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ABSTRACT—Aduli age differences have been documented on a
wide variety of cognitive variables, but the reasons for these
differvnces are still poorly understood. In this article, | describe
explanaitions of the phenomencn of cognitive aging. Despide
comumon azssumptions to the contrary, age related declines in
measnres of cognitioe functioning (a) are relatively large, (b)
begin in early adolthecd, (o) are evident in several differeat
typees of cognitive abilities, and (d) are not aheays accompanied
by increases in betwern person variabdlity,
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The phenomenon of cognitive aging has been noticed almaost as long as
the: phenomenon of physseal aging, bat it i= sl not well understood.
This s unforiunate becanse cognitive fanctioning can aflfecl one’s
queality of lile, and even the ability 1o live independently. Furthermon:,
cognitive functioning in early adulthood may be related 1o the devel
opment of patholopgses such as Alcheimer's disease i Later adulthood.
Ome way o conceptualize underdanding i= that it is equivalent 1o
knowing answers bo the questions of what, when, why, where, and how.
Im this asticle, | sammanze some of the progress thal has been achievesd
in deseribing the phenomenosn of copnitive aging in terme of the
quesstions of what and when, Although not much i= yet known aboat
why (what is ultimately responsible), where (in the nervouns system),
and how [via what mechanisms) age-related cognitive changes ocear, a
kiy aszumpilion of my research is that answening these other questions
will he masier as the charactermation of what and when becomes more

pIreTise.

WHAT ANIF WIIEN

It is olten assumed that age-related effects on copnitive functioning
are: small, are limited w0 aspects of memory, begin relatively late in
acdulthoed, and passibly affect only some peophe, = that any age-re
lated declines are accompanied by increases i betwesn-person var
wability. However, mecent mesearch i my laboratory and elsewhere
sugpests that these assumptions may all be incormect. Evidenes rele
vanl b these issues can be illostoted with data aggregated acmss
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severil mecent shwbies in my laboratory (Salthouse, 2000a, 20010 b;
Salthoese, Atkinson, & Bensh, AMG; Salthouse & Ferrer-Caga, 2000
Salthmess, Hambrick, & McCuthry, 1998; Salthouse of al_, S00).
Participants in these shidics were recnaed throogh newspaper ad

vertizements, appeals o commuanity grougs, and referrals from other
participants. Mearly all of the participants meporied themselves o be
in gond 1 excellent health, and they averaged approximately 16 years
of education.

Four bests were common b mast of these godies. A vocabulory e
invodwesd the examines selecting the best synonyms ol Larget words, in
each case from a st of five altermatives, A spesd test mequiresd. the
participant 1o classily pairs of line pattems as the same or different as
rapidly as possible. Reasoning was assessed with the Haven's Pro
gressive Matrices, in which esch =t item consists of o matrix of
geometne: patberns with one massing cell, and the =k for the par
tieipant ks b seleet the best completion of the missing coll from a se
ol alternatives. Finally, a memory test involvesd three aditory pre
sentabions of the same list of wnrelated words, with the participant
instructed 1o recall as many words as possibile alter sach presentation.
Iata for the vocabulary, speasid, and reasoning Lests are based on 1,424
adulh=, and those for the memory test are based on %97 adulis.

Because the raw scoms for the four bests ame in dilferent units, all of
thi: seore= have been converted W 2 sooms (by sublracting cach seons
from the mean for that kest and then dividing by the stamdand deviation)
so that the age trends can be direetly comparesd. The means for the =
scones ane plolied as a function of age in Figure 1. The bars above and
below cach point are standard ermors, which represent the precision of
thi: estimate (e, the smaller the bars, thee maome precise the sstimae).
Six imporiant ohservations aboul the data in thas figure can be nobed.

First, seores on the vorabulary ket were higher with inereasesd age
until about the mid-5k, after which they either remained stable or
declined shghtly. Findings such a= these have been interpreted as
indicating that knowledge accomulates with inereassd ape, but com
pedling explanations for why this age function & curvilinear are nol yet
available (Salthouse, 2KIG).

Second, similar negabive age trends are evedent in the measares of
sprred, resesoning, amd memory. Although naotl represented in the: Ggure,
the correlations between age and these vanables wene also similar, as
they were — 47, — 48, and — A3, respectively, for the spessd, rea
soning, and memory vanables

Thind, the age-related effects on the speed, reasoning, amd memory
variabhles are furdy large. Mot only are the age comelations for
these vanabbes greater than most comelations invelving individual
differences reported in the behaviora] scienees, but the average
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performanes for adults in thear carly 2= was near the T3h pencentile
in the population, whereas the averape lor adults in their sarky s waes
nezar the 20th percentile

Fourth, the relations between age and the spesd, reasoning, and
miemary vamables ame primarily linear. This ohservation s relevant i
potenitial interpretations of the eflects because the absence of obvious
discontinuities in the funclions saggesis thal mnsitons such as m
tiremsent, or menogiuse for women, are profably not responsible for
musch, if any, of the effects.

Fifth, the data in the fgure indicate that age-melated effects are
chearly apparent belore ape 500 For some vanabbes, there may be an
acceleration of the infleences al older ages, but age related differ
ences are evident in eardy sdolthosd for cach varabibe.

And sixth, the age-related declines in these samples are not ae-
companied by increases in hetwesn person vanahility,. (One way I
expre=s Lhe: relation between ape and betwesn-person vanability i in
teerms o ther comrelation betwesn age and the betwesn- person standand
deviation for the individuals in each 5-year age growp. For the data in
Figare |, these comelations were — 18 lor vocabulary, — 30 for
spestsl, — 7% for reasoning, and 173 for memaory. I anything, therelore:,
the rend in these data is for increased age 1o be associated with a
smatller range of scoms. Instesd of o pattemn of inereased varabaliey
that maght be attmbutabde o some people maintamang hagh levels of
perormances amd others expenencing large decline=, the data show o
nesarly constamt variability that is more consistent with a downward
shaft of the entire distrnbation of spesd, reasoning, and memory scores
with increased ape.

%alurme: 13—Mumber &

Many of the pattems apparent in Figure | have been reported inoa
memiber of imdividual studies (zes the cardier citations), and are alss
evident in data from nationally megresentative samples used 1o es-
tahblish norms lor standardized 1ests sech as the third edition of the
Wechsler Adult Intelligence Scale (Wechsler, 1997) and the Wood-
enck-Johnson 11 Texts of Cogmitive Abiliies (Wondeoek, MeCrew, &
Mather, 2001 ). Resulis such as these suggest the lollowing answers o
thet: quaestions of the what and when of cognative aging. With respest o
what, many different types of cognitive vanables ame alfected by in-
creased ape, and with respect o when, age related differences appear
b begin in early adulthemd, probabdy in the 2.

WY ARE THE EFFELCTS NFT MIOMRE NOTH.EABLE IN
EYERYDAY LIFEY

The: research | have summanzesd sugpests that age-relabed cognitive
declines are: fairly broad, begin eary in adulthood, and are cumualative
acmss the hife span. A question frequently mised when Iindings such
as thise are mentionesd is, why are thers ol greater negaltive eonse-
queenizes of the age- related cognitive declines? | suspect that there ane
al beqest foner resesons.

First, cognitive ability is only one @etor contnbuting o suceessfal
functioning in mast activities. (her factors sach as motivalion, per-
siztence, amd vames personality charetensties are also important,
and they either may be unrelated 1o age or may lollow dilferent age
trigectories than measares of copnitive functioning.
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Second, very lew sstuations requine indivichials 1o perdorm at their
maximuam levels becavze humans berd 1o modily their environments 1o
reduce: physical and cognitive demamds. An analogy 1o physical
ahality amd physical demands may be mlevant hem because then: are
well documented  age relied  declines in gtrength, =amina, amd
speed, but these declines are seldom poticed in everyday life becase
of the: relatively low physical requirements of mest sitmations

Third, many people may adapt 0 age-related changes by alienng the
mature: and pattern of their activities. Examples of this type of adap-
Lation are apparenl in driving, becass as they grow older, many adules
make adjustments such as dnving o different mes and wnder dil-
ferent comditions, and posibly avoiding cerain mancuvers, sach as
beft tams. Accommadations sach s these do not climinate the de-
clines, but they may serve le minimaze their detrimental conssquences.

Amd fourth, the greater expenence and knowledpe associated with
inrreseses] ape probably redoees the need for the type of novel problem
sobving that declines with age. Continuous age-related inecreases in
know etk may nol ke apparent in standardized Lests because the lests
are: designed 1o be applicable o the general popalation, and msch of
the: imliwidual’s knowledge may be increasingly idmsyneratie as he or
she: pursues progressively more specialized socational and avocational
inlerests. Mevertheless, very high bevels of pedormance might be
apparent among older adults, given the right combination of imdi-
vichsalz and tasks. Heseanch in my labomiory sugpests, for example,
that elder adults demonstrate a high level of pedoemance i they
regulary work emssword puezles and the task s solving cmsswond
pzkes. In four recent shwbies, adulis recmoibed becanse of their
crosswond puede experience were asked o pedorm o number of ac-
tiwitses, incloding spemding 15 min attempling 1o solve a cmsswond
puzzebe taken from the New York Times. As can be seen i Figore 2, in
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genenl, the highest average level of crossword pedormanes in every
sampde was achieved by adults in their 6lds and 70

It could be arpeed that suceesslul pedormance in solving crossword
puazles 15 priman |y dependent on aceumulated knowbedpe rather than
on mvwel probilem solving or abetroct reasoning. This may be the cose,
but | suspert that the sume: 15 troe in many real-world activities. That
is, much of what we typacally do may be mone dependent on suecessiul
acee=s and retreval of what we almady know than on our abality o
soldve nowvel profilems or reason with unfamiliar matenal.

INVESTHATING THE WY, WHERE, ANIF FIYW (3F
CIMGNITIVE AdGIMNG:

Althouagh the: phenomenon of copnitive aging &= faury well documented
in terms of the questions of what and when, ther: 5 much less con-
sensus with respect o the answers W, or even Lhe best musthaods of
investigating, the questions of why, when:, and how. In fact, it can be
arpued that mech of the curent theoretical debate in the Bebd of
cagnilive aging 15 ml focnsed on distingaishing among allemative
explanations, but rather 15 convemed with which approach is likely o
be miet productive in invedigating cooses of age related differenees
in cognitive: lanctioning. Several of the major iszoes can be desenbied
in lerms of the ollowing dichotomies, although it should be recog-
nizesd that these are simplibcations, and that this lst s by o means
e hunastive.

Micro Versus Macro
UOine: theoretscal issue = whether the pnmary foeas should be on de-
termaning which specific aspects (eg., theoretical processes or com-
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