategy. Three of particular interestat |

“CONCEPTUALIZATIONS OF THE ROLE OF EXPERIENCE
IN ADULT COGNITION -

This final section of the chapter is concered with discussing, and provisionally
evaluating, two altemnative conceptualizations of the role of experience in age
differences in cognition. From one perspective, differential experience is viewed
as a causal factor coniributing 1o many of the age differences observed in
cognitive functioning; from the other perspective,

experience is merely thought
of as a dimension to be considered when altempting to generalize from a
particular sel of results.

It is often claimed, in both the popular press and in the scientific literature, that
age effects are less pronounced in familiar activities than in novel or unfamiliar

e



148" T. A. SALTHOUSE

activities. This assertion probably has a large degree of truth because familiar
activitics are, by definition. those with thé. greatest amount of expericace, and
older adults will often be found to have had more experience than young adults.
What is not yet known is whether this assertion is also true when the amount of
experience is equated across age groups.

There are two reasons for this lack of knowledge about age trends when the
amount of experience is exiensive and equivalent among all individuals. One is
that the relcvant studies have been, and will probably continue to be, very rare,
because it is extremely expensive and time-consuming to provide enough experi-
ence 10 achieve highly competent levels of performance on a complex activity in
the laboratory. It might be possible to obtain precise records of the amount and
quality. of experience received by people of different ages in occupational
settings, but this would probably require much more monitoring than is the
practice at the present time.

The second reason it is difficult 1o determine whether age differences are truly
attenuated when experience is equated at high levels is that the sensitivity of
measurement is generally reduced when performance reaches expert levels. That
is, the-tasks and measures desigied for assessment in the general population will
likely have little discriminability at extremely high levels of performance. This
again is not an insurmountable problem, but nt i itivity has
probably contributed 1o a lack of solid knowledge about age effects with highly
praciiced activities.

1t is also not known at present whether experience retards, prevents, or even
remediates age-related declines, or whether it simply obscures those declines by
superimposing experience-related improvements on top of them. The issue here
is, exactly what is the role of experience in cognitive aging? The following
discussion considers two different perspectives on this issue.

What is sometimes referred to as the “disuse theory of aging” postulates that at

least some of the age:relaied deficits observed:in_cognitive tasks.are attributable - -

to older aduits being-less familiar or experienced with those activities, or the
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greater interval elapsing since their formal schooling; but this assertion has
seldom been convincingly documented. Cornelius (1984) did report that fluid
tests of cognitive ability are rated fess famili than crystallized ability tests
by adults of ail ages, and particularly so by older adults who performed at the
lowest levels on the fluid tests. These results age consistent with the disuse in-
terpretation, but they cannot be comsidered conclusive because the ratings
were gencrated by the participants after having performed the tests, and hence
it is possible that perceptions of one's performance influenced the ratings of
familiarity.

Research indicating that age trends can be reversed by reliance on specialized
knowledge favoring older aduits is sometimes cited in support of the differential-
familiarity interpretation. A number of studies have reported that older adults,
compared to young adults, are cither taster at identification Or more accurate in
recall with “dated” words or objects (e.g., Barrett & Watkins, (986; Barrett &
Wright, 1981; Poon & Fozard, 1976: Worden & Sherman-Brown, {983) and
with names or information about politicians, musicians, or actors and aciresses
popular before 1945 (e.g., Hawley-Dunn & Mclntosh, 1984; Hultsch & Dixon,
1983).

The meaning of these resulis with generation-specific materials is still unclear,
however, because although they unequivocally demonstrate an age-related in-
crease in performance aitributable to specific experience, the opportunitics for
young adults to acquire this type of information was severely limited. The
findings therefore serve to confirm the idea that the possession of specialized
knowledge can influence performance on a variety of cogaitive tasks, but they do
aot necessarily implicate lack of familiarity with tasks or materials as a factor
contributing to the frequently repored age differences in performance. Ondy if it
coitld be assumed that older adults had many fewer opportunities than young
adults to acquire information about the materials commonly used in assessments

- ,u&mgnilivc—fmeﬁﬁﬂi’i@ﬁw’quIgf'*’thé{;g’f'rﬁvﬁgﬁsb? relevant (o an experiential

witerrals used in them, than young adulls. To the exfent that there is this typeof

confounding, with older adults having less experience with the materials or lasks
than young adults, then it is at least conceivable that some of the cognitive
pertormance differences observed across adults of different ages are artifacts of
differential experience.

Although this line of 1 ing is quite plausible, several issues should be
casefully considered before accepting the interpretation that previously reported
age differcaces in cognitive functioning are antifacts of differential experience.
One issue is whether or not there is actually evidence that cognitive tasks in
which performance differences in favor of young adults are typically found are
thosc with which young adults have had more experience than older adults. § is
ofien speculated that older adults, compared to young aduits, have had less
recent practice with “school-refated activities” if for no other reason than the

interpretation_of age differences. in- performance-Because- evidence: relevant to
this assumption currently seems to be lacking, it is consequently premature to
claim, as some have suggested, that this type of material provides the only truly
“age-fair” cognitive assessment currently possible and that results suggesting
age-related decreases in effectivencss of cognitive functioning are merely arti-
facts of differential experience across the adul years.

Another issue that should be addressed with respect to the disuse interpretation
of cognitive aging phenomena is whether differential experience is truly sof-
ficient 1o account for commonly observed age differences in cognitive perfor-
mance. That is, even if a correlation were established between the existence or
magnitude of age differences in cognitive performance and the degree of in-
experience or unfamiliarity with the tasks or materials, one would not know

whether differential experience was the primary factor contributing o age differ-
ences in cognitive functioning.
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Two sets of observations seem to rule out this latter interpretation. The first is
that fairly typical patterns of age differences are often reported in measures of
fluid  cognition (e.g.. reasoning, problem solving, and memory) when com-
parisons arc made between young and old students (c.g., Arenberg & Robertson-
Tchabo, 1985; Hartley, 1986; Hooper, Hooper, & Colbert, 1984), or between
people of different ages engaged in the same intellectually demanding profes-
sion, such as teachers (¢.g:, Alpaugh & Birren, 1977; Lachman & Lachman,
1980; Lachman, Lachman, & Taylor, 1982) or college professors (e.g., Perlmul-
ter, 1978; Swird, 1945). To the extent that people in the same occupational
category share similar expefiences, it seems unreasonable to attribute the exis-
tence of age differences in certain types of cognitive functioning to variations in
quality or quantity of experience.

The second set of observations relevant to the proposal that age differences in
certain cognitive abilities might originate because the tasks are more familiar o
young adults than 1o older adulis is that typical age trends favoring young aduits
have been observed when the tasks were deliberately oriented toward adult
activities. For example, concepl identification abilities have been assessed in the
context of discovering which foods were poisoned after a meal in a restaurant
(c.g.. Arenberg, 1968; Harticy, 1981; Hayslip & Sterns, 1979); reasoning and
problem-solving abilities have been evaluated with practical problems de-
liberately constructed to appeal to adults rather than children (e.g., Cohen, 1981;
Denncy & Paimer, 1981; Denncey, Pearce, & Palmer, 1982); critical thinking
ability has been assessed in the form of questions about the interpretations of
newspaper-like stories (e.g., Burton & Joel, 1945; Cohen & Faulkner, 1981;
Friend & Zubek, 1958) or familiar proverbs (e.g., Bromiey, 1957); and memory
ability has been assessed with items from a fictitious shopping list (¢.g., McCar-
thy, Femris, Clark, & Crook, 1981) and items from coherent stories (e.g.,
Arbuckle & Harsany, 1985; Byrd, 1985; Cohen, 1979, Cohen & Faulkner, 1984;
Hartley, 1986; Petros, Tabor, Cooney, & Chabot, 1983; Spilich, 1983; Surber,
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interpretation would be results indicating that age differences in performance are
climinated after all individuals have received comparable amounts of experience
or training. A finding of this nature might be especially convincing because it
wouid suggest that the initial age differences were apparently reversible and thus
may well have been caused by low levels of prior experience on the part of older
adults.

“"ARhough this kind of experiential intervention involving either training or
practice is currently very popular in the area of cognitive aging, the results of
such studies are not often casily interpretable. The major problem is that in-
terventions can have a numbet of effects that have quite different types of
implications. For example, greater benefits of manipuluted experience on the
part of older adults compared to young adults could be due to the experience (1)
altering the mechanism responsible for the initial age differences, (2) alicring
some other mechanism, or (3) reducing the gap between one's performance and

GTIE'S COMpEiEnce.

Fortunately, there appear to be ways in which these possibilities could con-
ceivably be discriminated. For example, the third alternative might be dis-
tinguished from the first two by examining the intervention effects over an
extended period. That is, the performance—competence gap altemative should be
operative only at relatively low levels of experience because if the behavior is nof
casily changed, then it probably reflects true compeience rather than mere
performance. Examination of the specificity of the effects associated with the
experiential intervention might further allow a distinction between the first and
second alternatives. If the experience manipulation influences the mechanism
responsible for the initial differences between young and older adults, then not
only should the latter improve more than the former, but this improvement
should be restricted to the abilities in which older adults are inferior to young
adults and for which the experience has been relevant.

Interpretation-of intervention studies-is h d by still another complica-

Pena- 1984), s well ds by asking questio

about plcviuubiy

Bruce & Herman, 1983; Light & Zelinski, 1983; Pertmutter, Metzger, Nezwor-
ski, & Miller, 1981; Thomas, 1985); recently experienced events, conversations,
or activities (¢.g., Bromley, 1958; Hom, Donaldson, & Ekstrom, 1981; Kausler
& Hakami, 1983a, b; Kausler, Lichty, & Davis, 1985, Kausler, Lichty, &
Freund, 1985; Kausier, Lichty, Hakami, & Freund, 1986; Peak, 1968, 1970}, or
recently viewed motion pictures (e.g., Jones, Conrad, & Horn, 1928). Despite
the apparent ecological validily of these assessments, each of the studies cited
above reported increased age (0 be associated with poorer performance. The
available evidence, therefore, does not seem to support the view that the only
reason older adults perform poorly on cognitive tasks is that they are less familiar
with activitics of this type than are young aduits.

A third type of evidence that could be of considerable relevance (o the disuse

5. (e.g.,- Banilett, _Till, Gemsbacher, & Gorman,.-1983, . _

tion. This is that.even when ideal. results are. obtained (r.e., the-older adults

== ——=improve-more-in the-impaired-abiliyafter the provision-of relevant expenence 50

that the ae differences are eliminated), one cannot necessarily conclude that the
initial age differences were remediated, because quite different mechanisms may
have been involved in the development of those differences and in their apparent
elimination by the intervention. To illustrate, providing bifocal corrective lenses
will likely improve the visual performance of adults who have become presby-
opic, but the intervention of glasses would not be considered to remediate the
deficit because the mechanism is not identical to that responsible for producing
the initial deficit. A conclusion that remediation was actually involved in the
elimination of the deficit therefore requires a detailed analysis of the processes
contributing to performance while the impairments were developing and after the
introduction of the intervention.

Preliminary results from this type of analysis were reported in a recent study

At
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by Willis (1986), in which an attempt was made 10 characterize longitudinal
decline and waining benefits in terms of speed and accuracy components of
performance. The major finding in this study was that both speed and accuracy
declined with age but that training was primarily associated with an increase in
accuracy. Although this might be interpreted as suggesting that different mech-
anisms arc involved in age-related decline and experience-mediated im-
provements, further research is obviously necessary before a definitive conclu-
sion can be reached concerning the possibility of truly reversing age-related
differences in cognition by experiential interventions.

The role of experience as a causal factor responsible for age differences in
cognition is therefore still very much an open question. Experience has been
demonstrated to exert considerable influence on ncarly all aspects of per-
formance; thus, if there are age differences in the type or amount of experience,

then expericatial factors could be an important determinant of age differences.in. - -

cognitive performance. However, the available evidence suggests that differen-
tial experience is not the only factor involved in cognitive age differences
because similar types of young superiority are found even when the materials or
tasks are designed 10 be ecologically valid for adults of afl ages, and con-
sequently for which experience is presumably equivalent across the adult years or
to the advantage of older adults. Studies in which the nature or quantity of
experience received by the research participants is manipulated via practice or
training may eventuatly help resolve this question, but problems of interpretation
have thus far limited the contributions of this approach. .

A second way of conceptualizing the role of experience in cognitive aging is in
terms of a dimension to be considered when attempling to make generalizations
about occupational effectiveness or everyday functioning based on results from
luboratory studies. Because the rescarch evidence cicarly suggests that adults of
all ages can benefit from expericnce and because increased age will generally be
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behavior. It is possible that differential experience is responsibie for the distinct
age trends evident in process, or fluid, as opposed to product, or crystallized,
aspects of cognitive functioning; and it is certainly the case that level of experi-
ence _is an important consideration in attempling to generalize from laboratory
Sttuations to real world activities. Research has convincingly demonstrated that
adults of all ages benefit from experience; thus, comparisons of experienced
older adults with inexperienced young aduits will probably Favor the former in
many situations. The mechanisms responsible for improvement associated with

experience are still not known—particularly whether or not they are the same as
those involved in the decline in performance associated with increased age-—but
it promising new approach. the Molar Equivalence-Molecular Decol
Strategy,

evidence

jon
P

may cventually provide answers to this question. And finally, the
‘ still appears inconclusive on the issue of whether differcatial experi- .
ence-is-a ‘causal -factor i the age differences in cognitive functioning.

REFERENCES

Adelson, B. (1981). Problem solving and the development of abstract calegories in
programming languages. Memory & Cognition, 9, 422-433.

Adelson, B. (1984). When novices surpass experts: The difficulty of a task may increase
with expertise. Journal of Experimental Psychology: Learning, Memory and Cogni-
tion, 10, 483495,

Alpaugh, P. K., & Birren, J. E, (1977). Variables affecting creative contributions IS
the adult life span. Human Development, 20, 240-248.

Arbuckle, T. Y., & Harsany, M. (1985
dilemma under intentional, incidental,
Research, 11, 175-177.

Arenberg, D. (1968).. Concept_problem. solvin

). Adult age differences in recall of a moral
and dual-task instructions. Experimental Aging

,M,utltmsim:Lﬁcomhwdmmnmﬁrelevﬂm%xpﬂielkerﬁ*ms

1

Gerontology, 23, 279-282.
—Arenberg D&

to suggest that research based on adulis with little or no experience in___

Rk

the aclivifies being measured may not be particularly meaningful for the purpose
of predicting competence of experienced individuals. Although differential expe-
riencc may not be the source of most age diffcrences observed in cognitive
functioning, amount of relevant experience is still a vastly more important source
of variations in many types of cognitive performance than is an individual's age.
For most practical purposes, therefore, the more important question may not be
the individial"s age, but his or her level of expertise in the activity of interest.

SUMMARY

A major theme of this chapter has been that specific experience is an extremely
important vanable moderating human performance and onc that should be
considered when attempting to examine any type of individual differences in

K. W. Schaie (Eds.),
Van Nostrand.
Aref\ber‘g>.l)‘. & Robenson-Tchabo, E. A. (1985). Adult age differences in memory and
linguistic integration revisited. Experimental Aging Research, 11, 187-191.
Baltes, P. B., & Willis, S. L. (1982). Plasticity and enh

of intellectual f
- ing in old-age: Penn State’s Adult Development and Enrichment Project (ADEPT), In
F. 1. M. Craik & §. Trehub (Eds.), A

ging and cognitive processes {pp. 353-389). New
York: Plenum.

Barrewt, T. R., & Watkins. §. K. (1986). Word familiarit
determinants of age-related recall differences. Journat of Gerontology, 41, 222-224.

Barrett, T._ R.. & Wright, M. (1981). Age-related facilitation in recafl following semantic
processing. Journal of Gerontology, 36, 194-199,

Bartlewt; 5. C., Till. R. E., Gemsbacher, M., & Gorman, W. (1983). Age-related
differences in memory for lateral orientation of pictures. Journal of Gerontology, 38
439-446. '

Handbook-of the Psychology of aging (pp. 42 1-449). New York:

y and cardiovasculas heaith as

ving -in_young-and old-adults—Journal of -

tson-Tchabo, E-A(1977) Leaming and aging. In 1 E, Biren &

T PRt =

,ﬂ«l‘.w ‘ G

i
h



il

o

154 T. A. SALTHOUSE

Berg. C., Hertzog, C., & Humt, E. (1982). Age diffecrences in the speed of mental
ion. Develog { Psychology, 18, 95-107.

Biren, ). E. (1969). Age and decision strategics. In A. T. Welford & 1. E. Birren (Eds.),
Interdisciplinary topics in g logy, Vol. 4 (pp. 23-36). Bascl: S. Kaiger.

Bromiey, D. B. (1957). Some effects of age on the quality of inictlectual output. Journal
of Gerontology, 12, 318-323.

Bromley, D. B. (1958). Some cffects of age on shon-term leaming and remembering
Journal of Geronmology, 13, 398-406.

Bruce, P. R., & Herman, J. F. (1983). Spatial knowledge of young and elderly aduits:
Scene recognition from familiar and unfamiliar perspectives. Experil | Aging
Research, 9, 169-173.

Burion, A.. & Joel, W. (1945). Aduht notms for the Waison-Glaser Tests of Critical
Thinking. Journal of Psychology, 19, 43-48.

Byrd, M. (1985). Age differences in the ability to recall and summarize textual informa-
tion. Experimenial Aging Research, 11, 81-9). . _ _

—euww.:ﬁ;apﬁmFlFA?ﬂmlFPéWpﬁo—mﬁlﬁsrLogn:ttvrr:yc--mdgy. 4,

Canell, R. B. (1972). Abilities: Their structure, growth, and action. Boston: Houghton-
Mifflin.

Chamess, N. (1979). Components of skill in bridge. Canadian Journal of Psychology,
33, 1-16.

+ Charness, N. (1981a). Aging and skilled problem solving. Journal of Experimental

Psychology: General, 110, 21-38.

Charmess, N. (1981b). Search in chess: Age and skill differences. Journal of Ex-
perimental Psychology: Human Perception and Performance, 7, 467-476.

Chamness, N. (1981c). Visual short-term memory and aging in chess players. Journal of
Gerontology, 36, 615-619.

Charness, N. (1983). Age, skill, and bridge bidding: A chronometric analysis. Journal of
Verbal Learning and Verbal Behavior, 22, 406-416.

Chamess, N. (1985). Aging and problem-solving performance. In N. Chamess (Ed.),
Aging and human performance (pp. 226-259). Chichester, England: Wiley.

Chase, W. G., & Chi, M. T. H. (1981). Cognitive skill: tmplications for spatial skill in
large-scale environments. In J. H. Harvey (Ed.), C social behavior, and the

EXPERIENCE AND COGNITIVE AGING [h4]

Cohen, G., & Faulkner, D. (1984). Memory for text: Some age diffcrences in the nature
of the information that is retained after listening to texts. In H. Buoma & D. G.
Bouwhuis (Eds.), Atiention and performance, Vol. 10 (pp. 501-513). Hitlsdale, NJ:
Ertbaum.

Cornelius, S. W. (1984). Classic pattern of intcllectual aging: Test familiarity, difficulty,
and performance. Journal of Gerontology, 39, 201-206.

Davies, D. R,, & Sparrow, P. R. (1985). Age and work behaviour. In N. Charness (Ed.),
Aging and human performance (pp. 293-332). Chichester, England: Wiley.

DeGroot, A. D. (1978). Thought and choice in chess {2nd ed.). The Hague: Mouton.

Demming, J. A., & Pressey, S. L. (1957), Tests indigenous to the adult and older years.
Journal of Counseling Psychology, 4, 144-148.

Denney, N. W., & Palmer, A. M. (1981). Aduli age differences in waditional and
practical problem-solving measures. Journal of Gerontology, 36, 323-328.

Denney, N..W.., Pearce, K..A..-&-Palimer,-A- M- €1982).- A-developimiental stiidy of
adults’ performance on traditional and practical problem-solving tasks. Experimental
Aging Research, 8, 115-118.

Egan, D. E., & Schwartz, B. J. (1979
Memory & Cognition, 7, 149-158.
Engle, R W,, & Bukstel, L. (1978). Memory processes among bridge players of

differing expertise. American Journal of Psychology, 91, 673-689.
Ericsson, K. A. (1985). Memory skill. Canadian Journal of Psychology, 39, 188-231 .

Frey, P. W., & Adesman, P. (1976). Recall memory for visuaily presented chess
positions. Memory & Cognition, 4, 541-547.

Friend, C. M., & Zubek, J. P. (1958). The effects of
Journal of Gerontologist, 13, 407-413.
Gardner, E. F., & Monge, R. H. (1977). Adult age differences in cognitive abilities and
ducational background. Experi t Aging Research, 3, 337-383. -
Garfield, 5. L., & Blck, L. (1952), Age. vocabulary level, and mental impairment.
Journal of Consulting Psychology. 16, 195-398.

). Chunking in recall of symbolic drawings.

age on critical thinking ability,

environment (pp. 1 11-136). Hilisdale, NI Erlbaum.

Gréend, ). 6. (1980 SomL:xamples;of;cognizivc—'taskfanalysirwitlrilmfﬁﬁn*d” ""'
~implications:In- R-E: “Sniow, PT Fedérico, & W. E. Montague (Eds.), Aptitude, - -

55-81.

Chi, M. T. H. (1978). Knowledge structures and memory development. In R. C. Siegler
(Ed.), Children's thinking: Whar develops? (pp. 73-96). Hillsdale, NJ: Erlbaum.
Chi, M. T. H., Felwvich, P. J., & Glaser, R. (1981). Categorization and representation

of physics problems by expents and novices. Cognitive Science, 5, 121-152.

Chi, M. T. H., & Glaser, R. (1980). The measurement of expertise: Analysis of the
development of knowledge and skill as a basis for assessing achievement. In £. L.
Baker & E. S. Quelimalz (Eds.), Educational testing and evaluation: Design analysis
and policy (pp. 37-47). Beverly Hills, CA: Sage.

Cohen, G. (1979). Language comprehension in old age. Cognitive Psychology, 11,
412-429.

Cohen, G. (1981). Inferential reasoning in old age. Cognition, 9, 59-72.

Cohen, G., & Faulkner, D. (1981). Memory for discourse in old age. Discourse Pro-
cesses, 4, 253-265.

At |
e

learhiing and instruction, Vol, 1 {pp. 1-21). Hillsdale, NJ: Erlbaum.

Halpern, A. R., & Bower, G. H. (1982). Musical expertisc and melodic structure in
memory for musical notation. American Journal of Psychology, 95, 31-50,

Hartley, A. (1981). Adult age diffe in deducti ing. Journal of Gerontalo-
gy, 36, 700-706.

Hanley, J. (1986). Reader and text variables as detel
adulthood. Psychology and Aging, I, 150~158.
Hawley-Dunn, P., & Mclntosh, J. |.. (1984). Mecaningfulness

youny and oid adults. Journal of Geromology, 39, 583-585
Hayslip, B., & Stems, H. (1979). A

I

rminants of discourse memory in

and recall of names by
ge differences in relationships between crystatlized
and fluid intetligences and problem solving. Journal of Gerontology, 34, 404-414.
Hebb, D. O. (1942). The effect of carly and late brain injury upon test scores and the

nature of normal adult intelligence. Proceedings of the American Philosophical Soci-
ey, 85, 275-292. *

Hoaper. F. H., Hooper, J. O., & Colbert,

K. C. (1984). Personality and memory
correlates of insellectual functioning : Young

adulthood 10 old age. Basel: §. Karger.



——— New-directions rememory and aging (pp. 285-311), Hillsdale, NJ- Eribanm.

156 T. A SALTHOUSE

Homn, J. L. (1982). The theory of fluid and crystallized intelligence in relation to concepts
of coguitive psychology and aging in adulthood. In F. 1. M. Craik & S. Trehub (Eds.),
Aging and cognitive processes {pp. 237-278). New York: Plenum.

Hom, J. L., & Cauell, R. B. (1967). Age differences in fluid and crystallized in-
telligence. Acta Psychologica, 26, 107-129,

Hom, ). L., Donaldson, G., & Ekstrom, R. (1981). Apprehension, memory and fluid
intelligence decline in adulthood. Research on Aging, 3, 33-84.

Hultsch, D. F., & Dixon, R. A. (1983). The role of pre-cxperimental knowledge in text
processing in adulthood. Experimentat Aging Research, 9, 17-22. -

James, W. (1890). Principles of psychology, Vol. 2. New York: Holt.

Jones, H. E., Conrad, H., & Hom, A. (1928). Psychological studies of mation pictures.
11, Obscrvation and recall as a function of age. University of California Publications in
Psychology, 3, 225-243.

Kausler, ). H., & Hakami, M. K. (1983a). Memory for activities: Adult age differences

and inieationslity. Develop I Psychology, 119, 889-894; - - -

Kausler, D. H., & Hakami, M. K. (1983h). Memory for topics of conversation: Adult age
diff and § ionality. Experi I Aging Research, 9, 153-157.

Kausler, D. H., Lichty, W., & Davis, R. T. (1985). Temporal memory for performed
activities: Intentionality and age diff . Develoy ! Psychology, 21, 1132~
138,

Kausler, D. H., Lichty, W., & Freund, J. 8. (1985). Adult age differences in recognition
memory and frequency jud, for pl d versus performed activities. De-

velopmental Psychology, 21, 6471-654.

Kausler, D. H., Lichty, W., Hakami, M. K., & Freund, J. 8. (1986). Activity duration
and adult age differences in memory for activity performance. Psycholagy and Aging,
1, 80-8t.

Klicgl, R., & Baltes, P. B. (1987). Theory-guided analysis of mechanisms of develop-
ment and aging through testing-the-limits and h on expentise. In C. Schooler &
K. W. Schaie (Eds.), Cognitive Junctioning and social structure over the life course
(pp. 95-119). Norwood, NJ: Abiex.

Lachman, R., & Lachman, J. L. (1980). Ap,MmeudiwimekamW7

In L. W. Poon, . L. Fozard, L. S. Cermak, D. Arenberg, & L. W. Thompson (Eds. )

“Peak; T (19705, A plication study of ch

EXPERIENCE AND COGNITIVE AGING 157

McCarthy, M., Ferris, S. H., Clark, E., & Crook, T. (1981). Acquisition and retention of
categorized material in normal aging and senile dementia. Experimenial Aging Re-
search, 7, 127-135.

Murrell, K. F. H. (1970). The effect of exicnsive
time. Journal of Gerontology, 25, 268-274.
Murrell, K. F. H., & Humphries, S. (1978). Age, experience, and short-
M. M. Gruneberg, P. E. Morris, & R. N. Sykes (Eds.),

(pp- 363-365). London: Academic Press.

Murrell, K. F. H., Powesland, P. F., & Forsaith, B. (1962). A study of pillar-drilling in
relation to age. Occupational Psychology, 36, 45-52.

Noble, C. E., Baker, B. L., & Jones, T. A. (1964). Age and sex parameters in
psychomotor leaming. Percepusal & Moror Skills, 19, 935945,

Peak, D. T. (1968). Changes in short-term memory in & group of aging community
residents. Journal of Gerontalogy, 23, 9-16.

practice on age differences in reaction

term memory . In
Practical aspects of memory

: in shott-term memory in & group of
AR community residents. Journal of Geroniology, 25, 116-319.

Perlmutter, M. (1978). What is memory aging the aging of? Developmensat Psychology,
14, 330-45, :

Perimutter, M., Metzger, R., Nezworski, T., & Miller, K. (1981). Spatial and temporal
memory in 20 and 60 year olds. Journal of Gerontology, 36, 59-65.

Petros, T., Tabor, L., _Cooney. T., & Chabot, R. J. (1983). Adult age diffcrences in

sensitivity to of prose. Develog { Psychology, 19, 907-914,
Plude, D. )., & Hoyer, W. J. (1981). Adult age differences in visual scarch as a function
of stimu) i

pping and p ing level. Journal of Gerontology, 36, 3598604,
Poon, L. W., & Fozard, J. L. (1976). Speed of retrieval from fong-|

relation to age, familiarity, and datedness of information. Journal o
TH-17.

Rabbitt, P. M. A. (1964). Set and &
19, 301-306,

Reitman, 1. S. (1976). Skilicd pefception in GO: Deducing_ memory. st from -

——iN(Er-IEsponse- imes. Cognitive Fsychology, 8, 336-356.

Rhodes, . R4,1933);Age:reme¢dmemnceﬂ'mwrsrﬁmmsﬁﬂ behavior:

Geromology, 33,

8¢ in a choice response task. Journal of Gerontology,

Arcview

Lactiman, R:, Lachman, J. L., & Taylor, D. W. (1982). Reaflocation of mental resources
over the productive lifespan: Assomptions and tack analyses. In F. [. M. Craik & S,
Trehub (Eds.), Aging and cognitive Frocesses (pp. 279-308). New York: Plenum.

Lanc, D. M., & Robertson, L. (1979). The generality of the levels of processing
hypothesis: An-application 10 memory for chess positions, Memory & Cognition, 7,
253-256.

LaRiviere, J. E., & Simonson, E. (1965). The effect of age and occupation on speed of
writing. Journal of Geromology. 20. 415416,

Leonasd, 1. A., & Newman, R. C. (1965). On the acquisition and maintenance of high
speed and high accuracy in a keyboard task. Ergonomics, 8, 281-304.

Light, L. L., & Zelinski, E. M. (1983). Memory for spatial information in young and old
adults. Developmental -Psychology. 19, 901-906.

Madden, D. J., & Nebes, R. D--(1980): Aging and the develop of icity in
visual scarch. Developmental Psychology, 16, 377-384.

and conceptual analysis. FPsychological Bullesin, 93, 328-367.
Salthouse, T. A. (1982). Adult cognition. New York: Springer-Verlag.
Salthouse, T. A. (1984). Effects of age and skill in typing. Journal of Experimemal

Psychology: General, | 13, 345-371.

Salthouse, T. A. (1985). A theory of cognitive aging. Amsterdam: North-Holtand.

Salthouse, T. A., & Somberg, B. L. (1982). Skilled performance: The cffects of adul age
and experience on elementary processes. Journal of Experimental Psychology: Gener-
al, 11, 176-207.

Schoenfeld, A. H., & Herrmann, D. J. (1982). Problem perception and knowledge
structure in expert and novice mathématical problem solvers. Journal of Experimensal
Psychology: Learning, Memory and Cognition, 8, 484-494.

Smid!. K. U, & Greene, D. (1962). Scientific motion study and Ageing processes in
performance. Ergonoriiics, S, 155-164,

Sorenson, H. (1933). Mental ability over a wide range of adult ages. Journal lied
Psychalagy, 17, 729-14). o 4or

|

il



‘s

Spilich, G. J. (1983). Life-span comp of text px ing: St | and procedural
differences. Journal of Verbal Learning and Verbal Behavior, 22, 231-244.

Surber, J. R., Kowalski, A. H., & Pena-Pacz, A. (1984). Effects of aging on the recall of
extended expository prose. Experimental Aging Research, 10, 25-28.

Sward, K. (1945). Age and mental ability in superior men. American Journal of Psychol-
ogy, 38, 443479,

Taub, H. A. (1973). Memory span, practice and aging. Journal of Gerontology, 28,
335-338.

Taub, H. A, & Long, M. K. (1972). The effects of practice on short-term memory of
young and old subjects. Journal of Gerontology, 27, 494-499.

Thomas, §. L. (1985). Visual memory: Adult age differences in map recall and leaming
stratcgics. Experimental Aging Research, 11, 93-95,

Vous, ). F., Tyler, S. W., & Yengo, L. A. (1983). Individual differences in the solving of
social science problems. In R. F. Dillon & R. R. Schmeck (Eds.}, Individual differ-
ences in cognition, Vol. t (pp. 205-232). New York: Academic Press.

Waldman, D. A, & Avolio, B. §. (1986). A meta-analysis of age differences in job
performance. Journal of Applied Psychology, 71, 33-38.

Willis, 5. L. (1985). T ds an educational psychology of the older adult learner:
Intellectual and cognitive bases. In J. E. Birren & K. W. Schaie (Eds.), Handbook of
the psychology of aging (2nd ed.) (pp. B18-847). New York: Van Nostrand Reinhold.

Willis. 8. L. (1986, August). Indictive reasoning. Longitudinal change and cognitive

ining. Paper p d at the ing of the American Psychological Association,
Washington, DC.

Worden, P. E., & Sherman-Brown, S. (1983). A word-frequency cohort effect in young

veisus clderly adilts' memory for words. Developmental Psychology, 19, 521-530.

,wa_ ‘ s

"
i





