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here. Two major decrements are noted; a general deterioration of sensory func-
tioning and a slowing of higher cognitive processes. The latter slowing may be
sufficient to affect performance in situations in which time demands on respond-
ing are on the order of fractions of seconds, but would probably not affect most
work situations. The general effects of experience, combined with an increase
in verbal intelligence throughout the working years, argues for increased compe-
tence of older individuals in many work situations. There are indications that
spatial reasoning abilities and the ability to develop solutions to new problems
("fluid intelligence") decrease with age. Secondary and review articles may
overstate this effect. The primary studies themselves have serious design flaws.r¢
The best designed studies indicate that the drops do occur, but that the effect | |
may not begin to be serious until the middle 50s or beyond. Because of problems
in design and/or choice of performance measure, this topic requires further ex-
ploration.

The above statements refer to general trends. Very wide individual differ-
ences are found. Although the relative order of individuals on tests of mental
competence remains remarkably constant over adult life, the absclute difference
between people increases. In practice, this means that as people age, those
people who initially had high levels of ability retain them, while people with
initially low levels of performance get worse. This finding further emphasizes
the importance «f obtaining recruits who are of average or above average ability
as young adults. It also suggests that high ability personnel in the 40-60 age
range may be preferable to younger personnel of low ability, especially given
technical experience.

General physical health is related to the maintenance of cognitive perform-
ance throughout adult life. In particular, indications of cardiovascular prob-
lems (hypertension, heart diseases, minor strokes) are usually accompanied by
slowing of performance in cognitive tasks. There are indications that immoder-
ate use of alcohol can produce substantial loss in cognitive performance, prob-
ably on a permanent basis. The evidence is quite clear that this happens if
alcohol use is carried to the point of frequent severe intoxication. The evi-
dence is less clear if use is limited to frequent social drinking, but there is
a distinct possibility that this is a cause of loss of cognitive functioning in
adults. Losses in sensory capacity, particularly audition, are exacerbated by
environmental hazards. i

Standard medical examination precedures for sensory functioning (e.g., vis-
ual acuity charts) appear to underestimate the functional loss suffered by an
individual in demanding work situations. New human engineering standards may be
appropriate for work stations that are to be operated by people in their 40s and
50s, in order to accomodate for sensory deterioration. Medical and psychologi-
cal research chould be initiated to develop indices of an individual's function-
al age by individual differences in physical health (especially cardiovascular
problems{ and health-related behaviors (exercise, alcohol and substance abuse,
etc.). The goal would be the development of a reliable medical and psychologi-
cal screening procedure to identify older personne! at risk for performance de-
cline. A study should be initiated of long term changes in performance with
age in service relavant populations. The Reserve forces are suggested as an
appropriate populavior. This study is needed because of the questionable rele-
vance of some of the tests used in the literature as indicators of performance
in military work situations, and because previous studies have indicated that
different aging trends may be found in different populations.
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The preparation of this report was motivated by a simple,
practical question. Some Years z3qo Dr. Henry Halff, of the Office of
Naval Research, gave 3 colloquium a3t the University of Washingtor in
which he discussed psycholocical problems faced by the modern
military., One of the problems that he mentioned was the problem of
obtaining enough '“4Young and vigorous" enlistees, and retaining them
lona enough so that they returned the training investment to the
services, This piqued the curiousity of one of us (EH), who began to
read in the area, and to talk with CH, who had his qraduate training
in the Fsychology aof Aqgina. The demoaraphic problem was clearcut!
the Defense Department, and more qenerally U.S. industry as a whole,
must come to Qrips with a8 simple demographic fact. The aqe
distribution of our population is Qoing to change markedly over the
next twenty to thirty years. Modern industries, including but
certainly not limited to the Defense Department, use people as
information processing devices more than they use them as sources of
power. We wondered whether or not there were sqe-related chanages in
coqniition that wowld force chanqges in industrial practice,

When we turned to the literature for quidarce, we quickly
discovered that the literature simply was not orqganized to answer our
question. There were two reasons. Most of the research on
"gerontoloqical psychology" is motivated by a desire to understand
the life changes associated with ola age. HWHork in the field is also
strongly oriented toward the study of coanitive chanaes that miaht
produce a3 problem for an (elderly) irdividual in his or her daily
life. These two orientations are reasonable. Much of the research
in this field is funded by amn agency (The Natiornal Institute on
Aging) that is specifically charaged with consideration of the
problems of the elderly. The scientists who work on problems of
aqing have a strong institutionsl and personal commitment toward
doinag something for treatmert of these individuals. For ouwur
purposes, though, these two orientations were somewhat unfortunate.
We wanted to know something about changes in coanitiorn that occurred
during the normal working years. Such changes would probably be
small, and wuld affect an individual only qradually. From the point
of view of an epidemiologist or economist, however, small changes in

individuals might Mmean mazjor changes in the effectiveress of a work
force,

We conclouded that a survey was required, directed at the
specific questions that we wished to have answered. With the
encouraqement of Dr. Halff angd Drs Marshall Farr of the O0ffice of
Naval Kesearch, we spent a8 substantial amournt of time reviewinq the
literature and asking psychologists and physiciams what they know
about "middle aqing”. In addition, we have a8lso visited various
industrial and Naval establishments, in order to et a better picture
of current personnel practices. Our nope was that we wowld then be
able to make 3 better guess about how the changes in people that the
scientists saw as possibly affecting the way that a particular high
technoloqgy organization, the U.5. Navy, had to do 1ts business.
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Aging and Cognition

1. INTRODUCTORY REMARKS

Since world War I1 the United States has arawn its millitary
manpower from post adolescents and young adults., The typical
career pattern for a soldiers saillor, marine, or ajrman has been
to eniist in the laste teens or esrily twenties and serve for »
single enlistment period. In order to obtain the skililed
technicians that the modern military needs specisl efforts are
made to retain and train a cadre of professional speclalists who
serve for longer perlods of time., It is well known that this
system of recruitment Is not working satisfactorily today and
thats given inevitable demographic changess the provlem is llikely
to be worse in the near future, The services must find some way to
enlist and retain more experienced technicianss, both in the
commissionea and non-commissioned ranks,

Two courses of action are possipnle, The services could attempt
to improve thelr retention ratess which are presently quite lows
while continulng to train speclalists themselvese This will be
callied the "retention option"” 1In addition, progyrams coulo be
initiated to enlist older persons, who are «iready skilled, to
fill technical positions. UDirect recruitment of skilled people |Is
done now for a few military occupations, noticeably mediciney and
wasS a widespread practice in the 19th century., The option of
recruiting aoirectly into the higher ranks will be called the
“lateral entry"™ options It Is likely that both options will be
takeny because our natlional policies demand a strong military
force. Fither option iIs certaln to have one result; the average
age of servicemen and women will fncrease. Will this mean a
military with reduced vigor or greater skill? Wnat Is the
tradeoff pDetween tnese possibilities? This report exsmines one
aspect of the prootem; the Ilkliihood of changes in the cognitive
capacities of olaer personnels here defined as Inagividuals ranging
in age from 20 to 60.

There would be no real reason for the miiitary to be Iinterested
in investiyating cognitive changes in aaults |If ajge changes in the
military oopulation were expectea to be small, On the contrary,
we belleve that substantial "aging™ ot the miltary force |Is
likelye Tnis s partiy because of the extreme youth ot the
present active duty forces In 1977 onty 127% of active outy male
enlistec personnel were over 35 and only 1% were over 45, The
comparable figures for the civiltian work force were 52% and 33%,
Wnen the retention proniem is solved the Armed Forces populatlion
can be expected to move toward but not reach tne age distribution
of tne civilian work force. A reasonaole estimate of the eventual
military ag4e distrivution can be obtained by looking at the
present Reserve forces., These were the people who "almost™ made
the military a career, As of the end of 19t0y 33% of Naval
Reserve enlistea personnel and 62% of Reserve offjicers were over
tne aye of 3. (UsS. Naval Reserve; Reserve Manpower, Mobltization
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Aging and Cognition

Planningsy ana Policy Division, Notes 1 ang 2). It thus seems
reasonable to suppose that the number of active duily personnel
over ggye 35 will at least double If lateral entry and retention
attempts are successful.

A related i1ssue |Is how the older personnel will be used. Major
changes from current practice can be expected. At presents and in
the Immediate pasty, oider, more experienced inaividuals have been
asslgned to supervisory roles, This tradition will have to be
moaifiede It witl make more sense to retaln experiencea people In
those positions where thelr experience s relevante Tnis means
that inaglviduals who actually operate equipment will be older tnan
they are nows although not "ofd*" in the usual sense, Put
succinctliys, there 1s no proposal to employ 595 year old
infantrymens but 40 year old tank drivers are 3 distinct
possibilitye.

fcononic analyses of the use of glder personnel In military
roles have generally pbeen encouraging (Binikin and Kyriakopolouss
1979; Parkers Christensen, and Every, 1978). 1Tt nas been pointeo
out that more miture servicemen are better motivated and more
reljavies Surveys nave shown that there are relatively few
service cccupations that make physical demands beyond those that
can be met by a3 reasonably healthy forty year olo mans, ana most of
the normal pnysical demands encountereo In service jife coulid be
handiea oy peopie in their fiftiess The economic analyses of
wnlch we are aware, howeévers do not appear to have consldered the
possibitity that there are important changes in cognitive
capanitities from age 20 to age 60 The issue 1s a complex one,
furesnacowinyg our conclusions ft is fajriy easy to demonstrate
dectines in cogynitive performance over the working yearsy it one
choouses tne rijygnt taskse Converselyy it is also fairly easy to
aemonstrate increased cognitive performance over the sam€¢ ajer by
a difrerent cnoice of taskse To complicate the matter further,
within any a43e group there are wide individual differencess These
increase with ajes 0Nn aimost any measure of counitive performance
the dgitference between two randomly cnusen forty year olas is
likely to pbpe greater than tte difterence between two ranaamly
chosen twanty year oldse furttermorey the services are rightly
concerneu with performances not potentiale In yeneral oloer
personnel have more experience on the jub and have maae more
stablec soctal adjyustments than have young aaultse These positive
asrects of "miaule aging™ often translate into more efticiant
performance, with dramatically reduceo requirements for
surervisions In the normal individual the positive aspects of
maturity almost certainiy overwhelm any minor etfects of
deterlorationy at least up to age 3%, Beyond trnnat age some
cognitive changyes occurs in some inadividualss that nay present
problems 1n some occupationse All these quatiflers should te kept
in a1nu In evaluating tire data reportea in the remainder of this
report,

The report itself |is organized Iinto tnree sections. Cach
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Aging and Cognition

section reviews different empirical findings concerning age
relatea changes Iin cognition during the working yearsj arbitrarily
aoefined as the perlod from age 25 to age 55. Section 2 rajlses some
general issues about the studies of aging. Section 3 describes
what has been learned by psychometric studiesy In which people of
varyling ages are given different forms of Intelligence tests,

This data provides a useful broad view of intellectual change,

The following sections describe more limited studies of human
information processings conoucted within the tradition of
experimental psychologys. The topics covered are sensorfy functions
the ability to maintain attentions response selection, speeded
aeclsion making, accuracy of retention of information in memory,
and problem solvings A general critique of work in the field is
incltuaeda,

The last section of the report deals with possibie actions by
the Armed Services, These fall Into two headings} modiflcations
of present practice, and the jnitlation of programs of research.

2s THEORETICAL AND METHODULOGICAL ISSUES

The study of aging involves more than calculating the
correfation coefficient vetween chronological age ana performance
measures, This section presents several lideas wnich are of
central importance in understanding and evaluatiny the tlterature.

MODELS Or AGING

The simplest view of aduit aging is that it represents
inevitabpte bjologlical deterioratjons This wilti be called the
biological decrement model. It characterizes changye from young
aduitnood tu old age as a aecline from peak capacity to
progressively lower levels of performance, The decline iIs assumed
tu be due to the biological aging process. Reductions iIn
physinlogicsl functioning lead in turn to reductions in cognitive
performances The wodel certainly captures some of the truth about
agings out overall It is a gross simplification of the facts., The
rate of biological a33iny varles considerably between Indiviauals,
so that an sndaividual's "biologlical age»," is often poorly
estimated by chronological aege. Moreover, within an inalvidual,
biological subsystems may aye at wldely varying rates, Thus any
statement aboul general biological trends, let atone theilr

coynitive consequencesy, may be aquite inaccurate when applied to sn
indiviudual,

A secund limitation of the biological decrement mooel i1s that
it may lead to oversimplified interpretations of the effects of
aging upon cognitive pehavior In a work environment, We shall
repeatealy stress tradeoffs between decrements Iin maximum capscity
due to age and Increases In effjclency of performance due to
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Aging and Cognition

experience. The need to conslder experlience s particularly
Important where an "eilementary”" cognitive process has been
isolated by means of complex experimental techniques, Even If age
aeficits In this process are found in the experimental laboratorys
we must stlil judge whether these deficits will {imit the
pertormance of an experienced person in familiar wurking
situations.

The processes of biologlcal ajying are statisticalily related
to, but areconceptually distinct from many pathulogical processes
whicn are correlated witn chronological age. Cancer,
arteriosclerosliss diabetessy and arthritis are examples of
age-correlated pathologies which are not inevitaoly associated
with the ajing processs although their jnclidence increases with
increasing ages Some age-correlateqg diseasesy, especially
cerebrovascular disease, hypertensions, hormonai dysfunction, etces
have deleterious cognitive effects, Certain behaviors (ee.ges
alcohol and druy abuse) may leaa to poor health ang abnormal
pnhysiological ana coynitive declines In this reviews we take the
pasition that normal aying changes must be alstinguishea from
pathological ajing changess Admittealy, the distinction can be
somewhat arbitrary -— today's "normal aging” might be tomorrow's
patnolugyy after adiscovery of a new disease processs However, the
gistinction remains Importants Many of the apparent effects of
aying may be mouified by personal health practices or by
agygressive environmental and occupational safety programs. In
cunsicering the industrlal implications of an aging work torcey |t
Is obviovusiy lwportant to distinguish between inevitabie and
mealfiablte chanjes In worker characteristicse.

Recause we dre concerned with industrial effectsy we
we€nerally shatl pnot alscuss changes In cognitjon that have been
founo in tne elderlys .. people beyonu the normal retirement
aJe. By contrast, most of the literature on aging has
concentrated on the elderly, arbitrariiy those past 60, This |s
an important distinctions because organic problemss including
senjile gementiass begin to account for more and more ot the
varidnce i1n cognitive behavior as peopte reach great age. Thus
the literature on the eloeriy may stress a biological model that
is appropriate for one age perjyods but quite inappropriate for
ancther, Je note thatl this does not aflways medn that biologlcal
moaels apply only to the elcueriye. Because peoptlte in the work
force yenerally face more demanding Information prucessing tasks,
4 blological cefjicit that could pe ignored by a retireu person
might te limiting to a person employed in a taxiny ssituation,

Nur cuncentratlon on tie workling years presented us with a
problem 1n reviewiny the aging lsterature,s There are relatively
few stuailes that examine the 25-60 age interval. The mgoal study
of aging Is a two group comparisont young acults (otten LE-20 year
old stucdents) versus old auults (often ©65=-75 year old retirees).
Such comparisons are not merely poorfy suited to our purposes —-
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Aging and Cognition

they are afso often of questionable methodological vallalty. Thus
we have dellberately excluded many old/young comparison studles
trom this reviews keeping only those tnat offer a potentially
important insight into aging effects on coygnitionsy or those tnat
cover a cognitive change likely to be Important over the adult
workling yearse. For basically the same reason we shall not discuss
studies of pathological agings such as Alzheimer's disease or
Huntington®s Chorea.,

METHODOULOGICAL CONSIDERATIONS

Most studies of adult aging utitlze a cross~sectional desiqn,
in which people ot different ages are compared at the same point
in tires In order to Infer that group differences in pertormdnce
are aue to group differences In age one must assume that the
groups testeo are otherwise comparable. It s extremely difficult
to do this, because different selection factors operate when one
recrults participants from alfferent age groups. {achman,
Lachmany, and Taylor (1981) examined several relevant journalss and
concluadea that about 807 of the reports that are publlisheu falled
to pay sufficient attention to this issue. Largely because of
this problemy one must be concerned avout the replticabiltity of
cross—sectional studies whep evaluating the Iliterature. While it
Is probably Impossibfe to controf for all possible confounds with
age I1n any oune study, different studies will have different
blasess Age effects can then be discerned by detecting
consistencies in the results from several indepenuent experiments.,

tongitudinal studies of agling follow a panei of participants
for an extendea (ength of time. Intuitivelys this §s a more valid
way to establisn age trends. Longitudinal studies, thoughs also
hdve practical and tnheoretlical limlitations. The greatest practical
Iimitatlon Is the expense of recruiting and malntalning 8 sample,
Another serious lssue Is how re,resentative the sample 1¢ of the
Jeneral population., [t s difficutt to obtain a sample of
Ytypical pecpte”™ to particlipate in a siudy that extends tor years.
Ltongitudinal studies nave tended to be bissed towargd the use of
upper-mjodle class subjects, who are socially and geographicatty
more stabley or to the use of panels recrulted from people who
deal with a specific institution, such as the Veterans!t
Adainistration. The problem of subject selection utcurs botr in
Initias recruitment and, more seriouslys in tne stage of follow-up
testings Peopie who remain in panels tend to be those who are, on
the averaye, better socfially adjustedy, healthier, and more
cognitively competent. ASs & result, longitudinal stuaies oresent
a more oenign plcture of aging than is obtained from
cross—-sectiovnal studiess.

The use ¢f young/old desliyns (or more extended
cross—sectional sampliny) has led to the general use of enalysis
of varijiance techniaues (0 judye the statistical siygnificance of
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Aginj and Cognition

age differences. We nave observed two problems which have been
consistently associated with this agproach: acceptance of the null
hypothesis (no agye chanyes)s, and reference to the proportion of
aje-predictea variance, It Is sometimes the case Lhat a stuay
will fail to reject the nuit hypothesis of no ajge differencess and
will then conlude that "there are no age changes until age X."
Such a statement is not warranted unless the Investigator also
evaluates the power of the statistical comparison. Surprisinglys
this simpie statistical fact ¢s frequently ignored both in the
primary anag secondary literature,

A stightly aifferent problem of Interpretation arises when an
investigator finds that the age effect only accounts for a small
propurtion of variance, and then concluaes that "age effects are
relliable put smaily and are probaoly not of great practical
importance,"™ Practical iImportance §s something that cannct be
aefined In general, it must be defined in terms of the costs anoa
tenefits Iin a speciflc situations A aecrement In cholce reaction
time tnat woula be trivial to a retired banker might be cause for
retiring an alrplane pilot, Qur feelinyg is that most workers in
gerontologys #wno understandaply are strongly oriented toward
agealing witn the proclems of the elderlyy interpret "practical™ as
meaninyg "has a notable effect on the individuai®'s fifestyle,”
Chanjes 1n performance that are not practically Important, in this
sensey can be extremely Iimportant from the point of view of a
large employery such as the Armed Services. Looselys the
dgitference Is between the viewpoint of a particuiar Individual,
who might be calculating the chances of an accident happening to
tnem, compared to the viewpoilnt of an empioyer, who must calculate
tne vx,ected number of accidents in an organization employing
literally mililons of people, For brevity, we snall refer to
these different viewpoints as a concern for “clinical" anag
"industrial"™ effects, Small changes tn cognitive performance will
te agiscussed wnenever {t appears that they mignt have effects at
the incustrial levels Such an effect might well pe disregarded at
the clinicil ltevel,

In many reports age e¢ffects are evaluated by asking whether
or not one aje jroup Is "statistically aifferent”™ ftrom another
alung some dimension of performance. It is generaliy more
fruisttul ty discuss trenasy rather than comparisons between
SpecifiC Jroupse To do this one must fi1t some xKkind of decremental
curve (lineary, exponentialy etce) to the group means for diftferent
aye ,roups. Aye curve flittiny Is helpful In askinj whether
averdje aje changes appear to have begun prior some ages or in
extimatin; the dverage rate of changyes There are seversl
limitations of this type ot fittings however, Curves of this kind
may alve an average "develtopmental curve"™ which uoes not
accurately reffect the true aging curve of any given inalvidual.
Fitting the means lIynores the Individual varjability acout the
meaNs, A gouud fit ot 4 curve functior to the observed neans does
not imply that there are no Individual differences in aginj rates.
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Aging and Cognition

Finally, simllarity In aging curves between agifferent cognitive
processes Inh no way implies a common causal mechanismy and should
not be so interpreted. Even given these fimitationss we snatl
find age curve ftitting to be a useful way ot summarizing many
cognitive effects of aging awuring the worklng years,

COHOKT EFFECTS

OQur last methodological point deals with a moderately subtle
issue that has introduced @ confounding into easily 95% of a8l
studies of aginge This Is the "cohort effects™ which was first
oglscussed in detail by Schaie (1965). A cohort i1s, for our
purposess a yroup of people who joln a population of Interest st a
particutar time. Exampies would be all people born in 1903, or
all people entering thne Marines in 1967, Cohort effects are
effects on performance that are speclfic to a particular conhort,
Supposey, as Is reasonables that onet's adult verbal skills are
determineuy fargely by habits acquired during the school years.
Juppose further that the length and effectiveness of schcooling
increased steadily from 192C until 1950, A cross—-sectional study
of verbal intellligences conoucted in 1975 might have revealed an
“"age related decliine™ In verbal performance that was actually due
to the older subjects having recelved less effective schooling,
rether than bejng due to aye Itself. The probiem is tnat Iin the
cross—sectlonal design any cohort effects are completely
confounded with age effects, One can even think of situatlions in
which a cohort effect would produce a "negative age effect.™
Continuing the exampiey suprose further that the effectiveness of
public educatfon has dropped from 1950 to 19860, (Indeed, many
observers nave ctaimed that It hase) It so» 8ncu if school
acquireo veroal habits are maintained throughout adult 1ife, a
"negatjve aye effect” shoula appear In a cross-sectional study
conducted Iin the year 2000,

Longitudinal studlies, being studies of a pdarticuler conort, do
not confound age and conort effects. The findings of a
tongitudinal studys however, are statistically only yeneralizable
to tne cohort stucied,

There are complicated designs that can be used to evaluate
cohort' and aze effects separately (Schaie,196%5, 1977),
Essentially these aesigns involve the conduct of repeateo
cross—secticnal deslignsy over a period of years, Thus the cohorts
born «n 1v40s 1395Us ano 196U might be sampled in 1960, 1990, and
2000, Combined longltudinal ano cross—~sectional designs do soilve
the logicai problem of confounded age and cohort effects, The
problem with these desltygns 1s that they are so expensive that they
can ae¢ladom be utitized.

Cohort effaects are of particular Importance In the study of
aging over the working yearsy because tnere are marked cohort
efrects in industrial settings. The military services afford a
9000 example, which members of a cohort join the military depends
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upon the social conuitions prevalling at the time that cohort
enters the normal mititary recruitment age. In particular,
chanjyes from war to peace and the Introduction of an afll volunteer
service nave markealy affected mllitary recruitment In the oast
twenty years. The sort of cohort effects that one woulo expect
from these soclal changes probably interact witn aging effects.
People with nigh levels of ability as young aduits have generally
been found to be more resistant to the effects of age on
cognitions There §s a weli documented trenad toward the enlistment
of more and more jndividuals of lower mental categoriles (as
reasured by the Armed Forces Qualification Test)s, at least since
1975, If we combine these two facts, we are forcad to predict
that those servicemen anu women who were recruited in 1980 will, .
on the whole, not provide as high a percentage of qualifled senior

personnels tifteen or twenty years hencey as d4la the cohorts .
recruited in the 1950s and 1960s when they reached their thirtles i
ana fortijes,

CUNCLUUING COMMENTS

ool

Fecounting all the possible deslign rlaws tnat can afilict
research studles can nave a deadening effects This is true of any
filetas, 0Dne simpily canngt throw up one's hands and say "Nothing
can. oe jcedarneds™ Human 49ing Is a natural phenomenun thet will
never te studled in a controlleo laboratory environment, The B
iceal experimental desfign Is Impossible to achieve, The concept
ot ajging is itself nepulouse. To what extent should one be
concerned only with the aging process itself, and to what extent
should one be cuncerned with Jlite events that are not agings but
that sre >tatistically assoclated with aye? In the following
sections we shall review many studies.s None of tnem wil!
unequivocally agetermine now cognition changes from 20 tc 60,
Taken togethers, they present a coherent picture,

A L 4 S 8

3o PSYCHCMETRICS

GENERAL

This section reviews the literature on age cngen,es in
inteliigences as measurea by traditional psycnometric tests, The
"psyciiometric” literature (s typically contrested to thne
“"experjimental"™ literaturey which reports tne javestigation of
cognition by ctassic experjiaental methoase Tnis surt of dglvision
of knowla2uye is a taxonumy by method of investijation, ratrer than
a taxonomy by contents, Il §iS necessary because differences in
metnoadvloyy have leaa to ditferences in theofy.

Althouyh the term "psychometric methods™ nas come to connote
group administration of paper and pencil tests of knowledge,
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reasonings ana other cognitive sxilis, the term originelly implied
the application of classical measurement theory to the study of
cognition (Nunallys 1978)s Psychometric methods were developed so
that individual differences in knowledge and thinking could be
measured reliably by a stancard set of criteria. Althouyh many
"psychometrists® explicitly recognlzed that an understanding of
basic cognitive processes would require a syntnesis of information
gathered from the paper and pencil tests with data collected hy
other measurement methods ( Thurstones 194¢4), the psychometrists
and experimental psychologists have gone thelr separate ways untll
falrly recently ( Carroll and Maxwells 19793 Cronbacny, 1957).

Comparing tne two kinds of stualies can be confusings, because
of specialtized methods and terminology. In experimentel
psychology two mental processes are distinguisned from each other
by showing that different experimentat manipulations proauce
gifferent effects. If the manipulstion of certain stimulus
characteristics aftects one aspect of task performance, but not
the other this s taking as evidence for different grocesses
underlying the two performancess, The same logic |s used in
psycnometric stuoies of intelligences but the experimental
varlabte is the ldentity of the ingividuals testeds Suppose, as
is the cases that verbal problems are hara for some people, while
spatial problems are nard for others. Therefore tnere must be
distinct processes underiying verbal and spetial problem solvinge.

Althougn the fogfc underiying expertmental and psychometric
psychclogy is simitars the manipulations that are feasible and the
data analyses metnods that are used can be quite differents As a
resuitsy the two technolojles cannot aliways be useu study the same
cognitive processes, It is hard to imagine a paper and pencit
test ot the speed of visual perceptiones It Is equaliy hard to
imayine a two hundred person correlational study of psychophysical
effectss Un the other handy, where the technologyies can be used to
attack the same probiems they are baslically studylin, the same
toplcs Therefores It should not be surprising Iif tne concluslons
drawn trom psychometric studies of "“intelliyence”™ paraillel
conclusions from experimental studies about "cognitive processes",
Indeeds one can regard a comparison of conclusions drawn about
aging ancg 1ts effects upon cognition as a8 rough checsn on the
validity of each methoa,

Compared to the experimental technologys the psychometric
technoliogy has poth a markeou aavantage anu a marked alsadvaentaje.
The advantage Js that testiny procedures may be used with much
farger samples, The targe sample reduces the likelihood of
obtaining an aye effect because of unusual performance by a few
indivigualse It also makes it possible to exerclise a great deal
more control over population variables that may oe confounded with
age, This és tn marked contrast to many experimental studies, {n
which investigators have aff too often avandoned any pretense to
representative sampling tron different age groupss and thus have
committed tne confoundings that were discussed in the comments
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Aging angd Cognliltion

made above concerning cross-sectlional designse. In contrasty there
are at feast some psychometric studies that have attended
carefuily to the cefinition of the popuilation to be studlied, and
to tne use of a censistent sampling methoo from different age
groups within that population. Furthermore, tne psychometric
literature is not solely dependent upon cross—sectional studles
for Inferences on age effects. Longitudinal studies are more
common In psychometric than In experimental psychology. On
occaslon psychometric studies have used sophisticated
combiniations of cross-sectional and longitudinal Jesignsy gznd
these have proven informative, Were these methods to be applied
to experimental studiess the cost would generaliy pbe prohibitive.

Tiie disadvantage of the psychometric methoa Is that the
behaviur recorded Is usually a gross oney tne total number of
items correct on a particular tests Such a summarization loses 2
yreat cdeal of information about the cognitive processes that are
appliec¢ to solve different problems within a test. Consicer a
commonly used psychometric for measuring spatial abliiityes People
are askeu to compare rotated figures to some comparison figure,
4nd tu cetermine whetner the fjgures are identical. The test
typicaliy includes several aifferent fligures, often a different
one for each ltem, A person's score Is cgetermined by the total
number of items completed In a fixed time perjodes It has been
faound that older people complete fewer jtems than younger ones,
Tne age difference in performance miyht reflect an Increase in the
time neecved to rotate and compare the fjgures inside tne nead, or
it might reflect an inability to visualize a rotation alftogether
for some fiyures. Age cifferences might be largest for certailn
types of figures. While sophisticateo item analyses can pe used to
tnvestigate these lssuesy usually no such jinvestigation Is made,
Tne Intormation needed is usually ltost in the process of
calculating the total number of correct item responses. However,
4s me shall see belows, experimental models and techniques make ¢t
possivie to aetermine the tocus of Individual differences 1in
spatial rotation of Images nore precisely.,

More _Lenerdllys when we compare psychometric to experimental
cata we often find that, although the nature of the defining
cifference between groups (esges young vs, old) is tikely to be
more clearly stated In a psychometric study, the theoretica.l
explanatiun of the depencent vairjable Is often more speculative,
Since the 2advantaj)es uvf the one technology are the gisadvantages
of the otners perhaps tne moust enligntening finainjys are those iIn
which the psychometric and experimental conclusions compliement
each other,

THE CLALSIC AGING PATTERN

(ross-sectlonal studies of intellijgence have repeatedl|y
produceu results that Botwinick (1977) has referred to as the
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Aging and Cognition

“classlc aylng pattern." Performance on tests of verbal ability
shows little chanye from 20-60» anao may even Increases.,

Non-verbal sklills deciine with age, The classic pattern is
Illustrateg in Figure 1, which shows the results from a large
cross-sectional studye The test battery included a standard
vocasbulary test and a paper and pencl| measure of spatisl
rotations The spatlal test asked Individuails to compare paijrs of
three-dimensional figures, composed of yroups of cubic blocks.

The two flgures were either identical or mirror-images, rotated to
different orientationss Individuals are asked to compare the two
flygures and determine whether they are identical or mirror-images.
As Figure 1 showss there was are large age differences in the
spatial measure but not In the vocabulary tests A similar picture
has been obtained in studies using traditional intelligence tests,
such as the Wecnsler Adult Intelligence Test (WAIS). Flgure 2
shows the WALS norms across ages for WAIS Verbal and Performance
scales (Matarazzos 197<). Note that the Perforamance subscale
shows cross—sectional age aifferences from roughly age 30 onward,
while the Verbal subtest does note Indeed, Wechsier labeled nhis
Verbal subtests "Hold"™ testsy and nis Performance subtests "Donft
Hold™ tests, preclsely because of the cross-sectional effects
shown in Figure 2.

The WALlS subtests are sometimes criticized witnin the
psychometric titerature for being "factorially complex"™ =-- meaning
that they measure multiple kinds of Intetligence. For wmany
purposes {t is more useful to consiaer performance on cognitive
traits that are more elementary than ylobal measures of verbal ana
non~verbal inteliigence, Such traits are sometimes caliled
“Primary Apsllties”™ {(Thurstoney, 1938), This complexlity coutd
distort underiying age differences in more haslic tevels of
inteiligence If the age differences were not consistent for
different Kinds of intelllgences A prototyplcal primary abitity
theory may te found in a review bty Horn (1978)s wno argues that
roughly some 30 primary apillties have peen rellanply democnstrated,
This coinclides with the conclusion of several other workers, The
Eaucatlional Testing bdervice's widely used Reference Kit for
Primary Mentat AbDillties now contains 23 separate tests (Ekstrom,
Frencnsy and Harwany L1976)s Horn, and several other theorists,
have concliuaged that some of he abitities are arrqnyed
hierarchialiysy with more primitive traits contributing to gtobal
OonesSs suchh 3as "verbal Intelligences”

Cross—sectional studfes have reported age differences on
several pramary abilities. Sputial orlentation and inductive
reasoning seem tu be particularly susceptible tu age effects (
Schales 1959). 0Nther studlies have reported cross-sectlonal age
difterences on measures of serceptual speed and flexibility. For
exampley Lee and Pollack (.978) reported sizable cross—-sectional
declines in performance on the Embedded Figures Tast, whicn
requires inaividuals to detect a figure embeaded wilithin a
concealiny context, The resuits of studies using tests of
specific primary abilities generally conform to the tre classic
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aying patternt tests of reasonings probliem soilvings spatial !
visualyizations and the like show greater cross-sectional age '
differences than measures of vocsbulary ana verpal tluency
(Botwinlicky, 1977).

Conclusjons darawn on the baslis of average data must be
qualiftied by considering inclvidual varlation about the average,
There are targye individual differences in psychometric test
performance among adults over the working years. This will be a
recurring theme througnout our report., Figures 3 and & chart
cross~sectional age effects on the Raven's Progressive Matrices
tests, a wicgely used test of nonverbal reasoninys and the Flithorn
Mazess a measure of spatial problem solving (Heruon and Chowny
1967)e Raven's test is of particular interest, since it is
considered one of the better measures of inaductive reasoning
ability. Individuals examine a sequence of pictures to ciscover
the sequential pattern of gicturesy, and then induce what the
pattern of a4 missing picture should bes Flgure 3 shows that
saverage performance on the Raven declines with increasing ageys
beginning during the 30's, Howevers the plot o1 individual gata
snow tre large range of indiviaual differences In Raven
pertormance at different ages.s Note that, in generaly, tte spreaa
of lnuiviiual gifferences s large refative to tne inean
perforanence levels within each agye group,. In fact, some of the
nighest scores in the sample were obtained by subgjects In their
60'%s ana olders Figure & shows that tnis type of effect Is hy no
means specific to the Raven =- the large inafvidual differences
are tound for E£lithorn Mazes as welt. The individual differences
observeuo on test performance are not rancoms they are reiliably
relatead to otner characteristics of the individuaie This topic
will be cuvered in more uetall In a subsequent section,

Tiue classic aylng pattern represents the typical results of
cross-sectijonal studjes, Longltuginal studiesy which follow
indsviduals over a period of yearss show much less decline jn
nonverbal measures cof (ntelfigences Indeeds tne langzitucuinal data
sugyests thet the decline occurs in the 60U's or Jaters ano Is not
corsistently founa for all indlviduals. Longitudinal decliney
where 1t js uvubservedy is apparently often associdted with dgeclines
in physical nealth (Baltes and Labouvies 197335 Jdrviky Eisdorfer,
and Blumy 19743 Jonesy 195%),

COHOKT tFrECTS A> MODIFL1eRS OF THE CLALSIC PATTLPRN

In the section on methodology It was pointead out that conort
eftects coulds 1n theorys, distort the pattern of aye effects.
Such effects do existy, and «f not considered, mday lead to an
overestimation of the size cf aye effectse Thils has been shown by
3 seri1es of studies concucted by KeWe Schaie and nis colteagues
{schales Llv79)e These experiments represent pernaps the best
a28iyned study of aginy that IS 1n the literature., Basicsllyy
Scharal's yroup concucted a combined longltucuingl and
cross—sectional study of members of a yroup healtn plan,
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Thurstone's test of five primary abilities (1945 verslon) was
administerea to adults of different ages (a cruss-sectional
sample)s These individuals were then repeatedly retested over time
({longituainal sampling)e Every new testings 3 new cross—sectional
sample was takens and tne new sample was also followed
tongitudinallys beginning with the time of tirst testinge Thus
Schaie and his colleagues groduced parailel lonyituainatl samples
in cifterent cohorts,

Some of tne results from Schale's study are shown In Figure 5,
As in the classic pattern, verbal performance (nere identified by
a vocabutary test) declined only late in |ife, The major
discrepancy from the classic pattern may be seen in the data for
spatial orientation and inductive reasoning. 3cCchale's measures of
these abilities showed Iittle aye-specific decline until age 50,
Taken at face valuey, Schaile's data suggest that cross-sectional
findings of age differences fromrm 20-50 are largely due to cohort
effects, What might nave proauced tnese cohort effects has not
been determined,

Schatlet's results have generated a yreat deal of controversy,
The issues are exemplifliea in an exchange between Horn ana
Donaldson (1976) ana Baltes and Schale (1976)s The controversy is
over Lhe source of the cross-sectional age differencess ang
nhetner Scnale's data show smally, but reliavles declines durling
miccle agees From an industrial viewpointy, the resoluticn ot the
tnegretical debate may not be too important. The practicai
question remains.s If we wish to predict changes of coghitaive
capacity In a particular work force for a particular time period,
both age and conort efrects must be known, More parcticulartiy,
consicer tnhe problem of predicting the future cognitive capacities
of senlior personnel, drawn from today's cohort of military
recruitse To ao this we nceu to know any cohort effects over tne
period of interesty the cohort-specific distribution ot initial
(time of recruitment) test scoresy, and tne extent to which age
ceffects interact with initial abiltitye.

There isy howevery an important qualitication to tre Scnaie
et al. results,s The g4enerality of the age trenas s restricted to
thhe particular tests used == Thurstone's 1948 PMA, These tests
Naves in tne terms ot psychometric test thneory, high speed
components and (relatively) low power components, In other words,
the test items are not particularly difficult (especially fur the
Veroal andg Mumber subtests)s Inaividual differences are cetermined
more oy how fast one solves tne problems ratner tnan tow difficult
a probiem une is cerpable of solving. The tests were designed to
measures dt feast in party 1ow quickly one can think apout
particular kinds of probiems == so tne high speed component, o
not "invalidate" the results, They dos» however, Jimit the
tnferences vne can dr aw about the tests, The timitations coulyo
cut oolh wayse Nn tne one tand, it 1s possibte that more dfficult
tests messuring spatial visualization (sucn as the ETS Paper
Fulding test) or inductive reasoning would show larjer and e¢arljer
age veclines tnan Schale founds even if the same study oesiyn were
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usedes UNn the other handy, tne fact that age tends to produce a
slowing in the speed of cognitive operations (see below) might
sugyest that the aecllines In PMA performance Schaie does find from
age 50 to 60 iIndicate slowing of certain cognitive operations
rather than a loss in the abitlty to visuallize an obgject rotationy
reason inductivelyss»s etce Sequential data on tests other than
Thurstone's PMA would bpe needed to address these questlions.

THE FLUID=CKYSTALLIZED MODEL Or INTELLIGENC: AND AGING

The classic aging pattern is stated in terms of age effects on
verbal and non-verpbal intelligence, An aiternative
conceptualization has pbeen proposed by Catteli (1971) and Horn
(19738; Horn and Donaldsony 1979)e They distinguisn between
cognitive competence baesed upon the application of prior tearning
to tne present situations and cognitive competence based upon the
development of new probilem solving methods devised to meet
current, and pernaps novels demanas. These abliities are called
crystaliizea and fluid intelllgences respectively., 1In Cattell andg
Horn's terms, most verbal tasks test crystallizeo Inteliigence,
The cagacities these tasks requires such as defining words or
analyzing sentences, are based upon well practiced, culturally
agefined probitem solving routiness Fluid intellijzence IS nore
likely to be tested by the relatively novel requirements of many
nonvertal testsy, such as the Raven's Matrixs in which an attempt
Is usually made to avoid presenting problems that have culturally
aefined solutions. The Catteil/Horn mocgei also envisions other
types uvf i1ntelligences, such as the ability to think quickly
(cognitive speey) and the abitsty to image a8 visual object
(visualization). We shall be littie concerned with the other
inteliijjence typess, however, for it Is filula and crystallized
inteitigence that are most important in the models and whtich
fiyure most promninentiy in the nodel's representation of age
effects upon Intellligence,

Horn and Cattell aryue that crystallizeag intelligence
increases over the adult yearsy as people galin a better grasp of
culturdal rnowtedge, They 2iso argue that fluid intelligence,
velnjy a4 more fundamental, "blologicaliy-based"™ ability to percejve
relations 1n new Informaticn, declines from early aduithood.
Figure % jllustrates the aifferent aye trenas for the two types of
abliltity, Tre data are taxen from a cross-sectional stuay by Horn
ana Cattell (1907)e Scores for ftur” and crystallszed
inteltigence were calculated by summiny scores frum primary
abllity tests thought to relate to eitner fluia or crystallizeg
intelligences Not surprisinglys Figure & shows tnat tne
cross-sectional pattern for flula and crystaliized scores closely
correspond to the cross—sectlonai pattern ot the WALS subscates.

Tine fluig=crystallilzed model of Intelilgence leads to tnhe
intuitively plausible notion that one should not speak ot general
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decline or increase in cognitive competence, Ratner, one should
ask more about expression of abllity in a particular situation,
Is st a situation in which there are cuituratly defined problem
solvin, methods that may be applleu to achieve the uesired result?
If so» a heatthy older person would be at leasl 45 agept as 2
young persony because the older person will prooably have more
Knowleage about the prior utiiity of different sofutions in
similar sjtuations, In some cases the same level of competence
mlight pe achieved In diffterent mays. fNider people woulc be more
fikeiy to apply relevant past experiences, while ycunger people
would be quicker at developing a new sofution to the prootem,

The conceptual difference between tne crystaliizeu=fluid
distinction and tne verbail=nonverbal distinction has important
practicat implications. It the crucial variable s experience,
and not tne extent to which 4 problem requires verbai skiltls, then
one Wwould expect to find situations In which older persons with
approgriate experience would masntain s«xills in nonverbal
situations., To iilustrate ty hypotnetical exampley, consicer the
case of an aircraft mechanic who Is assigned to recruiting duty,
and tnen is returned to his specialty at age 40 or &5, Since tool
use is a3 spatial skitl (McGeey, 1979), proponents ot tne
verbai-nonverbal distinction would predict that tnere shoula oe
detertoration in the mechanlic?'s skille The fluid=-crystallizec
modet would predict that, if there is substantial similarity
between tne current task anc tasxks assigned prior to the
interruption In tne mechanjc's careers then the mechanic should
nave little problem In applytng olo skills to master the new task,
The practical interpretation of the debate revolves arounoc the
question of whetner older personnel shouf{d be snifted towarc
assiynments involving more verbal tasksy or maintained in famjifilar
assiynments even It they require spatial skills, It tne
fluig-crystatlized model s corrects an effort should be made to
ensure greater continuity ot procedures and aemands in duty
assignments of older personnef. A simifar argument would be made
regarding the optimal training techniques for older personnel,
Assuming tne flujd-crystallized distinction to be trues one would
argue trnat nonverbal training technigques would be acceptable for
older personnely providing that they utilized cuncepts ana
knowledge familiar to the traineess Indeed, jJiven trajnees of
averdye {(ur below averajye) verbal intetiigences 1t would be
foollisr to provide training by purely verbal methods (eeQes
reaaing training manudls) bhecause there was relative malntenance
of verbal skills with advancing agee.

The vurrent fiterature is inadeguate to distinguish tetween
the verbdal-nonvertal and crystaliized=fluld explanations of the
ciassic aginy patterns White one can think of tasks tnat should
be vertal=fluld andys, with somewhat more ailfficultyy tasks that
snoul¢ be ncnverbal=-crystallizedy no systematic study of such
tasks has heen conoucted,

Refore nmuvingy tu vther d4spects of tne literature on
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Aging and Cognition

intelligence, we enter a reservation concerning the cltassic sging
patterns A person taking a psycnhometric test Is faced with a
particular proolem solving situation, and must develop technlaues :
for copiny with that situation "on the spot."” Tests of verbal .
Inteitigence ask people to read paragraphsy retrieve the

definitiuns of wordss etc, Nonverbal tests typically present

aduits with rather novel problem solving slituations. This |Is

particularly true of the so celled "culture-fair"” tests, which

explticitl seek to minimize capltallization on previous knowledge, it
Horn an< . .ttett would argue that thls |Is precisely the source of
the cr, tallized=fluld difference.s But there is an additional
confounding factor, the amount and recency of previous experience
indiviguals have wlth test takinge. Young adults wno have recently
been in scnoo! wiii have had a good deal of experience deallng
witn testing situations, and probabiy develop skills to cope with :
them, Cider personsy who may have had less schooling, and almost !
certainty have not recently been in schools probably do not have
tnese skills avallable. Is It possibies thens, that the spparent
decline In tiluid Intelligyence is an artifact that could be removed
by proper tralning? Tne Jssue is @8 complex one. There is little
doubt that older people can improve their absolute scores wlth
training (eegesr Willlisy, 1981). Improving test scores, however, is
not tne pointy uniess the improved scores also predict performance
gutsiaoe the test sltuation better than do the scores obtained
prior to training.

-

WSO TEERITTNCN Y

CHANGES IN THe STRUCTULRE OF INTELLIGENCE WITH AGE

o The "structure of intelliigence" refers to the relations
between agifferent psychometric abilities, which is in turn a
function of the relations between those abllities and the more
basic cognitive capacities that determine them. The correftations
amony performance on measures of different primary abitities are
sald to be determined by the underlying inteilectual structure.
Spearman's famous "general ptus specific” theory of Iintetlligence,
the Catteil=Horn models and Thurstone's primary menta) abilities
model are all moaels of the structure of intellljzences Although
most studies of aje changes In Intelligence have examined age
chanjes in mean abiltity tevelss some studies have asked whether |
there d4re rundamental chanyes Iin the structure of aovilities with

advanciny ageoe

e e gy -+

Studies of youny adulits tend to find smaller correlation
between difterent abillities than do studies using cnildrens. Young
aagults are more |(lkely to be gooa at some skills and poor at
others, while children tend to be generally good or bsdes OQOlder ' !
adults tend to show less differentiation between Jdifferent ‘
abilities, Tnis nypothesis is calleu cge-aifferentiation (Reinert,

1970)e One possibie account ftor this nypothesis, it It Is indeea
truey, Is that aje declines in pasic cognitive operations,
especially in their speeud of executions tend to reduce
performance leveis of older 4daults on all ability tests
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Table 1

Correlations among Primary
Mental Abilities Factors

Group 1 (Mean age 30)

v S R N W

vV 1

S .115 1

R .559 .455 1

N .390 .239 .489 1

W .531 .034 .425 .334 1
Group 2 (Mean age 42)

' 1

S .296 1

R 711 .479 1

N .419 .248 .441 1

W .508 .039 .439 .308 1
Group 3 (Mean age 58)

' 1

S .593 1

R .838 .650 1

N .666 .528 .627 1

W .557 .290 .505% .450 1

Data from Hertzog, 1979. Only the lower half of the (symmetric) corre-
lation matrix is shown. Mean age refers to age at first testing in
longitudinal sequence. |

Verbal

Spatial Rotations
Reasoning (Inductive)
Number

Word Fluency

Abbreviations:

EzZ2oun<
LI B B B}
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Aying and Cognition

{Cunningham ana 8irren, 1981). Taxen to the extremes the
dedifrerentiation hypothesis Impies that tests of ability that are
valid for young adults are invatld tor older aagults because the
tests are not measuring the same cognitive abllities in the two
populationses This IS an important Issue for any methoa of
occupational screening of older adults which Is based upon
conventional psychometric tests,

Earliter studles of the dedifferentiation hypothesis used
factor analytic methods to isolste sources of assocliation among
different Inteliigence tests,s Thils Is a statisticast technique
that Is supposed to uncover the underliyling dimensions of abilities
that are testea, In different wayss by each of a large battery of
tests, Tne dedifferentjation hypoctnesis precicts that several
dimensions will be uncovered by analyzing tne data from tests
gliven to young aaultsy and that fewer (perhaps oniy one) dimension
wil) be found in the deta obtained from older adults, The results
of early stuoies testing the degifferentjation hypothesis were
inconsistent (Reinerty, 1970) Much of the disagreement seems to
have been uue to differences in factor analtytic methods used from
study to stuuy, rathter than in inconsistencies in the data itself,
Recent studies have used more advanced methods to compare factor
analytic sofutions ootained from different age groupse A more
consistent plcture has emerged. There does appear to he an
incredse in the correlations among ability factors in tate miodle
aje and old age (Cunninghamy, 19€E0; Cunningham and Birrens 19vl;
Hertzogsy 1974)e Table 1 reports correjations amony flve primary
a1 lity factors for three different age groups from the Hertzog
study. The correlations amony sbilitles in the oiogest group were
unitormly nigher than the same correlations in the youngest group.
Note, nowcver, that most ot the chanjes d4ppear to emerge from
middie to ola aje.

In splte ot the chanying correlations amonyg ability factors,
the recent results Indicate that the relationship between
individyal psycnometric tests ang the underiying aoility factors
seems to e constant into old ages This concliusion is based uypon
the observation tnat tne regressions of tests on factors (the
factor loasaings) from these factor snalyses may be considered
equivalent tor defferent age groups (Cunninghams, 19603 Mertzog,
1979). we may Interpret the changing correlations as an
indication of a modest furm of dedifferentlatlony, which is of
theoretical Interest, why woulod conceptually distinct atilities
pecome more correlated #ith advancing age? Howevers the major
chan,es occur after age >0 and» more Importantiy, 40 not appear to
affect the basic measurement properties of the psychometric tests.
The data theretore causes little concern that aye changes in
intetlectual structure invaiidate the use of psycnometric tests
tor occupationdt purposes for adults under the age of 5%,

The Hertzo,; analysiss based uoon Scraiet's longlitudinal data,

adds anuther bit ot usetul information about the stabfility of
mental ,ertormance. The study found that absolute variebility in
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a general inteiligence factor increased from roughly age 40, and
that individual differences In intelliyence were highiy stable
across tne adult tife spane The latter point was indicated by
correlations exceedliny 9 between generasl i1ntellligence measured
longltudinally over a 14 year agye Inter.-ats Thys correlation s
even hjgher than the .7 correlation typicaily found between
adolescent and aduit performance (McCalil, 1977)s Hertzog's
results show that, In spite of any age changes in level of
performances the rejative ordering of aduits on a general
intellligence factor remains basically constant over time. They
furtnher show that average differences between inaividuals in this
general intelligence factor increase as they grow older, This
finding s of consiocerable practical Importance for selection of
personnetlts Glven that two individuals differ sltightiy in
intelisgence at age 20, the prognosis is that the difference may
be greatery but will be In the same cirectlons, at aye 50, When
consiaerea in congunction with the evidence that high abllity
indiviguals may maintain higher mean levels of performance (that
fs» show tess age decline) than tower ablillity indlividualsy these
results pruvide a scientific rationaie for Increasea effaorts to
recrult higher ability tevel personnel initiatlys and to try to
keep them in the service longer. The intefligent recruits today
witl probably be inteliigent (and experienceu) personnel tater,
There is a4 minor qualification to this interpretation of the
Hertzoy resultse. One must remember that tne nigh correfations
between different ages founo In that study are for an Iintefiigence
factor vefineg by the covarlances among several Inteliigence
tests. Measurement error {(see Nunnally, 1978) will lamit the
betwee¢n—ages correlation (and hences the predictive validity) of
any sinyle inteliigence test,

We argued above that the psychometric data provide useful
global information about age changes in cognitiony while the
exgerimentdl cata on age changes in cognitive processes provides,
tn princlple, a more refined picture of aging effects on cognitive
activity. Nne coula also argue that a joint analysis of
intetlligence and information processiny capacity Is neededg to
explain more fully the age effects on psychometric iIntelilyence
that are ooserved -- intelligence may be best understovod when
considered Iin liaht of intormation processing mooejs (Hunt,

19709 1%¢c0)s Horn and NDonailcson (L9Y79) also contenu that complex
skilis sucn as tnose tested In psychometric studles must be based
partly upon acquired knowledges and partly upon more primitive
information processing capdacities. In some of his stuagiesy, Horn
has dlttempted to measure these more primitive capaclities, and
relate age cifferences In Information processing capacity to age
differences In fiuld and crystallizeu intelligence, His aats
suyyest tnat the Information processing measures are more closely
reiateg tu flula Intetliyencey as predictegd, Figure 7 summarizes
the results of statistical manipulations In whicn the conuitional
distraibution of tluld Intelligence dare related to aye, after age
differcnees in measures of attention sand short term memory are
neld constint by part curretatione The dasned 1inaes are the
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Figure 7.
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Idealized plot of changes in ability. (Horn and Donaldson,
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adyustea age trendss while the solid tines are the unadjyusted
trends, Tnere Is a significant reauction In the age trenoc for
fluid intelligence uafter adjustment for the information processing
measures, While we have reservations about tune measures Horn
useds anc the use of part correlations the general nypnthesls that
sge trends In intelligence performance are related to age trends
In Information processing skills merits further Investigation,

SUMMARY

The titerature on aje changes in psychometric intelligence
suguests that there are cnanges during the workiny years In mean
performance jevels on at least some abiljties. Spatial ability and
non verbal reasoning tests ("fluld inteitigence"”) seem to be
particulariy susceptiblie, Whether or not the drop in non-verbat
reasoninyg and spatial performance occurs before or after age 50 |Is
a matter of debate, Although there are several cross-sectional
stuoles tnat suggjest that the arop begins reasonaoly early in
adult Jife (roughty 30 to 35)y these studles nave not adequately
controlled for cohort effects,s, The reports from the better
contrclled experiments by Schaie et at.s» in which cohort effects
nere wmeasuregdy suggests that the drop begins pltace sometime past
50. Because of the jndustrial Importance ot this questiony a
replication of Schaie's works using other populationsy would pe
nighly desiraqable in spite ot its expense.

Virtually all psychometric studies have concluded that there s
considerable stabitity In levels of verbal intellligence dauring the
workilng years,

4¢ SENSOKY CAPACITIES

In sume situations peogle tunction simplty as detectlion and
recudnition deviceses The complexity of a detection snd
recujnition task can vary greatly from detection of a signal's
presence to ldentification of a particular signal in the presence
of distractorse Performance In primitive detection functions is
vyenerally limitea by end oryan sensltivity, wnile performance in
more comg.ex tasks Is limited by central nervous system (CNS)
functionings Both the sensory ena-organs anu the CNS systems
invclved in senscry information analysis appear to be sensitive to
syings In sowme cases marked environmental effects are also
ouservedy that may appear to be age effects as peopie live in the
hazardous environaments. As a3 general! ruler sensory functioning in
all modalities aectines over the workln3 years, The cetalls of the
vari1ous chdanges have been dccumenteo for vision (Fozards, wWolfs
delly McFartdna, and Podolsky, 19773 Weales 19uos 196%5), audition
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({Bergmany 19803 Corsos 19773 Ordys Brizzee, Beavers, and Medart,
1979), and olfaction (Engen, 1977)s We will cover vision and
audition onlys, as they are by far the most Important modslities in
Rah.,

VISION-DETECTION AND PERIPHERAL EFFECTS

Perhaps ‘the best summary statement about vision is that it
changes conslderably over the working years,; but tnat in the
normal aduft it remains our most reliable sensory system.

Tre eye |tself uncgergoes detectable changes reiatively early
in adult lifes, By age 40 the cornea shows a loss of lustre tnat
Is provably associasted with a change in corneal refractive power,
There 1s also an Increase |in the Incidence of corneaj *"arcus
senilis™y a yrey ring on the outer band of the cornea due to lipid
accumulations This condition occurs in tess than 1% of the
poputation before age 20, but It occurs In sbout 50% of the
population by age 50, Less obvious physical changes are also
founos Past 50 the curvature and thickness of the cornes
increasesy maxing aculty—-incependent astigmatisms more (ikely,

The pupil decreases in size from adolescences and the latency of
the pupillary retlex Increases with ages By 40 tne iens mass,
volumey and density has increased, producing reduced accomodation,
This change s linear wWwith age. The lens yettlaows in color,
prouucing a filtering effect on incident lijghte The largest
effects are in tne blue-yreen reglion of the spectrume The flens
chanyes its refraction indexs causing a blurring of the retinal
images Given tnese phenomena of normal agings it is haraly
surprising that miadie-ayed tennis players complain about outdoor
night tightingt On a more serious notes it is clear that physical
changes in the eye oo produce observabliey, although tolerabie,
visual problems by the 40s,

In additron to the normal processes of organ deteriorations
the risk of pathological cnange lncreases with age. Glaucomas
cataractss and most seriousiys retinal deterioration due to
untreated wilabetes, are serjous provlems beyond &S,

The net effect of these end organ changes s to produce
easity measurable changes In sensitivity and in light-aark
adaptation in the middle ageds Obviousty people in thelr &0s are
not vlindgs out thelr eyesight is deteriorating in an tnoustrially
siynitficant manner. The problem can be acute If the work
situation requires the detectlon of weak sjiynals in low levels of
Itltuminationsy even after time has been aliowed for dark
adastation. Figure 8 summarizes data reportea by McFarfand,
Doreyy, Warreny, and Ward (1960) on visual sensitivity during the
process of dark adaptation., The figure shows clearty that both
tne rate of adaptation and the asymptotic sensitivity after
adaptetion decrease from youth to middle age. This is something
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one should be aware of In settiny standards for performance in any
situation that requires movement from lighted to darkenea areas.

The glare produced by nigh ilfumination also becomes
increasingly troublesome after age 40, due to increased yeliowing
of the lens (Readings, 1968; Wolf and Gardinery 1965), The
filteriny of the aging lens differs according to the tight's
waveilengthe Adaptation to glare from white jight Is faster than
adaptation to yellow Jight In young adufitsy but the difference
between adaptation to white or yellow light Is reduced for older
Iindividuals (Readings 1968)s Thus older personnel should be more
aple tnan younger personne! to beneflit from a human's relatively
high sensitivity to yellow ltight while being less affected by
glares Whether this effect woula be large enough to justify use
of yellow tights in some environments is a question that should be
studied furtner,

Inaustrijal situations in which people are asked to detect
visual signals in fixed flelds are probably rather rare, A more
common situation is one in which a person must alternate between
gaziny at relatively close cisplays and searching a distant visual
flelada. This occurss for instance, when a person must alternate
between looking out of 4 vehicle ano glancing at tne control
panele. In order to do tnis, the eye must accomodate rapialy to
vision at different distances. Formally, accomodation is defineag
as the abllity of the eye to focus sharp retinal images of
external objects inoependent of object distance (Wealey, 1963),

The data shows that accomodstion from far vision to near vision
deterilorates with age (Bruckner,1967)e This change is often
referred to as "presoyopias"” The snarpest declines occur shortly
after age 40 -~ there Is a mean accomodation change of from 5 to 2
diopters from age 40 to age 55+ This change indicates that the
averaye 4u year olad can chanye focus from the far point to a near
point of d4b0out 5 cmes bDut the averaye 55 yesr oia can only shift
focus tv a3 near point of about %0 cme ObJects closer tnan 50 cm
can no tonger be maintained in sharp focuses There §s also
eviaence that tne ability of the eye to accomogate can te affected
by the environmenty; for instance by long term duty on submarines
(Kinney et aly, Note 3), The possibility that age changes in
vision can be exacerbadatea by particular environments should be
given more study,

Presbpyotic changes in the visual near point appear to be
causea by changes in the shape of the eyes senile degeneration of
tne citiary body ang ocular musclesy and loss of flexiocility in
the lens, As is well known, these chanjes also can result in
refractive cnhanges wnhich cause a aeterioration of visual aculty at
the near ooint. Put simpiys the magnitude of tne upticsal
correction requireg for reading iIncreases exponentially es 1
function of age (Wealey, 1963). By age 50 a significent proportion
of the population requires gylasses with a reading correction
(Bernstetn and Rernstelns, 1945). Visual aculty tor far vislon
also shows 8 decided drop with age, Fiyure 9 snows age stratified
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data on visual acuity at the far point (20 toot distance) compiled
by the National Center for Health Statistics (Department of
Health, Etducations, and welfare, 1977). There is a sharp gecline
after ayes 4u=45 in the percentage of individuals having 20/20
visions and a corresponaing increase in the percentage of
individuails with 20/50 vision or worse, Etxperimental tests of
visual aculty also show age declines during middle age (€sQey s
Eriksens Hamliny and B8reitmeyers 19701}, -

The preceding data showed 8sge changes iIn static visua!l
acuitys or accuracy in percelving the features of a stationary
objects Dynamic visual acuity Is defined as accuracy iIn
percejving features of a moving objecte Dynamic visual acuity ;
also declines witn age. Burg (1966) and Heron and Chown (1967)
tested dynamic acuilty by having observers discriminate features of . &
an ovject rotating In a fixed position In the visual fleid. }
bury?s vata (Figure 10A) tend to show eariler and larger age ‘
declines in dynamic acuity than Heron and Chown's (Flgure 108).
The ditference may be due to the range of visual acuity testeqg,
Burg's targyets subtended smaller visual angies than did Herun and
Chcwn's, Regardless of the detallss tne existence of an

dje-related change in aynamic acuity for a rotating obJect is R
clear, {

Reaocing (197¢) had observers (20-30 years; 40-50 years) track b
e target moving with varying asngular velocity across the visual
fieluse Tne task was to detect the presence or absence of a small
gap In a&an ovale The datas shown in Figure 11, follow the function
3
(1) Y = M + NX

where Y is resvlution acuity, X Is the angutar velocity (un
degrees/secs)s M is an intercept parameter (corresponcine tn
static aculty at X = 0), and N |s a dynemic acuity parameter,
Reading found that separate 4 and N parameters were requireu for
the twu d4ge groupse Tne static aculty parameter was 114Y greater
for the 40-50 year oldsy while the dynamic acuity parameter was
about 0% yreaters The two parameters were virtually
uncorrelasteds Thus, independent age changes in both statlc ang
dynamic acuity were found from sge 20 to age 20.

Apotner age change in vision that may have mjlitary
implications 1s the shrinkage of the functlional visual flelo
(Burys 1950; Wolfy 1907)e Wolft's data sujygest that the shrinkage
rate is gyreatest after agye 50, although smdall changes do occur
earlier in lifes 1L Is well known that the orienting response to
4 moviny, ooject peyona the goint of focal attention invoulves
mechanisms associated with motion detection in tne periptery,
whether tne restrictions In the functionsil size of the geriphera)
visual tielc would impasr an older persons's abllity to detect
such obgects (particularly 1n conjunctivn with reducec uynamic
acuity) i1s an importanty, yet unansweredy yuestion,
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Figure 10a. Dynamic visual acuity: Minimum gap in ring detected
with target moving at the angular velocity indicated
by the curve parameter. Data from Burg (1966).
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Not afi aspects of vision show large declines during or
before middie 4ge. Depth perception appears to be stabie unti! at
least age 40 to 45. The age changes in depth perception that nave
been reported appear to have been confounded with age changes in
sccomoastion and convergence, and are not age changes In depth
perception per se (Belly, Wolfs, and Bernhotlzy, 1972),

To summarize, age-related changes in tre eye result in
cnanges in many v suai functionsy including dark adaptation,
accomoaationy static and dynamic acultys and functional size of
the visual flelo. While these changes are not large enough to
warrant a general rule that midale aged personne) cannot or should
not do particufar tasksy they are large enough to warrant extended
testing of visuval capacity beyond the middle thirties, This is
particularly true it a person might be assigned to duty requiring
8 high tcvel of visions We emphasize that standasrd test of static
acuitys such as the familiar eye charty would probably not be
adequate as a predictor of performance for middie aged personnel,
Thnis point 1s underscored by resuits reported by Sivaks Cison, and
Pastalan (1951)se They examined age chanyes in night vision for
reading traffjc signs in a field sjituation. Two groups of
indiviuvuals (mean ages 33 and 6¢) were required to discriminate 3
small) retroflect sign while driving or riding In a8 car. The
groups were matched for statlc sculty at high brightness levels,
Sivak et als found the greatest distance at which the sign could
be reac by tne youny and olu drivers. The greatest distance for
the older drivers was only 65 - 77% that of the younger driverse
In terms of runctlionings, If olaer and younger drivers were
traveling afony a road at the same speeds the older drivers would
have less time to react to a warning signe Perhaps the most
important point of the Sjivak et ale study Is that the functional
disparity in vislon snown between ol0d and younyg in the driving
situation was not predictec by thelr equlivaient performance in 2
high brightness test of static acuftye. This Is consistent with
data on arjving behavior in field slituationse Hills (1980), in
reviewing the lliterature on perception and drivings notes that the
breakpoint for age-related increases in accident rates coincides
with the aje of increasing decline in dynamic visual acuity. The
correlation between oynamic visual acuiiy and draving accidents is
iargest in older populationss while the relation to static acuity
remains tow (Hillsy 1l980; Henderson and Burgs, Note 4).

CeNTRAL CHANGEY LN VISUAL INFORMATION PROCESSING

The visual nervous system is organjzed intu a highly complex
network of visual “channels," hijerarcnically orgered networks of
oprain cells designed to be sensitive to specific visual features
in precise spatial {ocations in tne visual fields Visual channels
are selectively activated according to the salient properties of
the visual stimulusy, especially size, orientation» contrast ratio,
and spetial frequency. Recent evigence collected by Sekuler,
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Hutmany and Owsley (1980) suggests greater age decline In the
sensitivity of channels tuned to fow Spatial frequency
informstion. Sekuler et al., examined the abillity of old ana young
subjects tu discriminate vertical gratings varying in spatial
frequency (frequencies ranging from 5 to 16 cycies/degree),

There were no age differences at hly,h spatial frequencles, but age
differences in contrast sensitivity emerged, and increased
progressivelyy as spatial frequency decreased. These changes were
not a tunction of ocular pathology or poor visual 4acuitye. More
work Is needed to determine the age at which this change in low
spatial frequency sensitivity occurss and to determine which
levels ot the visual nervous system contribute to the effect.

Other reports have indicated age declines in the qusliity of
visudl Information processinge Szafran (19¢8) examinea
recognitson thresholds for shapess numbers, letters, and words.,
using young and old commercial pllots as observers, He calculated
cnannel capaclty curves by plotting output information (In bits)
against lnput information. There were smally put reljable age
crnanyes in the Information transmitted, although individual
differences were larye relative to the size of the age effects.,
These and other resuits ted Szafran (1968) to sugygest that age
changes in visual Information anaiysis are a function of aye
increases In the level of internal "neural noise”™ in the visual
systems Gregory (19573 see aliso Vickerss Nettiebecks, and Wiison,
1972) aavanced a similar hypothesisy, basea upon some evidence of
aje changes in differential thresholdse. Althouyn widely cited
(eegesy Wetforus 1981l)y the neural noise hypothesis nas yet to
receive a deflnitive tests 1Indeed, we regard the date of Szatran
(1968) and Greyory (19%7) for age changes in the accuracy of
visual aiscrimination as preliminary.

There is ygood evidence for age changes i1n the speed of
information processing by the visual channels, Most studies of
the speea of jdentification of visual stimull use some variant of
an experimental paradigm known 3s visual maskings The events in a
masking stuoy are shown In Figure 12, First a taurget stimulus Iis
presented, at an intensity that would ensure easy cdetection were
it to be lett in front of the observer iInderinitelys The tarqet
stimulus is followeu Dy 3 masking stimulus (or "mask") whicn
overriues the visual image of tte initial stimuluss The time
petween inittiation of the stimulus ana the mask is callea tne
stinutus ‘Inset Asynchrony (SNA). The SOA can be thought ot as the
sum of two parts?! the time the target |Is dispiayeas or the target
auraticn (TP)y and the ceau time inbetween the target and mask,
the interstimulus Interval (iSI)e The purpose of a3 masking
experiment Is to uetermine the shortest SOA (sometimes, the
shortest [(SI) 4t which d4n otserver can make a reliable
fdentsticatiun of the target stimuluse This shortest SOA s
called tne maskiny threshol o, It may be used as a measure of tne
speead ot visudl i1dentificatione.

Turvey (Turvey, 1973; Mjchaels and Turveys 1379) has snown
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that there are at least two different tyges of masking.

Peripheral maskinyg effects, which are largely cuontrollea by the
physical intensity of the masky arlse primarlly because the target
ano mask stimuli are integrated into a single functional stimulus
!n tne earliest stages of visual processinges Central masking
phenomena depend upon the perceptual retation butween the stimuius
snd the mask, Central masking Is greatest If tne mask is
constructed of visual features similar to shose used to construct
the stimulus. These are called "pattern masks." The central
nature of masking is shown by the fact that pasttern masks are
effective unaer dichoptic presentations ~= is.ee» when the mask is
presentea to one eye and the target to the other.

As its name impliess, periphera) masking 1s thought to be due
to the iInteraction between tne target and mask in tne peripheral
visual system (the retinal and visual tract prior to the point of
tne fusing of information from the two eyes), Peripheral masking
depencs upon the intensity of lilumination of the target and mask,
in accordance with the following rule?

8 .
(2) TE x SOA = K ,

where TE is the target energy, B s an unknown exponent, S0& |s
the critical SUA, and K is a constants K Is characteristic of an
indivioual's performance at a4 set tevel of accuracy. What the
rule in Fquation 2 indicates iIs that the masking tnreshold (SNA)
decreases as target energy increases. In facty, above a certain
level of tarjet energys which variles from person to persons nou
masking occurs.

Aye differences vetween young and old adults have been found
in peripheral masking, and appear to be restricted mostly to X and
not & (Tills 1978; Walshy Tilly ano Welliams, 1978), In other
wordss age dues not seem to change the form of tne power functions
but older persons require longer S0As to escape the masking
function, MWalsh (Note 4) recently reportedg peripheral masking
data which included a middle age groupe His sample consisted of
24 young (mean agye 18,7 yearss ranye 17-21 years)s 24 middle agea
{mean s e 0.5y range +0-23), ano 24 old {mean aje 4043, range

/=74 years) adulits, who were elther Unliverslity students or
alumni. The critical ISI to escape masking Is shown In Figure 13,
There appear to be retliabte differences Iin the peripneral masxing
constant between the young and milddie aged subjects (the exponent
8 did not ditfer between them)s Thijs result means thaty, for a
tixed tar jet energys tne micdle aged persons were suszeptible to
masking for a tonger times Note that the data for the middle aged
observers were more |(ike the data for the older ogbservers,

The age Increase In peripneral masking thresnolds coula be
attributed to two sources: cecreased energy Incident at tte retina
(oecause of yellowing of the lens and other effects discussed
above), or sliowed transmission time in the peripheral visuat
channels, Walsn (Note 53 walshy Tiliy and wiliiamsy 1978) arjues
that the eftect probably represents siowed peripheral channel
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enalysisy since individual alfferences iIn thresnoilds for the
target stimuli altone account for relatively small amount of the
varsance in ISI across individuals Iin each age groupes The
evidence for the excluslon of ocular factors |Is stil! scanty,
however, and further research on this question would be in oraer,

Unlike peripheral maskings central masking is rejatively
independent of target and mask energies. Instead it sppears to be
8 function of the time needed to decode tne visusl features of the
target ana then identify it. Central masking obeys the rulet

(3) SOA = Tu + IS = K,

where SOA Is the criticai SCA to escape maskings TD is the target
durations ISI Is tne critical 1SI to escape maskingy, and K Is a
central masking constant, The K in Equation 3 |Is also 8
characteristic of a given individual and level of accuracy, but It
is cifferent from the constant of the peripneral ruie (Eouation
2)e

Age ditferences iIn central masking have been shown Ly age 50
(WNalsh, Note 5; Williamss Note 6), walsh found SOAs of
approximately 50, 60, and 6% msec for his 20, 46, ana 70 year old
groupsy respectively (these SNAs are inexplicably shorter than
those of previous studies In the same faboratory —=— e¢Qes» Walsh,
Williamsy and Hertzog, 1979)s In Walsh's studijess the taurget
stimul: are letterse wdalsh (Note %) also varied the numter of
letters in the target from 1 to 3. Masking thresholds for
multiple elementl targets are of interest because the additional
tine taken to identify the extra targets reflects readout time of
information fruom a short term visuel storage system often called
"lconic memory™., Waish' data are shown in Fljure 14, He assumed
that the Jetters were read out of lconic memory one at a times, and
therefore fit a tinear equation to the data (the thin lines iIn
Figure 14), Even without committing oneself to the validity of
the sersal raagout assumption (Sperlings 67)s The sliope ot the
finedar equation may be taken as a rough measuyre of the speeg of
information readout from iconic memory. As can be seen from
Figure 14, th. Increase In SJA from 1 to 3 letter targets appears
to interact with age -- npote the roughly 40 msec, difference
between young and midale aged individuals for the 3 letter
taryets, These results sugwest slowed fconic readout by age 45,
It wouin be desireable to extend the research to fina the aye
where the Jdecline in lconic readout speed pegins,

in absolute termss, aye diffterences in masking thresholds are
not larye, The cifference between abservers in thelr 20s and 60s
in SO2s for single Ietter targets is on the order of ?5 msec,
This girtterence 1s Small relative to aye differences sn motor
reaction times (sec below)s, Nevertnelessy, any age effects on
masking functions are of Interest because of their theoretlical
interpretations Central masking, In particular, provides a fairly
girect measure of the speed of information processing in the

-26-

'

e =g
e




180
160

N
© O

100

ISt (MSEC)

80

& Young
| ® Middle
e Old

y=5.2+5..8x

y=24.7+31.0x

y=28.1+17.6x

| l |

1 2 3
NUMBER OF LETTERS

Figure 14. Interstimulus interval required for correct recall of
letters in central masking paradigm, as a function of
age and number of letters. (Walsh, et. al., 1979).




ARQST

v X T L A

F Y R S B

VISUAL SCANNING: THE TASK
IS TO LOCATE LINES CONTAINING

AN llxll

Figure 15. Visual scanning task.




Agling and Cognition

visual nervous system. Changes in masking do eppeesr to occur by
middie age, Furthermore, studies measuring the brains etectricsl
response during stimulus identiflication also show slowing of brsin
activity with savancing aye (Ford anc Pfefferbsums» 1980), Thus a
modest deciine in masking may be an Indgication of a pervaslive
slowing process that coula have multiplicative eftects In complex
prcebiem solving slftuationse As we shalt sees, there Is a good deasl
of evidence to snow that a yenerallzed slowing of cognitive
processes doesS occur with age, It would therefore oe usefyl to
have stuaies in which measures of siowing at several levels of
cognitive processing were taken =-- for example, measures of
masking could be related to performance In situations requiring
visual scannings stimulus laentifications and probilem solving.

To cluse tnis section, we consider « more complex task. In
visual scannliny studies, the observer must locate a target figure
in a fietd of distractors == e.ge» determine which lines have the
letter "X" in the aisplay in Flgure 15 A larye number of studlies
have srown tnat the eliderly (age 60 and beyond) are slower tnan
youny acgulits in visual scanning (Rabbitt, 1968), and are more
likely to be distracted by irrelevant information during scanning
(Rabbitt, 1965). However, those studies that have jncluded a
middle aged group have typically not shown changes In sceanning
rates trom age <V to 50. While this makes it likely that the main
chanyes in scannlng rates occur after age 50, the avallatle data
are quite limited,

An impleicit assumption of most scanning studies Is tnat the
observers are responding as fast as they can without making
errors, In fact, thoujhs people can trade off speea for
probabitity of errore Thus an apparent slowing of scenning speed
with aye might reflect the adoption of a more cautious search
strategy rather than a l1oss of the capability to scan rapidty
(Pachella, 1974)s Hoyery, Peboksy and Svea (1979) observea that
individuals 1n thelr 40s ana 50s were sliower but more accurate in
a visual sorting task simitar to visual scanning. This results
suygests that the miodie aged Iindividuals might have traded off
speea for greater accuracys perhaps because of a lower tolerance
for errorse Olaer adults often appear i1ntrinsically to prefer
accuracy over speed in these kinds of experiments (Rabbitt, 1977),
but a simple traacectf probsbly aoes not account for atl the speec
difterences in visual scanning when one compares earily asaulthood
tu tne retirement ages.

There seews to be a difference beween tne way that visual
scanning stuales d4are oone in tne laboratory and the way tnat

‘ visudal Scanniny seems Lo occur in most practical situations, In

the typi.al laboratory studys the oovserver s as<eu to scan a
aglsplay and co nothiny, elsee Ir fleta situations visual scannling
Is typically done in conjunction with other tasks. To ittustrate,
a mutor venicte driver continues to gulce the car while scanning
rosd siynse. Rabbitt (1977,1979) has founa that differences In the
visual scanniny performence of young and eloerly subjects can be
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magnifijea either by Increasing the number of distractors in a
display or by introducing anr anciliary (memory) task, This sort
of resuit has lead several peopie to conclude that visual scsnning
demands "attentlonal resources", and that these resources are
reduced with age (Rabbitt, 19793 Hasher and Zackss 1979; see the
section on Attention below)s Rabbitt'!s results, which are not
based on studles using middle aged subjectsy, suygest the neeq for
furtner exploration of age changes In scanning performance when
done in congunction with other tasks,

Another iIndication that age changes properties of perception
Is the change in several visual Jllusions, such as the Muller-Lyer
itiusion, Comalli (1970) has reviewea a large body of data which
suggests that older persons have ltlusions similar to young
cnildren == that iss & "regression®™ of the perceptual lltusicn to
pre—sduit leveis. However, most of the change 4ppears to accur In
the late 60's and 70's» and s not of paramount interest for this
report,

One way of summarizing the results of the varlous studies on
age anou visual detection and identifjication is to consider what
sort of tasks would be expected to reveal performance differences
between peopile in tneir 20s and 40s.s If the task required
detection of rapidly moving targets, at low levels of
siluminations younger observers should pe markedly betters enough
so that the difference might be of serious concern to equipment
gesignerse If the task requireu rapid identification of single
stimuili tne younyer observers might still be more rapid, but their
advantage would probably be much reduced, If the task reqguired
that the observer pick out a clearly distinct stimulus from an
array of stimull of the same type, large age differences would not
be expecteds However, perhaps age effects would reappear |f the
scanning tdask were made more diffjculit or +f it were to be done In
congunction with other taskse

AUCLTION

Heariny) Is exceptionally sensitlive to ajes Many changes in
audition are ussoclated wilr straightforward cnanyes In the
physitalayy of the inner ear; atrophy ano degyeneration of halr
cells and supporting structures in the vasal coil of the cochlea,
atroupny of the stria vascularis of the scale media {(leading to
deficlences 1n enaolymphatic flulds) anug atropny of structures
associatea with cochicvar vibrations, Each of these changes miant
tneoretically ve associated with dirferent typaes of loss of
auditury sensitivity (presbyacusis)., The coucnlear changes should
be associatec with speciflc high frequency hearing losses that are
characteristics of auvancing age. Changes in tne encolyspnatic
fluilds snhould lead to a uniform loss In sensitivity at all
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frequencies, combined with loudness recruitments so that noisy
situations should make fine discriminations harders Changes in
cochledr vibration should be assoclated with a yraded loss of
hearing from low to hilgh frequencies. All Lhese phenomena have
been observed (Bergmans, 19803 Corsos 1977). In aguition, there
are age refated differences In hearing that are provably
assocliated with central nervous system factorse lotation of the
central from the peripheral effects is an Important, but difficuilt
task, Speech perception is a good illustration. The
understanding of speech seems Intuitively to be a central process.
A measured loss In speech perception cannot routinely be
attributed to CNS deteriorations because peripneral changes may
limit the quality of tne percelved speechs To account for
peripheral effectss stuadies of age differences in speech
perception often speech perception after equating subjects for
peripnerally producea presbyacusis (Corsos 1977)s Howevers it is
nut always clear that matching listeners on the perception of pure
tones 1n a glven set of frequencies (or any other single
criteriun) goes In fact equate individuals, since they may dgjffer
in forms of hearing loss not tested by that criterion,

Aye assocldted losses occur In the ability to vetect pure
tones by aje 40y |f not soonery, although very pronounced changes
0o not occur until somewhat later, Figure 16 shows that auditory
sensitivity to pure tones declines exponentsalily from young
adultnoods with the greatest loss at high frequencies. The
targest oacllnes are at hlyher frequencies than tnose critical for
perception ot normal speech (roughly 1000 to 2500 Hertz), but some
age-relatea decline in the speech frequencies Is observed. For an
4s yal unanown reasonsy the loss [s less 1n women than in men.
Corso (1977)s In reviewming these datas states that beyono the
widdle 30's some hearing loss s evident in virtually attl
tndividualse Bergnman (1950) emphasizes the conpiementary side of
tne picture -- namelyy, that there are both individual differences
ano subpopulation differences In presbyacusis curves! We should
emphasize then that the curve in Figure 18 is representative of
average pure tone sensitivity for members of Western
Industrialized societles,

In adadition tu toss 1n Adetections louass in discriminability of
sugratrreshold stimulil also occurse Fi,yure 17 demonstrates tnisy
by showing pitch discriminstion as a tunction ot aje and frequency
(Koniy» 4v57)e BAs was the case tor cetectians the [(0sS ¢S
proaressively yreater as tne frequency of the sounds increases.
Tne loss of discrimindtion at tre higher frequencics in Figure 17
Is ¢tearly evident in the 25 - 35 age rangye., The aata from
Figures lo anda 17 indicate that |t may ve necessary Lo screen
micole ayed personnel for hearing louss 1f analysis of midale to
high froeauency sounds (roughly, greater than coun Hertz) Is an
Iimportant aspect of thelr jobs,

whtile there are industrial situations In whicn ton2 oetection
ana/or discerimination 1s Importants speech perception Is far more
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Important. As Flgures 16 and 17 show» there are losses of
suditory capacity in the speech frequencies during the age
interval 20-35, These pecome more marked later in tife., The
importance of these losses vary greatly with the conditions of
speech perceptions Bergman et al. (1976) determined speech
getection in fisteners whose age varied from 20 to over 70. Both
longitudinal and cross—-sectional data were taken, making this
study one of the better designed ones iIn the lliterature, In
addition to determining detectlion of normal speech, speech
detection was determined under a varlety of adverse conditions. A
portion of the resulting data ts shown In Figure 18. Three
functions are showns for age-related perception of normal speechy
speech presented with a competing speech signai in the backgrounds
and speech that was interrupted electronicaliys as might be the
case in a statlic—-prone radlio transmission, AS can be seen from
the frlgure, there is llttie interference with normal speech
perception until beyond age 60, Somewhat mcre age-related
decrement Is shown In selective listening, and very markeg
decrements are shown 1n tistening to interrupteaa speech, Corso
(1977) suggests that much of the reduced speech perception with
advencing age may be a function of increasea time to process
information in the auditory cortex. The peripheral changes
dlscussed above probably contribute to the deficit also.

Ber juan et al.?s experiment is an Important one for two
reasons. Conventional audiometric examinations determine pure
tone frequency nearing lossy» on the assumption tnat this
correlates well with the perception of spoken words (Geldard, g
1972), While this may be the case for the perception of singte i
words in isotationy, other factors may be involved In the
perception of sentences under adverse listening condltions.

Bergman (1980) suggests that high frequency hearing loss will In §
fact "generally create considerable difficuities in understanding i
speecn neard under otner than optimal conditions™ (page 3C). & }
recent study reported by Bergman (1980) emphasizes this point, ;
Mloole ageus (ages 45 - 63) and older listeners had more difficulty
understanain, speech of talkers whose voice and speech patterns
were rated as poor. Whlspered speech was particutarly
troubfesomes Bergman'®s explanation is that whispered speech
reduces the amount of information avallaole from glottal
(phonatory) energyy placing grester import on tune relatively nigh
frequency information present In the formants and consonants.

Since many Industrijal sltuations do Inevitabply involve poor
listening conditionsy, It would be advisable to datermine whether
or not aefects in practical speech perception are identified by
current audlometric measurement techniques ands «f they are noty
what new measurement techniques woulu ve appropriates A second
polint to keep in mind about Bergman et 41's results Is that, If
anythings tnhey may understate the seriousness ot the situation.,
In the Bergman et al., experiments, listeners generally were
required to report speech verbatime If they nad aiso been
required to comprehend and evaluaste that speech, the added
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processing requirement might have Interacted witn the attentional

demands of the difficuit speech perception task to produce even
greaster aye deficits.

A ]

While certain changes in the auditory system d4re Inevitably
sge~related, personsal experiences are also strongly involved In
the determination of adult hearing capacity. It Is well known
that enviornmental events, in particular exposure to intense, hjgh ]
frequency noises for a long period of times can produce marked ¢
loss of hearinge Such situations are particularly common in an
Armed Services environment. Whether or not environmental damage '
is additive to an age effect, or interactive, Is not known, Thlis
procbably depends upon the precise type of damage produceg by the
environment (Corso, 1977). Part of the differences in
presbyacusis curves between populations of adults may be a
function of environmental factorses The adifferences can be quite
farge. Fijyure 19 shows data for 2585 Wisconsin residents and 541
Mabaans, @ group of Sudanese tribesmen. Note that the hearing
foss in the Mabaans tribe Is much smalter than the loss in the
Wisconsin reslaents,s The Wisconsin residents mesy be more
representative ot tne populstion of American service personnel.
More serloustys the data of Filgure 19 jliustrate dramatjcally how
much of our "normal®" aging trend may in fact be a reflectlon of
our normal environmental hazards and personal health hazarase.

-

Consistent with these findingss there is eviagence that the
UeSe population as a whole |Is becoming more hard of hearing. The
rate of Inciagence clinical deafness in 1960 was approximately 300
per 10,000y up from under 200 per 10,000 In 1940, By the turn of
the century the deafness figure is expected to reach 360 per
10,000 (wWwatson and Tolan, 1967). If we assume that the incidence
of subclinical cases of hearing loss Is proportional to the
deafness figures, this means that there iIs a marked cohort effect,
ieese that the 30 and 40 year olds of tomorrow will nave a greater
inciagence ot hearing troubles than do people in this age bracket
today. Part of this cohort effect might be related to personal
hatits == Kryter (1970) has reported a high level of noise~related
deafness anu hearing loss In rock musiclanst! The impact of the
incredsing incluence of major hearing loss upon industrial
perfurmance snoulg be investigated.

Inexpilcablys tnere are no studjes in the (iterature of age
chanyes In the speed and integrity of auditory information
processing analogyous to the stucdies in visuat information
processiny reported in the prececginy sectlons For example, we do
not know how tne process of informatson readout from echoic memory
(tre auditory equivalent of lconic memory in vision) is effectea
by ajiny (Zrowdar, 1980). Stnce the organization of auditory
curtex anu related pathways in the brain differs from the
organization of the visual centers (ee«ges there are more primary
cortex areas devoted to audition than vision)y) we should not
assume tnat age changes In the two systems would be strictly
identical.
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CNMMENT ON SENSNRY CAPACITIcS AND AGE

Many of the sensory detection ano discrimination studies
currentiy in the literature have relied upon a personts abliity to
detect a stimulus, assuming that al) individuals use the ssme
criterion for dgdetection. If there is a systematic shift in
criteria with ages in the djrectfon of demanding a4 higher
criterion signal oefore respondings then Increases Iin “caution"”
woulu appear as decreases in sensory sensitivitye A limited
amount of evidence suggests that this i1s Indeed a possibitity
(Craiky 1969; Rees and Botwinicks, 1971). Whlle it seems uniikely
thnat « repetition of the studies we have reported using
criterion-free methods (e.yesr Signat Detection Theory approaches)
would eliminate the aye effectsy, the magnitude of the estimated
age change might be reduced. If It were the case triat some of the
age cnanges were Inoeed a function of the observer's criterions
then miyddie aged personnel could pe tralned to increase thear
frequency of faise alarms toc adjust for cases where a missed
siynal would have a nigh coste

Stuaies gemonstrating cefects In simpie detection of stimuli
are apt to be dismissed with the comment that there are obvious
grosthetjic measuress FEye glasses are common In our soclety., It
Is much harcery, nowevery to remedy perceptual and sensory defects
that are dssociateo with accomodation to ranges of stimuli} eeq.
rapid shifting of the gaze from far to near and back agains or
filtering a signail through noise In 8 speech perception task,
White the typicat man or woman in the 40's is neither olind nor
geaf in tne clinicatl sense, drops In the sensitivity of vision and
hearing in tais age range are farge enough to warrant study of how
they affect performance in demanding work environuents,

In this section our focus has been on sensory and primitive
perceptual processesy to the exclusion of more complex processes
of stimulus analtysis and response production, Although the
interaction between sensory and hjgher order cognitive processes
has been ltittle studieds, it may be quite important both
tneoreticaltiy and practicaliys We shall argue pelaw tnat nigner
ofuer cojnitive functloning demunds attentions and that cne of the
cnaracteristlics of oluer incivicuals Is reducca attentional
cdpacitys In younger individuals, agequate sensory perception may
procerc alwost independent of any allocation of attentions whereasas
the oluer individual may acltleve the same level of sensory
perception only by actlively attending to the stimulus chsasnnel,
Primitive acts of perception become competitors for attention for
tne oider person 1n a way that they are not tor the younger., Thus
an glder person whos with etfort, coutd pass 3 test designeo to
evaluate sensory functioning and nothing etse, miyght not be able
to ftunction fn 31 Job tnat combined sensory perception with more
complex tasksSe
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Minor sensory problems can lead to psychological discomfort,
even If they do not affect job performance directiy. Among the
elcerly there is clear evidence of emotional disturbance
assocjated with sensory loss, especially when that loss affects
functioning in intellectual situations (Corsos 1977)e Whether
ainor probleasy such as Irritabititys, would be characteristic of
middlie aged individuals working In noiSy or low vision
environments Is a matter for speculation. As the success of the
volunteer services depends heavily upon attracting these
individuals to mliitary careerss, and keeping them in those
careers, some thought shouid be glven to changes in working
situations that can avoid such problems,

5 THE CAPACITY TO ATTEND

In studies of visual and auditory capacity, it Is impiicitly
assumed that the ingividuals belng evaluated are giving their full
attention to the test stimulus. The assumption is probably
correct, pecause testing situations sre simpie (esg. a listener
may be asked if he or she hears a tone) and because testing
sessions are brief. Wnen more cognitive abitities are being
examined, as in studles of memory or probiem solvingsy care must be
taken to control a subject's allocation of attention to various
aspects of the taske Attention allocation is aliso of considerable
practical intereste Many accidents are “explained™ by saying that
the people involved falled to attend properiy. There Is also a
great aeal of anecdotal evicence suggesting that the abllity to
control attention decreases with age. Most of the anecdotes have
to do with Inattentiveness (n old age, Less is known about changes
1n attention as people move from thelir twenties to their sixties,
Clearly the average person of thirty or forty does not lose the
abllity to concentrate to the point that inasttentiveness becomes a
personal problem requiring professional help, AS was pointed out
in the introductions, a small decrement In a psychologlical function
may be trivial to an individual but important on a population
basise Given that chanyes in attentiveness are observed in the
efderlys it is reasonable to ask whether or not minof changes in
attentiveness can be ooserved during the workling years,

This question is hard to answer, Attention must be measurea
Invirectliys, by observing peiformaence on tasns that require
attentions but that also araw on other psycholoylcal tunctions,

Yo ittustrate, suppose that someone bas a notorlously poor memory
for peoples! names, Is this tecause tne individual does not pay
attention when introduced to strangerss or because the personts
perceptiun 1S deticient, or because the person tinds it hard to
store and retrieve information? More particularlys, because it Is
reasonable to believe that people lose some abifiity to control
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attentlion as they aye, a number of experiments on wemory, problem
solvings and aeclsicn making have been "explalneo" by assuming @
loss of uttention, We shall argue befow that this concluslon iIs
wafranced only in fairly limited circumstances. Furthermore, It
the concept of "Joss of attentlon”™ is tu be appealed to as an
explanation of experimental results, one nhas tu define what
attentlon Is« No satisfactory definition has oeen offered.

The remalnder of thils sectlon discusses some of the
conceptual and methodologiceal problems Invoived |n determining a
person's ability to allocate attention to information processing

taskss Althouyh some experimental results wiil be cited, the
thrust of the argument Is theoreticats, The major purpose of tne
section Is to introduce concepts about attention that will ve

important when we deal With the relation between age and tigher
cognitive functions such as memory and probilem solvings

THE ATTENTIUNAL REIOURCE MOCEL

One way of conceptualizing attention iIs to take the rotion of
“payiny attentlion®” quite (lterallyy by imagining that we have a
finite amount of attentional resources. An attention demanding iF
task s one that requires the expenditure of resources from tnis }
supplys Kahneaman (1973) has presented this idea in some detail, ;
In his viewsy any mental task requires the activatsion of mental
structures. These are the mechanisms that accomplisn the ;
functions requlread to do the tasky such as discrimination of
opjectsy renearsal of Information In memory, and tne manipuiation
ui visual images, Each of the structures draws upon the pool of
avallatle mental resourcess Tne pool itself is termed attentional
capacitys A structure will lncrease jts demands Jpon attentional
capacity 1f the intormation processing ioad on the structure is
increaseds Simitarlyy, the greater the amount of resources
provigeo Lo a structure when aealing witn a fixed information
processing 10oauy the more raplaly 8na accurately tne structure
will perform its taske Complex tasksy» such as reaging a novel or
arfving an automobite, requlire the cuordinated activatior of
several stryctures and an approprijate allocation of attentional
resources tn each ot tnem,

T e

Cunsjder some abstract tash that Invouives one or more mental
structuress The function relating overt performance to the amount
of attentional resources allocated to tnose structures required bty
the tusk 1s callea tne performance~resource function. The
performance~resource functlon is unotservable In prancigley
because "attentlonal resources™ refers to an aostract concept
fratrer tnan 3 measurable exrenuiture ot eneryys In spite of Its
turely conceptual natures, tne performance—-resource tunctian may te
used to classify tasxs by treilr resource vemandse. HNormen and
Rotirow (1975) define resource~limliteyd tasks as tasns on mhich the
pertornance ftunction is strictly monctonicaily Increasings 1.0,
tasks on wnich pertormance levels increase with «n i1ncrease in the ]
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amount of resources allocated to the tasks Not «li tasks are
resource limiteds ana a single task may be resource limited under
some conditions and not resource-limited under other conditions,
Teke the case of a person listening to the radio unaer poor
reception conditlonse Accuracy of reception will depend partly
upon the attentiveness of the listeners At a certaln polnt,
thoughy concentrating harder siwmply will not further improve
receptions, Asymptotic performence will depend upon the physical
nature of the stimulus, as fliltered through the llstener's
auditory apparatus. Maximum accuracy may be reached without the
iistener aevoting complete attention to the signals to the
exciusion of all other stimulie« 1In such a case performance Is
saild to be "data~-limiteds™ The term Implles that performance is
limlted by characterlistics of the external stimulus but, as the
example showss a data limitation may also be imposed by the
character of a persont's sensory or mentat structures, For
instancey, in consideration of the data reviewed in the preceeding
sections, presbyacusis might impose a data limitation on the
auditory tasx performance of older adults, even thnouyh younger
agults were resource limited under the same conditionse.

Gne way to think of the alleged inattentiveness of olager
agults Is to assume that attentional capacity decreases with age.
This will ve referred to as the "attentional deficit hypothesis,”
If the hypotnesis s trues performance should decrease with age
whenever people are cdevoting full attention to a resource timited
taske While thnis inference Is conceptuslly straightforward, It Is
asftijcuit to construct a practical test of It, The problem is
tnat one cannot be sure that maximum performance s determined by
a resource limitation rather than a data Itimitation. Consider,
for example, the study of tte speed with which people do mental
tasksy varying from simple cholce reaction time studies to
reasounably complex mental arithmetics Almost every study of age
effects in such tasks has shown a decrease In speed of mental
performance with advanclingg age, The decrease is evident by the
thirties anu forties (Birreny 19743 see also the discussion of
specific tasks given In the following sections of this report),
Furthermore, the decrease cannot be accounteo for by chanyes In
motor capability, because the amount of age-related slowling s
related to tne psychological complexlty of the task rather than to
its motor components (ferella, Poon, and willlamss 1980)s It 1Is
also true that under certain circumstances speed of mental
performance 1S o reasonable indicator of the amount of attentional
resources allocated to ¢« task (Xahneman, 19733 Posners, 1978).
Tnusy 4lthough one Interpretation of the observed sliowing Is that
attentionil capacity decreases with age, this conclusion is not
gicldteg by tne datae Sliowiny coula easjily be due to structural
cinanges In the centeral nervous systemy, sucn as deaylinization of
nerve tibres or a3 readuction Iin the number of neurons In the braln,
More generally, the fa4ct that changes In the speed of individusl
terformance, across conditions of an experiment may reflect
chan,es in esttention allocation doas not mean that changes iIn
inter-individual performance Iin the same experiment agre due to
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inter-indlividuel cifferences in attentional caspacitye.

An aitternative way of evaluating the attentlon deficit
hypothesis is to restrict the amount of attentiun that a person
can allocate to a task, This is done by Introducing a new task
thet Is to be performed on a high priority basis, The original
task tnen must be done with a person'!s "spare capacity”, This Is
defined as the attentional resources that a person has remaining
after allocating enough attention to reacn a satsifactory
performance level on the primery tesk., The technlque of
evaluating spare capacity by consldering primary and secondary
tasks Is called the "secondary task paradigme" It Is a special
case of a "dual task situastion”, In which pecple are asked to
perform t4o tasks more or less concurrentiy. The conceptual
argument for the secondary task paradlgm is straightforwerd,
Imagine two peopley A and B, both of whom nave sufficient
atientional capacity to achieve maximum performance on elther of
two tasxkss . and 2» when done alone, If the two tasks are done
togethers, the ,olnt demands of the tasks may exceeu the
attentiond!l capacity of person A but not person 8, making it
pussible to discriminate between them, It the attention deficit
hypothesis Is true, older individuals should show a greater
gecrement «n performance than should younger people when moved
from a sinjle to a dual task situation.

While the observation that older individuals nave trouble
with cual task situations would be consistent with the attention
oeflcit nypothesliss alternative exptanetions are possible, The
seconcary task paradigm was orlginally developeud as a way o/
measuriny the attention demands of the primary task (Kerr, 1973),
The reasoning was that if the secondary task is resource limlted,
the. tie attentional demands of two primary tasks can be compared
by ovserving how great a decrement occurs on secondary task
performance, This ar jument assumes that the seconuary task Is
resource limiteay ana that the primary and secondary tasks do not
compete for mental structures, When the seconaary task paradigm
is used to stuay individuail differences in attentional capacity,
some more compficated restrictions must be met. Baslically, tnese
have to du with the pattern of correlations between performance on
the twc tdsksy botr alone and In combination, It is siso
necessafy to observe primdry task pertormance at two levels of
difticulty (Hunt and Lansman, 1981),

Trere nave been several reports of age rejated decrements in
performance in adual task sltuationsy inciuding a few studies that
have used tne secondary task paraaigm, In intervijews with experts
in gercntology we have founc that there 1s a strongly held belief
that oual tasks become excestionatlty difficult as one grows older,
Data from studies of dichotlic listeniny are clted in supgort of
the thesis. The participant in a dichotlc listeninyg teask hears
two messajesy presentea simultaneousliy, one to each ear. After
the messages are completea the participant Is cued to report the
messajye ftrom one eary and tren the messagye from the other. The
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Figure 20. Dichotic listening task. After hearing digits in each

ear, listener tries to recall one set of digits, then
another.
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Figure 21. Recall of signals from secondary task in dochotic listen-
ing studies. Data from four independent studies (Barr, 1980Q).
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paraailgm is iflustrated schematically in Figure 20. Note that the
order In which the messages are to be reported |s nut indicated
until after the messagyges have been receiveda. The conclusion that
Is typicaily cltea Is that there is an age relateg decrement In
the abllity to recall the message reported seconds but not in the
abllity to recall the message reported firste This has been
explained by saying that older individuals are unable to retaln
the second message while reporting the firsts Such an explanation
is consistent with the attention defliclt hypothesis, as it |Is well
known that shcrt term recsl | depends upon the attentlon that
person devotes to retaining information Iin working memorys

There are two problems with thls conclusion. One is that the
exper iment does not rufe out the possibifity of structurat
Interferences It articutatory structures are required for the
maintalnence of verbal Information in short term memory, one would
expect first message recalil to interfere with second message
recall because of competition for a structure rather than because
ot competition for a generalizea attentional resource. This s a
ressonavle hypothesis because there are data suggesting that
subvoucal rehearsal is required for verbatim recall of Inrormation
held i1n snort term memory (Baddeleys 1976)s A second objectlon,
which is somewnat stronger ftecause it does not aepend on s
theoretical interpretations Is that the data are simply weaker
tnan the statements in the secondary literature would lead one to
believes Figure 21y adapted from Barr {1980}y shows the average
numver of Jiglts recalied in a dichotic listening study, as a
function of age and order of report. While tne age effect Is
targer for recall ot the message reported lasts the discrepancy
vetween au e effects on first and second message recall Is not g
strikings

Hunt 4nd Lansman (1981) conducted a series of experiments
that were specificslly designed to evaluate Individual alifferenes
th aittentional capacity by use of the secondary task paradigm,
Here we report an additionat analysis of their data (not included
in tne orlyginal report) because It ulrectly addresses the
attention deficlit hypothesiss The tasks performed by Hunt and
Lansman's sub jects were (a) a memory task and (b) a simple
responséeé to a4 probe tone, The memory task involved either verbal
recall or visual recognitions and couid be presented in efther an
easy of a hara versions As the memory task was always designatean
to be the primary tasks one would expect the response to the probe
tone to be celayed in the secondary task conditions The amount of
the aelay should be refated to the difficuity of the primary
memory taske Now consider how sge should affect the picture,
According to the attentional deficit hypothesis, older
Individualsy witn smalter reserves of attentional capaclity, should
show a greater decrement In theilr response to the tone as the
memory tass becomes harder, Some relevant aata are shown in
Figure c2s The expected interaction between agey response to the
tuney, and singlie ang dual tesk condltion does occufr, The results

nesiiinihiihiniudtmee
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are in accora with the attentionatl deficlt hypothesis,

AUTCOMATELD AND CONTROLLED RESPUNDING

It has been clalmed that when a person has haa a great deal
of overlearning on a task it becomes "automatic*, and no fonger
demands on attention. The argument has been made most strongly by
Schneider and Shiffrin (1977 who desiyned a paradigm for
"developing automaticity” in a visual scanning taske From the
viewpoint of an observer, the task Is as follows:

(1) A target set of letters Is exposedy for example,
X A

(¢) A frame is exposeds The frame consists of from one to
four letters, as in

Ihe observerts task is to dete.mine whetner or nut the frame
contains any member of the target sets Thus in the example tne
correct response Is "Yes"™ because there is an A in the frame, The
depenaent variable is either the minimum time that the frame can
be exposed in order to produce reliable Jdentification of targets,
or tne time required for an identification, If frame exposure time
is unlimiteas, tither dependent variable can be used to estimate
the time required to scan a displays as a function of the number
of i1tems In the target set and «n the frame are varieds Two
training procedures are used, In the consistent mapping (CM)
traininj procedure the same target characters are used on atll
trialsy anao a character tnat is o« taryget on one trial is never
used as a distractor on another trial., After literalily thcusands
of training trilalsy performance becomes almost independent of botn
frame size and tarjet set size. Performance IS then saic to ve
automatice In the variea mapping (VM) tralniny procedure a
charactur may be a target on one trial and a distractor on
anotner, After tralning pertormance stabilizes reaction time
cecomes 8 tinear function of the numher of ittems in the frame and
tarset sets sugy,esting tnat the observer conducts a serlal scan
matchiny tarjets against frame items. Performance is sald to be
“contrulied™y and to aemand attention.

Note that automatlc proucessing could be consiugderea to he g
logically dejyenerate case of controlled processing 1n which the
serial seiarch 1s cotried out at Infinite speedy producing a llinear
relation tLetween performance ana the number of characters in the
two setsy but with zero silope. In practice pure automatic
processing is not ovoservea, but the slope of the tinear relation
may feauce to as little as 10 mitliseconds per characters This
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represents a ro.ghly ten to one reduction In stope from the
beginning to the end of CM tralning.

According to the attention deficit hypotnesiss age
differences In visusl scanning should be eliminated by CM
training, because automatic scanning would not require attentionatl
resources. In the pure case this Is something of a tautologys
because |If pure automatic responding were to be acnieved by ailt
subjects thelir performances would ail be described by functions
with a zero slope. In practice, the question has been
reformutateds Is asymptotic scanning performance related to age
after C™ training?

Two experiments Iindicate that it is. Maaden and Nebes (1980)
gave ei1ght daysof CM training to olid (beyond 60) and young
subjectss On tne ninth day the slope of the linear tunction was
25 msecs for the young subjects and 63 milliseconds for the older
ones. Thus the groups were different i1n terms of the absolute
value ot the critical variables Nelther group reached true
automatic performance (aithough the younger group reached a value
ciose to that found In most studies). Both groups displayed a
rfoughiy eight to one reduction in slope from the first to last day
of CM trainings In an experiment in our own faboratory, we
replicated these resultsy using an auditory scanning task that haa
previously been shown to prcg¢duce automated responding
(PoltrocksLlansmans and Hunt, 19¢l). We aiso used subjects in tne
20-60 age range. Thus the Madden and Nebes'! findings concerning
asymptotic performance appear to generalize both to a widger age
range ana to auditory as well as visual Scanninge. At face value
the age difference in asymptotic "automated" parformance Is an
argument against the attention deficit hypothesise Nn the other
hand, one could argue that the probtem IS not with automaticity
per sey but rather wjith the development of autowmaticlity. It might
be tnat given a fixed number of trialsy, older people do not move
as far toward automatic performance as do younyer aones. The
essence or the argument revolves around one's choice of
operational definition tor automaticity. Nejther the Madden and
Nepes nor our own experiment met this criterion., It the
definition is (approximately) zero slopes then equality of
verformance 18 guaranteedsy if all groups can be trained to reach
this craiterion, If the definition of automaticity is the
reduction of attentional demands by some amount defined relative
to initial performance, or if automaticity Is agefined solefly by
reaction to a flxea amount of traininygs then it does appear that
age differences remain after CM training, Whether this Iis due to
aye~related change In the asymptotic form of tne
performnance=-resource function or que to age-related change in the
acquistion of adtomated responding ages not seem to be a
resolvable Issue,

? slightly different approach to the question of age refated
differences in autonated performing Is illustrated by the work of
Hasher angd her colleagues (Hasher and Zacksy 19795 Attig and
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Hashery 1980)s On the basis of other evidence, Hasner et al.,
argue that certaln types of learnings notably wemorization of the
orager of events or recall of lists of items, require controlled
processings while learning elther tne relative frequency of two
repetitively experienced events (ee«ge tne relative number of times
you have seen two TV commercials) or recording the relatlive agye of
an event (continuing the examplies, whicn of the commercials was
seen most recentiy) Is an automated event. Using an experimentel
analog of this example, Hasher and Zacks Showed that tasks that
were presumed to require controlled learning did indeed show
differences In perforamance between elderly and young adults, while
tasks requiring automateo ltearning aid nots HdasSher et al,
interpret thelr results as support for the attentional defucit
hyrotnesises While the resulits are certainly consistent with the
hypoitnhesisy they require a speciflic Interpretation of frequency
anc relative age ltearning.

The activation of semantic associates another automatic
grocess, For exampiley, a varjety of experiments have shown that
requiring a person to name or luentify words sucn as CAT, DCG,
etcs will lncrease thelr speed Iin ldentifying related terms, such
as WJLF and HOR3Fe. The effect is referred to as semantic
activations and has been shown to be an involuntary process
(Posnery, 1978)e Youny dand e€lderly adults both show semanrtic
activitation effectsy as reflected by priming of reactiocn times to
wolrds preceded by an assoclate (Howards Mcandarews, and Lasagyay
1580)s There is therefure no reason to belleve that tnis type of
activation changes over the working years,

THE CuUNTRJL JF ATTENTION

The term "attention” Is sometimes used to refer to control of
attentions as In selective attention to one source ot signals
instead of another. This |s a somewhat different concept of
attention than the view of sttention as a pool of mental energy.
Two types ot controlled attention can be conceptualized, the
abitlity to attenu to one source of signais while lgnoring another
source (selective attention) or the ability to monitor two sources
of signals at tne same time (3ivided attention)., In cruer to
cetermine whether one or two attention asllocation abillities should
te assumedy Poltrocks Lansmans and Hunt (Note 7) nhad subljects
perform auditory ang visual tasks in which siynals were presented
on two "“channels®, elther by dichotic auditory presentation of
words or oy displaying characters at two difterent locations |In
the visual field, In control counditionss sij)nils were presenteu
uh only one channel.s A tactor analysls Indicateoc that ditferent
abllities were Involved n monitoring auditory or visual sianals,
but that the same ability underlay pertormance in the selective
sttention and monitoring condltlonse Poltrock et ale.'s subjects
ranged in age from their 20s to thelr 50Us., Age was negatlively
correlateuy with performance in both the auditory and visus!
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conajtionss although the size of the relation was modest (r sbout
«25)¢ This woula be expected simply because of tne well known
deterioration of the auditory and visual systems over the adult
iife span. The magnitude of the age-performance correlations were
no hlgher In tne more difficult selective sttention or monitoring
conaltions than they were in the control conditions. This result
Is not consistent with the attentional deficit hypothesis, which
woulo predict higher correlastions with age In situations that
testeo inuividual attentional cepacity limits.

SUMMARY

The attention deflcit hypotheslis probabiy Is a good heuristic
tor predicting the performance of elderly (over 60) Individuals,
It secems less useful as a scientific model for the analysis of
work performance of adults In the 20-60 agye range. In splite of
claims in the seconoary literature, tne magnitude of sge related
"attentlional oefects"™ appears to ve small untess one wishes to
equate speea of performance with attentional capacity. This is
discusseo i1n more detall in the following chapter.

More seriousliys the status of attention as a scientific
concept is unclear. Kahneman's (1973) approachs in which
attention is viewed as a single mental resources fits well with
the attentlonal deficit hypothesis, There are other views. One
Is tnat there are muttiple pools of attentional resources, and
that different tasks draw upon different pools (Ndvon anda Gopher,
1979; wWickensy, 1979). Another view Is that any pertormance
decrement that occurs during dual task performance is due to
competition feor structures. Dual tasks that are not highly
overlearned are bound to competes, because both require extensive
working memory space so that the performer can monitor the
externai worid as the imperfectliy learned task is being executed,
If a task is suffjciently practicedy the neea to monitor
task-relevant stimull is reduceas, ana per formance s "automated"
because structural conflict for space In workinyg memory no l(onger
occurs (Ailporty, 1980).

Given tne contlicting theoretical analyses and the sbsence of
definitive datas what can be saia? It seems most appropriste to
take a pragmatic position. Olfferent occupetions place different
demanuds on attentjonal capacity, intuitively deflineds Alrplane
pilots are usually pointed to as exampies of people who monitor
many signais Iin high demand slituationsy coliege professors are
sald to oe singie-mindeds, There wlil be specific sltuatiouns in
which an analysis of attentional demands may help in understanding
the interaction between age and performance. Such analyses wilil
require tnat techniques bLe Leveloped for measuring attentional
oemands in the situation of fnterest, It would be nalve to expect
that one could develop a single megsurement procegure to serve as
an "attention meter"™ universally applicable to all tasxs and
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Indivicualse. 1Indeead, if there are several different types of
attentional resourcesy or if attentional resource contilict
ultimately ruaduces to competition for speciflic mental structures,
tne Joal of developiny an attentlion meter i1s Jtself unreasonabite,

be RESPONSE SELECTION

Tris section discusses the relation between age and
performance In a class of tasks that witl be referred to as
"response selection” situations. As any performance fnvolves some
response selections further explanation is requireds The tasks
under consideration all require that a fairly simple motor
movement be made in response to a clearily perceptible signal, @&
prototypical response selection task Is shown in Figure 23, This
flgure srnows an observer sjtting in rront of a panel that contalins
tour liyhts and four buttons. Whenever one ot the lights comes
ons the ovserver s to depress the button Immediately below the
lighte On a 3iven trials thne following sequence of events might
take placet

(1) The observer agepresses a home button {(button A {n the
figurel)lsy to inaicate that hef/she s reaay for the trial to begine.

t2) The light above button A comes ons Inaicating that o
stimulus s about to be presented.

t3) One of the lights above buttons 1 through & comes on,

t4) The observer moves his/her finger from button A toward
the vutton under the Jigrt that was turneog on at step (3), Catl
tnis tre "target button",

t%) Tne target button is depressed,

This scquence can ve modifieds If the obDserver controcls the
bDeyinning of the triai (step (1)) the experiuient is referred to as
oeiny "self paceda"™, since tne observer controls the intertriat
intervale [n some stuaies step (1) is omittedyr so that the
experimenter controls the intertrial Interval, In this case the
experiment 1s sald to be "experimenter paced™s»danu tne sgeed of
pacinyg may b2 virijieds, In a few cases step (2) is omittea, and the
triesl s initlateu Immediately after the observer inalcates that
he/sne |s orepareds Tne interval betwaen step (2), the warning
signals ana step (3), presentation ot the test signaly Is referrea
to as the warnin, Intervdals The time Detween step (3) and step
(4)y tue pDeyinniny of movement of the finger or handy, is referred
to as initiation time, The Interval between step (&) and step (%)
ts ¢calleu novement reaction time (M1}, Initiatlion time is
sometimes referren to as simple reaction time (SRT) If there js
only vne oossible test signal (e.ge» OoNniy one ltignt in the
schematic of Filyure 23) and as cholce iedaction time (CRT) If tnere
are two of wure possible siynals, In many experiments step (&) is
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not recordedy so that the dependent varleble pecomes tne reaction
time between events (3) and (5), t.e¢ tne sum of initiation and
movement time, In this case the cgependent variable is called SRT
or CRT, oepending upon the pumber of different signails that might
have occurred,

The display panel used is often stightly different than that
shown in Figure 23, Instead of having k locations for a signal
there may be only one locationy often a cathode ray tube or
picture screen, The subgject is told In advance which stimuli might
appear, ana instructed to make an identifying response to each of
theme For exampie, an observer might be told to throw 8 joystick
to the teft If the flgure n=" was displayed, and to the right
if the fljure "=>" ywas displayed, This wouid be catiea a cnolce
reaction time (CRT) study with compatible stimulus-response
matchings since tne response required coincides with 8 usual
interpretation the meaning of these figures, If the
stimulus~response mapping were to ve reversedy so tnat the
Joystick was to be moved left in response to a rignt pointing
arrowy tne experiment would be sald to have an incompatibie
stimJyius—=response mapping,

The loglc ot the CRT paradigm can easily oDe extenuvea to 2pply
to auditorys, tactiley, or olfactory cues.

Joviously the CRT paraaigm could be amplified to become a
test of eisther perceptual of complex cognitive capacities. For
instances two lines might be displayed in a panel» with the
sut ject beiny instructed to press a button on the siage of tne
longest tine, If the lines differed only slightly in length, this
would be a test of speed of perception. Alternativelys, an integer
might ve Jdisplayeuy wlith tne subject being instructec to move a
Joystick to the rignt if the integer was a prime number, and to
the (eft otherwise, In this case reaction time would become 12
measure of speed ot rather sophisticated mental arithmetic. Al
the reaction time studies to ve described In thils section involve
sftuations 1n which the stimulus Is immediately perceptibies, its
interpretation Is trivials and tne magor task 1S response
sclections Slttuatlons involving an evaluation of the stimulus
prior to tne response will be considered Iin the next section,

Wny study response selection? Response selection is a
face-valio analog of a number ot situations Involving machinery
operatioun and/or the monitoring of dispiay panels., For this
reasons fesponse selection paradigms are sometimes included |in
test batteries for selecting equipment operatorsy Includina
aviators. Response setection has been held to be of theoretical
interest vecause 1t eplitomizes cholce vehavior, «<nich some think
to be a basic step that underlies complex reasuning. The
theoretical argument 1s valid if tne mental processes underlying
response choices 4re Indeed snalagous Lo those cholce processes
invoived in reasoning ino problem solvinye (ne could ergue uither
ways as the osta does not concliusively confirm or deny the
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hypotheslis. Jensen (1980) has reported several experiments
Iindicating that groups ot people who obtain high inteljigence test
scores make cholce reaction responses more rapidiy than do samples
from low scoring populations, Movement reactlion times, on the
other hana, does not appear to differentiate nigh and low scoring
groups. Work In our own laborstory has produced mixed results,

In some studies CRT has been found to be correlated with scores on
both verbal and non-verbal inteif{igence tests (r of approximstely
—-+3» high scores being assocliated with fast responding). 0Other
experiments have failed to locate a reijable associsation between
CRT and intelligence test scores (Hunt, 197&6; Lunneborgs 1977;
Palmer, Macleod, Hunt, asnd Davidsons Note 8). Whiie we stop short
of endursing some of the more extreme claims tnat have been made
concerning CRY paradigms as basic techniqgues for revealing mental
processesy It is clear that these simple tasks nave a substantive
cognhitlive component.,

There Is an extensive literature on the relation between agey
MxTs» SRT, ana CRTs and several reviews nave been written (Birren
and welford, 19653 Welford, 1958, 1977). The most recent review
by Welford (1977) s particularly relevant, and many of our
comments are based upon his analyses,

It 1s clear that response selection sSliows witn ages, ana that
the slowinj Is due to the central processes Involved in Iinitiation
time (ST and CRT) rather than tne motor responses involived in
MRT. (Saithouse (1976) has observea that fine motor movements
exhivbit only a smal! amount of slowing over the working years.
Larye motor muvements and movements that depend upon
cardio~vascuiar functionings such 8s runnings are more affected.)
Wwelfora (19¢7) ofters a particulariy cogent argyument for this
conclusions Consider a task In which the person simply taps Jn a
target., Such a task consists solely of MRT, as there s no
signaliing stimuluse Proviaed that the individual s reasonaly
nealthy, there Js littie isncrease In tapping reate from age 20 to
60« Quite qgifferent results are optained using tne simple
reaction time (5PT) paradiyms In which tne hand Is moved from the
home position to 4 fixed target, on demands Reaction time (RT)
increases by about 507 from the 20s to the £0s. Furthermorey the
increase is almost entirely due to an increase in SRT rather than
MRT, This clearly indicates that centrat rather than peraipheral
factors proouce the 4aging effect,

Aye effects are also pronounced In CRT studliesy where the
subject must select the appropriate responses Furthermore,
performance on CRT tasks 1s related to performance in otter
psychomotor taskse Tnis was shown in 3 study by Rotertson=-Tchabo
and Arenpberg (1970)e Healthy acults ranying frum their 20s to
their 60s were tested using a variety of simple moturs attention
demanoings and perceptual taskso. The battery included tasks
similar to the prototypical CRT task descrited above, Wwren
resuits were factar analyzedy, the flrst factor was a "cholice
reaction time'" tactoury, taentified by the CRT task, The relation
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between an Individusl's age and the score on this factor Is shown
in Flgure 24, Speed of response selection clearly dectined with
agey a result founa Iin numerous other studies. Individual
alfferences were pronounced., Quick 60 year olds in
Robertson-Tchabo and Arenperg's study performed as well as most of
the 20 year olds. Conversely, there were slow younger persons
whose performance approached the average performance of much older
Individualse Note especialiy the Increase in individual
differences with age.,

The data from cholce reaction time studles are often
summar |l zed by tne equation

(4) CRT = A + B (log N)»
2

where A and B are positive constantss anda N is the number of
possivle responsess FEquation (4) expresses tne fact that log2 N
is the average number of decislons that would be made, across
trials, by a responder who was following a perfect decision
strateyy in selecting a response (Garner 1962). Thus an
Interpretation of Equation (4) is that B represents the
auditional time required for eacn adaed decisions wnile A
represents the effect of all mental and motor responses that do
not cepend upon the number of alternative responses avalilable,
Under this interpretation B8 reflects purely central, decision
makinyg processesy while the vajue of A refliects both peripherat
and central processes. If one of the effects of aging iIs to slow
central declision mekinyg processes, one would expect to find age
effects in the (entirely central) B parameter as well as on the
value of A,

The empirical results are not this precise, Experiments on
CRT almost always show aye effects on As ano only sometimes on B
(Welfordy 1977). However, 8Birren (1965) clites several studies of
reaction time which he interprets as ruling out age changes in
peripneral movement time as the primary source ot age changes in
choice KT, Most other commentators agree with his conclusion,
There is no contradictionsy because the A d4nd 8 parameters
mignt respond to different central processes, Just what these
might be s not clear at present, 3dirren has speculate~ “at
chanjes i1n the B parameter are cgue to minor cardio-va. .ar
problems, resulting in a decreased supply of blood t reain
(Birrens Woodssy and Willlamsy, 1980; see also Szafr. 1968.. If
correcty tnis speculation would be of iInterest both for
theoretical reasons -- why should cardiovascular deficlencies
procuce a selective effect on one aspect of decision making and
not anvtner? == ana for practical reasons, because CRT might be
used as a benhavioral «ndex of minor braln damage., At the present
time there is insufficlent data to support or confirm the
nypothesis,
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Seif pacea CRT experiments allow the subject to determine the
rate at which responses must occur, It is wildely neld that If Ce
people are torcea to make rapld responses aye etfects will pe '
increased (Welfords 1977). The evicence for tnis assertion Is
rather weanx, especially for subjects under age 60. Flgure 25,
shows performance on a pacec and unpaced tracking taske Although
this agata has been cited as evidence indicating that paced
responding s ofifficult with advancing ages the situatlon appears
more complex., Pertformance increases with age in self paced
responaings up through the 40s. It remains constant over the same
perivd Jf the responses are experimenter paced. Beyond the
working years there is a decline in respondings but the dectine
due to age is addlitive to the decline aue to pacing Itseif, These
findings hardly support the falriy wideliy heid celief that workers
in their rorties or fifties should not be given raploly paced
tasks. On the otner hand, industrial surveys do indlcate that
when given free cholces, older workers avoid paced taskSe
(Interestingliys they do not avoid sstuations involving heavy
physical tabor)s, Since the question of responding to situational
pacing Is 1mportant in some industrial applicationss the topic
should be given furtrer study.

-Introducing stimultus—-response Incompatabitities will Increase
age effects, Figure 26 shows the increased age effect obtainad by
Sterns Osters and Newport (1980) when tney chanyed a task frum
belng eltner a simple response to a compatible binary chojlce tasks
and then to an incompatible binary choice task, Figure 27 shonows a
similar result obtained by Kay (1954) using a complicated twelve
cholce reaction time task, Tn each case the more complicated
response calculation produced a much greater aje effects, Why this
woulu te so is$ not ctlear, Presumably the incoapatablility
complicates the mental computations involved in the response
selection process. While tris is of interest tneoretically, the
practical Iimportance of the phenomenon is probably siight, as good
human engineering practice olctates the use of compatible
stimulus-response mappings.

when does the age-related slowing in response selection oegin
to appear? Sowme reviews incicate that the affect onily Legins to
appear In the 50s and beyonds This statement |Is apparentiy based
upon tne fact tnat statistically reliable chanyes In performance
with age often do not appear until until late miadle sje. On the
other hand, It is generalty the case that people of age 30 are
stigntly stower than those of age 20, people in thelr 40s are
Slightly stower tnan those in their 3Usy» and so forthe This
pattern suyyests tnat the decta mignt more accurately be cescribed
by assumin,; tnat there was a continuous slowing of response
seiection with ayes To answer thils question, we have calculated
the fit of tne linear regression equation

P

(v) keaction time = A + B x (ajge)
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Table 2
TASK A B g®
Speed of Writing (Birren and 1.36 .02 .94
Botwinick, 1951) - Minutes
347 4.20 .78

Two Choice Reaction Time.
(Goldfarb, 1941) - Milliseconds

Fit of Equation RT = A+ B (Age)

For two simple tasks

Abbreviations: A - intercept

B ~ slope
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to two widely cited data setse To avoid spurious fits due to
extreme deterioration of tunctioning in old ages, we consioered
only the age range 20-65. The results of our calcultions are
shown In Table 2, The analysls strongly supports the contention
that a siowing of response selection begins by age 30, and
continues gradually throughout aaguit life.

7. SPtt0 OF COGNITIVE PROCESSES

This section discusses choice reaction time (CRT) paradigms
in which reaction time is determined by cognitive "computastions"™
rather tnan by response selectlons To0 understand what Is meant by
thiss» cunsiaer a skeleton scheduie of events for a4 CRT experiment:?

(1) A warning signal is presented.
(2) Stimutus iIntormation is presented

(o) Based upon an evaluation of the informations, the sub ject
selects and makes & response, ’

In tne CRT experiments discussed in the precedinyg sections the
evaluation component was minimizedy, because identification of the
stimuius was equivalent to response selection. The stuales L
descriped were rather |Ilke stuaying the time required to decide to T
brake ugon seeing 3 red lighte It is easy to arrange an ‘
experiment in wnich the evaluation phase is far from tritvial., To
repeat an example given earjiers one could iInstruct a subject to
throw & switch to the right at step (3) if a prime number was
displayed in step (2)s Following the lead of a numoer of
tneorists (esyey» Baadeley, 1976)s we shall describe the evaluation
pnhase as requiring cognitive computations upon an internel
regcfesentation of tie external worlde Most of these computatilons
are assumed to take place In "working memory"s which Is thought of
as 3 sort of workbench that holads information about the current
state of external affairs. Working memory, however, appears to be
limited in sizey» so that information must be continuously passed
over from working memory into secondary memory for more permanent
storagees Colloquiallys one can grasp this distinction by
tmagining that you are 1istening to a speechs WoOrking memory
woulu contain 38 cluse to verbatim record of the exact words the
speaker Just utteredy while secondary memory would contain »
representatlion of tne jueas the speaker was trying to develop. It
is assumed tnat auring comprehension all computations take place
in working memorys, but that from time to time it is necessary to
fetch information from secondary to working memory. Malntainence
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of information In working memory Js hela to be an actlve process,
requiring attentional resources, while maintainence (but not the
fetching) ot information in secongary memory Is thought of as a
passive process. There I|s evidence that workiny memory snd
seconcary memory depend on cifferent physical processes,
Discussing the evidence wouia carry us beyond tne scope of this
report.,

One cannot speak of the effeciency of working memory
computationss in generaly because there are probably several
different types of computations, each of which may respond to
gifferent variables. We shall review evidgence concerning the
Iinteraction of age with four different-types of memory
computationss tocating a verbal item In memory, comprehenging ano
reacting to simple sentences, fetching semantic Information into
workinyg memorys and the manipulation of visual=spatial images
"inside the heade"™ The first three computations are considered
elementary steps in verbal thinkings while the fourth represents a
non-verbdl computation,

McMURY SCANNING

It is generally agreed that one of the things that working
memoury coes Is to hold an (audlitory?) representation of tinguistic
teras.s Consider the example of listening to a speechy as
gescritbea aboves. An extremely simple "verbal™ task is to scan
memory to determine wnether or not a particular item is In the
set. The speed of scanning working memory s usually tested by
using a "uemory scanning®™ paradigm originalty developed by
Sternberg (1966). Sternocerg's procedure is shown In Figure 28,
The subject is first shown a number (N) of famillar stimull,
callea the "memory set"”, N js chosen to be swall enough {(usually
é or tess) sa that the labels can be held In working memory., fince
the memory set nas been showns a probe stimulus is displayeds The
observer's tasx Is to indicate whether the prube item was a member
ot tnhe memory sets This can only be done by comparing the
stimutus cnaracterijstlics of the probe item to those in the memory
setes keactjion tiwe (RPT) is typically found to be a finesr
functiun of the size of the memory set. The siope of (hils
functiun can be regarded as an Inalcation of tne efficlency of the
menory scanhninge

A memory scanning experiment by Anaersy Fo2ard, and
Lillyquist (1972) Is frequently cited as eviaence that wourking
merory 1S scanned more slowly witn advancing ane.s Three groups of
subjecis were studieas with meen ages of 20, 33, and 63, The
stope of tne RT-memory set function was 39 msec/i1tenm in the
youngest jroups 63 in the micale aged yroups and 71 in tre oldest
sroupe There wds no difference In intercepts between tne 20 ang
3o year old groupse The iIntercept of the gldest group was

ittt 't
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markealy higher than that of the two younger ones., A subsequent
s$tudy Dy Anders and Fozard (1973) replicated this result for the
young and old groups only.

Because this experiment Is widely clted (e.ge Craiky, 1977;
Sternbergy, 1975) criticel examinations of both tne data and the
design are In order, A surerising finding wses that the middie
groups 36 year olds, performed more like tne older than the
younger groups even though the chronological age of the middle
group was closer to the younger. Taken at Its face value, this
sugjests tnat the speed ot scanning working amemory Is an unusually
age-sensitive funclion, However there may have been population
differences other than age. The younger group was recruited from
hospital staff members, while the two older yroups were recrulted
from a panel of volunteers participating Iin a Veteran's
Administration study of aging. It woulg be advisable to replicate
this study, usiny either a longitudinal study or a cross-sectional
study 1n which all subgjects were recruited from comparable
sourcese. It shoula be noteds tnoughy, that the old vs. young
cortrast 1s not §n questiony, as the finding tnat the elder!y have
siow memory scanning rates tas oeen replicatedes The form of the
age=-performance function is stiill unclear.

A stuay by Thomas, Waughs angd Fozard (1978)s using a related
paradigmy suygests that the specd of memory scdanning does decresse
with age, but not as rapidly as the Anders et ale. resuits would
indicate, 1n tne Thomas et al. Study memory set size was held
constlaniy, Dy alwdays using eitther six letters drawn trom the front
of the alpnapet (asbscrusesf) or six letters from tater in the
alpnabety, (pr3skstsrss)e A single jetter wds displayed cn each
trial. Tne task was to Indicate wnether or not tne fletter was a
member of tre memory sete Thomas et al., observed tnat, tor some
unknown reasons pecople are faster «n responcing If the memory set
s orawn trom the first part of the alphabet than from latter
part, Regardliess ot wny this is so» Thomas et al. argueoc tnat the
fact 1tself indicates that more processing Is required to match
tne lectters in the second set, If computations in working memory
Jenerally slow with agye, then age effects should be magniflea
wher the "slow" set of letters is useas Some relevant portiuns of
thelr 0atd are disglavyed In Filyure 29, The hypotnesis was cleariy
suFpoOrteas,. Furtnermore, the relation between reaction time ang
a,e was ejtrer |linear or positively accelerated. This contrasts
with the neyatlively accelerated function obtaineu by Anders et al,

Thne Jouyic of memory scanning experiments cdan be extended to
stucles of retrievas of intormation from secondary memory. The
most straigrcforwardy way to do tris is to extend tne slze ot the
memofy setes A jreat deal of rescvarch (conducted outside of tne
stuagy ot a,inyg) nas shuwn that worsking memory contains at most
about nine Items. In order to test secondary memory, one simply
uses a3 memory set containing more than ten items, tnus ensuring
that at ieast some of the list Is retrieved from secondary memory.
Anders anu Fozard (1975) alada thisy, ang founoc even sStronger aye
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effects on scanning information In secondary tnan In primsry
memorye. Unfortunately for our purposess Anocers and Fozard only
testeu young (20s) and ola (65+) subjects.

Sternberg's memory scanning paradiym |Is questionable as 4 way
of testiny the scenning of seconaary memorys because of the
difficulty of ensuring that a particutar item is retrleved from
secondary memoryr, and because there Is considerable doubt as to
whether tne linear retation between PT and list size holds for
lists too long to be held |n working memory., Since the question
of age effects on speed of access to information in secondary
memory femains a sensible ones somewhat different paradigms have
been gdeveloped to sddress lts. Fozard and Poon (1978) had peoole
learn tmnelve pairs of arbstrary wora-word associates.
Hypothetical example of the items used are!

doliar -- igtoo
page -= table
foot -= mouse .,

tach item was presented twice in @8 block of twenty four trials,
and blocks were rapeated until learning was complete, After tne
first block learning was by the anticipation metnhod. A stimulus
item would be presented (ecsge dollaree? })» a response recoroed,
andy if necessary, correcteds Using tnis design, one can examine
the time required to make a response on the secona presentation n
each block as a function of the interval between the first and
second presentactions The argument for doiny) so Is that If two
trials using the same item follow each other lamediately, the
answer will be fetched from primary memory, whereas (f several
other triils fntervene the response must be fetched from secondary
memory (Aixinson and Shiffriny, 1968). At short intervals there
was only a slignt aditference I1n reaction times between three aye
groups (mean ages 2Us 53, 63)y while at lonyer inter-trijal
Intervals the two older groups were markeuly slower,

Tre primary-secondary memory distinction was e¢expanded upon in
an expceriment by Waugns Thomrass and Fozard (197h) which permitted
a adirect comparison of retrieval times from each type of memory.
In tne first part of this experiment, subjects simpiy resa printeu
wordse There was virtuatlly nro difference in naming time across a
wioe aye range, In the secund parft of the experiment, 12 Item
palred-associate lists were presanted with a proceudure simiter to
that ot the Fozard and Poon study. Foliuwing the presentation of
set of pairsy, tne cue term tor the last pdir would dbe presented.
An abbreviatlon of the sequence woulag be?

yam ~ ZooO
vat - wig
Ink - gJam 4




Table 3
Age
Task 37 50 58
Word Naming 584 583 589
Paired Associates,
Working Memory 721 741 795
Paired Associates,
Secondary Memory 1222 1469 1732

Geometric Means (msec) of Reaction Time for naming
words, and retrieval of paired associates from work-
ing memory and secondary memory (Waugh et al., 1978).
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eel - fox
ee| - ?

The tiwe regyulred to produce the response ("fox" for the "eel®
cue) was recorded. Presumably the retrieval of the response term
was from primary memory, since no items Intervened vetween
presentation and test. Hence RT was taxken as a measure of the
speea of primary memory retrieval,

In tne second part of the experiment, participsnts memorized
all twelve palirs of assoclates. Mnemonic cues were given to aija
them 1n coling thises After the list of associates had been
memor izeds indiviuual cue words were presenteds and the responses
to tnem were timeas. In this case the presumption was that
retrieval was from secondary memory. Table 3 shows the results,

A positively accelerated function relating RT to ajing 1s clearly
evident in tne retrieval data. Retrlevai trom seconcary memory |s
consiqgerably slower, and the age eftects are larger,

Further confirmation of the hypothesis that aging has a
substantial effect on retrieval time from secondary memory was
obtainec by Poon and Fozard (1980)y, using a continuous recognition
tasks In this experiment subjects were presented a long series of
Wworose With each presentation they had to indicate whether the
wotfu han oeen presented befores 20Uy 50 and 60 yaar olas showed
smally, tut reliahtle RT differences for words that were still in
the span of primary (working) memory. The differences in
retrievat times became much larger when the worgs had to be
retrievea from secondary memory,

The titerature seems stirong enocuyh to warrant a firm
conclusions In situations in which an individual is queried about
information that has been received within the last few minutes,
information retrieval becomes slower as we age, FfFffects are
cltearly evident by 3yge 50, The ocata is sparse for the ¢(-50 age
ranye, but presumably tnere is some slowing of response, The
anount of sliowing and the effect of age upon slowing of
information retrieval will be greater It the information must be
retrievec fruom seconuary rather than working memory. While the
practical importance of these observations has not veen
demonstrateo (or even Investigated), tne fact of slowing should be
kept 1 mind in the design of work sftuations where a person must
keeg traca of rapidly cnanyging situationss Given the experimental
evidence, studies of age effects on tasxks such as those of 23
olspatcuery, alr traffic controllery or tire direction offlcer sc¢em
warranted,

FeTCHAING INFUKMATION FROM SEMANTIC MEMORY
The items of iInformatiun In workinyg memory are not

transuuctions of the physical stimulusy they are interpretations
of that stimuluse Very meany experimentsy which we shall make no
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attempt to reviews have shown that when a person |s shown a
meaningful symbols such as the visual stimulus CAT» the entry iIn
working memory s not a representation of Iines and angles, hut
rather a representation that incluues the semdantic meaning of our
word for “"smally furry uomestic feline " Obviousiy this semantic
information must be retrieved from permanent memory in ofrder to
understand speech. Rapid access to semantic Information Is
important in many non-verbal problem solving situations as well,
although this may be because humans can use verbal representations
of tnese problems. Because access to semantic information s such
an important feature of our thoughty, It Is reasonable to ask
wnetner or not the speed of access to semantic information changes
nitn age.

There are actually three questions here; how is semantic
access to be measuredy 1s it a reljable agimension of Ingividual
varlations and does this dimension of variation corretlate with
age? Several procedures for measuring semantic access have been
developeds They all require that a person calculate a response by
retrieving some well known fact., One exampie is a simple word
recoynition task called "leaxical lagentification", People are
shown eitner a common word or a non—word letter string that Is
formed according to the rutes of English orthoyraphy. Ap example
of a non=word woula be RADEs which is not a word, but does not
violate any spelliny or pronunciation rules. Slightly more
complex tasks force people to compare the semantic meaning of two
or more worasy as In responding to the questlion "Is a canary 3
bird?" Tests of semantic access are not always based on written
languages An observer can te asked to name a hignly familiar
visual stimuluss such 45 a3 plcture of 4 bird or a houses The
cormon teature of all these tests iIs that they require the
calculation of 3 response based upon kKnowiedge of semantic
information avout the worlds rather than upon knowlege about a3
particular episode In a persont's own past history (Tulvings 1972).

Tt dgoes not seem to matter too much whicn of these jprocedures
is used to measure a person's speed of semantic accesssy as the
resulting measures are highly correlstea across individuals (Hunt,
Davidsons ana Lansman, 1981; Palmery, MaclLeods Hunty, and Davidson,
Note ¢.) The fact that tnere is a relliable "semantic access"™
dimension of indgividual oitterences appears to be clearly
established.

Aye effects have been f1ittle studieds which s untortunate
glven the |mportance of semantic access in everyday feasoning,
The only adequately controllea studies that we located were
relatec experiments by by Tromass Fozard, 4and Waugn (1977) and bv
cysencn (1975%)e The Tnomas et ale Study s of more interest nere
opecause It covereu tne age ranges 30~u0y whereas tysenck
consluereag only groups i1n treir .0s ana late _J0s. People were
askel either (a) to name plctures of comwun items ofr (b) when
given a namey to tell whether the following picture was an example
of the naane (as in the word "dice™ followed Dy & picture of dice),
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Thomas ¢t al.'s cata )s displayed in Figure 30, Age effects are
evident.,

Wwe would hesitate to generalize wiagefy from the Tuomas et al,
study to semantlc access in gyenerals Althouygh picture
fdentification and other strictly verbal measures of semantic
access are highly correlated in young aaults (Hogaboam and
Peltegrinos 1v7o; Hunt et aley 1981l) this may not be the case for
people in thelr 40s and 50s. A plicture naming task has obvious
visual as well as verbal components, The psychometric data
clearsty Indlcates that age affects visuallzation adverselys while
verbal capacities are retaineds It should De noted tnat measures
of semantic access are fntentionally adesigned to be tests of the
“availability" of culturally relevant Information. As suchs they
epitomize Horn and Catteli's definition of the crystallized (Gc)
intellijencey which is sald to increase with aye., It Is
diffsculty to knom what sort of prediction to make concerning
performance in a speeded semantic task that pits an expected
jncrease in crystallized Intelilgence against an expecteo decrease
In coynitive computations. ODepending on which of the two
ayge—related processes dominatedy one could make a case for
predicting an increase or decrease in speed of semantic access at
a particular 45« Clearly the questijon can only be answered by
research that explores the performance—~age function in aetails for
a3 varlety of semantic access tasks,

MANLPULATING VISUAL IMAGES IN THc HEAD

Tne tast paradigm tc be discussed differs from the others In
that it requires the manipulation of a visual "mental image"™ ,
instead of the manipuilation of language information. Based on the |
psychometric findingss It is known the ability to make that such
manipulations does not reflect the same aimension of Individual
agifferences as does the ablilty to do verbal taskse

Experiments that seek to determine the speed with whicn a
person manipulates visual information are usually pased upon 2
varration ot the "spatiai rotations"™ pdaradigm developed oriqglnailly
vy Shepara and Mctzler (1971)s The task Js illustratea in Figure
31e Twxou neaninj)less figures are presentedy at different angles of
orlientation with respect to the observer's line of sight, The
observer must ingicate whether or not the two fijures are
ldenticat or are mirror images of each other, This tasx is of
Interest pecause jt can be thought ot as an experimental analoy of
tasks that requlire a person to reconcite different visual
perspectivesy a skill required in a number of mechanical
operstiunse KT in spatial rotation experiments can be described
by the equation

(6) kKT = A 4+ B0,
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where ( is the angle of rotation required to bring the two flgures
into spatially congruent mental representations. The parameter 8
can be regarded as the time required to "rotate"™ a mental Image
tnrough ¢gne degree (Shepard and Metzler, 1971; Cooper ana Shepard,
1673).,

Gay vra ana Marsh (1975) found age differences In the speed
of mentul rotatlion, as measured by the 8 parameter. However, they
only contrastea young aduilts with elgerly (65+) individuals,

Bergy, Hertzoys and Hunt (19¢1) obtained mental rotation data from
university alumni (hencey a "superior aollity" group) ranging in
8ge frowm 20 to 60s In thnis study the subjects practicec the task
tor four daysy to lessen the criticism that older subjects perform
more slowly because of a lack of familiarity with this type of
taske The results are snown in Fljure 32. RT lIncreased steadiiy
with age and with the angle of rotations In additions there was
an Interaction between age and the angle of rotations Indicating
age ultferences in the speed of rotation Itself (the B parameter),
Table 4 shows Berg et al,'s data for the A and 8 parameters as a
tunction of aje. The data show a progressive Increase In both
pdarameters with Increasing ages This Is consistent withr thne
nygotheésts tnat the speed of computation upon a visual, primary
menigfy representation increases with a person's age. Since visual
image manipulation and reasoning is sometimes saic to be important
in a variety of mechanical and motor control tasks, it would ve of
fnterest to investlyate turther the relationship between age,
spatial~visual) Imaye manjipuiation, and performance In selected
occupations 1t would pe particuiarly Interesting to determine
whiether the ape effects that are so clear In Berg et al.'s data
nold Tor indivioduals who practice spatial tasks in their daily
tivesy such as avjators, professional automgblle driverss and
archltectse.

Tae CONTInNULTY OF aGo TRENDS IN MENTAL CUMPUTATION.

The literature on mental computation is remarxably
consistent, There appears to be 8 substantial slowing in the
speed ot mental tasks as one passes through the working years, In
generaly the 3reater the coapilexlity of the menta) computations the
greater tne amount of siowinyg observea In the early 60s and beyond
(Cerellay "oony ana wiltiamsy 1%8Q)s 1In the section on response
selection we notea that there (s a linear relation betuweepn
chronolugical aje between 20 anc 60 and the time required to
select responsess Does a similtar retation hold for the time
requireo py more couplex mental calculations? 7Taple % stows the
results of fitting a tinear function to cgata from several ot the
experinents that have veen citeg in this section. In summarizing
the data on motor movement time, we observed tnat many aging
effects upon RT relations can he suumarized by the lfnear
regressiun equation of tquation (5). How well coes this fit tne
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Figure 31. A visual rotation task. Is the figure on the right
identical to the one on the left except for orienta-

tion?
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Table 4

Slopes, and Intercepts for
Age Groups over Days of Practice

—— e -

E Sex Dayl  Day2 Day3  Day4
21 Females Slope 6.65 4.69 3.63 3.26
Intercept  910.40 683.30 606.10 580.40 §.j
21 Males Slope 7.79 4.90 3.88 3.59
' Intercept 1009.80 744.00 679.40 648.60 :
| :
32 Females Slope 9.66 6.66 5.83 4.70
Intercept 891.40 731.00 636.10 574.80
33 Males Slope 7.30 5.72 5.38 4.71
Intercept 1046.70 838.70 758.10 762.30
49 Females Slope 8.87 7.73 6.67 5.84
Intercept 1176.50 921.50 856.20 794.30
53 Males Slope 10.43 9.42 9.28 7.60
Intercept 1412.60 1124.80 997.60 1057.70
62 Females Slope 17.96 17.00 14.36 13.17
Intercept 2145.80 14€3.80 1446.60 1167.70
64 Males Slope 10.40 9.89 9.32 8.92

Intercept 1337.70 1224.90 1042.20 1117.30

Data from Berg, Hertzog, & Hunt, 1981.
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Table § g
Task A B R
Primary Memory Retrieval,
Familiar Stimulus
(Thomas et al., 1977) 527 1.84 .27
(Reduced case of E
Thomas et al. data) 357 5.00 .99 h
Naming items
(Thomas et al., 1978) 439 5.76 .93
Matching semantic categories
(Thomas et al., 1978) 412 3.57 .91
Response to tone while doing
a Hard Verbal Memory Task
(Hunt and Lansman, 1981) 178 3.66 .93

Fit of the equation RT = A + B (Age)
to data from complex reaction time
tasks: A1)l data is milliseconds.
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data for tasks thet depend sore upon complex memory computations?
The fits are not 4as good as were obtained tor the simpler tasks,
but are stilt substantial. The major exceptions are that 1) in
Thomas et al.'s (1977) "semantic” studies, age effects were
negatsively acceleratea functions of ebsolute age, and 2) that In
each of the conditions of Thomas et al.'s (1978) primary memory
study there was one group whose results were not in the oraer
predicted by cquation 5. In particulars the 30 year old group was
unusually siow in deating with "fgmifiar” items. wWhen these
groups are removed from the analysis (the "reduced™ case of the
Thomas et al. data) tne fit of the equation Is substantiatiy
improved,

The case for the proposition that mentdl activity slows
continuously with age seems stronge

8¢ ACCURACY OF INFORMATION RETRIEVAL

The alscussion wilf now shift from a review of studies of
speed of responding to studies of sccuracye The material reviewedu
in th)s section deals with age retlated changes in the retrieval of
information from memorys. Section 8 deals with changes In problem
sofvinyg and redsoning, tasks that require peopie tu consider the
consequences of explicitly fpresented information. Section 9
critiques knowleage of the refation between age anad accuracy of '
mental processes, '

AGE CHANGLY IN WuPRING MEMORY

How many pieces of information can a person keep in mind at
gnce? In a memory span experimenty a person is asked to recite a
small amount of Intormation presenteg seconos before testinys The
Digit Span subtest of the Wechsier Adult Inteliigence Scale (WAIS)
is a yood example, The examiner reads 8 list of diglts atouds and
the examinee isS askea to repeat them, either forwards of
backwards., Tne number of items correctiy recalied is cafilea the
uiglt span. Estimates of word and letter span usualiy do nut
ditfer greatly from diglt span. Because of tnisy, Mitler (1956)
has suggested tnat the unit of memory Is the meaningful symhoi,
which he refers to as a "chunk™s rather than the mathematical
measure of snformation in that symbol, Based on & survey of the
literatures, Mliller (1956) proposea the "magic number seven, plus .
or minus two™ as a reasonable estimate of the number of chunks
that could be hela in working memorye. Thys IS perhaps a tit
optimistice Millerts data was drawn mostiy from studies of
university students. Studies of more general populatlons indicate
that adult digit span Is usually from four to seven (Matareazzos
4972; Taliandy, 19AR)s Values below this range «re coOnsicered
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Indlcative ot braln damage, Values above this probably indicate
that the person being tested has developed some special trick for
memorizing lists (Matarazzos 19723 Chasey, Lyons and Ericssons
1981)s Providing that digit (or letters or wira) span is tested
In a quietr areay, estimates of Its value decline oniy slightly over
the adult years (Craiks 1968y 1977)¢ Individual varsation within
an age group appears to be far greater than varlation due to age.

What produces a limit on memory span? Several hypotheses
have been proposeds A)) are based upon the assumption that the
memorizer sees the objects names ity and then nolds an (Internatly
generated) name in working memofry. After an extensive reviews
NDempster (1981) conciuded that the limiting factor in spen is
normally the speea with which an individual can recall the name of
an externat stimuluse This flts wetl with the observation that
age Jdifferences in algit span are small, for Wauyh et ale. (1978)
feport oniy minimal age differences in naming tatencles.

working memory shoulo not be thought of as a set of slots,
analagous to post offlce boxess It Is more likely that working
memory consists of a set of records that are kegt in a high state
of arousal (looselyy *"rehearsed") by an active process of
attending. How does one remember a list of items? By rehearsing
verbat lapels Iinsice the hesd., 1T rehearsal Is Interrupted,
memory sgdan drops drastically. To bdlustrates memory span urops
tc almust zeros, over as short a period as 18 secondssy It the
examinee Is asked to count backwaras by tnrees auring the period
between Jist presentation and recall (Peterson and Petersouns
1459).,

Hotaing information in workinyg memory Is an attention
gemanding taske Applyiny Kahneman'®s (1973) mental resource model
of attentions whenever a mental task requires temporary retentjon
of informdtion 1n wourkling memory, attentional resources must be
diverted from other ongoing mental activitiess Conversely, the
presence of other ongoing mental activities witl limit tie amount
of attentional resources that can be allocated to the memory task.
There is a good ceal of experimental support for this proposition.
In ganeratly, it Is clfflcult to hold ltems In memory while other
problem sofving is going ons and the act of problem sotving will
reduce the memory spgane FoOr instancey tne time required to
comprerenu a simple sentence Is iIncreaseg jf people are gswned to
nholo irrelevant intormation (e.gs a set of aigits) in working
memory as the sentence |s belng presented (Hitchn, 198U; Lansman,
Note 9), Mathematics proolems that place aemands on working
memorys suuh as aaditions with carriesy are harder than simslar
problems that do not place a buruen on working memory (Yjitch,
197d)s The lo34¢ used to exglalin these phenomena is essentlally
the same as that used to explaln interference in jual tasks, It
Is asserted that ir some situations a4 person must conduct two
sorts of mental computations at the same timej renhearsal of
Information in working memory and “something else,” Tne two tasks
cumpere for limited attentionsl resourcesy hence oerformance on
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one of both tasxs should deterlorate.

If tne attention competition explanation i1s combined with the
attentional deficlt hypothesis that attentional capaclty decreases
with ages it follows that age-related decrements in messures of
working memory capacity shouid appear in situations in which other
ongoing mental activity impcse demands upon attention == l.e.r» 8
dual task paraalgm, While literature reviews nave sugyested that
the predicted age effect coes occur, examination of the primary
titerature indicates that the effects are small and only appear
after age 60. Filgure 33 shows some data gatherea by Rotwinick and
Storanut (1974)s in which aigit span forward and Dackwara wAas
calculated in the normal manner and while subjects were dolng a
concurrent finger tapping task, There was virtually no change in
digit span before age 60, in eitner in single or dual task
conaditionse Simitar resuits have been reported by Talfana (1965)
usiny slightly different dual tasks. The expectea age x task
conaition interaction appearedy but only after age 50,

Memory span tasks are usually self paceds The attentlional
demands of & memory task cap be increased by usiny an
experimenter—paced situation in which the contents of working
memory must be continually updated and testeds Active use of
working memcry in this way seems to be an important element In
mary occupational taskse An air traffic controllers for instance,
must neep track of a changing traffic situation. Thils situation
was mimicked In an experiment conducted by Hunt and Lensman (1981)
for somewhat different purpcses. We earlier presentea data on tne
response selection aspects of their study. Here we report 2
second aauitional analysisy in whicn we ook at age effects on
recall trom working memory 8s a function of age. The conditions
tnat are reievent are their single task conditionsy in whicn
subjects haa to keep track of the current state of « continuousty
changiny set of letter-diglit palrss For example, in a typical
sequence the following events woulo occur?

Fvent on screen Response

A = 5

etce
The example ,iven Is trivial, because trere are only twn varlables
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to be recalled, the numbers currentliy pairea witn A and f. The
task is much naraer i1f five or seven varlables are to be used,
Performance on this task has been shown to depenc neavily upon
working memory (Atkinson ana Shiffrin, 1968). Figyure 34 shows
accuracy of performance plotted as a function of aye and
complexity of the task (2 veriables opposed to 5)¢ There Is a 8
stight aeciine In performance with agey, primarciy due to reduced
parformance of peopie beyond 40,

SLCUNDARY nmEMORY

Information must be recatied from secondary memory if
information presented exceeds the capacity of working memorys of
if some activity requiring working memory intervenes between the
Lime tnat iInformation Is presented and the time tnat it is to he
recalleds Examples woula be recalling a list ot twenty to thirty
wordsy, or recalling a flve worad lists after having done arithmetic
in the period between Iist presentation and recall.,

Trhe edsiest way to test secondary memory Is to extend tne
memory span experiment by presenting a list longer than can be
held In working memorye. The assumption is that this forces the
recall of some items from secondary memory., Flgure 35 presents
data un the accuracy of recall of lists of words as 8 joint
function of tist length and age {Talland, 1968). Aye effects do
apreary but they are small,

An aliternative tecnnique for studying recall from secondary
‘memory utilizesa phenomenon known as the serjal position effect.
It nas lonyg been known that if a person dattempts to recali items
from a list that exceeas memory span, the best recalled items are
those at the last of the list ("recency"——-the items most recentiy
presented are recalled best)y, followed by the Items at the front
of the tlst ("primacy")» ana then by the items In the micdie, The
usual explanation for the recency pnenomenon s that items later
in tne list force the earlier Items out of working memory. If
recall Is tested immediately after the list Is presented, the last
tfew lters will be resident in working memory, while the remaininag
ttems must ve recali{eu from secongary memory. Craik (1977) has
reported agaita showing that there are nu age effects on recal! of
Items in tne recency portion of a listy but that age effects ao
aprear In recall cf ftems trom the earlier parts of a lists The
lacn ol an aje Dy recency interectiun iIs consistent with the
finding tnat the capacity of working memory does not change with
ages but tnat the effectiveness of retrieval from secondery memory
does,

A test of seconcary memory simuitaneously tests three things,
the abslity of a4 person to transfer information from primary to
seconuary memory during the storaye stages the avililty to retain
information in secondary memory for some period of timey, and the
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abltity to retrileve that information given whatever cues are
vresented «nen retrieval Is required. Norman anag Bobrow (1979)
present a useful way of conceptualizing the three phasess DOuring
the storaye phase a person estaclishes a "“descriptlion®™ of the
information to ve storeds This Js rouyghly analagous to a
librarian's cataloguinyg a book wnen it Is purchased, Certain
facts about the information to be storeo are notedy, and these are
used to establish a scheme of references that can be used for
tater retrjeval. Imagine a person trylnyg to memorize a list
containing the word "cat", Part of the referencing scheme for
this word might be based on properties of the word itself (e.g0.
"cat" sounds like "bat", "cat™ is an animal) while other
references might be derivea fraom properties of tne referents or
from Idlosyncratic facts in a persaon's prior information structure
(eege» "My aunt €laiva has a cats think of rer holdling It")e Once
the active cataloguing process has been completed the information
itself Is assumeg to reside in memorys without requiring furtner
{attention demanding) maintensnce, When retrieval Is required
some cues wil) jnevitably be presents These cues are used to
deterwine a retrieval scheme anal)agous to the proceaure a library
user executes when tryitng to fina information. 1If the retrieval
scheme and the descriptions matchs the iInformation Is recatled,
dtherwise It is nots Successful memorization thus depenas on two
things: tne agevelopment of schemes for description and retrievals
anag tnhe extent to which the twdo schemes matche,

The development of storage anag retrieval schemes fits into
Schneider and Sniffrin's (1977) definition of 4ttention demanding
controlied processes, According to the attentiondal deficit
hypothesiss memory shoulo be vulnerable to age effects as the
schemes are being constructed, The retention phases being passive,
snoula not be sensitive to age and its associatea reduction in
attentional capaclty., A e effects on information retrieval should
be founa when the storage and retrieval phases requlire extensive
computations I1n themsefvesy, or when storage ang retrieval occurs
in conpetition with other cognitive computationse fn the other
handy the effect of retentiun intervely, per sey snould not be
influenced ty aqge,

In an etejantly designed study, Wickelgren (1975%) founu
precisely these results, He useou 4 compiex verston of the
continuous recoygnition memury paragigms in which a person is shown
a sertes or itemsy, some of which are presented two of more times,
The person’s task iIs to respond to Indlicate when an item
presentation Is repeated. By applying a fairly compiex
mathematjcal analysis to the datas, Wicketgren concluded that there
were age effects In storage and retrievals bDut not in retention.
Unfortunately for our purposesy Wilckelgren onty contrested the
pertormance ot children, young aoults, and the elderly,
Wickelgren's exper iment sShouia be replicated on acuits in the
middie age ranje, The fact that young and olo adul(s were
equivalent in retention Impifes that retention iIs statie in midale
age 4SS weily fNn the other rands without testingy people in the
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£0-60 age ranye, we have no way of tracing the change in storage
and retriaeval functioning over the working years,

Secondary memory can be tested by recalis wnich forces
construction of a retrleval scheme; recognitions which minimizes
the neea to construct a schemej or by cued recalls in which
assistance Is provided in ccnstructing parcicular types of
retrieval schemes., Table 6 shows tne cata from a anuch cjtea study
by Schonfeld and Robertson (1966)y in wnich people of varying ages
were required elther to recognize or recall arbitrary lists of 2¢
words, There were virtually no age cifferences in recognitlion.
Recall dropped reguiarly with ay,e over the 20 to 60 range, This
data 1s typical of data ovtalnea In several otner studies
contrasting recognition and recall performance. The result is
obviousty consistent with the attentionat deficit nypotnesise

A furtner test of the iInteraction oetween memory performancer
a4€» and attentional demands could be constructed by experiments
tnat attemptl tou show exacerbateac age effegts in dudl task
situationsy, similar to the studies that have shown primary memory
deficlt in auai taskse Accourding to the hypothesisy @ competing
task should increase age-~refated drops in memory f it competes
for attention during the storage or retrieval pnases, but should
nave no effect if it is introouced during the retention phase,
Suchk experliments would be of interest in themseives and becduse
they seem to be analogyous tou real worid situationss; e.ge tryilng to
MeEMOr j2e Oor recaill something as you are agistracted. We are
unaware of any studies that have usea such a paradigme.

Ti.e argument tnat estatlisrting & description is lmportant iIn
memorization has been phrased in a somewhat different way by Craik
and Lockhart (19723 Craiky, 1l979)s who use the term "depth of
processing”, In trhe Norman and Robrow terminofogys Craix and
Locnhart claim that in constructinyg descriptions there (s a fixeg
oraer of elaboration upon the infurmatiun presenteds beginning
with nuticinyg physical features (es,ges '"cat"™ has a particular
visual snapedy then any relatec physical codes ("cat" sounds (ike
“oat"), and finaily a network of semantic associations. Craik and
Loucknart reterreg to the predictecu ordering as representing
proyressyively deeper processings, and asserted that deep processing
haa to be conpleted in order to ensure memory retrieval, Tte
necessity fur a fixed urder of processing nas been questioned. An
elaborate description can be produced at a "snaliow" level and
still serve as a ycod nescription to guide retrieval (Raddeley,
19783 Nelsony 1977). Accorcing to Morman and Robrow'!s analysis,
the imgortant varit1avlies are how much processing Is done at storage
time anu how well tne gescription matcnes tne retrieval schemey
and not wnat type of processing 1s dones Reygardiess of the
detalls of tnls uebates it does seem tnat Craix and Lockhart's
gistinction between shallow ana deep provcessing may well regresent
the normal proceaure used In establishing descriptionse Studies
ot mnemunists (Cnasey Lyons and tricssony 19815 Hunt and Love,
197¢.) have shown that very ygood wmemorizers do adupt schemes that
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Table 6

Mean Recognition and Recall
Scores by Age

Recognition

Age
Range N
20-29 36
30-39 23
40-49 32
50-59 21
60 + 22

20.01
19.48
19.53
19.90
20.09

pata from Schonfield and Robertson, 1966.

Recall

13.78
12.30
10.01
9.57
7.50
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emphasize uecp processinge

The deep processing concept §Is another example of the use of
an attention demanding controlled pracess to fix information in
memory. If attention cemanding processes are most affected hy
agings It folltows that age effects on memory should be most
pronounced when deep processing 1s required. Simon (1979) tested
this nypotnesis by presenting supraspan tists of words for a fixed
perioc of time. Retrieval was aidea elther by presenting san
suaitory cue (esgs cueing "nog" by "smog"”) or a semantic cue (e.g.
cueiny "hog"™ by "pork.") The argument was that the phonetic cue,
representing shallow processing, snould be effective at all ages,
but that the semantic cuey, representing a tevel of processing
reachec only by fast processorss shouid be effective only for
younger subjects. Older people {(mean age 61) showeu less recall
than younger subjects (mean age 20) in atl conditions but tne
ditferences were ygreatest for semantic cueiny. Middle aged
participants (m2an age 43) showed intermediate resultse Simon
concludeo tnat semantic processing was most affecteo by age, and
tnat effeciLs appear as early es age 40. This conclusion Is
similar to that reported by Eysenck (1974)» in a study that showed
semantic coaing deficiencies In 50 year oldss compared to 20 year
olds.

An glternative way to test the attentional deficst Lypotnesls
s> tu louk for the absence ¢f aye eftects in situations «n which
tnnere is no draw on attentional resources., It has been sargued
tnat some xinds of information can be stored and retrieved
“automaticallys" s1.e¢ without attentional resources being
expendeus Memory for tne freaquency with which events occur and
memory for the temporal order of two events have oeen offered as
examples of automatic memorization, Memory for both freauency
(Hasher and Zackss 1979) and temporal order (Perimuttery Metzger,
Nezworskis and Milier, 1981) has been shown to De equivalent in 27
year old and 60 year old sut_ ectse It is hardly 1ikely that there
wouly be effects In tne age ranges in between,

All the tasks that have been described so far depenc upon
verbal memorys. Wouluo the picture chanye if memory for visual
events were testea? The question is not easy t0O answer, because
our normal memory for visually presentea events may depend in part
upen the verbal processing Lnat we a0 as we name tne events, One
study (Ret je ana Tnmany i1961) has been reportea of memory for
"untavellanie"™ visualy auditorys and tactile stimulle Recognitiun
memory for all three types ot information aoropped with ages The
resulls are shown in Figure 36. Note tnat the jreatest drops in
auadltory and tactile memory appear relatively earty in ascultnood,
while memory for visual stimulil d4d not urup untii the °5Cs,

The gelayed drop 1n visual memory may be questionea on tne
pasis of the data from the kunt and Lansman (1981) experiment. 1In
one section of that stuudys, they replaced the pairea associates
task with a visuatl pettern recognition taske There were two
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levels of difficuilty Involvedy dependiny upon the number of
elements Iin the visual pattern, Figure 37 shows that accuracy
dropred as a function of age for both the easy and hard visual
patternss In contrast to the Riege and Inman resuitsy, the major
age ditfterences occurrea between ages 35 ana 4b6.

There appear tg be age related drops in both storage and
retrieval of information in secondary memorys but the age relfsted
changes are not farge, The attentional deficit nypothesis serves
as a rough gulde for thinking about the age-related chdanges in
performanctey ang suggests that any age effects on memory will be
magnifiea If storaze or recall occurs uqqaer gual task conagitions.

A caution s «n order. Llogicallys one could extend a
"seconaary memory" study to recall intervals of days, months, or
even yearss but in practice the interval between information
presentation andg retrieval s usualiy on the oruer of five to
fifty minutess Although Psycholoyy texts and review articles
freely generalize from the iaboratory stuqies to fleld situations
Involving much lfonger time intervalsy, there (s surprisingly little
evidence sufporting the generalizatione. Experiments by Neison
(1967) suy3est that the same Jaws of memory do apply over a wiue
ranye of lesrninjy~recall Intervalses The aats Is quite sparse,
thoughy ana more studles are needed before generajjizstion from
taboratory to fiela can be said to be more than a statement of
tfaitn,

nEANINOVFUL MEMURY

All or tne memory experiments reviewed thus far the
participant must remember Information that Is ot i(little personat
relevance. The pailred—associates task Is a 00d example,
Participants are--askea to learn news arbitrary asscciations
between jtemses Otten the items are nonsense materlsls or words
with low s2mantic assocliaticne The reason TOr using suclk matserial
Is tnaL psychologists want to study "pure™ j|esrning In controlled
situationsy wnere tiie experimenter can control the participants!?
exposure to the intorwmation to be learnec,

Nne 4pproacn to the study of meaningful learning Iis simply to
repeat tne cvesign of conventional leurning and memory exper iments,
using meaningful material, Suppose tnat one wisheg to estabhlish
memory span for linguistically orgsnized "chunks™ insteso or for
arbitrary lists uf nonsense syllables, A generalizationr of a
memery spin study §Is to determine tne fonyest sentence that can tae
recalleu verbaitme. Sentences of ten or more words can be recs!leu
perfectiys Tnis Is consiaerably beyona the averaje memory span for
unrelateo words, The usual expltanation Is that meaningful
material is organized into loglically coherenty, muiti=word units
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which tnhen form the unit of memorye For Instance, the sentence
"The dog cnased the gray cat up the tree"
contains three propositions:
(1) The agog chased the cate
{2) The cat was chased up a tree,
(3) The cat was gray.

Kintsch «nd Keenan (1973) hsve presented evidance indicating that
the propositions within a sentences ratner than the sentence
itself, are probably tne units of memory for prose. More
generally, as word strings are moved closer and closer to the
structure of sentences (and thus forced iInto more and more
propositional units) people at all ages recall more words trom tne
strings (Cralk anag Massanis 196b),

As people examine a cunnecteds coherent discourse they begin
to construct a3 propositional network that rejates the statements
in one sentence to tne statements of snother, The recall scheme
for normal prose is not toc attempt to recalt the original
sentences verbatimy, out rather to reconstruct sentences from one's
mescry of the proposstional structure of the to-be-remembered
passaye (Kintscny 1474)e Studies of prose comprenension are
relatively newy and have usually Involved contrasts between people
In tnelr <0s and 60s, rather than an examination of the full age
rangye, The stuaies that nave been adone (Coheny, 1979, 19tl; Taubs
L97¢; Lignts Zelinskiy, ana hoore, Note 10) all Indicate that tnere
is littie age—retated Joss In the abjillity to recall propositions,
provicging tnat tney are made exificit in the text, as were alt the
propositions Iin tne example sentences given above. It has been
founas howevers that elderly pecple are fless lixely to till out e
propvoslitivnal scructure by constructing propositions tnat would be
inferrea from a combinatson of the propositions in the text ana
real worlu knowledge, Continulng wlth the odog=-cat examglie,

The doy frightened the cat

would te an exqample of a proposition that could pbe (nferred from
the sentences presented previouslys although It was not stated in
any one of them., The implications of tnis finding will Ce
considered in more detall In the sectlon on problem soilving,

In summarys young aduilts certainly have a slight aovantage
over clderily adults in comprenending verbal messages that are
presented in a taboratory settings, Whether they nave the same
advantage over adults in the 40-60 age range ;s not clear,

whenever we deal with people we make assumptions atout what
tney know ot the worlas To what extent are there age~releated
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trenos in the availabiilty of different types of “real wortd"®
information? Informal reasoning leads us to expect sn "inverted
U" function relating real worid knowledye to chronological age.
There is the obvious truism that the longer you live the more
experience you nave with the worlide On the other handy there is
good reason to belleve that at some pointy and certainiy In
advanced oid ages the efficiency of the learning process declines,
Popular table nas It that the elderiy retain clear memorjes of the
distant past but are less able to store information about recent
eventse This is seen In extreme form in certain types of senile
agementias Inctuding the premature aging represented by Alzhelmer's
disease (Galtzy, 1977). Do subclinical manifestations of a
resistance Lo learninyg begin to appear in the 40s and 50s?

The evidence on this question is quite encourayginge Several
studies have shown that older people ares, If anythings more aware
of general world events than younger people, This seems to be
true ot least up to age 60. Wearrinyton and her assocliates
(Warrington anao Sitberstein, 19793 warrington anc Sancers, 1971)
founo that people 1n thelr 40s and 50s knew more about events that
hao accurreo auring the past year than did English senior high
school studentse Lachman and Lachman (1980) found simlilar results
in a study tnat compared people over 4V to currentiy enrolled
college stucdents, as aid Perimutter (1978)s, comparing people In
the 20s to tnose in their 60sse It is worth noting that tune

effects of educatlion appear to be much greater than the effects of
age in stugies of this sort,

As there is no evidence for a aiminished capacity to learn
meaninygful material ouring the working yearsy it Is bharoly
surpr«sing tu find thnat the possession of more knowledge
transtates ailrectly intc better performance In onet's fiela of
expertise. In ftacty, the ditference between skilled and average or
povice practicioners in intellectually demandiny flelas is closely
relatev to the amount of relevant knowleage that the expert
possessesy rather than any apparent Innate skill at probtlem
solvinye This has been illustrated by studies of information
processiny in megicine (Popley, 1977)e Experienced internists
appear to be fine dijaynosticiansy not because they are better

 : toglcians tnan less experlenced physicians, but because they know
a great ceal more about the relationship tetween overt symptoms
and underlying disease processes. Similar results have been
obtainea in the analysis of expert performance in other fjlelds
(eeQer» Larxin et ales 1980).,

Knowleuge ahout one's fleld of expertises any for that matter
most rea) werl1 knowledjes Is semantic knowledles le€er» timeless
facts tnat do not rerter to personalily experienced events, Tulving
(1972) has arguea tnat there is a psychological distinction
between episodlc and semantic xnowledges This distinctior is
supportea In the ayging literature3 It appears that semantic memory
is unusually resistant to age, One of the most relisble findings
in the ijlterature on aging sna psychometric test performence is
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that vocabulary scoresy a rough measure of knowledge ahout
fanguayey efther increase or remain stablte until peyona age 50
(Botwinicksy L1977)s Unfortunately virtuaily all studies
desonstrating the strength of semantic knowledye ovar the || fe
span are based upon studies uf the semantic knowledge embodied in
language, Rut what about information about non-=linguistie
relations == for exampliey, principles of machinery operation or
procedures. In particulary what about the ability to incorporste
changing information about principless something that occurs
continually as technology changes? It is not at aill clear that
results from studies of the retention of ltanguaye Information can
be extrapolated to situations involviny memory tor non-linguistic
informations because language seems to hoid a special place in
memorys even at the neurocanstomical level (Walshy 197¢)s There
appears to be almost no information on this important practical
question,

A 3reat many of the results oun the relation in age and mwemory
have peen lllustrated in a single stuay by Lachmans Lachmany, and
Taylor (1981l)e They testea memory for facts in midule aged and
youny schoolteacherss using both a multiple choice and an open
ended questionairre formate The older teachers wWere elther equal
of superior to the youngyger ones regardiess of type of format,
Younger suugyects were superlior to older ones on memory tests that
required the continuous maintainence of information in working
memory TYney were also fastery, but not more accurates in either
recalling information from lon, term memory of drawing inferences
from that informations Tius the Lachman et al, study providess in
one reporty a jood summary of many other studies of memory
capabilities over the working years, Other tnings being equal,
olocer people recall as wmuch (or more) Information than younger
peopicse Youth's superiority appears only if tanere are time
pressuresy or If it is necessary to keep track of new information
for a trief oeriod of time,

Trne results Yrom studies of memory tor meaningful information
paint an encouraging picture tor any employer considering the use
of an ologer work forcee The laboratory plicture of veticliencies in
fearning anc memory beginning in tne 40s aimost certainly
overstates tne situations, Indeear tnere s some reason to believe
that olager rersonnel would te superilor rn recalting meaningful
materjyaly providing that recal! was required Iin 4 situation taat
did not contain distractionss and tnat dio not place time pressure
upon responding,

9¢ PRUILE™ SULVING

"Proulem solving® coulc refer to aimost any cuynitive
behavicre Following a alstinction that is based more on loylc
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than on psychoiogys problem solving is usually giviaed into
studies of oeductive and inauctive reasoninge In geductive
reasoning one araws conclusions from known factse In incuctive
ressoning general rules are abstracted from an examlnatlon of
speclflc cases, These definitlions are content free; one coula
classify problems as inductive or deductive regardless of whether
they dealt with fields as disparate as physics ana medicines From
the time of Aristoties people who think about thinking have hoped
to find rules that describe people's thouyhts regardliess of the
content of the problem being solveds George Boole's classic book
on oinary loglic was titled "The Laws of Thought"., More recentliy,
during tne 196Us there was a spate of work on Bayesian logic as a
general theory of human inductive reasoninge

In splite of these nistoric precedentsy the search for a
general theory ot human protliem solving may be uoomed to failure,
Variations in the content of problems have been shown to exert a
powerful influence on problem solving (Wason and Johnson=Laird,
1972)e Newell anc Simon (1972), in a book that nas set tne focus
for much mocern problem solving researchs state unequivocally that
a persun's reasoning will be powerfully influenced by their
experience with the material being reasoned about. It Is prooanly
unfeascnable to assume that there is a general "Psycho-loglc", and
therefure nardly fruitful to ask how lagicai reasonings In
Jeneraly cnanges with ages For instancey the difficulty solving
of multiple diglit adattion probtems is directly related to the
demands that a protiem puts on working memory for the storage of
intermediate computations (Hltch, [978). Since there seems to be
littier, if anys drop In the storage capacity of working memory
over the worxing yearsy one would not expect to see a drop iIn
accuracy of mental arfitnmetic witn ages On the other hands there
is an age-related reduction in the speed with wnich material in
working memory can be accessed, To make thinygs still) more
complicatea, the extent to which 8sn arithmetic proulem makes
oemands on wourking memory will depend on the algorithm that a
person uses> for mental aadition. Howy, then, is one to predict
what aye effects shouid be "in yeneral”™, without knowin, the
Inaivicdudat®s approach to the problem at hano?

Zven tnouyh inaiviuual problem solving strategies can alter
the attenticnal aoemanuds of a protlemy thinking about protiem
solviny as o vamard for mental resources aoes provide a frameworlrk
tor expecting orderiy relations between aje and performance on
complex redsoning taskss In particuliars problem solving should be
more aifficult with advancea age when (a) rapid mental
computations are reaquirecy (h) the problem makas demanas upon
workin) wmemory §n sucn a way that the memory task must be executed
as a "aua) task"s coinciuentally witi, other aspects of problem
solvings ana (¢c) tne effects of prior Jearning can ve disregarded.,
The last point is i1mportant, btecause It asadresses the auestion of
how efticiently one's mental tools are useds As the extent of
prior ltearning is difticult to aocument, most psychological
studles have tried to avold the jssuey oy presenting people with
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unfamiliar problems. The argument for aoing so Is that the
psychologist wants to deternmine the covariation vetween the extent
ot a person's mental resources and the effectiveness of their
problem solvings without having to worry about individusal
differences in experjence, While this is a reasonabie sclentific
gosly It limits the generallization of laboratory studies to field
conditionse In the field problems are solved by people who have
the background to solve them.

In reviewing the fijeid we shail maintain the ctassic
distinction between inductive and ageductive reasoninge In
discussing a particutar type of problem solvinyg, we shall use the
attention defjcit hypothesis as a devijce for orgyanizing the dgata,

INDUCTLIVE REASONING

A popular method of studying inductive reasoning is tne
concept identification paradigms in which a person s shuwn
exemplars and non—-exemplars of a class of itemss, and askea to
state 2 jeneral rule for class memberships The jtems used are
typically meaninyless forms, such as letter strings or abstract
gecmetric designs. Concept identification problems are described
in terms of the information processing characteristics they
present, Tne items themsetfves may vary In the attributes that
define thews and the complexity of the rule defining class
membership may be varijed. In additionsy proolems may be cescribed
in terms ot the stze of working memory required to nold enough
information to define 4n answer (Hunt, 19c2).

orinlteys Juvicks and Mclaughlin (1974) observed age effects
In a concept identification study usiny letter string stimull,
Each problem consisted or the presentation of three letter
stringsy eacn tabeted with eitner a "+" or a "-", The task was to
define tne rule used to assign a string to the "+ or "="

catejorye. To lllustrate, one of the problems contained the
strings
AB ab +
AB b -
B a +

Tne rule for tais problem s that the latel “+" |s assligned to all
strings containin, the symbol “a", Probiems were made either harga
or diffycult In a variety ot wayse In some probliems esil the
strinygs were presented togyetners In others the strings were
presented one 1t a time, In other cases the rule for assigning
tabeis was more complex, Sume example problems are showp In
Figure 3ts Smatl but statistically reliable drops in the pumber
of probiems solved were found throughout the age range from 20 to
65

-67-




Aging and Cognition

The Brinley et al., experiment |Is typical ot a ldarge number of
studies of concept 1dentification Iin the elderly., The other
studies will not be revieweds, because they alil concentrate on the
contrast oetween young and elderly peoples The results of these
studles are consistent witnh Brintey et ale conclusion that there
Is a decrement In 1nouctive reasoning witn age. The data
presented «n our review of Psychometrics also indjicates that
performance on inductive reasoning tests agecreases with age.

Althougn concept laentification studies may be similar to
some industrial taskss such as trouble shooting electric circuits,
they are certainiy not representative of how we learn "reasl life"”
rules tor classifying objects Into trees, peaple, airplaness and
what have you. Several theories of how thnis does occur have been
proposea {(Johnson=-Laird and wWason, 1977), and none of them bear
very much resembliance to models of concept identificatiorn. To our
knowileoye, howevery studiecs using the more modern models of how
real Jite cdateyories and rules are formed have not penetrated tne
fiterature on ajinge

DEVUCTIVE Per03LEM SNLVING

The literature on deauctive problem solving resembles that on
incuctive problem solving in two respects; virtually aill studies
contrast young and old subjectss, 3na they generailly conclude that
oluer supjects show reduceu powers ot gecuction, obut that there
are wjae inuivijaual ojifferences., Arenverg (1974) reported une of
tne few experiments tnat studied inulviduals of intermediate age
angs unfortunately for our purposesy hils younyests subjects were
in tneir 30s» ano tnus were older than most present servijcemen and
WOMmENS The task Arenbery used is ot Interest because it was
desi jneo to resemble a problem in trouble shootiny faulty
electrical equipment, The probtem could be solved by deouciny how
the lamps must Le connecteds given observations of the sequences
Iin wnich tney coulu poe turned on anao off. Efficlency was measured
by tne number of sequences that people had to observe before they
could state the correct circuite Groups of middle and ugper class
males were tested twicey, with an jnterveninyg period of several
years. Suvjects in their trirties were more efficient than those
in tneir sixties (trnere were further deciines In the 7Ns, that are
not ot concern here), An analysis of inaividual steps in probtlem
solving snoweu that the decrease (n effeclency was largely 1due to
an lncrease tn the number of non-informative steps taken while
testing soiuvtions. This 1s a typical findiny in studies of
deuuctive reasoning. Having rormed a hypotuesiss, people seerk
information tnat wiltl conflra tre hypotnesis in old situations,

ratner tnan testing It in new situations (Mynatts, Dohertys andg
Tweeneyy 1377).,

Arenpery's study s of Interest because of tne face validity
or the tasks ana because ne was able to say something about tne :
neture of the age=rejated change in probliem solving. A freaquent
comment 4bout aginy is that people become more cautiouss which
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does describe tne proolem solving behavior of ArenbDecrg's
participants., To complete the pictures Arenberg's design snould
be extended to studies of changes in problem solving behavior over
the 20-40 age range.

We eariler raised a question about the generailizabliity of
results based upon laboratory tasks, pointing out that we would
expect older, more experienced jindividuals to do vetter on
problems that were meaningful to theme This does not mean that
making a problem meaningful will necessarlly make it immune to
age-related decliines in performance. Two studies nave located age
differences in reasoning with famlliar materials Friend and Zubek
(1928) gave the Watson=Glaser Criticat Thinkin) Aporalsal test to
a sample of over 450 people of widely varyling ages and educational
backyrounds, This test presents people with paragraphs stating
plausible situationse The person Is then asked either to a)
determine the plausibility c¢cf conclusions drawn from the
infcrmation In the paragrapt, b) to recognize the assumptions
behina the arguments presenteds ¢) to use logic ana welygyh the
evidence for different conclusions about the situation described,
or o) to evaluate tne logical coherence of an arguament for or
ayainst a proposition statec «n the text, Friend and 7Zubek's
results are shown in Figure 39, Test scores increased sharply
from sdolescence to the 20's, peaked In the ¢0-4) intervails, and
declined from the 4U's onward,

The results in Flgure 39 show greater aye effects on
reasoning abilicty than Is typically founds, so a word of caution is
in orcer, The Frilend and Zubek stuays thouyh largje, was a
cross~sectional studye. As suchs, It was subject to a confounding
of conort and age effects (sae Section 2). In pdarticular,
improvement in educational practices in Canada (the site of tnhe
Friena and Zubek study) over the perfod 192C-1955 could have
produced a conort effect that would have veen confounded with age
effects.,

triend and Zubek's results conflict with those of Lacnmany
Lachwans and Taylor (i981)s who found tnat older (50s) a4no vounger
subgjects hag virtually an eaquivalent abitity to recall resl worid
facts. Lachman et al. went on to ask tneir subjects to draw
inferences pased upon tnese facts., Some of the inference prooiems
were qulte cifficulte An example is

"wrat horror story character would starve to death in
Northern Sweden in the Summer?"

(Answer, Uraculiy, Decause the sun never scts, The respondent

must recall facts atout Dracula ana about the Arctic Circtey then
draw Interences from those facts.)

Lachman et ale found no cifferences between oilder anad younger
subgects in their abliity to uraw such inferences.
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while Lachman et al. also used a cross—-sectionatl designs
their subgjects were public school teacherss a jroup specifically
chosen for study because the requirements for entry into this
prcfession had not cnanged markedly over the time periog of
Interest, Lachman et al. huped that tnhis wouid reduce cohort
effects due to educationat aifferences. Another agifference is
that the Lachman et ales Ssubjects were better educated than the
more heterogeneous group studied by Friend and Zubek, Several
authorities have claimed that people who are more cognitive
capaple as youny acdults will be more resfistant to agings The
toplc is further deveiloped in Section 10.

REASONINGL AND LANGUAGL COMPREHENS ION

Comprenending language is nct normally thought of as a problem
solving tasks but it Is one, Yt is not fpossible to understand
normal discourse unless one draws inferences that go beyonda tne
explicit propositions in an utterdance, Consider the statement

"A burning cigarette was carelessly uiscardeds The fijre
destroyed thousands of acres of virgin forest,"

Tris statement contains tour expliicit propusitionss
The cilgarette was burning.
The cigarette was discaraed,
The fire testroyed thousands of acres of forest.
Tne forest was a virgin forest,

In augition tne statement contains an implicit propositions
The ciyarette started a fire,

The implticit proposition must be deduced by combining explicit
proposttions anag real world knowledye. For brevity we shall refer
to comprehension Inferences, Speakers anu wrjters normally assume
that listeners and reacers will make comprenension inferences,
Indecus 1L 5 quite hard to communicate so precisely that
compretensiun interences nee¢d not be mauve. Because these
unconscious Inferences 3re so Important to the communicstion
pProcessy 4any wedkness tn aorawling them could have serious
conseygyuences (r peuple are involved In situations Iin which they
have to unuerstdnc and responae to verbal or written messagese. For
thys reason 4 report of d,e related weaxness In comprehepnsion
inference (Coheny 1981) 1s of considerauvie lnterest, Although
this stuay was pased on a contrast between youny (20S) anu ¢old
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(65+) subjectsy it will be uiscusseo tn detail because of Its
lmpliications,

Cohen had otd and young people read several texts such as the
one in the “cligarette and forest" {(llustration just given, After
all tne texts had been presented Conen tested for recall of
fmpticlt ano explicit propositionss Younger supjects recalied
both types of proposlitions equally well (87T% accuracy overall),
while older suhjects dld slightly worse on recall of expiicit
propositions (B1lX) and much worse (58%) on recall of Implicit
proposlitionses Cohen pointed that Iin normai communijcation a
iistener witil simuttaneously be involveud In comprenension
inference, vased on propositions already presented, and iIn
detecting tne propositions underiying the text currently being
presenteds Thus normai speech compreheansion can be looked upon as
4 sgecial type of dual taske. Reading for comprehension should
therefore oc easter tnan listenings because a reader can "turn off
" the current input while completing a comprehension inference,
while a tistener cannot. Conen pointead out that this probably
goes not matter for young peoples who can carry out comprehension
Intferences fast enough to keep up with a person wno is talking at
3 nurmal cunversatlonai rate,s Thjs might not be the case for the
elderly, because of their siower rate of mental computation. To
test this hypothesiss Cohen ha. young ana olo suojects recall the
propositions presented in eitner written or spoken text, The mode
of input made no uifference for the young subjects. The older
subjects found clearly spoken text more cifficult to comprehend,
even though Cohen took pains to ensure that tne acoustic siynal
Wwas strong enough so that the comprehenston of individual words
was nut a problem,

Conen's results can be viewed a$S 3an inevitable consequence of
the siowing of mental processes with age., If this iIs trues slowing
is having 4 consequence on a very Important functions the abhifity
to unuerstand speechs At a theoretical ftevely, Lhis suggests 3 '
revisiun of the psychometriciant's "Classic aginy hypothesis™, that
as we age verbal abilitjes are retajned but non-verbal abiflties
arcep out, The evidence for the classi¢c aging hypothesis was
wathercd in experiments usipjy "verbal comprehension'" tests that
often oid not ai1stinguish between understanding for implicit andg
explicit propositionse Elsewhere Cohen (1979) nas argued that
these tests also falled to examine linguistic situatlons in which
the speea of working memory processes was cruciale An example is
the resolution ot anaphorlc referencess e+.ge establishing a
reference to "she'" when it occurs in 4 sentences Cohen found
age-related performance decits In resolving anaphoric reterences
and in otner attention demandiny aspects of comprenension., To the
extent that Cohen's results are generalizable, psychologlsts may
be fnorced to conciuoe that there is a greater drop In verbal
comprehension 1n old age than was previously believed to occur,

Mure intormation Is needed about the paramneters of the
phenumenon Cohen nas reported, We need to khow what tne relation
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Is between age and th extent of loss of comprehension Iinference
and how this relatjon is aftected by other characteristics of the
individual and the sjtuation, The subyects In Cohen's 1981 study
were all Britlish university graduatese In her 1979 study two
educational levels were considered (university
graauate-professlional vse, Gritish Leaving Certificate levels,
roughty equivalent to U.S. technical high school graduates), and
markeg effects were found of educational fevel as well as age.
Unfortunately other incomparabilities between the two grcups make
it Inadvisable to consider age x education interactions., Stili
more important, we are quite without any aata concerning changes
tn comprenension inference in the 20-60 range., I1f Cohen Is
correct in assigning the deficit in comprehension to a sliowing In
the rate at which older people process informations then drops in
comprehension Inference should begin to appesar during the working
years. The drop should pe greatest wnhenever comprenension
inference nag to take place §in a adual task situationy or in a
situation that was already attention demanding. For exameie, If 3
communication were to be recelved over a noilsy channels such as a
loudspeakar in an airporty comprehension inference should suffer,
We alreqay know that as people agey the perception of individual
words in noise becores more diftlicuits, Comprenension inference
might by even more senslitive to age under undesirable conditions
of communication. These are speculations with toth theoretical
ang practical significances It woutld be highly desirable to
investigate the phenomena reported by Cohen In considerably more
deteail.

SUMMARY

Thne data on age-relatea changes in reasoninyg and complex
problem solving are unfortunately sparse, In this area, even more
than in the 1iterature on aging in general, investigators have
concentrated on comparisons between "olid" and "young"s with fittile
attention to the 40 year interval between 20 and 60. Those studies
that have oeen done of peopie in their working years suggest that
there sre aye sensitive chanyes in reasoning.s Furthermore, tnese
changes may bear a sensible relation to changes In more elementary
Information processing capacitieses To answer this question we
neea stuaies In which adults of varying ages taka part bott In
experyments on elementary functionss, such as memory and motur
dgecision mikingy and in experiments on inductive iana deductive
probtem solving.

Tihe report of a arop in the subtler aspects of speech
comprehension with aqgqe is extremely snteresting, for botn
practical and tneoretical reasons., Further study is clearly in
order, Apdrt from the study of speech comprehension, a generat
criticism can be feveled against the research that has been done
on problem solvings Are the right problems beiny studiea? Wwhy
are we interestea In rhow people solve novel, made up problems,
when in practice they deal jargely with the sort of praoblem they
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have been trained to solve? This crityscism can also be made of
litersture on memory anad aginye The criticism |Is amplified upon
in the next sectione.

10 A CRITICISM OF THE LITERATURE ON
LEARNINGs, MtMORY» AND PROolcM SULVING

Over tne working years adults gradually "think more siowly,"”
The loss in speed of mental processing is continuous throughout
the workiny years., An individual is unifkeiy to notice the effect
of cugnitive slowing untii the late 40s» and not even then for
some tasks and peoples but on a population basis effects are
probably evident by the 40s., Whjle the evidence for stowing Is
cleary, the evidence for a drop in accuracy In mental processes
duriny the working years Is much weaker. Should we then concluge
that peogple are progressively less cognitively competent as they
age?

The taboratory data are inconclusive. "It aepends on the
taske” If the task requlires rapid respondings or if several
sources of Information must be monitored at once (thus forcing a
person to deat with each source quickly) older people probably are
less effjiclienty» on the average. If rapid responding Is not
Iimpourtant, tnen age Is a much less powerful determinant of
pertormance. Taken at face value, these facts about laboratory
performance sugygest that as people grow older they should he 3iven
assignments in wnhich very rapid responding (on tne order of
milliseconas) Is not requiredsy and wmhere it Is not necessary to
monitor several sources of signals simultaneousiyes We shall now
argue that extrapoclations from the laboratory should be done only
with cautions, because of an impcoertant limitation both on the
situations studleg and on the conceptual thinking that 'lead to
their development,

Tre point has repeatecly been made that tne experimental
literature cffers no way to allow for the benefits of experience,
Virtually ai) adult learning anag problem solving builds upon orilor
kncwleuyes Any reasondble extraspolation from labDoratory to field
performance must take this into account. It is not at all clear,
thouyghy Just no«4 experjence Is to be taken into accounte, In order
to do so one must have a detailed conceptualization of how prior
knowleage influences of inccrporation of new information into our
memories. Simply sdayinyg "experience counts" IS not e¢nough,

In a paper that has had a magor inf . '‘nce on Cognitive Science
stugiesy Marvin Minsky (1975) argued for tne concept of "frameg®
of xnowledjges, Minsny described our minds as being composea of
frames that descripe prototype situations., When we encounter 4 new
situation» we decice wnat frame |s appropriate and use it to
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organize newly presented Informations 7To repeat a trequentiy
cited exampley, we have a frame for "eating out", and our
experience with any one restaurant meal must pe fit Into that
frame. Other authors in tre Cognitive Science fltela tave used
other terminolo3dys such as "scripts” (Schank ana Abelisony 1977) or
"schemata (Rumeinart and Normany 1979%) ands to be falr to
psycnologistss the basic ldeas are made quite specific In
Bartiett?!s (yeneralily ignored) analysis of thinkinyg (Rartiett,
1958)s Tne princisie Is simple, Virtually any complicated
experlence Is to be dealt with by a rather tightly organlzed,
special purpose set of problem solving routines that have been
created as a4 result of our ¢own personal nhistories, These routines
tell us what to notilce and how to remember it.

Tre smportance of having frames approzriate to the task at
hand has been neatly lllustrated by contrasts of the behavior of
exgerts and novices (Bhaskar and Simony, 1977; Cnase and Simon,
19733 Larkin et ales 198C)e The filelas studied have ranged from
chess to physics probilem solvinge Altnough the studies within any
one fijeld tena to be rather weaksy they aii converge on a common
conclusion, A good probilem solver in a specialty field iIs 2
person whd has learned how to deal with the probliems that are
encountered in that fielas Tnat techniques nave peen learned to
deal with obvious problem solving situationsy such as the standard
openings uf chessy s nardily surprisinge (It is of some interest
to fina tnat pnysicists seer to have "standaru openings” to
problen analysis that are in many ways similar to the chress
master's openings.) Learned frames may apply at tne perceptual
tevel as well, Chase ang He. Simon (1973) have shown that expert
chess players remember more from a single glance at a boara
pusiticn than do novicese. Why? Not because they are superior
perceiverss for experts and novices are equal in thelr memory for
itleyal afrangements of chess piecess Experts have ltearned how to
foox at the boards and how to see patterrs of attack and defense,
Fxperts in a fleld may be partiy borny but they are very largely
mades It takes time (and dging) to make them.

fymeinart ana Norman (1981) have oeveloped tnis themes using
the "frame and schema'"™ terminology of Cognitive Sciences They
clatm tnhat very littie huwmar agult learning Is properly described
by the bit ty bit shaping of stimulus~response connectlions that
might properly describe tne way a doy learns trickse Fven less of
numan learning is mirrored by the learning of arbltrary
connections between unrelated wordse Insteady, Rumeihart and
Norman maintainy when aauilts learn they learn (a) now to modify
the sstuaticns 1n which complex response schemas apply and (h)
occasionally they learn whole new schema. If Rumelhart and Mormen
are courrects tnen perhaps GC? ot tne fiterature on human learning
Is stmplty not relevant to tre scrt of learning that adults do as
they msintain their competence «n industrial settings.

Nescriving in vetail the Cognitive Science approsct to
learning, would carry us far pbeyona the scope of this reperte The
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concepts of the field are just now beiny workeu out. Tndeed, to
8n observer of the fielao they are in a disturning state of fiux,
and It is difflicult to ceteraine wnen there has been an advance
and when tnere nas been a change of jargon. Tnis situation may pe
inevitable in a new flelds, A more serious issue Is that the sort
of thinkiny represented by the Cognitive Science approach hsas
hardly touched researcn on aging. (There is oniy oney fleeting
reference to the approach In the American Psycholoyical
Assoclation's collection of papers "Agling In the 80's™ (Poon,
1980), although this anthology Is supposed to represent research
at the leading edge of the field!), Yet it is In the fleid of
human adult learning, especislly Iin Industrjal settingss that thne
Cognitive Sclence view is most likely to be important,

Althouyh we are quite without vata, we suggest that the
experimental literature presents a bleaker view ot the 3C=-65
period than js warrantede As people grow older they acqulire
experiences In particulary they acqulire experience about their
Jobs. The Importance of learning in Iindustrial settings has been
ge—-emphasized in research on agings because most of such research
has been targeted toward unaerstanaing the problems of people in
the post—-retirement years, For rather different reasons, 'earning
baseag on prior knowleage is not a topic easily studied using
twenty year ola college studentss OUOne cannot gain a plcture of
the mental capacities of 4«0 year oids without consiagering botn age
effects and tearning effects, Although people unooubtedily are
"thinking mure sflowly” as they move through the 3Usy, 40s, and 50s,
they are also thinking more etficientiy about the things they
knowe Under tne age of 66Uy older drivers have better accident
recordse. Older pitots fly our airtinesy, and regularily make spilit
second declisions that protect the lives of nundreds of people.
Nider lawyers defeat youny,er ones in courtrooms every day, Why?
8ecause the more experienced individuals already have theijr
frames. The younger ones may be quickers but their frames for
responcinyg are not yet built,

On the other hands frames do not always fit and tectnologies
do0 chahge. At some pointy, probaoly not far from 30, we may reach
our peaks as physical systemso As information processing systems,
we peak latery provialng thet we keep our frames current,
Eventually physical ceterioration wiill overwhelm us, bul this may
take a lony times The tyrst cnallenge for psychologists 1s to
aevelop a theory with which to conceptualize tne age-experience
traceofft. &n orderiy experimental program cannot he develouped
until this is done,
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ll. INDIVIDUAL DIFFERENCES

Throughout the working years people become increasingiy more
different from each other In almost every aspect of cognitive
performance. To apprecliate the size of the changes, the reader
might gtence back at Flgure 3, which shows the distribution of
scores on the Raven Matrix inteliligence test as a functicn of age
(Heron ana Chowns 196R), ano at Figure 24, which presents similar
data for speed of response selection (Robertson-Tchabo ano
Arenberyy, 1976). Although response selection and non-verbal
reasoniny are quite ajfferent cognitive benaviors, the
distributions shown in the two flgures are similar, The mean score
on each performance measure decreases wWwith age, and the average
deviation from the mean incresses. In every age group below 70
tne numpber of peopie exhibiting high levels of performance remains
constant. The number of people exhibiting poor performance
increases with age,

Why should individual differences Increase with age? OQOne
reason 1s siaply that increasing age brinys with it an increasing
disparity in life experiences Etighteen year olds in our soclety
all share a single pervasive experjencey, a reasonacvly uniform
school systems By the time the same people are in their forties
they will nave naa years of experience in different ||fe
situationse Tinils surely must be a major contributor to inaglividual
differences In mature adults, There are also some variabies that
appear to exert a pervasive effect on aduilt cognition, Three wil)
be discusseu here; level of orlginal abilitys Jeneral nealthy, and
exposure to toxic substancess, including diet ana arug hablits.,
There are obviously many other speciral influences that contrivute
to tnaiviaual differences In 8 population of older peoples such as
ocurrences of braln damage cue to accident or infections Such
special causes are not not individually wloespread enough to
warrant extended discussion. In additions there are geneticalily
inherited (or yeneticatly sensitlve) diseases that influence
cognltions, such as Alzneimer's disease ang Huntington's chorea,
whose symptoms appear only in people past thirty. These
pathotogles are uf consiuersble medical interesty, but are
relatively raree

INITIAL LEVEL Ik ABILITY

The term "initial ability” will ve used to refer to
pertormance on conventional psychometric tests of intelligence,
taken dauring or shortiy after a person’s schoul years, No stand
will pe tdaken as to whether these are predominantily genetically or
envirunmentally determineds Ratrer, we take the pragmatic view
that trhe scores themselves are a facts, und as«< what sort of
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statistical predictions can be made about adutt performance glven
knowl eaye the fact,

Before World War T it was widely belleved that people who
showed unusual talents as youths were |ixely to be unnealthy and
neurotic as they mastured. In the 19¢0s, Lewls Terman and his
colleagues Injtiated a longitudinal study of gifted children
demonstrating that the opposite Is true. Terman's particlpants,
who generafly had intelligence test scores above 140, had
exceptional success throughout adult life., Thelr scores on
(predominantiy verbal) intelligence tests were consistent and even
increased (Kangas and Bradwey, 1971; Terman and Odens, 1947).
white the loglic of Terman's design has been criticized on a number
of pointss mostly concerning the lack of a control groups the
adult tives of his glfted group were so far above the norm that
the major conclusion cannot be serjously gquestioneg. Other
studies of people of above average mental ability (although
usually not so superior as Terman's subjects) have contirmed
Termants findings (Rayley and 0Odeny 1955; Nisbets 1957, Owens,
1953, 19ub). Such Individuals show stable or improved performance
levels over the working years. It should oe noteds thoughs thst
most ot the tests used iIn the studies cited have been neavily
welyhted toward verbal performance.

A rather different plicture is obtainegd when one examines
fongituainal studies that inctuae cases from the averaje and below
average Intellilgence and Soclo~economic status (ScS) ranges,
Tuddenhams Btumenkrantzs and Wilkin (1908) gave tne Army General
Classification Yest to a group of servicemen wno were retiring
from the Army after 20 years service, The resulting scores were
compared to the veterans' entrance scores, Tuddenham etal.'s
sanple conslisted mainly of petty offlicers and sergeants. The )
gistribution of test scores at time of original enlistment i
indicated tnat they were representative of what would now he
clessifled ~- Mental Categories )}l and III ==~ the groups that are
considered to be desirable for entistment (Cooper, 1977} The
AGCT conslsts of four parts: a verbal test, a spatial performance
testy an arithmentic computation tests and a reasoning test.
Tuadenham et al. found decfine on 8l four tests, with the fargest
decline (.,2% stangarg deviation units) on the spatial pertormance
teste This declline was the only one that was statistically
reisable, The verbal test showed tne least decline (.1 standard
deviation units)e Conslidering the facl thal all subtests showed a
small vecliine In an aje interval when other longitudinal studies
generaily find some increment, the presence of small declines iIn
this population seems likelye Tne Tudaenham et ai. stuoy is the
only one Lo report a longitudinal decline in Intelligence from the
20's to tne 40's, The pattern of the smaill declines was
consistent with the classic aging pattern.,

In Scection 3 we briefly described the elegantly deslgned
comuineo cross-sectlonal and longitudinal samrie constructeo by 3
Schaie ana his co-workers, Schale’s sample was drawn froum a large
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group heslth cooperative, and can be considerea to be intermediste
between tne college-trained, upper middie class and gifted -
populations studied by Terman and hls followerss, and the military ,
group stuaied by Tuddenham end assoclates. Hertzog (1979) |
conductea a detailed reanalysis of Schaie's data, using
multivariate statistical techniques that were not avaifabie when
the data was collecteds. He formed a general Inteliigence factor
(G) from the Thurstone Primary Mental Abilities (PMA) subtests,
and used a longituainal factor analysis to examine the consistency
of ingividual differences over three test occasions (14 years of
fongitudinat aging)se Individual differences in G were
surprisinjly constant over the working yearss with correiations of
e9 or greater between occaslions. Tnere was ailso an Increase In G
var iancey beginning in middle age and becoming more pronounced
past 60, This Is consistent with the proposition that there Is a
"fanniny®™ of scores over agej} people at the higher levels
maintaining or even increasing their scores, wnile people at lower
levels showing continually decreased performance. It should be
noted, thoughy that there are other effects that coulad have given
rise Lo Hertzog's observations (e.Qe» interactions of practice
effects with initia) abitity teveis), Consistent with Schaie's
observations of the raw PMA scoresy Hertzog®'s analysis found no
fongitudinal decrease In meen scores on G over the working years.
Age group means increased longitudinaily through the 20s and were
constant until about age 55, The increases in variance about this
pettern of means suggests that some, but not all of the 40 to 60
year olo participants were declining in inteliiyence == while the
high correlatlons between occaslons indicated that those
individuals who were declining were predominately from the lower
fevels of fnitial abitity.

Taken atl togethery, these studies present a surprisingly
consistent resuit, The pattern of change In cognitive performance
varjes with the Initsal cnaracteristics of the sample, Studies of
peopie of high initial abillity, and generally high SES, (Terman,
Bayley and Oden, Nisbet, anc Owen studies) show constancy or
improvement over the working years, Schaje's studys, which dealt
with people reasonably representative of the more stable elements
of the Seattle area (i.es people who remained affifiated with the
same npealth wnaintainence organization for fifteen years) showea
corstancy., Tuodaenham et al.'s study of 20-year retirees from the
miéclitary inolcated a small ceclines Note that there are no
stugles tnat have followed a below average populatiun compsrabile
to Mental Category IVe The results trom otner abillty level
groups raise the possibitity that the lower abllity indlviduals
woulu show the gyreatest age-related aeclines during the working
years,

Lonyitudinal stuaies of aging have a hesvy Dias towaro
stuayiny, the stables relatively prosperous elements of our
socletys It appears that such a blas would leau one to
ungerestimate the slize and perhaps the nature of decrements in
intelligence test performance, especlially at the lower ends of the
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scales Glven the characteristics of the current military force,
which appears to be increasingly blased toward recruitment of
personnel in Armea Forces Qualification Test categories 11l and
IV, It woula be nighly ddvisable to obtain more information about
cognitive change with age in populations with Initially tow test
scores, More Is needed than simple observationy, we need to know
wny the decline occurs., For instancey "dlsuse of cognitive
skillis®" has been proposed as one explanations Individuals of
higher Instial abliity are thought to occupy positions In society
that teaa to their continuea use of problem solving skiiilsy, while
individuals of tower abllity may not exercise skills simllar to
test taking skills In everyday life (Blum ana Jarviks 1974), 1If
this 1s the casey and If the lowered test scores for "low scorling
adults" do not refiect thelr on~-the-job performance (broadly
evaluateu)s then there Is fittle cause for concerns On the other
handy, it the lowered test scores reflect the influence of ljfe
style varijiables (health habits, orug use, responses to stress,
etc.) tnat are actuailly producing sub-clinlical brain damagyge, then
conhcern would be warranted,

GENerRAL HEALTH STATUS

Health factors interact with aging and cognition more
strongly than Is gyenerally realized (Eisdorfer and Wilkiey, 1977).
Conslioer speed of response selection (CRT)y whicn we have
previcusly shown to be sensitive to age., One of the conslistent
finagings 1n the yerontological literature is that poor heaith
produces jreater slowing of CRT than Is found in samples of
healthy olager individuals (6lrren, 19653 Blrrens, Wwoodss, and
williamss, 19503 kElsdorfer and Wilkie, 1977).,

Cholce reaction time is particularly sensitive to
cardiovascular diseases a class of physiological pathologlies that
generally incresse In frequency witn ages, but are also correlated
with a perscn's choilce ot life style, In the extreme,
hypertension can lead to stroke, which is obviousiy not gooa for
coynitions Much finer effects can also be shown, Spieth (1965)
Stuvied tne effects of hypertension and other carudiovescular
giseases un a group of pilots (military and civillan) and ailr
tratfic cuntrollers, He geve 8 battery of psychological tasks at
the time of the annual medical certiflcation. ™Men between ages 35
and 59 particlpated in the study. As woulo be expected, most of
these inaividuals (333 out of «73) were found to be in exceifent
heaith. fithers, howuvery; wefe aianosed as having mllnor to severe
caruiovdascular alsease, Inciuding hypertension, arteriosclerosis,
coronary neart diseaser ano cerebrovascular disease. Spleth's
psycnoiogical medsures incltuded a 10 cholice RT tasks the WAIS
Diglt Symbol Suostitution and Block Deslign subtestsy the Halstead
Tactual Performance Testy and the Reltan Traill Mexking Test,

Figure 40 shuws the distribution of piftots and traffic controllers
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on a composite speed measure (constructea from tne RY task, tne
Oigit Symbol Substitution test, and the Trall Makin, Test). Note
thats, in jenerals, individuals with evidence of vascular dlsease
(with the exception or medicatea hypertensives) score (ower on the
speed measure than healthy individualse The means suggest that
the effect Is asdditive with age. However, note tnat the range of
scores tof the diseased inaivsduals increases dramatically from
age 40 to 60 such that some diseased individuals are markedly
siower than thelr healthy counterpartse This finding probably
reflects the fact that there are individual differences in the
severity of diseasey and consequentiy, disease effects, Spietht's
aatas therefore suggest that cardlovascular pathology exacerbates

any normative slowing In cognitive performance seen over the
wOorking yzaarse

One snould not misinterpret Spieth's finaings about little
deficit In medicatea hypertensives == tueir relatively good
per formance might have been specific to # mitd form of "essential®
or benign nypertension. Light (1978) has reported data which
indicate that medicated renal hypertensives (nypertension
seconcary to kidney aysfunction) show evidence uf RT slowing
duriny midate aje. The cardiovascular effects may 4lso be
observed In a slightly more select subpopulation than that studied
by Spieths Szafran (196bv) founac smally positive correlations ( r
apout «25) between good carulovascuiar functioning and cholce
reaction speed Iin a sample of commercsal pllots.s Afthough the
size of tnls effect is smalls It iIs Iimportant because Szafran's
middie ayed plilots were much healthler than the genersl|
populatione One woula expect to find Jarger effects In a study of
a mcre representative population,

The same point has been made in a different way by Spirdusot's
(Li960) stuay of reaction time in people who do or do not
participate in athleticsy an activity wnlch markedly improves
cardiovascular status. Flgure 41 presents reaction time as a
function of age (206 vse 50) and participation in sports (inactive,
runnings racquet sports)e The flgure certainly supports the
maxim, "a sound mind in a sound body." While studies such as tnis
can be faulted for not controlling for selection effects, one
stiit has to De Impressed with the fact that the active-inactive
contrast Is what one would expect by simply extrapolating Spoieth's
ana Szafran's results to a8 more heterogenous population,

These results offer a Jood deal of encourajement for tne
future. Epidemiological trends indicate a slight decrease of
hyptertension in the jeneral population (Stallones, 1980)s More
genperallys hypertension is a disease that yields to an
indivicual's cholce of dietary habits (including smoking) and
llesure time activity. A chrange in personal habits could provide
substantial protectlion against biological adeterivration that would
affect wental tunctionings The results of the Spieth ana Szafran
studies sugyest that meaical screening of the type used for pifots
anc alr traffic controllers would be useful in indicating those
inoivicduals at risk for poor work pertormance because of disease
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effects.

GeNERAL tEXPOSURE TO TUXIC ENVIRONMENTS

The tlterature contains several studles indicating thet
exrosure to toxic substances In the environment may influence
cognitive functionings The nature of the Jdamage suwygests that
subclinical brasn damage may have occurred, tor tne tests that
reveil cnvironmental exposure effects are yeneratlly those used In
the analysis of the behavioral effects of known bDrasn damage.
Atmospneric tead 1S a gooa examgles It nas been snown to be
as>soCiated with reduceu performance of nonverbal reasonina in
industrial workers (Valciukass Liltis, Fischbeiny ana Seilkoff,
197t). Leaa has also opeen implicated as a possible causal 2gent n
ovehaviur disoragers in chilaren (Phil and Parkes, 1977). In
Section & we presenteg eviagence indlcating that exposure to
unusual noise can cause markea reduction in hearingsy witn a
possible concomitant change in cuynitive capacity (ocue tc the
increaseu ottentional ettort requirea in verbal comprehension).
Such eftects are best consicered on a case by case basisy
culncivent with the rxamination of specific environasentss ratner
thar as part of the general topic of cognitaive chanjze witn age.
Thre results are citeg to illustrate a possibie source of
lncividual clfferences in adult coynition.

Nietary influences are somwhat nore pervasives Humens are
remarxatly immune to lon, term effects from short term cletary
naficienciasy even to the polnt of near starvation (Stein et al.
1472)e wWnijile prolonged infant malnutrition may hiave Serious
conscGuenc28, whatever these might ce shoule be accomplisnecd fact
by youn, e iulthocus Thus we 30 not tnink tnat malnutritiun, per
€y 15 a Seriuus influence on cognitive pertormance during the
yife of a workiny servicenane

oo g s

HOw on 33ult's choice of an aaequate aviet miygnt affect
coynytion s 3 matter of sounme debtate, A number of our ncriral fooa
itemsy» such is cotfeey can te shown to nave measuratie stort term
eftects on cogynition, Inceed, coffee (anu to a lesser cxtenty
sore sott urinks) are taken explicitly for thnelir psychoactive
effectse SOomewhat surprisinglys we sknow ot 1o studies of the long
term ettects of dietary stimulants upon cognition 1n aduits,. More
recently, attention rnas been called to the poutentiatly toxic
etfects of substancus 203ed tu foous as preservatives of coloring
agents, Research to gate has focussed orn potential clinical
eftects in cnitoren (esye Swanson ance Kinshourney, 19t0; Welss et
ales 19ybuU)e The serjous suygestion has been made that tony term
psychoactive effects of fooa aduitives may carry over into aduit
1ife (Ri1wland and Larsons 1lvd0), Naoanspectralists tenu to gisriss
such cocncarns as '"toud tads%. We would aavise an intermeclate
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positions While the evidence gathered to date is not sufficlent
to warrant any actlons we would not find it surprising if
subsequent research diad show that some of tne individual
differences in intellectual change In aduit (ife are associated
with heavy use of chemically treatea foods.

Much the same thing that can be sasid about foods can also be
said about the use of prescription and non-prescription
medication. Drugs that are elther explicitly psychosctivey as in
the case of tranqullizerss and drugs that have substantial
psychoactive side effectsy such as the various anti-hypertensive
sgentsy afe being used more and more widely in medical practice.
Use becomes progyressively more prevalent as people grow older, We
ignore the topic solely becsuse there Is tittie data on long term
use of psychoactlive drugs in medical practice. While the fack of
such gata isy in our opiniony a serious deficiency in the pubtlic
nealth lfteratures It is a probiem of general concern to soclety
rather than one that Is specific to the Armed Servicese.

ALCOHLL AND ULRUo ABUSE

Alcohol use In the military |s at least as prevalent as In
civilian socletys, According to Capte Stuart Brownelty USN, the
director of the Navy afcoholism treatment program,

“about 17X of our totat force is afflicted by very serious
problem drinking and nearly 10% appear to be chronijic problem
drinkers in need of immediate help,™ 3

vaptain Brownell's remarks were made in a press relcase
commenting upon @ 1980 Navy self-report survey of alcohol and drug 2
abuse, The same survey indicated that reported problems af
chronic atconolism were concentrated In personneal over 35, While
this somewhat contraagicts the opinions of medical officers with
whom we have discussed the problemy we make no attempt to resolve
the issues The point that is relevant here Is that widespread use
of atcohoi may Indeed ve a significant source of individual
differences in coygnitive conpetence in the services, It |iIs well
known that prolongeds, excessive use of alconol can lead to virtual
mental incompetence, incluaing incapacitating memory disorders
(Korsakoff's syndrome) and a variety of dementias (Parsons and
Pignatanos 1977). What is less well known Is that there are
chronlc ana pernaps irreversible effects of alcunol abuse upon
cognition iIn people who are wel! short of permanent commitment to
a mental hospitale. The chronic effects of alcoho! are relevant
to tne evaluation of changes in mental competence with sges
becausey as a rough guluey, continuea alcohol abuse appears to
misic ana exacerbate age erfects on cognitions

Most of the llterature deais with cognition in "the |
alconolice™ While many cefinitions of "alcoholics”™ have been )
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offered, most research work has used the pragmatic definition that
an alcohollc Is a person who has been commlitted to an alcohotlie
treatment programs on either a voluntary or involuntary basis.
Note that this Is a aefinstion by benavior, rather tnhan by the
amount of exposure to the drug.

Mental test performance deflicits have been found as much as
one year following release from alcohol treatment programs (Long
and Mclachfansy 19743 Hill, keyesy, Miknhails and Ayre, 19793 Schaus
O'Learyy, and Changy in press)s Although alcoholics sre not less
inteliigent than normal subjects overalis, they seem to perform
tess well on the performance scales of the WAlISe. They also appear
to perform less weltl on neuropsychotoglical tests intended to
measure braln cuvamage (Parsons and Farry In press)e The general
picturey, thens Is similtar to that found in the classic aging
pattern, Verbal function remains while nonveroal functioning anag
abstract reasoning performance aropse A catchy way of summarizing
the behavioral findings Is to think of an alcoholic 2s a 60 year
ofd who was born 40 years agol Prior to age 40 the effects of
alconhoilsm are recguced. It Js not clear whetner tnis Is because
the younger aqlconotlc has hed less time to drink ur the olaer
alconolic 1s mure seasitive to the crug, Both statements coutd be
true.

The conclusion that alcoholism leads to braln oamage was
originatly macge pasea on behavioral testing., The development of
new physiologlical measurements has providea evidence leading to
the same conclusion. Begleiters Por jeszy and Chou (1981) report
that brailn stem evokea potentlals are stower in alcohollcss whnich
s consistent with reports of slowed psychomotor functioning.
Tomoiraphic studies of atcohollics In the 30-5%0 aje range indicate
that there Is about a 507 Increase in tne incidence of signs of
neurdl atrophy d4fter ten years of more of abusive arinkings The
comparable tigqure for control sub jects is at most 20% (Bergmany
Borgs Hindmarsh, Idestrom, and Mutzell, 196vVa,b; Carlen and
wilkinsuny 195803 Rony ackery, and Lishmany 1979).,

To what extent s the damage itnduced by alcohollsm reversible
by sobriety? Vertal skills are deficient Immediately after
intoxications but seem to recover over a perjod of ¢ays of weaks
(Gotdman and Rosenbtaumy 197¢), As one woulo expect, performance
on abstract reasoning ana perceptual—-motor skiliss the ccgnitive
tunictions that are indicators of brain damage, may not recover for
montns Jf at all (Kishy, Hagans Woody, and Harveys,1980). These
results are typlical of ¢tners in the titerature, However, |t
shouia be noted that the data isS largely based on studies of
alcohotjics in theifr &Us, Ttere is some ¢ndication that
reversibhility bs possible for younger alcohollcses As the services
have tre opportunity of offering treatment to alcoholics at a
sumewhat younyer d4ye tnan treatment is usuvatly offered, ana
hecause tne reversibltity issue is refevant in decisions
concerning tha retention of treated alcohollcsy further research
on reversibility in younger alcohollcs wouid be in order,
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About two thirds of the U.Ss population uses alcohol
{(Natlonal Institute on Drug Abuse, 1977), while at most 102 could
be considered alcoholicse The magnitude of cnronic cognitive
effects of social drinking is harder to determine than tre effect
of alcohlisms simply because exposure to the toxic agent is not so
great, On the other nand, small effects of social drinking are
important because ot the prevalence of the hapit. The mcst
pessimistic data on the reletion between mental functioning and
soclal drinking have been reporteo by Parker and Noble (1977,
1980). Surveys of quite different populations have shown
correlations of between ~«3 and -.4 between measures ot the
amount of alcohot taken when a person drinks and mental test
scores. Parxker and Nobie also report tnat the refationship
between deficlt and amount of alcohol drunk s more marked in
people past 40, The tests Parker and Nobie used are simitar to
those used to define "fluld inteliigences™ ana abstract reasoning
abilitys, wnich ayain agrees with the rough picture of alcohol as
mimicking the classic aging pattern. Another Interesting aspect
of thelr results Is that the important variable seems to be not
how much one drinks over a long perioa of timey, but rather the
nighest level of ethanol concentration reached on the occasion of
drinkinge Stateoc less abstractlys "the Saturday night binge is a
very baa thinge" This is of concern to the Armed Servicess
because "binye drinking®”™ seems to be fairily widespreads 1In a
recent Department of Defense survey 37% of the respoundents
reporteoc arinking eight or more drinks a day at least once a montn
{Alcoholy Drug Abuses, ana Mental Health Administration Newsletter,
May 1, 1lvbl)e This Is in excess of the fevel of drinking reportea
in Parker and Nobfe's surveys,

Parxer ana Noble's results are consistent with more detaiileq
reports tnat have focussed on "very heavy®" social drinkers, This
group shows signs of minor brain damage by both behavioral andg
tomoyraphic criteria (Rergman et ales 196083 Cala et ales 1978),
The tomogyraphlc data are particularly interesting pecause they
partially answer & serfous problem In tne iInterpretation of
stugies based on correlations between mental performance and
darinking patternse Drinking patterns and mentai test scores are
both sensitive to demographic factors. Do people who drink
immoagerately score low because they drink immoderatelyy, or Is It
the case that tne people who choose to drink neavily are opeople
who woulo nave low mental test scores regargless of thelr drinking
patterns? Tnls questlion can only be answered by a study of the
relation between drinking and test performancey controlied for
test pertormance prior to the agvent of serious drinking.

In spite of the prevajent usage of alcohol in our society,
there are relatively few pubtlished studiles simlilar to those of
Parxer anad Noble. Tiere have been Informal reports of falture to
replicate thelr worke The question may revolve around the preclse
definition of a population. The data from the study of "heavy"
soclat arinkersy, combinea with Parker and Noble's reports, make it
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clear that there are some drinking practices of non—alcoholics
that are dangerous. These practices seem to be represented fairly
heavily in the services., ©n the other hanags no one woulo argue
that a ylass of wine, once a weens oroduces cognltive damage!
Consliaering the widgdespread prevalence of drinking habits, it |Is
important to establisn more precisely the refation between soclal
consumption of alcohol and getectable cognitive damage.

DTHER DRUGS OF ABUSE

Alconol |s only one ot severasl) drugs of abuse, Otherss, such
as the hattucinogens, amphetaminessy and cocaine, have recelved a
wreat geal of puolicity. While the effects of these drugs have
peen and will ve studied intensivelyy, there Is no evidence at
present to regara this as a question that s particularly retated
to age effuctse In the past there has been a tendency for people
to move from the drugs In general to use of alcohol as they grow
older (Natjonal Insitute on Drug Abuse, 1977)., wWhether this trend
will continue cannot be Knowne

Marijuana is @ possible exception to the above statement.
Tae use of marijuana or hashlsh on a regular basis was reported by
19% of active duty servicemen in the 1980 Defense Department
survey, Very little {s known about the effects of long term use
of marijuanas It can be anticipated that consliderable research on
this topic will be conducteo in the next few years.

CuNCLUUING COMMENT

The licerature inadicates that the large inaividual differences
in aginy are by no mesns random. Level of initial abillity,
neaitny, and life style —= especially the use of recreational drugs
~-=- atlt Influence cognitive change,

These facts underline the importance of a point that has been
made earilfer. It can be quite misieaaging to generalize trom age
effects observea in one population to anticipateuy effects in
anotner populations In oraer to determine how the Armea Services
would be affectead by an extenslion of enlistment periodss it wilil
be necessary to measure the Interaction between aygings cognitiony
injtial aoilitys, snd health factors In populations that sre
similar to those expected to be In the services in the 1980s,
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12, CONCLUSINNS AND RECOMMENDATIONS
SUMMARY

As people age from 20 to 60 the following cognitive changes
take place?s

l. Verbal and knowledge-related ablliitlies Increase. In most
situations the improvement in the quality of a worker probably
outwelghs the disadvantages of age-related decrements In other
cognitive functions,

?e¢ Sensory and perceptuel cspabllities decline merkerdlvy fror
the late thirties onward, The extent of the decline may anot be
apparent from standard medical) examination testing of sensory
functione.

3, There is a general decrease |n the speed of mental
functioning that progressas steadlly throughout the working vears,
The evjdence that we have reviewed does not support the contention
that mental slowing begins to occur only in tate middle age,
although it may only become apparent on an individual basis at
that time,

4. There s an age-related drop In the abillty to deal with
abstract reasoning situationss especlally those involvina
Inductive reasonings MNlider workers may find It difficult to solve
novet problems, or reason about new situatlions, especially under
time pressure,

S« Trhe literature does not adequately asddress the |ssue of
whether probiem solving using familiar probiem solving routines
declines during the working years. Nor does it enable us to
conciude that there Is a decline In memory for newly tearned
material that Is compatible with existing know!edge, To the
contrary, the evidence suggests that memory for "meaningful"
Information Is not adversely affected by age., Although the
research literature leavas one somewhat optimistic ahout the
maintensnce of famillar knowledge and problem solving skills
during the working vears, more research will be needed to Indicate
whether technlicians and nther skilled personnel would be likely to
show performance declines between ages &40 and 55,

6 There are farge Iindividual differences In all age effects
upon cognitive functionings witn the possible exception of the
decrement In sensory capacity. Age~related changes In cognitive
capacitys, or the lack of such chanyess reflect individual
differences in inltial teved of anility, Iin healthy, and In Vife
style. Maintenance of one's cognitive competence over the workino
years is posltively related to cardlovascular status and
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negatively related to emcessive use of ailcohol. A varlety of
other more specific determinents of cognitive competences such as
exposure to hesvy metals, also have been suggested as a source of
Individual differences,

RECOHMENDATIONS

The recrultment and retentlon of older personnel represents
a distinct opportunity for the Armed Services. There can be no
question that, on tne average, men and women in the 30¢s and 40t's
are as competent (and In some casesy more competent) to handle
most service poslitlions than ere peopie In their late teens or
early 20%s, Mn the other handy, there are significant changes in
human cognition during the working vears which could timit the
effectjveness of some personnel! on some Jjobs. We helleve the
services shouid develop procedures that would locate those oersons
who are "at risk” for cognitive changes -- both normal) and
pathological =- that would affect Jjob performance, The 0oal would
be the devejlopment of medical and psychologlical tests thst enabte
an assessment of "Functional) age"™ rather than chronoloalcal ace,
These tests could pe Jncorporated into the annusl service medlcal
examinationsy, and would thus provide an effective means of
screenling oldeir personnel for performance deficitse Slilahtiy
different sets of screening measures might be approprliate for
different types of personnel, depending upon the cognitive
requirements ot thelr Jobs. Such a screening program woutld
minimize the potential for poor job performance resulting from
fmpalrea cognitive competence,

flur recommendations are orlented toward the devefopment of
these screening procedures, Three classes of specific
recommendatlions wiil pe mades. The first deals with Immediate
policliesy, that coutd be executed with very {ittie further study.
The secono class of recommendations deals with research ouestlors
that are cliosely retated to varlious physical aspects of agino.
The final set of recommendations deal with the relationshio
between psychotogical factors and "on the Jjob"™ performance,

Recommenaations concerning policy?

1. Physical exsminations for personnel over 35 should Include
extended examination of auditory and visual functions hevond throse
tests now routine In a nhysical examination. Tn partlicutar, tests
of dynamic visual aculty and of speech perceptiaon in adverse
clrcumstances shoutd be developed. Humasn engineerina research
should te conducted to determine how performance on trese tests s
related to performence In positions where visus! or asudlitery
perception Is likely to be a IImit on effectiveness.
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2« Human englineering standards for equipment and onerating
environments that are perceptually demanding should be
re-examineds To what extent have these standsrds been determined
by experiments on younger adults? In some cases further research
will be needed to estabiish spproprliate standards.

Recommendations regarding research reiating to physiologv and
cognition:

3. The phenomenon of cognitive siowing has been estahlished In
numerous Independent experiments. What s not known is whet her
the cognitive slowing observed In one type of mental performance
is the same cognlitive slowing observed in another type of
per formance. A multivarjate longltudinal study s reauired to ;
determine wrether mental slowing 1s or Is not a single process 4
that Is affected by age, Assuming that a single process Is -
involved, It shou'd be possible to develop an Index of cognitive K
speed that could be Included in redical examinationss Ctoice
resction time end visual masking oaradigms are examples of
candidate tasks,

4 Research should be conducted to retate behaviors!l Indices
of ments! slowlng to cardiovescular functioning and to chronic
exposure to a variety of environmental and dietary agents,

e Medically related resesrch shoutd be conducted tn assess
the relatlionship between cogrition and the chronic use of varjous
recreational anrd prescription drugss inciuding slcohol, With
respect to alcchol, longitudinal studies should be conducted of
recovery of mental functloning in Individusls who successfully
complete treatment for alcohollsme. Pesearch is also reauired on
the effect of heavy soclial use of alcr-~l in peonte In the 25-40
pge ranges as this Is the jroup of mos. Interest to the Armed
Services,

fse The services will undoubtediy continue to monltor the use
of other recrestlionat drugs by service personnrei, In the event
that it appears that tha pattern of polydrug abuse now observec In
vyounger servicemen continues as the current cohort ages,
appropriate studies should be conductec of the cognitive effects
of continued neavy use of the most frequently consumed
recreational druas,

Recommendatlions regarding research on compliex cognitive
functioning ard job performancet
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7+« Further studles are needed of the relation bdbetween measures
of ments! siowing and more complex tests of psychologlical
functioning, including conventionatl iInteliligence testss ond tests
of aptitude for speciflc tasks, These studlies should be directed
toward poputlatijons relevant to the Armed Services, as It has beer
shown that results are often specific to a particular population,
The Reserve forces are suggested as an appropriate group for
study.

B8s A study Is needed that relates performance on sge-sensitive
tests of cognitive functionings including both mental slowing end
ftuid Intefligencey, to on the jobt performance in selected
occupations representing a spectrum of service duty ssslanments,
The study should be a Jongitudine) ones In which performance
rating changes over a period of years are coapared to changes in :
psychological evaluations.s In conducting such a study emphasis }
should be placed on the study of situations that invoive rapid
decision making, equipment operation, and soatial skills,

9. fFurther iInformatlion is needed on thre predicted chanrge in
cognitive capacity of individuats whos as young adults, score in
the average and bhelow average categories, This study could be
combined with the study recormended in paragraph R, above,

10. More knowledge Is neeced concerning the retation between l
sge and meaningful learnings (eses learning that desls with what ar ;
individual does In his or her normal |ife, Such a study should f
focus on jearning In fleld settings, perhaps assoclated with the
introduction of new technology. Yt Is likely that such research
wilt at first invoive detalled case studies and analysis, simlilar r
to Norman's (1981) Cognitive Science analysis of miner errors and li
scclidents, Formal) experimentation will tave to awalt further
conceptualization of the prottem,
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