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|work performance of ¢lder person

2D ABSTRACT (Lontinue on reveres olde {l.nuuurr and identity by Bleck nimbet)
In order to allevfite present and anticipated personnel shortages, the A

source of personnel,
Previous &nalyses have indicated that adults, in the

Services will have to move away from the present reliance on young adults as a .
The impact will be heaviest on the technologically oriented

services, such as the Navy.
normal working years .(20-60) can meet the physical requirements of most service |
Questions remafn atout the effects of age changes in cognition on i

occupations.
??l@ over the adult working years are reviewed
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Nrtially low levels of performance get worse. This finding farther emphasizes

Jefis {hypertension, heart disgases, minor strokes) are Usually accompanied by

here. Two major decrements are noted, a general deterioration of sensory func-
tioning and a slowing of higher cogmtive processes. The latter slowing may be
sufficient to affect performance 1n 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 gefieral effects of experience, combined with an increase
in verbal intelligence throughout the woiking 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 newproblems
("fluid intell1gence") decrease with age. Secondary and review articles m3
overstate this effect. The primary studies themselves have serious design flaws.
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
1? des}gn and/or choice of performance measure, this topic requires further ex-
ploration, ' ; . .

The above statements refer 10 general trends. Yery wide ingividual differ-
ences are found. Although the relative order of indiv1dua?ston 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

ople who 1nitially had high levels of ability retain them, while people with

the importance of 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 pe preferable to younger personnel of low ability, especially given
technigal experience. . N .

General ,physical health 15 related to the maintenance of cognitive perform-
ance “throughout adult life. In particular, indications of cardiovascular prob-

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 15 carried to the point of frequent severe intoxication. The evi-
dence 15 less clear if use is limited to frequent social drinking, but there is
a distinct possibility that this 15 a cause of loss of cognitive functioning in
adults. Losses 1n sensory capacify, particularly .audition, are exacerbated by
environmental hazards. .

Standard medical examination procedures for sensory fungtioning (e.g., vis-
ual acuity charts} appear to underesfimate the functional Inss suffered by an
individuql 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, 1n order to accomodate for sensory deterioration. Medi€éal and psychologi-
cal research should be initiated to develop indices of an individual's functjon-
al age by individual differences 1in physical health (especially cardiovascular
problems) and health-related behaviors (exercise, alcohol and stance dbuse,
etc.). The goat would be the development of a reliable medigal and psychologi-
cal screening procedure to identify older personne! at risk/for performance de-
cline. & study should be initiated of long term changes ij_ performance ith
age 1n service relevaht populations. The Reserve forces aré stey/as an
appropriate populatiep. Thid study 1s needed because of the questionaple relé®
vance of some of the tests used in the literature as indicators of performance
in military work situations, and.because previous studies have iIndicated that
different aging trends may be folnd in different populations.
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The preparation of this report was ﬂotxvated by ‘a sample,”
practical question. Sbhe years ago Dr. Henry Halff, of, the Office of
Naval Research,-gave a colloquium at the Hniversity of Washangton an
whaich he disgussed pPsidchological problems faced by the modern
military, One of the problems that he ﬂéﬁ%ioned was the problem of
obtaining egpu?%ﬁipoung and vigorous" enlistees, and retaining them

r

long, enouch so t they returned the traznxn investment to the’
.services. This/Pi1qued the curiousity of one”Bf us (EH), who began to
read i1n the atea, and to talk with CH, who had his graduate training
in the Psychology of Aging. Th demographic problem was cleareut!?
the Defgﬁse Department, and more gernerally U.S. i1ndustry as 8 uhole,
Must come to arips with 3 simple demographac fact. The age’
distribution of our population, 1s going to change markedly over the
next twenty to thirty years. Hodern industries, including but
certainly not limited to the Defense Departﬂent, use people as
1nformation processing .devices More than they dse them as sources of
power. HWe wondered whether or not there were 38ge-related changes in
coqn:txon that would force changes 1n i1ndustrial practice. J
Wher we turned to the literature for guidance, we quickly
discovered that the litersature simply was not organized to answer our’
auestion. There were two reasons.. Host of the research o
“gerontological psychology" 1s motivated by 8 desire to’ understand
the life changes associated u:th old age. Hork in the field is also
stronqls ariented toward the study of cognxtxve qbanges that ﬂ1ghg
pr?dUCe a problem for an {elderly) aindividual in his or her daily
11 These twb orientations are reasonable. HMuch of the research
irn this field 1s funded by an agency (The Natponal Institute on
figing) that 1s specaifically charged with consxderagxon of the :
problems of the elderly, The scientists wip work problens of
aqanﬁhave 3 strong i1nstitutional and personal commitment toward’
doing something for treatment of these indivaiduals.- Fdr our
purposes, though, these two orientations were somewhst urnfortunate. .
We wanted to kriow something about changes in cognition that occurred
during the normal working years. Such changes would pProbably be -
small, and wuld affect an 1ndavidual only garadually, From the poant
of view of an epidemiologist or ecomomist, however, sMall changes 1N
indivaduals might mean magor changes in the effectiveress of a work
force.k .
Hé concluded that a survey was required,,directed at the
specific questiong that-we wished to have answered. HWith the
encouraqgement of Dr. Halff and Dr. Harsh2ll Farr of the Office of
Naval Kesearch,.we spent a substantial amount of line reviewing theé
Li1terbture and asking psuchologists and Phys txans what they know
about "middle 391ng". In addition, we have also ‘'visited various
industrial and Naval establishments, in order to get a better.picture
of current personnel. Pract:ces.h”0ur hDPe was that we would then be
able. to make 3 better Quess about how the changes in people that the
scientists saw 3s possibly affecting the way that a particular h1gh ‘
technology oraanization,.the U'S. Navy, had to do its bUSIHess«
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. " Naturally none of the people who generously qave their time are
responsible for our conglusions, He only hope that_upon reading ihiq
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data, and best' of all, donstructive criticism of our efforts?
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-~

: . /
Dr. Hilliam Whitten, Office of Naval Research |, // ' /
. o, Dr. Edward Aiken, Naval Personnel Research and Devélopnﬁpt Center,
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Naturglly the responsibility forfthis report is ours, and the
people lfsbeﬁ aboye M3y or may not aaree with what we have said. He
do thank them fdr their time and effort. .

K . S . . . Earl Hunt = -
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/ . - 1. INTRODUCTORY REMARKS

/} Since world War II the Unlted .States has drawn Its allltary

/. - manpower from post adolescents and young adultse The typical
career pattern for a soidiers sallor» marine, of alrman has been
to enlist In the late teens or early twenties and serve for a
singleenlistment periods In order to obtaln the skilled
technigians that the modern military needs special efforts are
made to retain and tralp a cadre of professional speciallists who
sorve for'‘longer periods of times It Is well known that this
system of recruitment is not Wworking setisfactorily today and
thats glven inevitable demographic, changes» the prodblem s |lkely
to be worse In the near future. The services aust find some wWay to

. enl|st and retain more experienced techpliclanss both In the
commissioneo and non=-commissioned renks. '

— e

- 3 ]
y Two courses of action are possibles The services could attempt
-~ to improve thelr retentlon ratess which are presently quite low»
7 while continuing to traln speclallists themselves.s This will be
5 called the "retention option.® 1In additlion» programs could be
Inltiated to enlist older personss» Wwho are aiready skilled» to
- fidl technical positionss Direct recrultment of skliitl people s
done now fof a few mllitary occupationss, noticeably medicines and
‘This—a}uldesprcad practice In the 19th century. The option of
recrubting olrectly Into the higher ranks wilt be callied the .
. "laterla) entry® optlon. It is.likely that both options will be
takehs\ betause our natlonal|poI!cles deaand & strong military
force. \Either optlon,is certain to have one.result; the average
age of serviceasan adg women witl Increasigg Wiil this’ pean a
mllitary with reduced vigor of grpater skili? Wnat Is the
‘tradeoff petween these possibilitles? This report examines one
Jaspect of the problems the llklihood of changas In the cognlitive
cépacities of older,personnelis here defined as Ihdlviduals rangling
in age from 20 to 60. ° . J . oo

—

. - . o
Therg would be fio real retson?for the millitary to"be Interelted
in Investigating cognitive changes in agults If .age changes (n the
militsry population were “‘expected to be smalls On tHe contrary,
we belleve that substential “aging™ of the miitary force Is
itkelys This ls partiy because of, the extreme youth of the
present active duty forces In 1974 only 12X of active auty male
enl isted personnel were over 35, afid onity 1% were-over 45 The :
compatable figures for the clviiisn work force Wwere 52% and 33%..°
When the retention Problem Is solved the Armed Forces population
can be expected to move ,toward but not reach the age distribution |
m. of the clvillan Wwork forces A reasonanle estimate of the eventual
'military dyge distrloution can be obtained by looking st the
present Reserve forces, Thase were the people who "atmost" made
the military a careers As of the end of 1980, 33% of Naval
Reserve enlisted pefsonnel and 62% of Reserve offlcers were over
the age of 35 (UsS. Naval Reservej.Reserve Hanpouer:‘ﬂohlllzat}on
~ " 3 - ) ' v i [
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Planning, and Pollcy Divisions Notes 1 and 2), It thus, seems
reasonable to suppose that the number of actlve duty personnel
over age 35 wilil at' least double Lf lateral entry and retentlon
attempts are successful,

A related 1ssue Is how the older personﬁel will be used. Major

_ changes from current practice can be expecteds. At presents and in
~_the Immedlate pastg oider» maore experdenced inaividuals have been

asslgned to supervisory roless This tradition wiii have to.be
odifieds It Wwill make more sense to retaln egperiencea people In
hose positions Where thelr experlence Is relzianx. Thig means
that inolviduals who actually pperate equlpment will be older than
they are now, altnougn not "ol1d" in the usual sense. Put
sucdcinctlys there IS no proposal to ‘employ 55 year old
infantrymens but 40 year old tank drlvers are a distlnct
possibllity.,, A . "

Econoalc analyses of, the use of older personnel in mllltary
toles have generally been encouraging (Blnikin and Kyrlakopolousy .
197957 Parkers Chrlstenseno and kvery» 1978)., It has been pointea
out that more mature servicemen are bettef mo;lvated and more
reltacles Surveys have shown that there are relatlively few
service cccupations that make physical demands beyond those that
cen be met by a reasonably healthy forty year olg many ana mogt of
.the normal pnysical "demands encountered In service JIfe coula®be
handled oy people In thelr fiftles, The economic analyses .of
wnlich we are awares, houeverﬁ do not appear to have considered the
possibltity that there 2re important chlinges’ In cognitlve
capaolilties from age 20 to age 60s [The issue s a compiex one.
foresnaooWing our conclusions it Is falriy easy to demonstrate
declines In c09nltlve performance over the working yearss if one

_chooses tne rlight ,taskse .Converselys .It Is also fairly easy fo
aemonstrate increased cognitive performance over the same ager by
g different cnoice of tasks. To complicate the matter furthers
within any aye group there are .wnide indlvidual differencess These
increase with ajes On almost any messure of counitive performance
the agifference hetween, two randomly chusen forty Aear otas Is
likely to be greater fhan the' difference between two randomly
chosen twenty. year oflas. Fur.ttermores the services are rightly
concernca with performances not potentlal. In general otoer
personncl ,have more experlence on «the Jub and have mage more
steble social adjyustments than have young aaultse. These positlve
aspects of "migale 20Ing” often translate into, more efflclent
performances wlith dramatically reduceo requirements for
surefvisions In the normal Individual the positive aspects of
maturity almost certainiy oVerwhe'lm any mipor effects of
deterlorations at least up to age 35w Beyond tnat age sqme
cognitive chanyes occurs» In some individualsy that nmay present
problems In some occupations. Ai'l these Qualiflers should be kept

in xine tn evaluatlng the data reported in the remainuer of this
report.. )

)

The report itsetf [s arganized Into tnree sectionss Sach'’
‘ -
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sectlon reviews different emplrical findings concerning age
relatéa changes in cognition ducing the workling ,yearsj srbltrarily
oefined ‘as the perlod from age 35 to ege 55. Sectlon 2 ralses some
;general(lssues about the Studles of agling. Section 3 describes
what has been lesarned by psychometrlc studles, Invwhlch people of
varylng sges are glven dlfferent forms of Inteliigence testse
This data provides e useful brosd view of inteltectuef change,
. The following sectlons describe more Jimited studies of humen
- Informatlon processings conducted within the tradition of
experimental psychology. The toplcs covered are sensory functlons
e abllity to maintain sttentlons response seiectlions speeded
otclslon makings accuracy of retentlon of jnformation In memory»
end problem soivings A genecal critique of work..In the fleld Is
incluaea, . ;fl < -
The last section of the report deals Wlith possible actlons by
- the Armed Servicess These fal} Into two headlings} modifications
of present practlpe:‘and the Inltlation ot programs of* research.

. s
- A}

2+ THEORETICAL “AND HE{:bDDLDGICAL ISSUES
0

r

The study of aging Involves more than.calculating the
correlation goefflicient between chronologlcsal ape ana performance
-neasuress Thls section presents several ideas which are of
central Importance In understanding and evaluating the "lterature,

HODEL S Or .AGING o _ o

. The-simplest view of edult aglng ls that It represents

inevitabie blologlcal detérloratione Thls- witil be cailed the
-blological gecrement mgaels It chareoterlzeés chanve from young

* #dulthood to old age as a qeclline from pesk capacity to s
progressively lower |evels of performances The declline Is assumed
tu'be due to the biologlcal aglng process. Reductlons In “
physlotogicel functloning 1eed In turn te reductions In cognitive
performances The model certainiy captures some of the truth asbout,
agings but overall it Is o gross simplification of the facts. The
rate of bhiologlical aginy varles considerably bgggeen lnplvlouals:
so that an inaiyidualls "bivloglcal aggs™ Is often pQorily
estinated by chronological eges Mbreovers within an indlviduats,
biologlcal subsystems may age et widely varyldg ratess Thus any
statement about generel blalogical-trendsy lets alone their

. \)2d{v|auaf ' ., N o
A second limltatlion of the blologlcal decrement mooel ts that
It may lead to oversimplified Interpretatians of the gffects of
olng upon cognitive behavior fin @ WwoFk environment.® We shall
repeateciy stress tradeoffs between decrements in maxlmun caplclty
due to age and lncreasos In effliclency of perfornance due to

- . ‘J‘v'

" . ” -3- I A
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sognltlive consequenceSp may be qulite lnnccurhte Rhen applled to sn
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experlence. The need to consider _experlence Is parthculerly )
important where an "™elementary®™ cognitive process has been.
Isolated by‘neans of complex expertwmental technlques. Even lf age ,
deficits. In thls process are found In the experimental laboratory, -
we must stlll judge whether tnese deflclts wlll limit the
performance’ of an experlenced person.in famillar working .
-sltustions. . L, .
. The processes of‘biologlcnl aglng are statisticslly related
6 . toes but areconceptually distlnct from many pathologlcal pioceskes
whicn ‘are correlated with chronologlcal age. Cancer,
‘arterlosclerosls: diabetes, and arthritls are ‘examples of
ge~correlated pathologles whlch are gnot Inevitaoly associated
ulfh the aglng processy although thelr Incldence increases with
increasing ages Some age=cofrelated diseases, especially .
cerebrovascular diseases hypertensions horaonal dysfunctions, etce,
have deleterious cognitlve effacts. Certain behaviors (e«9s»
alcohol and druy abuSe) may Jead to poor health and 4Abnorkhat
. physliojogical ana coynltive qecline. In.this revien, we .take the
position that normal aying changes must be distingulsheo from
pathological aging changes. Admlttedlys the distinction can be *
somquhat arbitrary =~ today's ®"normal d49ing" might be tomorrow's
patnolougy after oiscbvery of a new'disease procesS. However, the
distinction remaing important. Many of the apparent\ effects of
aging may be.modifleo by personal heaith practices of by ' . toe
aggressive environmentat and occupstional safaety proghams. In
,cunsigering the Industr|al “implications of an aging wokk ‘forces It
Is obviousiy lupartant to distinguish between inevitabl
A mof‘flable chan)és L& uorker char acteristics. S .
Because ‘we are concerned With industrial effects, we
s’ veneraily shall not discuss changes In cognitiom. that havE been
founda in tne elderlys iee. people deyona tWe norgal. ;etlrément
ajee. By'contrasts most of the literature on aging has i
concentrated on the elderly, arbitrarliy those past 60+ This is
an mportant distinction,. because organlc problems, lnqludlng
- senlle gementiasy pegin to account £0f more and more of the
varsance in cognitjve sehsavior as people reach great ng hus
) «the Jbterature on the eloderiy mey stress a biological quel that
' is appropriate for one age periods but quite inappropridte for ’
anctner. '4& note that thls:i does npot always mean that blolqgﬂcal
modeis appiy|onty?to the elyeriys Because peorle in the work
force ycnerally face more demanding information processing taskss
a blologlcal deficit that could be lgnored by a retlirea persoq
. might be limitf&? to & person employed in a taxiny situation, .
<,

.. . . \ ]
- Myr cuncentratl ::XQne Wworklng years presented us ulthxa
- wproblem in.rebiening the a¥ing literatures There are reldtively

tew stuoles that examine the 25-60 age intervai. The modal study

of aging Is a two gfoup copparisont young acults {often 18«20 year
ofd students) versus old agults (often 65-75 yesr old tetirees), _
Suéh comparlsons are not nerety poorly suiteo to our purposes - 4

\
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they are also often of questionable aethodofogical vallditye Thus
we have dellberately excliuded mahy ola/young comparlson stuaies
trom this revlews keepfng only those that bffer a potentlaily
important Inslght Into aging effect%,oﬁ'ﬁﬁgnltlonp or those that
cover 8 cognltive change llkely tg be Inpprtant over the adult
wGrking vyears. For basically t same feason we shatl not dliscuss .

studies of patholodlical aglngs. such as Alzhelner's disease ofr - J
Huntington's Chorea.

METHODGLOGICAL CONSIDERATIONS : . “
. . -

Most studies &f adult aging utlllze a cross=sectlonal deslans
in uhlc people of different ages are compared at the seme point
.in tir In order t& Infer thet group differenges, in performance
are dgue to group di ferernices In age one- must assume that the

. yroups testeac: are ot erWise compsetables It Is extremely difficult
to do thlss because different elactlon factors operate uhen one
recrults participants, from alfferent-age groupse Lachmahs
Lachmans and Taylor {4981) exakined several relevant.Journals: and
concluaea that about 80% of the reports that+are publisheu ralled
to pay sufficlent ettention to this Issue. ylLargely because of.
this problem» dne must be concerned spout the replicadility of -
cross-sectional studles g;en evaluating the litergtures While It .

‘ L]

is probably impossible to control -for all possible copfounds with

age In any one study, different studles will have different . .
blasess 'Age effects can then be discerned.by detecting
conslstenules In the results from several Independent experiments.

I

for an extendea Mength of timeo Intultliveiy» this Is a more valid |
Way to establish-age trends. Longitudinal studiess thougls also |
have practlical and tneoretlical Jimitationss. The greatest practicsl 1
llnltatlon Is the expense of recpyiting and uuintalnlng s samples WL
Another serlous Issue s how representative “the sample is ot the o
general. populationes It. Is «difficult to obtsin’a sample -0f |

. ngyplcal people” to partliclipate In a stuay that ‘extends for yearss
Longltudiral studles nave tended to be blased tdward, the use of
upper-middle class subjectss who are soclally and-oeooraphlcally

- more stables» or to the use of panels recrulted fros people who

deal with a specific institutions such as the Veterans!? o

Adalnistration. The problem-of subjydct selection océurs both In

Initiai recruitaent anﬂ/,more serlouslys, in the stage of follow=up °*

.testinys, People.who remain In, paneis tend to be those who ares on

the averages» better soclally thustad: hesl thier» and more

cognitively competent. As a results longltudinal stuales present

a more oenign Hicture of aging than |s obtsined from L

Longltudlnal studles of aging fotlow a panel o"Pnrtlclpants éib:

1

L]

cross-sectlonal stuuies. ) . \ . .
» - . - V .
. i
‘ The. use of young/ola deslans {or more extended
{”Es-sectlonal sampling) has led to the general use of analysb‘
of variance technlques to Judge the statlstlcal signTtigance of
.t . Lot _—
. ¢ -5- ' * L] 5
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age differénces. We have observed tWwo problems which have Eéen'

'conslstently assoclated ulth this apgRhroach: acceptance of the null

hypothesis (no age chanues): and reference to the proportion of
aye—-predicted, variance, Is sometimes the case _{hat a study
wltl faii to_reject-the null hypothesis of no age difsferencess and
will then cOnlu that "there are no asge changes untii age X."
Such @ statement Is not wafranted unless the Investigstor also
evaluates the power of the- stetistical comparcison, Surprisingiys
this simpile statl;tical fact Is frequently lgnored both in the
prlmary ang secondary Ilterature.

A stlontly alfferent problen of Interpretatlion arlses unen an
investigator finds that the_ age effect only accounts for a small
propurtion, ot varlances and then cpncluoes that "age effects are
rellable out smally and.are pngaoly not of great practlcal
importances®tPractical Importance Is something that cannot be
oefined In generals it must be defined In terms of the costs and
benefits in a speclflc situatlons A aecrement In cholce reaction
time that woula be.frivial to a retlired banker mignt be cause for

retiring an alrplane pilote Our feeling is thaty most workers In" ~-

gerontologys wno understandapbly are strongly orianted toward
aegling witn the proclems of the elderly, Interpret "practlical” as
meaniny "has & notable effect on the individualt's lifestyle."
Chanjes ™in performance that are not practicaliy Importeants In this
tensey 'can be extremely Iimportant from the point of view of. a
large employers such as the Armed Servicess Looselys the
differenc® |9 between the viewpolnt of a particular Indlviduals
who mioht be calculating the chances of an sccldent happening to
them» compated to the viewpolnt of. an empioyers who must cgiculate
the expected number of accldents ln an organization employing
literaily mitilons of peoples For*brevitys we Snalldrefer to

‘ these dlfferent viewpolints as 8 concern for “clinsical®™ &nd

windustrial" effects. Smal) changes in cognltive performance wlil
be olscussed whenever it appears that they mlgnt have effects at
the inoustriatl level. Such anlbffact might welf pe disregarded at
the clinical level, .

. . \ \

. i
., }p many reports age effects are evalusted by asklng whether
or' not\one age jroup Is. "statisti'cally different® trom anotner
atong some dimension of perforpance., It Is oeqena( f morfe
fryittul tp dlsdhss tsinuSp fdather than cdmparlsond between
specific, JrouUpSs thls one nust tit some kind of decremental

4

M

curve (l{near, exponentlal, ett.) to the gr oup- means on"-fferentr_’—_

age jJroups. Ave curve FI'tting Is helpful In_asking whether
av&rage aye changes sppear to have begun prior same ages» or In
estimatin} the average rate o{ changes Mlheréfare severs|
limitations of this type of f ttlng:'ﬁbuevgr. Curves of this kind
may gQive an average "developmental .curve® which voes not .
sccurately reflect the true aging curve of any gliven inolividual,
Fitting the means lgnores the individusal varlabitity sbout the
-meanse A vood PJt of a curve function! to the observed mesns does
not Imply that there are no Individual differences ln agin) Tadeq

\ ]

6- ! :
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. studles of iglng. This Is the . "cohort effect; yhlch was first

Fx
&
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Finsllys simitarity In aging curvos between dlfferent cognjtlve
processes In no way implles a common_ cau57 mechanlsm, and 3hould .
not .be so Interprefeds Even given these lImltationss we shall

find age curve fitting to be 'a uséful way gf suamarizing many . "
cognltive ‘effetts Of aglng auring the?uorklng yearss .
"COHOKT-EFFECTS _ -~ ., - j ’ : .

Our Iastﬁnethodologlcal point deals with a moderstely subtle
Issue that has Introduced s _confounding Into easlly 95% of all

"discussed An detail by Schele (1445)s " A cohort lS) for our

Purposess a uroup of people who Join a populatioh of Interest st a
partscullr time. Examples would be atl people born In 19035 ar

all peoplée entering the Harines iIn 1967, Cohort ‘effects are

etfeqts on perfo'hance that are speclfic to a particudar cohoft.
Suppose, .as* s reasonables that one's adult verbal skills are g
determinea, largely by hablts acqulred duri the school years.

Suppose further that the length " and effectiveness of schooilng
.increased steadlly from 192¢ untll 1950, A cross-sectlonafl study

of verbal intelllgences conautted in. 1975 alght have revealed an

“age related decline” In verbal perfordance that was actually due .
“to the older subfects having recelvéd.less effective schoolings '
cather” than belng due to aye Itselfs The problem ls that In the
cross-sectlonal design any cohort effects are completely .
confoundgd wnith a?e effectds One éan even think of sltuatlons In_
which a cohott effect would produce a “negatlve age gftect,”
{ontinuing the e ample: suppose further that the effectlveness of
pubtic education®ias dropped frowN1950 to 1980. (Indeeds meny
observers mave cfaimod that It hass) It sos and If school
acquired verbal hablts are maintained throughout sdult life, o
"pegative age .effect"™ shoula appear in a crﬁSs-sectIunal study

Rl 4

, conducted In- the~year 2000, >
- A & * *a 1
Longitudinal studies, being studles of a partlculsr conorty do' .

not confound age and conort effects.s The findings of a
longituainal studys, however, are stptlstlcakly only generallzablq ‘
.

to tne cohort stupled. - s ,

. 3@ There are eompllcated deslgns that can be used to evaluate
cohort and age effécts separately, (Schales1965, 1977},
Essentially these oesigns Involve the conduct of repeated
cross-séctional designss over & period of yearse Thus the cohorts
born in 1+40s 1950, and 1960 might be sampled In 1980» 1990, anhd
20004 .. Combimed longitudinai eng cross-secthhal designs do ::l!f___f__J
the logicai“prodlem of conkouhded age and cohort, effectss

problem with these designs 1s that they are $o expenslive that they
can seldom be utilized., .Y N

*y L = N\
Cohort effects are of parﬁlcular -Importance ln the study of |
sglng over the norklng yearss because tnere are, marked cohort | -J

P

effacts in Industrial - settings, The mllitary services afford a
good. exahple. nhich members of a cohort Join the mjilltary depends’
.. N Ve .o . .

!. ¢ - . . ‘417- . . hd G
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upon the soclal conoltions pravalldgg at the élhe that cohort,
enters the normal mliitary recrul tment ages In particulars

v

changes from war to peact and the Introduction of an all ﬂpluntee:’

service have markedly affected military recrujtaent in_the past

from th soclal changes probabfy interact wign aging effects,
People wifh high levels- of sbllity as young sdu¥ts have generally
been found to be more reslstani to the effects of age of
cognitions There Is a well.documented treno towsrd the eniistment
of more and more [ndividuals of lower mental’-gatgyorles (as
reesured by the Armed Forces Qualification Test)s at least s)nce
1975. -1f we comblne these two factss we are forceg to predict
that those servicemen anu women who were r&crﬁ1ted;in 1980 witls
on thne wholes not provide as high a perdgntagd of Quatified senior
personnels tifteen of twenty years hences \as &ld‘the cohorts,
recruited 1n the 1950s and 1960s when they/redchéd their thirtles

tnancy(;igrs. The sort of cohort effects thatione woula expect .

ala forgles,

r

*
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Pecounting ‘atl the possible deslgn, tlaws tnat can aftiict
research studies can have a+deadening efrfegtsl Jhis .is true of any
fiela, One Simpiy cannat throw up one's hamds and say nfiothing
‘can. ne ledrneds” Human 4ging IS a natural phenamenon thst-will
never be studied in.a controllea labgratory environment. The
laeal experimental design is Impossible to achieves The concept .
of aging is Itself nebulouse To what extent should one be
concerned only with the aging process.itselfs, and to what extepnt
shoulo one be concerned with life.events that are not agingy but
that are statistlically assoclated with ape? In the foltowing
sections we shall review many studies. None of tnem will
undqulvocaliy aetermine/now cognftion changes from 20 to 60
Takea togetiyfrs ‘they present a coheren} plcture, o

N

‘"
-

3. PSYCHOMETRICS

* GENERAL LT . _
This .section rFeviews the llterature on age changes In
.inteliigences as measuret by traditional psychometric tests. The
" wpsychometric® jiterature s typicaily contrested to the
vexperimentat” llteratures which.reports the investigation of
conn!tlon‘oy/classlc expericental methoase This sort of division
of knowleuge Is a taxonomy by method ofclnvestﬁgatnonp rather than
a taxonomy by coptent. It IS necessary because differences in
methoduloyy have leao to dl;fe;encas in theory.

’ i,
- Although tn

L] + b |
e term "psychometric méthoé%" has come t0 connote
. 9roup administration of,gager and penclb;t

sts.of Knowledgey

.
N
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reason!ng’ ana other cognltlve skills, the tera orlglntlly jnplled
the application of classical seasurement theory to the study of
cognition (Nunallys 1978),  Psychometric methods were developed so
that Individual differences in knowledge and thinking could be
measufed rellably by\a stangard set of criterlas Although many
"psychohetrists” expiMcitly recognized that sn understanding of
baslc cognltive processes would require s syntnesis of information
gathered from the paper and péncl! tests with data collected by
) other messurement methods (. Thurstone, 1944), the psycliometrists
' and experimental psychologlists have gone thelr separate ways untll
- falriy recentiy ( Carroll and Maxwells 19793 Cronbachs 1957),
Comparing tne two kinds of stuaies can be confusings because
of specisilzed metnods and terminology. In experimental
psychology two menta) processes are distingulsned from each othet . .
Dy showyng that ditferent experimental manlpulatjons proauce
different effectse If the manlpulstion of cértain stimulus
« characterlstics a¥fects one aspect of task performances but not
the other tnils Is taking ss evidence for different processes
underlying tne two performancess The same 1o34c IS used In
. psycnomefric studies of intelllgences but the experimentsl
R * varilsble Js the ldentity of the individusls testeds Supposesr as
Is the cases that verbal problexs are hara for some peoples while
& Spatial problems are herd for-,otherss Therefore tnere must be ’
; ,dlstioct processes underlying verbtl and spatial problem sd!vlng.“
/ ‘**x» Althougn the loslc underlylng experimental and psychometrlc
. psychology iSvysiallar, the manipulations that are feasible and the
data analyses methods that are used can be gquite different. As o' .
resusty the two technotdjies cannot glways be usea study the same L
cognitive processes. It is hard to imagine a papér and pencl!
tést of the speed of visual perceptlono It Is-equally hard to
imeyine a two hundred person correlational study of psychophysicai
effects. 0n the other hands» where the technologies can bef usea to
attack the same probiems they are baslcally 3tudyiny the same
topice. Therefore’ It should not be surprising If tne conclusions
> drawn from psycnometric.studlies of ™intelliyence” parallel -
conciusions from experimental studies about "cognitive processes™,
Indeeds» one can regard a comparison of conclusions drawn about . .
aglny and its effects upon cognition as a rougn cneck on. the ',
' v&lldt&x of each methods ., 0T
Cdmpared to the experimental technology, the psychonetric
technology has both a markeo savantage Jnu a marked dissavantayee.
The advantage Is that testing procedyreaY-may be used with much_ -
farger samplesos . The i{arge sample reduces the likellhood of
. obteining an age effect becesuse of unusual performance by a few
Indiviocualse It also makes. it possible to exercise s great desl
more control over population varlables that may be confouhded with.
ages Thils is In marked contrast.to many experimental studles, in
which investjgators have 311 %00 often abandoned any pretense to
. representative sampling from different age groupss and thus have .
; committed tne confoundings that were_ discussed i tne comments
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made aboye concernlng cross=sectlonal deslgnss In contrasty; there
are at least some psychometric studies that have attended
curefilly to the ocefinition®of the population to be studied, and

. to tne use of a consistent sampling wethoq froa different age
groups. within that porulations Furthermores the psychometric
‘Iiterature is not solely dependent upon cross-sectional studles
for Infefhiencas, on age effectss Longitudinal studies are more |
common §n psycho-etric thanh in experimentsal psychologys On ,
occaslon psychon trlc studies have used sophistioated
combinlations of ross-sectional and longltudinal designss and
these have ‘proven informatives Were these methods to be applied
to experlmeﬁﬁml studless the cost would generally be prohibltives |

“The dlsadvantage of the psychometric methogd is that the |
behavlur rgcordqd iIs usually a gross aqnes tne total nuaber of |
ltems cofregt on a particular tests Such a suamarization loses ) -
wreat deal of InfBrmation sbout the cognitive processes that are
applied to solve different problems within a tgst. Consider s |
c§§monly useo psychometric for measufing spati abllity. People

are askeu to compare rotated figures to some ¢ nparlson figures

and to oeteramine whetner the flgures.are identlcals The test

typically Includes several! different figuress .often a different

one for each iteme 4 person's score Is aetermined by the total

number ,uf items compibted In a fixed time perlods 1t has been .

found that ‘older people- complete fewer ltems than young&r ones.

Tne age deferunce in pgrfornance might reflect an incresse in the

time needed to rotate and coppare{;he flogures inslde the heads or -

it might reflect an Inabillty to.visyalize a rotatton altogether .

for soame fIgures. Age differences might be kargest for certain ;

types of flgures, While sophisticated item analyses can De_used to .

investigate these IsSuess wusually no such Investigatlon s made.

The Intormation needed is usually .lost In the procuss of

calculating the total number of correct Itea responsess However,
4s me shéli see belows experimental mogeis and teéhniques make It |

-possivie to determine the tocus of indlvidual differences In |

L. spatlal retation of inages wore precisely. . %
- } ‘ L]

More ,enerally, when we compare psychometsic to® exper imental
gata we_often find that, although the nature of the deflining
sifference between groups {eeges young vse old) JJs likeby to be

.more cleafly stated In a3 psychometric study, the theoraticsl
expltanativq of the depenoent varlsble |s often more speculatives

Since thg advantages uf the one techiuology are the alsadvantages

of the otners perhaps tne must enligntening finalrds are those in
which th psyphometr1c and experlmental conclusions cdnplement

J - eaen othe(. . . ]
: L . . “ ‘
* THE CLASSIC_AGING PATTERN - - ‘
- . ¥ .
S Cross-sectional studies of Intelligence have Fepestedly .

produceg results thiat Botwinlck (1977) has referred to as the
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Changes in Yocabulary Test and Test of the ability to
rotate and compare /figures “inside,the head.". Data
from crogs sectiofal survey of Hawaifan residents.
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“ciassic aging gaitarn." Performance on tests oOf verbal abltity
shows little chanye Trom 20-60» sno may .even Increasess .
Non-verbal skills decline with sges The classic pattern is
iltustrated In Flgure 1y, which shows the resuits from a Jlarge
cross~sectlional studye The test bsttery Included a standard
vocsbujary test and a psper and pencil measure of spatisi
rotations The spatdal test asked Individuals to compare pairs o
three~dimensional figuress composed of groups of cublc blocks.
The two flgures were elther ide tical or mirror-imagess rotated
different orientationses 1IndiviMusls are asked to .compare €he two
figures and determine whether .they are ldentical or sirror-images,
As Flgure 1 showss theré was are large age differences In the
spstial measure but not In the vocubﬂlary teste A Similar plicture
has. been obtajned i1n studies using traditionat intelligence tests
such .as the Hechsler Adult Intelligence Test (WAIS). Flgure
shows the WALS norms scross sges for WAIS Verbal and Performance
scales (Matarszzos 1972)s Note that the Performance subscale
shows cross—sectionst age alfferences from roughly age 30 onwWard,
while the Verbsl subtest does note Indeeds Wechsler labeled/his
Verbal subtests "Hotd" testss. and hls Performsnce subtests "pontt
Hold® testss» preclsely because of the cross«séctional effects

snown in Figure 2. .
The WAL1S subtests ;rc souat::::\:FIt Ized witnin the

psychometric titerature for being "factorlis coaplex” == neanlng
that they measure mujtiple kinds of lntelllgen For msany
purposes it Is more useful to consider performance an cognjitive

tralts tnat are more slementsry than ylobsl neasuras of vygrbst and
non-verbal Intellfgence. Such trafts are sometimes cailé

"primary Aoiiities” (Thurstones 1938). This coaplexlty Jqu\"
dlztorb underlying uge dlfferonces in wore basic tevels \\' ~
Intelligence If the sge differences were not consistent flor a

different kinds of intelilgences A prototypical primary ablll\}

“theory may be .found In 8 review by Horn (1978), wno arguks that

roughly some 30 primary abllities have been rellanly demonstrated.
This coincldes with the capclusio f seversl other worWers, The
Educatlonal Testlng, Servl:ET?~u+dgfz used Reference Kit/for
Primary Mentsl AGIlIties nmow contslns 23 separatgftdsts (Ekstrom,
Frenchs and Hsrman, 1976)s Horns and seversl_irthet theprists,:
have concluded that $oxe of Me abitities-are arranged,
nierafchlallys with mére primitive tralts contrlbuting to globat™
ones» such as Tverbal Intelllgence.” .
Cross-sectlonad s%udles have reportad sge differences on
several primary abslitiese Sputlal-orientation gnd Inductive
reasoning seen to be particulsrly. susceptible tG sge ¢ffects
Schaies ' 1959L1 Other studles have reported cross=sectlional age

differences on aeasures of )erceptual Speed and flexlbllity. For
exanpiesr Loe and Pollsck (4i978)'reported slzable cross=sectiona)
deciines In performsnce on the Enbedded Flgures Testy whichn .

conceallng contexts The results of ‘studies using tefts of
speclfic prlnar* abllities generaliyaconform to tne

.- - ,oell- 8
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aglng patternt tests of reasonings problem solvings spatial
llsuajlzatiop;wand_ihghllke show, greater cross-sectional ‘age
! differénces, than megsures of vocabulary and veroal fluency
"{Botwinick, %7714,
. $

Concluslons drawn on the ‘basls of average data must be
. Qualiflied by consigering Individual verlation about the average.
. There are large individual differences In psychometrlc test

performance aaong adults over the working years. This will pe a

recurring theme throughout our reporte Flgures 3 ana 4 chart

cross-sectional sge effects on the Raven's Progressive Matrices
tests a wioely used test of nonverbal reasoninys and the Elithorn

Mazess o measure of spatial.problem soiving (Heron and Chown,

1967)s Raven's test i1s of.particular Interests since It is

considered, one of the petter measures .of inductive reasoning

abiltity. Indlvlduals examine & sequence of pictures to discover.
. the sequentlal pattern of picturess and then Induce what the
pattern of 4 missing pleture should be. Figure 3 shows that
sverage performance on thg Raven decllines with incrfeasing sge»
& beginniag during the 30's., Howevers the friot of "individudl data
snow trhe (arye range of indiviaual diffe nees in Raven'
pertormance at. ai'fferent agess Note tha "In generals the spread
.o of {nolvauual differences s large felative to the mesn 4
.performnencé levels within each aye groupe In facts some of the
nighest scores ,in the( sample nere obtained by gubjects in thelr

60's and older. Figure & shows that tnis type of effect Is by no
means speclific to the Raven =- the jargde inolvidual differences

are fuund for Elithorn Mazes as welis The indlvidual differences

ovservea on test performance are not ranacoms they are rejiably

redtdteo to otner cheracteristlcs of the fndividual, This topic

-«

t .

will be cave™ed In more cetail Iin a subsequent sectlon. ‘
v . - . . .
Juy clsssle au{;g pattern repregbnts the typical results of
- . cross~yectional studiese Longitudinal studyess which follow )
s drdividuals over a perlod.of years, show much less aecllnefln

honverbal mesasures of intelllgence, Indeea;\;ne.{onsltualnsl dats
, Suggests that the decline occurs In the 60's dr lqteq‘ eng §s not
; consistently founo for,ail Individuslse. Longltudinai decline,
i where st |s"ubserveds is apparently often assoclated with decllines
., »n in physical nealith {Baltes ond Labouvier 19733 Jarvixs Eisdorfers
h 4 an Blums 1974 Joness 195%)., . ..

\77~’7iCOHUKT LFFECTS .AY HﬂDlFl:RS OF THE CLA)SIC PATTERN |

e -~ . ,4 o
' In the sectlon on methodology It was pointed out that coport
effects could, In tneorys distort the pattern of age effects.
Such effects do exists and tf not conslidered, may lead /to 8n
/ overestigation, of the size of sge effectss, TInis has been shown by
; afsurtes of studbes conducted by KeWe Schale'snd nls colimagues
(S hales 1979)e These exp!rlnents represent perhaps the best
Qe Tyned study of aging that Is sn the literaturé. Basicsllys
chale's group conducted s combined.longltuoinal and
&cross-scctlonal Study ot members of a yrougrhaaltn plank
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Thurstfﬁe's test of flve primary, abMIties 11946 vetslon} was
sdminlsterea to adults of different ages (¥cross-sectlonal '3
sanplel)e These indlviduals were then repeatedly retested over time
(longltuainal sampling)s Every new testings a new cross-séctional
sample was takens and tne new sample was also fo!flowed ‘.
Jongltudinaliys beghg;lno with the time of first testing. Thus
}Schalo and his colfedgues produced parallel lonyltudinal samples
‘ln different cohortse

Some of tne results from Schaie's study are shown In Flgure 5,
As in the classlo patterns verpbal performance (nere identifled by
a vocabutary test) décllined only late in 11te. The major’
dlscrepancy “from the cVassic pattern may be seen In the data for
spatial orlentation and inductive reasonings 3Scnale!s measures of

.these abllities showed little aye-specific gectiné until age 50,
Taken at face values» Schale's duta syggest.that cross-sectlional

4 tindings ofeage differences from 20~50 are largély aue to cohort
effectse What miuht nave prodguced tnese cohort effects has not
been’determineds ; :

L]

Schale's results have generated a ureat deal of controversys
The |ssues are exenpllfleo In an exchange between Horn and
Donaldson. (1976) and Baltes and Schale (1978)s The controversy Is
over the soyrce of the cross~sectional age differencess ana
whetner Scnale's data show smalls but -rellab *: declines durling
mioale aggs From an Industrial viewpoints» the resoldution of the
tneuvretical debate may not be too idportnnt. Tne practicsal
question, nemalns., [If we wish to predict changes of cognitive
capaclty Ip a partlcular work force for a partlculqr tine period,
both age ahd .conort efrects must be knowne More particulariy»

. consfder thg problem of predlicting the future cognitive ¢t pacltles
of senlor plersonnel, “drawn from today's cohort of mulltar
recrults. +Yo do this we neeu £ know any cohort effects over tne
pefiod o0& interests the conort-specific distriputlion of initiat
(time of recruitment) test scoress and tne, extenr{'\o uhlch age
\foects intetact with initial ablfity.

There f\sy» howevers- an Important qualirticatlon to the.Scnale
et ale resultss Tne yenerality of the age trenos is restricted to
¥ the partlcuia tests usad ==~ Thurstone®s 1948 PMA, These tests

naves in tne terms of psychometric test theory» hiun speed *

components. arjd (retativety) fow power componentse In other words:

the tes _ltefs are not partlculorly difficult (especially for the,

Verbal ahd Mumber subtests)e Indlvidusl differences are deterained

more Oy hou fast one solves tne problems Father tnan hon difflcult

a problem une Is*cagable of solvings The tests were desligned to

meesures at least in parts row qulcxly one can think about -

particular nlnds of problems =- so tne high speed components do
not "invalidate™ $he results.. They do» howevers 1imit the
inferences vane can d¢ran aoout the tests. The lialtations could

.cut_Dolh wayss ,'Bn the on& rgnh: it-is possible Rhat more dfficult

Fulding test) or inddctive rexsoning would show larger snd eartler
.age oeclines tnan Schile founo éven If the same study oceslgn were

. : ) ’ -13- _ . ;o
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tests measuring spatial syal1zatlon (sucn as .the ETS *Peper .




Thurstone{s PHA woufd be needed to address these questionse. '

\ - Aging ind/tognltion L.

useds Oh the other hands tne tact thag*%glfﬁends to produce 8
slowing In the speed of cognltlve oper ons {see belown) might
sugyest Qhat the ceclines In,PMA pertormance Scnaie does find from
sge 50 to 60 indigate s!onlné?of cartain cognltive operations

. rather than a loss In.the ablilty to visualize ap object rotatlons

reason Inductivelyass» etc. Sequentlal data on tests other than

THE FLUID-CkYSTAL{IZED MODEL OF INTELLIGENCE AND AGING

»
LY »
+ ,
P .
-

The ctassic agling pattern Is stated In terms of ‘age.effects on | .
verbal and non-vatbal Intefllgences An aiterpative . . L
conceptuallzation has been proposed by Cattell (1971) and Horn .,
(19733 Horn and Donaldsons 1979)s They distingulsn betwueen

cognitlve competence based upon the appilcation of prior tesrning '
to tne present sltustions and cognitive competence based upon the
development of/new problem solving methods devised to meet

currents and fernaps novels demands. These ablilties are catlled .
crystallized and fluid Intellligences respectivekys In Cattell and
Horn's termss most verbal tasks test crystailizeg iIntelligence. ’

The capacitles tnese tasks require, ,such as defi'ning words or
analyzlng senterces) are based upon weil practiceds culturally
defined probies solving roytines. Fiuld inteliigence Is: sore
likely to be tested by the relatively novel wequirementd of many
nonverbal testss such as the Ravenfs Matrix» in which an attempt
Is usualily made to avoic presentjng problems that heve culturally -
ageftined solutlonse The Cattell/Horn model aiso envisions other
types of, intelligences such as' the abliixy to think quidkty
{cognitive speed) and the ability to Image @ visual object
{visualization)e We shall be Jlttie concerned with_the other
Intelilgence typesy howevery for it ks flula and crydtaltized
Inteifigence that are most Important in the model» and which . -
fiyure wdst prominently In the model's representation of age
effects upan Intellilgence, . .
* : - < . -

Horn‘and‘Cattei! argue that crystalllzed Intelilgence ! v
ingcreases over the adult yearss us people gain a better grasp.of
cultural snowledge, They aiso argue that fluid Intelligence,
pelny a more fundamental, "blologically=-based®” abillty to percelve‘
relations in new informations declines from early acuithood. L]
Eldure 5 I1lustrates the different aye trenos for '‘the two types of
abikitye The cata are taken from a ¢rosi-sectional study by Horn
ano Cattell (1907)s Scores Tor-fluid and crystallszed.
inteliigence were calculated by summing scores from primary
ablljiy tests thought to relate to eltner flulg or crystaliized .
intelilgence., Not surprisinglys 'Flgure & shows tnat the .
cross-sectional) pattern for ftiulc and crystallized scores closely
correspon? to the cross=sectional pattc{p ot the WALS subscales.

Tune ﬁlJYﬁ-crystalllzed model or Inteljigence leads to tne
Intuitively plausible notlon that one should not speak of general -
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“and then is returned to his spec
‘' use Is a spatlal skill (McGeer 1979}, proponents of the

. tasks has been conducteds”

- . -
. ’ ﬁ "

‘Aqing and Cognition | - L

& - - -
decline or Inérease ln cognltlvo compétence. Ratners one should,
ask sore about expres’'sion.of abllity tn a particular situations
Is ot 4 situation In. which .there are culturagely defined problens
solvln. methods. that aay® be appllea to achleve the udesired result?
It os a healthy older person would be_at. east _as_adept as. a
youfig persons because the older person will probabily. have more
kKhowledge aboul the pripor utitity of different solutions in
simliar situatiionse In some cases the same level of competence
might be achleved.In different wayss 0ider people woulc be more
Ilkel; to apply relevant past experlences whille younger people °
would be quicker, at deveﬁgzlng 2 new solution to the problen.

2 ™~
The conceptual difference between the crystalllzeg~fluid

distinction ang tne verbal-nonveroal distinction has important
practices Implicationss 1t the cfuglal varlable s ‘experiences
and not tne extent to mhich a problem requires verbal skillss then
‘one Would expect to find sltuations In which older persons with
appropriate experience would matntain skl j4s Tn nonverbal
sltuationse To lilustrate by hypothetlcgl exnamples consider the
case ot an alrcraft nechonlc%uhoth asslgﬂ 'to recrulting duty»

alty at™age 40 or 454 Since tool
verbai-nonverbal distinction would predict® ihat tnere should oDe
deterioration in the mechanlc's skille The ftluld=crystallized
model would predict that» If there is gubstantlal similarity
between tne current task ano tasks assigned prior to the
Interrupﬁ&‘ptln tne mechanlc'S careers then the mechsnl¢ should
nave ltittle problem In applying ola skfils td master the new taske.
The pragctical interpretation of the debate revolves und the
puestion of whether older persqnnel shaufa be snifted towsro

sssiynments Involving more vefbsl taskss or malntained in familiar,

assignrments even If_they require spatial skills. Ir the
fluno-crystalllzed nodel Is corrects an effort should be made to
énsure greater contlnulty ot procegures and oenands in duty e

Agschnmenssror older personnele A similar ggjument woulid be made
t

refarding e optlnal‘tralnlng techniques for older personnet.
Assuming the flugd-crystallized dlstlnctlon td be trues one would "
arguéf tnat noqiﬁﬁgal training technlques would be acceptable for
der personnets providing that they utltized iyncopts and
Knowledye, fag%}T%r to. the tralinee .Indeeds’ 3¢¥ven trainees of

average f{or fop average) verbal ntellloence: it would be
“foollsh to pfovide trainipg by Purely verbal methods (esges
-tesalng training manuals) because there was relative malntenance
e of verbali skilis.wlth aovancing age. . w

PR U — e e e e fwhen - =

-

A

. Thé ourrant litefgzupe is Inadequate to dlstlngulsh betueen
the verbal-nonverbal “and crystallized=-fiuld explanations of the
¢tassilip aging pattern.s While one can think of tasks tnat should
be yertal-fiuld and, with somewhat more affficultys tasks that '

ndulc oe nonverbal-crystalllzeds no systematic study of such

-

“Befoto'qovlng to other aspects of tne iiteratq;- on
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intel iguence, we enter a resecvatlon doncerning the classic aging
patterns . A persop taking a psychometyflc test Is faced with » .
particular proolem oiving situations, and must develop techniaues
for coping with that situation "on the spote” Tests of verbal
intettlgencé ask people to read paragraphss retrieve the .
definitions of wordss, etce Nonverbal tests: typlcalJy present “
sduits with rather novel problem solving sltuationss This Is
pafticularly true of the so caslled "culture~falr” testss which
explicitly seek to minWmize capitaltzation on previous knowledges
Horn and Cattell would srgue that this |s precisely the Source of
the crystalilized=fluld differences But there Is an sdditionsl t
confounding factor, the amount snd recency of previous experience
individuals have with test takinge Ybung adults who have recently
been In school will have had s .good al of expertence dealling
witn testing slituations, and probabiy|develop skills to cope with
them,, Older persons, who may have hadq less schooling, snd almost
certainly have not recently been In schooi, probably do not have
tnese skllls avallables Is IE possiblex thens that the spparent

dectine In fluld tatelllyenck Is an artifact that could be rembved
by propar tralning? Tne Issue Is 8 conm
doubt that older peopie can Improve the
training {ee%esr Willlis, 1981)e Improvin
npot the points unless the improved score
outslide the test sltuation better than d
prior to training.

absolute scores with
test scores, howevers IS
also Predlct performance
the scores obtalned

¢
-

' . . -

CHANGES [N LHL STRUCTLRE OF InTELLIGENCh ITH ﬁGE

rs to the relations p
which s In turn a
liities and the more
theme The correlations
primary abillties are
tellectual structure,

. The "structure of inteillgence” ref
between different psychomptric sbilities,
function of the relations between those a
basle cognitive capacities that determineg
amony performance on measures of differen
sald to be determined by the underiying |
Spesrman's famous "general plus speciflic” theory of intelliligence,
the Catteli~Horn model, and Thuyrstone's primary mentai abliities
model are all moogs of the structure of inteliligences Alfhouph
most studles of aje changes In inteliigence nave examined age
chanzes in mean ablility levelss some studies have asked whether
there «re fundamental changes In the structure of apoilltles with
aovanclnu ages

Studles of Young adults tend to tind smallier.correlation
between different abilities than do studles using childrens Young
adults are more llkely to be good at some skills and poos at
others, while chlldreqatend to be generslly good of bade Older
‘aduits tepd to show less differentiation between different
abifitiesse Tris hypothesis_is callea de-differentiation (Reinerts
1970)s One possjble account for this hypothesis, if It |Is Indeed
trues is that sge declines In pasSic cognltive operdations,
especially In thelr speed of executlons tend to reduce
perforwance ‘feveis of older aoults on all apitity tests

¢ I..'- . "
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. Tablp1, " .
“ Correlations among -Primary ) “
Mental Abilities Factors

: " Group 1 (Mean-age 30) — :
. . L - . .
* v s . R " R -
v -1 . ' ‘ )
S 115 1 -_ .o
. R ..559 - .455 1 S
N -.390  .239  .489 1
N 531 . .03 425 33, .1
) - §
’ - Group 2 (Meari age 42)
v 1 -
S .296 - > s
R 11479 1
R .419 ) .248 .441 1 : ‘
N .508 .03  .439 308, 1’ R
wN\ "~ - Group 3 fHean age 58) .
4 vV —~° 'o, L
S ) ¢593 7 - A': ’ [
R . \83%  .650 y I '
* g .666 .528 * 627 |

© 557 ‘- .200  .505  .450° 1

% * = . v s -
.

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 ffguence. / . o
Abbreviations: V- Verbal' ’ e .
T . : S ~ Spatfal- Rotations . -
* R - Reasontng (Inductive)
© N - Number . ,
.. . ¥ - Hord Fluency P
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(Cunnln {a% snd. Birrens 1981). Takcn to the extrene, the

dedifferentiation hypothesis Imples that tests of abillty that are.

vaild for yoling aduits sre lnvafld tor older adults because the
tests are not aeaSurlng the same cognitive abliltlies In the two
populatlions. This Is an Important issue for any method of
occupatlona( screening: of ofder sduits whlch Is based upon
coavenfLonal bsytholef}lc tests, . - .
Eahﬂler stuJ”E of the dedlffcrentlatlon hypothesls used
factor apaiytlc methods to isolate sources of assoclation among
difterent Intelllgence tests. This is a statisticsi~technique
that |$ supposed to Urcover the underlying dimenslions of abliftles

.that arp testeds In different ways, by each of a_large battery of

tests. The dedsfférgﬁtiatlon hypothesls predicts that several
dlaenslons Wwill be unoovered by enalyzing ‘the data from tests
glves to young adultss and that fewer (perhaps only one) dimenslon
wiii be found in the dats obtalned from older aduitss The results
of-earlypstuales testing the deaifferentiation hypothefls were
inconsistent (Reinerts 1970) Much of the disajreement seeas to
have been aue to differences in factor,analytl methods used from
study to studys rather than I inconsistencies in the data Itself.
Recent.'studles have used more sdvanced methods to compare factor
analytlc solutions obtalnad from different age groupss A more
cppsistent plcture hes emerged. There does¥ appear to be an
ncrgase In the correlatlions among ability factors In late mlddle
age_and ol)d age tCunnlnghal, 19603 Cunningham and Birrens 19613
Hertzogr"1977). " Tabledl reports correlations amony flve primary ~
.abi ity factors for three different a9¢ groups from the Hertzog
studys. . The correl’ations among sbilltlies In the oildest group were
uniformiy nigher than the. sawe correlations in the youngest group.
Notes howuvers that most ot the changes appear to emerge from

;middle to ola-age. . . .

1 M »

In splte of the changano correlatjons among abiilty factors:
the recent results Indicate that the relstionship between
indlyldual psycnometric tests and the underiylng abiilty factors
seems to oe cohstqnt into old ages This ‘conclusion Is based upon
the, obsaervation tnat tne regressions of tests on fsctors (the
tactor loaalngs) from_these factor analyses may be consldered
equivalent for different age groups (Cunninghamy 198Q3 Hertzog,
1979)s We #3y Interpret the changing correlations .8S an
{Adication of a nodest fora of dudlffnrentlatlon: which is of
thqoretlcnl interests Why would conceptually distinct ablllties
becone more correlated with advancing age? Howevers the major
changes occur after sge 50 ands more laportantiy, 4o not appear to
affect the basic measyrement prop nties of the psychometric tests.
The data therefore causes |lttie ¢bncern*that age chgnges in
intetiectual ,structure invailldate the use of psyonometric tests
for.pccupotlonpl purposes for adults under the ageﬁof 5§.

L] 4 . [
The Hertzo, analysisy ;based upon Schalels tongltudinal datas
aads another bit ot usetul“infotration_about the stablility of
meptal perfonmances The study found. that absolute varlebllity In
" . ’ * T’
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2 general Intelligence factor Increased from roughly age 40, and

_that indlvidual differences In Intelllgence were hlghly stable ’
scr.oss the aduit tlfe spane The latter, polnt was Indicated by
correlatlons exceeding +9 between general intel{ljence measured
fongltudinajly over 8 14 year age Intervale This correlstion Is |
even hlgher than the .7 corretatlon typically foupnd between
adolescent ang adult performance (McCalls 1977)e Hertzoots
results show thats In splte of any age changes<in level of ‘

. performances the relative or Ing-of adults on a general
Intellligence fackor renalns'ggthqi;: constant over times They
further show that aveérage differenc between Inalviduals in thils
general intelligence factor Increase as they grow olders This

Jfinding is of considerable practicat Importance for selection of
personnels .Glven that two Indlviduals dliffer stightly in
inteliitgence, at age 20s the prognosis |s that the difference may
be grestery but wili be In the sasme alrections at age 50y When
conslaered in congunction with the evidence that high dbllity |
indlviduals may maintaln hlgher mean levels of performance (that lj

L

Iss show less age deciline) than 1ower abl llty individualsy these
Tesults provide a scientlfic rationale for Increasea efforts to
recruit higher abllity level personnel Inltiallys and to try Yo
keep them In the service longer. The Intelligent recrults today -
witl probubly.be Inteiligent (and expertenceq) personnel later,
There Is a“minor gqualificatlion to thl§s Interpretation.of the
HertZog results. One must remember that.the nigh correlatlions
between different ages found In that study are for an Intellligence
factor aefined by the covariances among séveral Intelligence

testse Measurement error (see Nunnaily, 1978} wlll 1imit the
betwecn~ages correlatlion (and hences the Pr dlctlve valldity) of |
any snngle Intelllgence teste - L. . "

-
. (]

We afgued above that the psychometric data pravide useful . ,
jlobal information about age changes In cognltions while the
experinental data on aye changes In cognitive processes provides,
in princliptes a more refined plcture of aging effécts on cognitive,
activity, One could slso argue that a'joint anatysls of ° .
inteltlggnce and Information processing capacity ts ‘needed to. g
expisin more fulty the sge effects on psychometric intelllgence |
thaet are observed == intelllgence may be best understvod when
considered In Ilght of informatlon processing mode (Hunt:

+970,19¢0). Horn and Donalason (1979) also contena t complex
+ skllis such &5 tnose tested In psychometric studles gust Be based -
partly upon acquired knowledges and partly upon more primitive -~

informatlion processing capacltiess _In somé of hils ‘stualess Horn
has attempted to measure these more primitive capacltiess and

- relate age alfferences In Information pProcessing capacjty to age
ditferences In fluld and crystallizeo laté€ili3ences His data
sugyest tnat the Intormation prog@ssing measures are hore ciosely
rejatea to fluld Intetligencey as predicted, Flgure 7 summarlzes
the resuits of statistical manlpulations In whlch the conaltionsl
distribution of tiuld lntellloegr:.are related’ to ages after age
differences In measures of atte and short term memory cr. o
neld constant by part correlations The dashed linas are the
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adgusted sge trendss um the solld _lines are the
_trends. There Is s signlficant reouction in the s
" fluld Iatelllgence ufter adjustment for the ipform
~neasures, While we have reservatlions _about the me
wséds ana the use of part correlat1on, the general
s0e trends in Intelligence perforaance are related
n Informatioh processing skills merlts turther In

-~

-

SUNMARY

~

- -

- s * ¢ . \

"The litersture on age changes. in psychometric |
sugyests that there are cnanges during the workiny.:
perforrzance levels on at lgast some abilitles. Spat
non verbal reasoning tests ("fluld Inteiligence”) s
particularly susceptibles Whether or not the drop"
reasonihy and spatlal performance occurs before or
2 matter of debate. Ailthough there are several cro
studies tnat suggest that tbe drop begins reasonaol
aduit 1ife (roughly 30 to 35)» these studies nave n

unadjusted

e trend for
tlon processing
sur®s Horn
hypothests that
to_age treands
estggntlon.

telligence
ears In megh’
al ablllt%rand
er to .be

n non=verbal
fter sge 50 Is
s-sectlonal
sesrly In

t sdegquately
better

controlied for cohost effectss The reports from tn
contrclled experiments by Schale et alss In which cohort effects
were Wasureds suggests that tne drop beglns place sometime psst,
*50. Because of Lhe ustrial Importance ot this qﬁestlon: s’
teglicatlon of Schale's works using other populatl ns, uould be_

nighly desirable in splte of its g&gense.
~__

Vlrtually all ps netric studles have concldde

that there |Is

=
~

4
-

4 SENSORY CAPACITIES

- } In some situations people tunctlon simply as detection and °
co;nltlon devices.r Tne complexlty of a detection sand
i ecognlition task can vsfy greatly from detection of a signalts
aresence to ldentification of a particular sjgnal in the presence
of distractorse Performance |In primitive detection functions is
venerally limitea by end organ sensitivity, wnile performance jin
more coaplex tasks Is timlted by central nefvous system (CNS)
functiloninges Both the sensory end~organs: gno the CNS systems

Involvea In sensory Informstion anatysls '’

pear to be sensitive to

-4gling.

*

In sone casesS marked anvironmental effects are also

observed,
hazar dous e

at may appear to be age effects,gs

people {lve In the

ironmentss

As a

Xenersl rules sSensory functioning 4n

all modallties aeclines over the working years, The detalls of thi\
_var|ous changes have been documented for vislon (Fpzards Wolfs
.Belly McFarlands ang Podolskys 19773 Weales 1%u, 19#45), audition

-

]

19~
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- VISLON=DETECTION AND PERIPHERAL EFFECTS -

- ‘-

) o 'y
S Aolng ‘arid Cpgnition .
* . ’ ) »
(&ergnann 19803 Corsos 19773 Urdy’ Brlzzeep Béaverss

1979), snd olftctlon (Engen» 1977). e wlll| cover vision and
auyition onlyp : they sre by far the most *‘bortant modsiities In
I‘l . LA

;x ’ 'a‘v' *

r r

-

Perhaps the best surmary ststement sbout vision s thet It
changes consldersbly Over the working yesrsy but tnat in the
norral adult it remains our most rellable sensory systems’

The eye Itself undergoes detectab Zhanges relatively early
in aduit life.. By age 40 the cornes shdws 8 loss of lustre that
Is probab)y assoclated with a change 1n corneal refractive power.
There 1s also an Increase In the Incioénce of.cornesd "grcus
senllis”y a yrey ring on the outer band of the cornes due to lipild
sccumulations This condltion occurs In less than 1X of the
populatig before sge 20y 'but It occurs In sbout 50% of the
populatidn by sge 50. Le'ss obvylous physlical changes are, also
founas Past 50 the curvature and thickness of the corneas

.. bngcreasess naxlno sculty~ifoependent sstignatisms aore {lKely,

The pupll decresses in slze from adolescences.and the latency of
the puplllary refiex Incresses with sge, B8y 40 the lens masss
volumes and denslty has incresaseds producling reduceg sccomodation.
This change is linear with ‘sges The lens yellows In color»
producing a flltering effect on Incident Ilyhte The largest
effects are in tne blue~green reglon ot the spectrums The lens
chanyes Its refraction Index» csusing & blurring of the retinsl .
Inages Glven these phenomens of norwal solngs it Is haraly
surprialng that middie~sged tennls players. complain about outd¥or
nlght 1lohting!, On a more serious noter it Is clesr that ehysical
changes in the eys ao produce observsbles althouyh ‘tolerables

visual problems by the 40s, ' . .

’ ‘ .‘

In sodition £d the normal pro 09503 of orgen deterloretions
tRe risk of pathotoglcal change | esses wlth ages Glaucomar
cataractss and most serlouslys ret nal deterloration due to
untreated dlabetes, are serlousypr blens beyond 45,
N The net efféct of thess end org9an changes Is to produce
easliy measurable changes In gensitivity and In light-dark
agaptation ¥n the middle sgede Obviously peofie In thelr 408 are
not olind» but thedr eyesight Is doxerioratlno in an Inoustrisily
significant manmers The problem can’'be acute {f therwork
situation requires the detection of wesk signsls in low levels of

. lllunlnatlonp eveh after tisme hss been allowed for dark

sdsptations Floure & sunnerizes dats reported by HcForland&
ODoreys Warrens and Ward {1960) on visual sensitivity during the

&rocess of dark sdaptation. The flgure shows clesrly that both

tne rute of adaptation and the asymptotic sensitivity after

adaptqtloq decrease fror yowth to niddle sges» This. s something °

-7 A Y, S
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S A .
 one should be aware of In setting standards for~i:;;xiuance In any

-

situation that cequires Jmovement fron llghted to dyfkened areas.

The glare producéd by nigh lllullnatlon also becomes
increasingly troublesome after ,age 40, due to increased yeliowlng
of the lens (Readingr 194683 Holf and Gardiners 1965)., The

. filteriny of the.aging lens differs accordlno to the, light's
waveiength. Adaptation tq glare fiom white iight js faster than
adaptation to yelfow bight In Young adultss but the difference
between sdaptation to whjts or yelligw 1ight Is reduced for olaer ~
individuats (Readings 1968). Thus older personnel should be more
able than younger personnel %o benefit from s numan's rglatively
high sensitivity to yellow l1oht uhlle being less affected by

' glare, Whether this effect Hould be targe enoubh to Justify use ,
of yeliow lignts In Some canronnents }s a question that Shouid be
studieds furtner, - : ~..

b

visual skgnsls in fixed flelds sre probably rather rares A more
common situstion Is one in wWhich s person aust alternate between
gazlny at relatively close displays and sesrching s distant visuai o
fieldse Thnis occurss for dnstances when a persori must alternate |
between looking aut of & .vehicle ana 9lancing st tne controi

Inagustris) situdtions ln which people arg asxed tJ‘detect . - l

‘paneis In order to do thiss the eye, must sccomodite répldty td

vislon st different distances, Formallys accomodation Is defined

‘as the adllity of the aye, to focus Sharp fetinal images of

external objects Independent of object distance eales51963). T

The data shows that accomodstion fromifar. visiom to, near vision N

deterjorates with age (Bruckner»1967)s This change‘is oftenz

referred to as "presoyopla.” Th nsrpest. deckines occur reiy |

iter age 40 == there Is a gean :éngnodatlbn chdnge of from 5 to 2 l

dbopters from age 40 to ag9e 55. This change ifdkeates that the

averaye 4u.year olg can Shapge focus frox th#far pdint to a hesr - .

point of aoout 6 CM.s but the average 55.0xesf old can only shift |

focks tu a near point of about 50 ch. Obiedts, ¢loSer than 50 ca . °

can ho fonger be maintained.sn sharp focus. <Xheré |s also ) }

eviaence that tne ability of the eye to acconndate cam be affected

by. the environments for instsnce by Jong tarh duty on submarlines

(Kinney et af» Note 33, The possibibity that age changes in ,

vision can bd exacerbuted by particular enyironments should be ‘ ‘
|

-

given more study. / ; _ S
PreSDyozlc changes Hn ?he visuaf near point appear to be

causea by chénges . in the shape of the eyes seni)le degeperation of I
the ciltiary body. anu ocutar musclesy and ltoss of flexloliity in

).the lens. As Is well knounpszhese chanjes also can result iIn
refractive changes which 3L a deterioration of visual acuity st el
the near poifity Put simpiy» the magnltude of the opticsl
correction required for regding Increases exponentially ss 2
function ofi age (Nealos 1963).. By age 50 & significant proportion
of the popylalion requires gtasses with a resding correction
(Bernstein and Bernstelns 1945), Visual aculty for far vision A .
nls? 1&03&,: decided drop with age. Flgure 9 shows sge stratlfjiéd
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dats on visual aculty at the far Point {20 toot distance) cospiled
by the National Center for Health Statistics (Department of
Health, Education, and Welfaresr 1977)s There Is a sharp decline
after ages 40-45 in the percentage of individuals having 20/20
visions and\l,corrns onaing Increase jn the ggrcentage of
individuals with 20/50 vislon or uorj;. Experimental tests of
visual aculty also/show 8ge declines/during middle age (e«ges
Eriksens Hamliins 4nd Breltpeyer, 19701, T, '

The preceding data™showed age chahges In statlg visus)
acuitys of accufagy In percelving the features of a stationaty '
objecte Dynamic visusl aculty Is défined as accuracy iIn )
percelving features of a moving objecte Dynamic visual acuity

- also declines witn ages Burg (1966) and Heron and Chown (1967)
tested dynamic aculty by haVing observers discriminate features of

, an obJect rotating in a fixed position In the visual fleld.

Burg's gata'(Flgure 10A) tend to show earlier and larger age
geclines in dynanml cult»—than Heron and Chownts (Flgure 108).
The djtference .may due 'to the range of visual acuity tested.s’
Burg's targets subtended smaller visual angles than dld Herun and
Chown's, Regardless of the detalls, tne existence of an

. _age~related change In dynasic aculty for 2 rotating oblect Is
clears . s

Reaoing (197c) had observers (20-30 yaars; 40-50 years) track
« target moving with varylng sngular veloclty across the visual .
tflelos Tne task was. to detect tha presence orf absence of a smafl
9ap tn an ovale The datas shown in Figure 11, follow the function
. * 3’ - - ’ 77
(1) Y= 4+ NX . ’
where Y Is resviution acuity, X Is the angular velocity (in
degrees/secs)s.M Is an éntercept parameter ‘(corresponding to
static_aculty at X =“0), and N Is & dynamlc aculiy parsmeter,
Reading found that separate #H and N parameters were requirea for
the two ajge groupse. Tne static sculty parameter was 113% greater
for the 40-50 year oldss while the dynamic aculty parameter was
. aboyk 50% greaters The two parameters were virtually
uncorfelated, Thus, independent. age changes I both statlc and
dynamic sculty were found from age 20 to age 59. -

Anotner_age change In vislon that may have miiltary
implications t's the snrinkage of the functional visual flelo .
(Buﬁq;,lqbd; wolfs 1907). Wolf?s data suygest that the shritdkage
rate Is yreatest after aye 50 aithough small cnanges do occur
aarller in 1ifes It Is wefl known that the orlenting response to |
.a msoviny ooJect Peyong tne point of focal attention Involves
mechanisms sssoclated with motion detection inp tne periphery.

whether tne restrictions In the functional size of the perlpherat .
visual tieta would I{mpair an older persons?s abjlity te detect

such obgects (parklculariy in conlJunctien with reduceo aynamic
acuity) 15 an Important, yet unansweredr question. , 2
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SUAL ACUITY

s

DYNAMIC V!
»
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Figure 10a. Dynamic visuai acuity: Hinimum gap in ring ‘detected
" with target moving at the angular veloéity indicated
. ' | I
, by the-curve parameter. Data from Byrg (1966).
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Figure 10b. "[iynamic visual. acuity: Minimum gap in ring detected wit
target moving athe anguar velocity indicated by the
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curve parameter. Data from Heyon ahd Chown (1967).‘ L
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,DYNAMIC VISUAL- ACU!TY AS A" - .

',_. FUNCTION: OF “TARGET VELOCITY ‘
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» Not atl aspects of vlslon show large declines during or
before méddle ages Depth_perceptlion_appears. to be. . stable until st -
least 3ge 40 to 45s The sge changes In depth perceptlon that have
been reported appear to have been confounded with 80€. change lng
sccomoaation and convergence, and-are not age changes ln de ?‘
perceptlon per se (Bell) Wolfs and Bernholz, 1972).

L ~

To summarize, age-related changes in the eye result In
cnanggg;ln meny visusi functlonss Including dark adaptations
accomogations statlic and dynamlc aculty, and functlional size of
the visdal fields W¥Whlle these changes are not large.enough to
warrant e general rule that midaole ajed personnel cannot of Should
not do partlcular tasks, .they, are large enough to warrant extended
testlng of visual capaclty beyond the mlddte .thirtless This {s
particutarly true If a, person might be assigned to duty requiring !
8 high level of vision. We emphssize that stanoard test of static
acuitys such as the famillar eye charts nould’probabf& not be

du

. remalns low (Willss 13803 Hendemson and Burgs Note 4},

adequate as a pred]ctur of performance for middie agedspersonnel.
This polnt s underscoreu by results reportea by Slivaks Olsons and
Pastalan (1981)s They examlned age changes, in nlght vislon for
reading traffic slons in a fleld sltustlonse Two groups of
Indlviuuass (mean ages 33 and 66) were requlred to discriminate o
smali retroflect sion while driving or rliding In 8 ¢car. The
groups were matched for statlc sculty at high brightness levels,
Sivak et al. found the greatest distance at which the sign could
be reao by tne .young anpd olo drivers. The greatest distance for .
the older drivers wds offly 65 = 77% that of the yocunger drlivers,

In terms of functlionings If olaer and younger drivers were .
traveling along a road at the Same speeds the older drivers would
have iess time_to react to a warning slons Perhaps the mpst
important polnt of the Sivak et als Study Is that the functionsl
disparity in vislon shown between Qid and young In the driving
situation was not bredicted by th&ir equlivalent performance In_ 3
high brightness test of static acultye This Is consistént with °
data‘on oriving behavior in flefd situations. Hills £19680)s In_ . ,
reviening the titersture on perceptlion and drivings notes that the
breakpoint for age~relateo increases In accldent rates colpcldes

with the age af Increasing decline in dynsmic vysuhi scuitye The x
Gorrelatlion betwean aynamlc visual aculty and dfiving sccldents 1s

largest In older populationss while the retation to statfc acufty ,
- R , o M

CENTRAL CHANGES IN VISUAC INFORMATION PROCESSING

v . y L S

. The vi¥ual fervous system Is organized Into a highly complex :
network of visuaf."chanpelss™ hiersrcnically orderéd networks of .
oraln cells designed to.be sensitive to spechfic visual features

In preclse spatial locations In the visual fields Visual channels

" are selectively actlvated according to the sallent ‘propertles of

the visual stimuluss e¥pecially sizes orientastions contrast ratio,
snd spatial frequencys Recent evidence collected by Sekulers
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Hutman» ana Owsley (1980) suggests greater age decline In the
sensitivity of ctlannels tuned to low spstlal frequency
| .. Inforsations . Sekuler et sl, examined the sblllity of old ana young®

subjects to discriminate vertical gratings varying In spatial A
trequency (frequencles ranging from 5 to 16,cycles/degrep),
There were no age differences at hiyh spatial frequencles» but age
differencss in contrast sensitivity emergeds and Increased
progresslvelys as spatial frequency decreasede These changés were
not o function of oculsr pathology of poor visual acuity. L More
Work 1S needed to determine the age at which:-this chsnge In tow
spatliat frequency senslitivity occurss and to determine which
levels- of the visua} netvous system contribute to the effect.

-~ -

- .

Other reports have indiceted age declines in_the qualjty of
visual Information processings Szafran {1968) examlined
recognttion thresholds for shapes» nhumberss letterss and wWordss
using young and old coamerclal pltots as observerse He Calculsated
cnannel capaclty curves by plotting output information (in.bits)
against Input informatlons There were sikall, put rellable age
1. changes. In the Information transmitteds althougn individual

differences were larye relative to the size offthe age effects.

) These and other results led Szafran (1968) to sugygest that age °

- changes _in visual Informatlon analysls are a function of age
increases In the level of internal "neural nalse" In the visual
systeme Gregory (19573 see also Vickerss Nettlebecks» and Wilsons

. 1972) .aovanced a simllar hypothesiss based upon some eviaence of

_ .age _changes_In_differential thresholdss Although widely clted .

{és9e» Welfuras 1981), the neural noise hypothesis nas yet %o

recelve a definjtive test., Indeeds we regard the data of Szafran
{1968) and Gregory (1957) for age changes In the accuracy of

visual giscrimination as preliminary. A rs .

There |s good evidence for age.changes in the speed of
Iinformation processing by the visual channels. Host studles of |
the speea of ldentification of visual stisull use some varlant of
_an experimental paradigm known 8s visual maskiny. The events in a
masking stuoy are shown In Flgure 12, Fifst a target.stimulus Is
presenteds a8t an Intensity that would ensure easy dgetectlon were
It to be lett In front of tne observer Indefinitelye. The-target
stimutus s followeos by 8 masklng stimulus (or "aask") whlich
overtiages the visusl image of tte Inittial stimuiuse The tine
petween initlation of the stimulus ano the mask is cajllea the
Stiyulus Onset Asyncnrony (SOA)e The SOA can be thought of as the
sum of two partst the time the target Is displayeay or the target
guration (TD)» ang the ceau time inbetween the target and masks . |
the interstimulus Interval (1SI)s The purpose of a masking .,
experiment Is to cetermine the shortest SOA (sometimess the .
shortest [SI) at which an observer can make 3 rellable
identification of the target stimuluse Thls shortest S04 Is
called the makkjn, thkesnola. It may be usgd as’ a measure of tne .
* speea of visual ldentirication. . T .

Turvey (Turveys 19733 Mlchaels and Turvey:"i979) has ShowWn
Y '
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that there are at least two .diffetent g;res of maskling.
Perlpheral masking effectss, which sre.largely controlled by} the
physicsl !ntenslty of the masks arise primarlly because th{ltaroet
.and mask stimull are integrated Into a single functional stimulus
‘In the' earljest stiges of visual processing, tral masking
phenomens depend upon. the perceptual relstion beguecn the stisulus
and the maske. Central masking Is greatest If the mask Is
constructed of visusl features slajltar to those used to construct
the stimulus, Thesc are called "pattern maskse™ The centrsl
nature of aasking IS shown by the fact that pettern masks are
effective under dichoptic presentstlions .== le.ees» when the nask is
presentad to one “eye and the target to the other,

As Its name Impllesy perlpheral masking Is thought to be due
to the Interaction between tne target and mask |In tne perlpheral
visual system (the retinal asnd visual tract prior to the polnt of
the fusing of information_from the two eyes). Peripheral masking
depenas upon the Intensity of tllumination of the target and masks
in_accordance with the foldlowlng fules

e - N -

) _ I
(2} TE X SOA = K »

1
a [3

wnere" TE |Is the target energy» 8 Is an unknown g¢xponents SOA Is.
the critical SDA» and.X Is 8 constant. K Is characteristic of an-
indlvioualts performance at 3 Sset level of accuracy, What the
rule in Equation 2 indicates Is that the masking threshold (584)
decreases 3s target energy Increassse In fact, above 2 certsin
Teveél of tarjet ehergy» which varles from person to persons no
maskinyg occurse

Age differences between young and old aduits have been found
In perlpheral masklngs_ and appear to be restricted mostly to X and
not 6 (Ti1ly 19783 Walshe Tllle ana Willlamss 1978)s In other
words, age does not seem to change the form of tne poMer functlonn
but olaer.persons require longer 50As to escape the masking -
function. Walsh (Note 4) recently reported peripheral maskling
data which Included a2 aiddle age groupes His-sample consisted of .

®

.24 young (mean age 187 yearss range 17<21 years)s 24 mlddie agea

(mean aget 4645» range 30~53), ana 24 old ‘{mean age 70.3» range
67=74 years) adultsy who were elther Unlverslty students or

alumnts The critical ISI to escape masking Is shown In figur® 13, -

There appear to be rellable differences in the peripneral masxing
constant between the younQ and mlddle aged subjects (the exfonent
8 did not airfer between them)e Thils result means thats, for a_
fixed target™energy, tne micdle aged persons were susceptible to
masking for a longer times Note that the data for the middle aged
observers were more 1lke the' aata for the older obsefkers.

The age Increase in perlpneral Rasking thresnolds coilo be
attributed to two sourcess: dgecreased energy Incident st the fetina
(because of yellowlng of the lens and other effects dlscussed
above)» or slowed transnisslion tlpe in.the perlpheral visual
channels, Walsh {Note 53 Walshy Till, and Williagsy 1978) argues
that the effect prabably rﬁfrcsents siowed periphe channel

[ - 7 - . -
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analysis, since inglxldusl differences in thresnolds for the r
target stimull alone count for relatively small amount of the
‘ variance in' 151 scross tndividuasls in each w«ge oroupe The ..
.evidence for the exclusion of ocular factors Is still scanty,
however’s and further research on this question would be lgjorder.
Unlike periphersl maskings dentral sasking is relatively .
Iindepencent of target and mask ‘energles. Instead It ¥ppears to be
a function of the time needed to decode the visual features of the
" target ana then fdentify it. GCentral aasking obeys the rule? -
. F 2

(3) SOA = Tv ¢ ISI = K » ~ - - )

yLore SOA is the criticsl SOA tp escape maskings TD Is the _target
durstions ISI is the critical 1SI to esiape maskings and X Is’a '
central masking.constante The K In Equatlion 3 is-aiso 8 - .
cQaracterlstlc of a given Indlvidual and‘level of accuracys but it
i< oltferent from the constant of the peripheral tuie {Eauation

- 2)e ' * *

Age ditferences in central masking have be€n shown H?qage 50
{Walshs, Note 53 Wlliianss Note 6), : walsh found 50As of
~. approximately 50, 60» andg95§;iec for his\ 20y 56:’and 70 year old
groupss respectively (these SBis_are inexpilcably shorter than

those of previous studies In the same laboratory == e«ges Wilsh,
Wiilianss and Hertzogs 1979)e In Walsh's studleésy, the turget
stimuli are letterse welsh (Note 5) also varled.thée nusber of
{etters 1o the target from 1 to 3. Masking thresholds far
sultiple etement targets. are of laterest because the additions| .
tire taken.to ldentify the extra targets reflects readout time of ¢
information from a short term vikysl storsge system often called
"ljconlc memory”. Walsh? data_sr#shown In Fljure 147 He sssunmed
that the letters were read out of iconic memory one at.a tine» ana
N t?erefore it a linear equation’to the data (the thin llnes in |
Flgure 14)¢ Even without committing onesgl® to the valldity of"
b the seri4l raadout assumption ASperiing, 1967)» The slope of the
\ linehr equation may be taken A4S 8 rough measure of the speed of
Inform tﬂbn readout from icghic memorye AS oan be seen from
Fi uFe 14, the increase ln{ZﬂA trom 1 to 3 'fetter targats appeasrs
to| intdract with age =~ note the roughly 40 “wsec. difference °

-

'\ betueeh young and middie sged Individuals for the 3 letter
ta} ets. These results sugyest siowed Iconlc resdout by sge 45.

-

. \\éa\:TUld be casiresble to extend the research to find the age.

. ere the decline in jconic readout speed beginse

\in absolute termss aye differences In masking thrasholds ar
not large. The difference between observers in thelr 20s «7fd
In.S08's for singie letter targets Is on the grder of 25 mse
This_ajfterence Is small relatlive.to «ge differences in motor
reaction times {see below)es Nevertheless, any age effects on <& |

. .masking functions are of interest beciuse ot theis theoretical .
f’ﬂ’/ Interpretations Central .maskings In particulary prov;;;; a falrly

“the ] |
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VISUAL SCANNING THE/ TASK

) ISﬁTO LOCATE LINES CONTAINING
* AN llhxll o : . ’K .

« « Figure 15. Yisual scanning task: - J

. v‘ ‘. -
- ?
s p/ .
[ ’.
'“ -
-~ — o - N j




. i ; .. " AOI@Q and Cognition® ) ) .

- J‘ ’ ~— L4 ‘l

. ~ -
visual nervoqs system. Chaﬁges in nusklng do appear to occur by .
middle age. Furthermores studies easur ing the brains electrigal P
response durlng stimulus jdentification also show slowing of brsin -

sctivity with advancing age .(Ford\ana Rfefferbaums 1980) Thuf a ..
modest deciine in masking may be am Indlcation of a pe aslve . .
slouln9<brocess that could have multiplicative effects In comp ex
problem solving situationse. .As~Ww shall see, there Is a good deal Ve
of evidence to snow that a gemerallzed stowing of cognltive .
process oes occurgalth eges It would therefore oe useful
have studles In which mesSures of siowlng at several levels f
cognitlve processing wuere taken =~ for examples -easures o ‘
masking could be related to.performance in situatjons requirln
visual 'scannings stl-ulus Iaentlflcatlon: and problem sdlvlng.
o \ .

“"To close tnls sactlon, we conslder a more complex tas '
visual scanniny studies, the observer must focate a target f gure
In a field distractors == e,g.s ete;plne which tiftes have t e ’
tetter "X In the ailsplay In Flgurai{,y A large numbier of tud
have stown tnat the elde \y {(age 60 and beyond) are slower nan

young acults . in visual scan«uno (Rabbltt, 1968)y and sre nm
tlkely to be distracted by Arrelevant information durl
(Rabbltt, 1965). ,However, those studles tnhat have |
middle aged group have typitally not shown-ghanges
rates frop age <V to 50. Whi'le this makes it 1}
chanaes *ip scanning rates occur Q’Eer age 50, ¢t
are qulite 1imjted. .o y n

cannlno
fuded a
n scannling
ly.that the mal
avallatie data’

L]
»

Ap Implicit assunptlon .0f most scanning studles Is tnat the
obsefvers are responding as fast as they can wlthout making
errorse INn facty tyoulh, people can trade off speed for ‘
probability of error, Thus_an apparent. slonlng of scanning speda |
Mith aye might reflect the aadptlon of a more cautjous search
strategy rather thania loss of the capability to scan rapidly
(Pachellay, 1974). . Hoyers Feboks and Svea (1979) observea that 1
Ihdividuals In thelr 40s ano 50s were slower but more accurate/in 4
a2 visual sorting task similar to visual scannings This result |
suggests that the miodie aged indlviduais might have traded off, .
speea for greater accuracys. perhaps because of a jJouer toleranc ‘
for erfogse Older aduits often appear intrinsicaily to prefer
accurscy over speeda fn these kinas of experiments (Rabbitty, 1977),
but a simple tradectf probably coes not @account for all the speea (
differencas in visual scanning when ope compares earily saultho d
to tne retlrement ages. : , . A 4

LI
+

. There seews t@ be a difference beween the way that visus

scanning stuaies are done in tne laboratory and tne way tnat

visual scanning seems to occur in most practlcal situations. 1In

tne typical laboratory studys: the ooserver IS as<eu to scan 2 —~—
display and do nothing elses In field situstlons visual scanning i

Is typlcally done.in conJunction with other taskss To {llustrate,
,2 motor venlcle artver continues to guige the car while scanning

rosd signse . Rabbltt (1977,1979) hag found that differences In tne |
visual sGanniny perforhnce.' of youn]é and elderky subJects can be o
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magnified elther by increasing the number of dlstractors in a
display or by introducing sn sncilisry (memory) tesk. . This, so(t
of result has lesd several, people to conclude that visual scannlng
demands "attentional resources®s and that these resources are

. reduced with age (Rabbitt, 19793 Hasher and Zackss» 19793 see the .

section on Attention below)e abbittts ‘results, which sre not

based on studias using middie asged subjectsy suggest the need for

furtner exploration of age changes In scanning performance uhen

one In congunction with othef taskse .

I

; Another Indicetion that age channes prop!rtles of perceptlon
is \the change in several visua) 1iluslonsy Such ss the Muller=Lyer
ltigsione Comalll. (1970) has reviewed a iarge body of data. which
sugggsts that older persons have Jlluslons similar to young

en == that is» » “rcgresslon" of the perceptual Jllusion to

Ievels. However, most of the change appears to occur in

1]

way of summarjzkng the results of the various stddles on
visual detection,and ldentification is to consider what
tasks would be expected to reveal performance differences
paople In tneir 20s and 40s. If the task required -
n of rapidly moving targets, at low levels of -
tlons» younger observers should be markedly betters» enough
the dlfference might be ofeserlous concern to equipment
designeqds. If tne task requireac rapld ldentification of singie ~
stisuli{the younyer observers night . still be more raplds, but thelr
advantagé would.probably be guch reduceds If the task requlred

e

between
detectl
tiiumin
so that

that th
array o
_be €xpe
scannin
conJunc

observer plck oyt
stimull of the &g
tteds Howevers; p

learly distinct stimulus from an
ne typey large age differences would not

erfhaps age effects would reappealr If the

) task were made more difficult or
fion with other taskse

if it were.to be done n

e/

™

r
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AUDITION®

HearIna s exceptlonal)y sensitive to ages. Many changes In
audltion are assocliated with stralghtforward changes in the :
physiology of the inner etar; atrophy and deyeneration of hair .
cells and supporting structures in the basal coil of the cochles,
strophy of the strie“vascularils of the scala nedia (leading to .
deflciences in endolymphatic flulds) and atropny of structures

. assoclateo wlth~cochlear vibrattons Each of these changes miaht
tneoreticaliy pe associated with different types of loss of
audltory sensitivity (presbyacusis)e The cocniear changes should

* be assoclated with speciflc high frequency hearing losses that are

characteristics of aovancing age. Changes in tne endolyspnatic
flulds should lead to a uniform loss in sensitivity at ari

-
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frequencliesy combined with idudness recrfitment, so that noisy
situatlons should make flne discriminations ‘harder, Changes in
cochlear vibratjon should be associated wlth a, graded loss of
hearing from low to high frequencless All thgse phenomena have
been observed (Bergmans 198G} Cofso» 1977)e ,/In adajtions there
are age related differences In hearlng that /are prooably
assoclated with cemtral nervous system factors. I1sofation of thg
central from the peripheral effects Is an jmportants byt difficult
taske - Speech perception Is 3 good lllustration. The :
upnderstanding of spesch seems intuitively to be & centrat process. .
A measured loss in speech perception ganmot routinely be '\\
sttributed to CNS deterlorations because peripheral changes may
jimit the quality of the_perceived speechs’ To account for
per ipheral effectss studies of age differences In speeéh
perception often spPeech perception after equatlng subjects for
peripherally proguced‘presbyacusls.(Corso, 1977). Howevers It |s
not always clear that matching listenérs on tne perception of pure
tones in a given set of frequencies (or any other single
.crlterion) does In fact equate indiyldualsy since they may differ
in fprms—of hearing loss not tested by that crilterion:

"'"T‘ [}

w aye assoclated losses occur In the abillty to getect’pure
tones by aje 40s If not- sooners although véry pronounced, changesg
do Aot occur GRCTT somewhat latere Figure 16 shows that suditory
sensitivity to pure tones declines exponentially from young -
adultnoods with the greatest 1dss at hlgh frequenciese The
largest agaciines are a%w hluber frequencles than those critical for
perception Ot normai SPeegch (roughly 1000 to 2500 Hertz)s but ‘some
sge~relatea -decline in the speech frequencies is obsarved. For an
4s yet un<nowWn reasons the loss |s less in Womeff, than In men.
Corso (1977)s In reviewing these datar states that beyond the
widdie .30's some hearing loss Ts evident in virtually st ‘
individuals. Beprgman (1980) emphasizes £he coaplementary slde of
the picture =- namelys that there are both Individyal differences
ana subpopuiattion differences In presbyacusls curyes! -We should
emphasize then that tne curve In Figure 16 s régresentative of
average pure tone Sensitivity for-members of Western .
Industrialized socigtless '~ . - .. -

In addition to_ loss in.detectlon, loss lt‘dtscrlnlnablllty of ,
suprathreshold stimuli also occurses - Figure 17 demonstrates tnls, )
. by showing pitch scrimlnation as a fhnction of aje and frequency
LKoniys 1957)e igjnas the case for £tections Lhe loss IS’
progressively yredter as the frequency of the soynds increases.
The loss of discrimination st the fHlgher frequencics In Figure 17
is clearly evident In the 25 = 35 age range. The aats froa
Figuges lo esno 17 indlcate~-that It may be necessary tQ _Screen s
,mtoalt ‘aged personne! for hearing loss if anelysis of middle to
high fruquency sounds (roughiy, greater than <300 Hertz) is an

Important aspect of thelir Jobss . . . . ‘

white there 'are industrial SLEUFtdohs in whlch tone aetection ‘
* and/or discrimination Is Impdrtent, speech perception Is far more
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laportant., As‘iloures ¥6 and 17 shows there are losses qf
auditory capacjty In the speech freduencles diriwg the sg
Interval 20-35‘ These become mbre marked later In +ife. JIhe
Importancde of these losses vary grestly with the don tlo s of 4
speech p ceptlon. Bergman et _ale (1976) deternindd peech
detectlo ip listenérs whose age varled from 20 to over 70, Both
long btud nal snd cross~sectl nal dats were—taken, luanb this -
study one of the better designed ones in the |lteratufes 1In
addition to deterllnlng detectlion of normal Sp¥echs speech.
detection was determined under s variety of adverse cohditlionse A
portion of the resuiting dats is sbkown in Floure 18. Three \
functlons are showns for ageé-related perception of normal speechs
speech presented ultp a compgeting speech slignal In the Yackgrounds
snd speech that was interrupted electronicallys, as might be the
case In t‘ﬁtatlc-pronq radlo transmissione AS can be seen from
the tigures there Is fittle interference with normal spegch
perceptlion unti | beyond age 60, Somewhat more age-relate "’"\
decrement Is showngln selective §istenings and very marked .
decrements are shown in Fistening to lnterrupted speeche Corso
(1977) suggests that much of the reduced speech perception with
advancing age may b a function of Increased time to prbcess
information In th:;fudltory cortexe The peripheral changes

discussed abgve probadbly contribute tp the qoflplt also.

. Berjgaman/ et +'s experiment Is an Important one for two
reasonss Cdnveritionsl audlometric exsainations determine pure
tone frequency hearing lossg on the assumption thst this
correlates weli with tne perception of spoken words (Geldard, .
1972)s Mhile this may be the case for the perception of singthe
words In iwelations other factors may be involved In the -
perception of serntences under adverse l1§tenlno conditions.,
Bergman (1980) suggests that high freguepcy hearing loss wiil in
fact “"generslly create considerable difficulties kn understanding
speecn heard und®r otner then optimai conﬁltlops" (page 30}, A
tecent sfudy reported by Bergman (J980) emgb@slzes this point.
Miodle aged (ages 45 - 63) and older Ilstené;s had more difficulty
understandinyg speech of talkers whose volce anﬂ speech patterns
Were rated as Whispered speech was parv cularly
troublesomes et guyn?s explanation Is that Hh{SPefBﬂ,SPCCCh
reduces the amownt gf Information avallavle .fromeglottal )
{(phonatory) ener placing greater import on t 3litivel9 high
frequency lnfprmathn present In the formants

L] r

Sfnce many, Industrlal‘ltuatlons do inevitaply Invélve poor
llsf@nlng condltionss It would be advisible to detegmine whethér
of not defects In practical speech perceptjon aré -fdestl
gurrent audiometric measurenment technlques and» fr
what nen measurement technigue voulu oe approprlate A second .»
polnt to keep in mind sbout Bergnan et al's_results ls,thut; te.
anythlngs they may understate the serlousness ot the situstion.
In the B8ergman-et al. expesfiments, listeners gendrally ueL -
requifed, to report speech verbatime If they had also b
required to compréhend and evaluate that. speeghs the adj
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processing requirement nlght have Interacted witn the attentionsd
demands of the difficult spegch perception task to produce even
greater sye deflcits: . —
While certaln chanhges |h"the suditory system are Inevitably
sge=reld9teds personsl experiences are also strongly Involved In .
the ceterminetion of adult hearing capscitys It Is well known
that enviornmental eveéntss In particular exposure to Intenses high
frequency nolses for a long perfiod of times csn produce marked
loss of hearings Such slituiatlions are’ particulariy common in.an
Arned Services environments Whether or not environmental damsge
Is additive to an age effects or *interactives is not knowne This
probably depends upon the.precise type of damage producea by the . .,
éenvironmaent (Corsos 1977).' Part of the differences iIn .
presbyacusis curves between popul ations- of aduits may be a .
functlonv of environmental factorse The differences can be qulte ‘
larges FiQure 19 shows dats for 2585 Wisconsin residents and 541
Mabasnss 8 gtoup ¢f Sudanese tribesmens Note that the hearing
loss In the Mabaans trlbe Is much smaller than the .loss in the . .
*  MWiscogsin residentse The yls?oﬁsln tesidents may be more
repregfntatlve of the populstion of Amerlcan service personnels. —
More serlouslys the data of Figure 19 itlustrate dramaticaliy how
much of our "normal® aging trend msy in fact be a reflection of
our normajl envlronnentai hlzards and personal health hazarcse

“~
' Conslstent with these findingss there Is evidence that the
UeSe population as a whale |s becoming more hard of hsarings The
rate of Inclcence clinlcal deafness In 1960.was approximately 300
per 10,600» up from under 200 per 105000 in 1940. B8y the turn of
the century the deafness flgure |s expected to_reach 360 per
10,000 (watson and Tolan’ 1967)e If we assume that the iIncidence
¢f subclinical ca;esrof hearing loss Is proportional to the
deafness figuress thls means that there is a marked cohort effects
leee that the 30 Qndaéo year olds of tomorrow ‘Wwill have s greater
Inciaence of, hearipg troubles than do people fn thls sge bracket
todaye. Part of this cohort effect might be related to perdonal .
nablts =~ Rryter (1970) has reported a high level of noise~related i
deafness ano hearing loss In rock musiclanst The Impact of the
s+ Increasing incldence of major hearing loss upon industrlal
. per formance shoulo be lnvestlglt&d.

e

- Fd -
Inexplicablys ere dre fo studles in the literature of age
chanyes “In the speed.and integrity of aucltory information
praocessing analogous to. the studies In visual informsation
processiny reported in the precediny sectione. For, examples we do
not xnow how the process of Information readout from echolc memory |
(the abditory edqfiivatent of Icomic memory in vislon) Is af%gghggh__-’/,/*.
by ayiny (Crowders 1980). Since the organlzation of auditSry
cortex ana related pathways in the braln differs from the
organlzation of €he visual centers (e.g.: there are ‘more primary - |
.coftex areas devoted to audition than vision)s we should not
assume tnat age changes In the tuo systeus uould be strictly
.o ldentlcal.
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. COMHENT ON SENSORY CAPACITIES AND AGE .
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»

Mapy of the sensory detection a d’ﬁ}scrihlnatlon Studles T
currentiy In the literature have re?T!ﬁ upon @ personts abliltysto
. detect a stimuluss assuming that al! indlviduals use the same
crlterion for aetectlon. If there Is a systematlc shift in
criterla with ages In the alrection ¢f demanding a higher . ’
criterion slgnal before respondings then Increases In "cautlon®
woula appear 8s decregses In sensory sensitivitye A limlted -
amount of evidence sugoests that this is indeed a possibliity *
{(Cralks» 19693 Rees and Botwinickr» 1971)., Whlie It Seems unilkely
tnat af?epetltlon ot the studles we have reported using
oF on-free methods (@e.9ss Signal Datectlon Theory approaches)
'would eliminate the age effects, the magnitude of the estinated
age change miynt be reduced. If Jt were the case that some of the
age-changes were lndeed”a functlon of the qbserver!s criterions
then middie aged personne! coufa e trained to increase their” ™ * ° -
frequency of false alarms to adjust for cases’ where a mlssed
signal woula have a high coste . \
. Stuaies denons%rat:ng cefects In slmple detection of stimutl
are apt to pe dlsmissed with the ,comaent that there are obvlous "’
prosthetlc measures. Eye glasses are common In our sqclety., It
Is much haroers howevers to remedy perceptus! and sensory defects
. that are assoclated with accomodatlon to ranges of stimull} wege
rapjd shifting of the gaze from‘far to neaf and back agalns or
tiltering a slgnal through nolse In g’ speech perception taske *
. wnlte the typical man or woman In the 40's ls nelther ollind nor -
ceaf In the clinical senses drops In the sensitivity of vislon and
hearing In tnis age range are large enough to warrant study of how
. they affect performance In demanding work environaents. -

’
"

. N ™~
In tnis sea;son,our,rocqs has been on sensory and primitive
perceptual processes, to the exclusion of more complex processes
of stimulus snysis and response productlione Although the

. intersctlon between sensory and hlgher order cognitive processes
has been 1fttle studied» It may be quite Important both - \ R
tneoretlcally and practicaiiye We shall argue below tnat higher

oroer cognltive functloning demands attention, and tnat one of the
. cnaracterlstics of oluer Inalviduals Is reduced attentlonal
capacitye 1In younger Individualss adequate sensory perception may
. proceeo atmost Independent of any allocation of sttentions whergas
the oluer indlvidual may.schleve the saae level of senspry .
perception only by actively attendlng to the stimulus chsnnel. 1
Primltive acts of perceptlon become competltors for attentlon for .
the older person in a way that they are not for the younger. Thus
an older *person whos» with effort, couild pass a test desjgned to
evaluate sensory functioning and nothing elses mlight not be able
.to tunction In a3 Job tnat combined sensory perception with wore
complex taskse T - s
- . r
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.- Minor sensory problems can lead tQ psychologlcal discomfort,

even Jf they dowot affect Job performance directiy. Among the

slderly there Is clear evjdence of emotional disturbance

assocliated with sensory losss especially when that loss affects .
tunctioning In Inteliectual situations (Corsos 1977)e Whether
minor probieass sdch as Irrfitabilitys would be characteristic of
middie aged Indlividuals working In nolsy or low vislon

. environments Is a matter for speculations As the syccess of the

» voluntéer services depends hegvlily upon attracting these
Indlvidudls to mlllitary careerss and ‘keeping thes In those

, .careers, some thought should be glven to changes In working

situatlons that can avold such -problemss .
» ) ’ d
. »
* & . Fs O
5 THE'QAPACITT TO ATTEND
- LR - - -y = 3 & '.--4 L] T e T ').

[ ]

In studies of visual and auditaory capacltys, It Is Impilcitly
asspmed that the Inalviduals peing evajuated are glving their full
attention to the.test ptliulus. The asSumptlion Is probabiy
correct, oecause testing situations are simpls (2.9, a list
may be asked If he or she hears a tone) snd because test
sessions are brlef. Wnen more cognitive ablill'ties are being .
examineds 8s In studies of memory &r problem solvings care must be
taken to control a subject's allocation of attentlon to varlous
aspects of the taske Attentlion allocatlon Is also of conslderable
practical Interests Many sccldents are, "explalned” by sayling that
the people sinvolved falled to, sttena properiy. There Is aslso a
great aeal of anecdotal evlioence suggesting that the abillty to
control attentlon decreases with age, Host of the anecdotes have
to do with Inattentiveness In old sge. Less is known about changes -
in attention as people move From thelr twenties to thelr sixtless
Ctearly the average person of thirty pr for'ty does not loge the
abliity to concentrate to the polnt that Inettentiveness becomes »
personal probtem requiring professionai helps AS was poipted out
in tne introductlion, a seall decrement In 3 psychological function
may .be trivial to an indivicual but laportant on a population
basise Given that changes In attentl;eness are observed In the

-, elderiys it is reasonable to ask whether or not minor changes In
attentiveness can be ooserved durlng the working yearss <

This question is hard to snswer. Attention must be measured
inalrectlys by observ.ng performance on tasks that require
attentions but that also araw on other psychqlogical functions.

To lilustratas suppose that someona hss a notorlously poor memory
,for peoples’ napes. Is this begause the Indiyidual does not pay
attention, when §ntroduced to strangerss of because the person's
perception 1s deficlents of because the person finds It hard to
stose and retrieve information? HMore particularlys because It is »
ressonable to belleve that peopie lose some ablilty to control

~ ) [}
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ttentlon 3s they ages a number of experiments on memorys problem
solvings and aeclslon waking Wave been “explalned" by dssuming »
loss of wsttentlony We shall argue below that this concluslion Is
warranted only Jn fairty limited circumstances. ,Furthermore, if
the concept of "loss of attentlon™ Is to be appealed ta as an
explanatfon of experiméntql resultss one has to define ‘what
attentlion Ise MNo satlisfactory definition has oeen offereds

~

The remalinder of thfs sect¥6n discusses some of the

.and methodological probleas Involved In determining =
jiity to aliccate sttentlon to Information processing P

i Bthough some experimerital results wlll be cited, the

thrust- of/the argument Is theoretical., _The major purpose of tne 3

section Is to. Introduce concepts about attention that will ‘be"

Impoftant whém we des) nlth the relation between age and rligher .

. cognitife fund®fons such as memory and probliem soiving.
' 2 A ’

’ <

o . 1 e -
TAENTIONAL RESOURCE MOCEL “ . . .

55 - .

>\ b J . A ’
way of conceptualizing attentlon is to take the hotlon of
S _"payiny Yattentlon® qulige 1jterallys by tragining that we have a
finite amount of att ntlohal resources. An attention demanding

task |s one .that requires the expendlture of resources from tnls
supplys Kahneaan (1973) has presented this ldea in some cetalt,

In his views any mental task requires the, actlivation of mental
structures. These are the mechsnlsms tnat accompllish the

functions requlireas to do the task» such as discriatnation of t
oogectss renearsal of Infargation in memorys and tne manlpuilstion

of visual Imagess. Each-of the stregfures draws upon the pooid of
dvairable mental resourcess A The poot itsel? s termed attentlonal -
capacity. A Structure wlli Increase Its demands upor attentional
capacity tf tne Informatlon processing load on the structure s
increaseds Simjlarilys the greater the amount of resources
. provigeo to a structure when cesling witn a fixed Informetion
processing 16s0s» the more rapldly ano accurately tne structure
Wit} werfora Its ‘task. Complex tasks, sych as reasging @ novet of
' oriving an automobllies require the coordin ted activatlon of

several structures and an spproprlate #ilocation of attentlonal | £
resources to each of tnem. . .

’
vy .

constder some abstract task that Invoives one of more rental
structures. The function relating overt performance to the amount
of attentiona} resources allocated to tnose structyres required by
the task is callea tne performance-resource functlone The '
performance-resource function Is unobservable In princigles .
becsuse "attentlon3l resources” refers to an aostract concept T
Q ratrer than 3 measurable expendlture of enérgy. In-gplte of Its

|

. purely congeptual natures the performance-resource fu
used to 'classify tasks by trelr résource demands. MNormal end
Bobrow (1975) define rasource—timiteo tasks a8s tasks on
performance function is strictly gonctonicatly Increasings teee
tasks on wshich performance levefs [ncrease 1lth 4n lncrease [n ‘the

. w
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smount of resources ellocated to the tasks HNot sl tasks are
resource fimlteds ano s single task may be resource |lalted under
some conditions and not resource-llmlted under other condltions.
Teke the case of a person listening to the radio unoer poor
receptlon condlt18hs. Accuracy of reception wili depend partly
upon the attentiveness of the |lsteners At a certain polnts
thoughs' concentrating harder sieply wlll not further impro
reEeptlon. Asymptotic performance %lil depend upon the physical
nature of the stlmuluss asiflltered through the listener's . .
suditory apparatus., MNaxImuW scéurgcy may be reached wlthout the
llstener aevotling complete attentlign to the signals to the
exclusion of ail other stimull. In such s case performance’ |s
sald to be "datq-llu!€ed.", The term implles that performance is
linlted by chardcteristics of the external Etlmulus buts 8s the
exanple showss a data limltatlon may slso be Imposea by the
character aof s personts sepsofy or s’ntal strugtures.s For’
Instance, in consideratlon of the dats reviewed in the preceeding

sections presbyacusls mlght .Impose 3 data lirlitation on the -
auditory tasx performence of+older adults» even thouyh younger
agults weré resource limlted ynder /the same condltions, .

- " - - w
One way to.think ::hzfe Alleged Inattentlveness a‘ older .
asauits Is to assume that sttentlonal capsclty decreasow with age.

)

Thls will be referred to as the "aktentional deficit hypothesls."

If the.hypotnesds Js trues performance should decrease wlth age
whenever people are aevoting full attention to a resource limited
taske While this Inference is conceptuslily stralghtforwards It Is
oifficult to construct a practical test of Its The problem Is .
that one cannot be sure that.miximum performance |Is deternlned”by
a resource limltatlon rather than a deta llmitatlon. Conslders
for exanplggAtha study of tre speeﬂ with which people do mental
taskss varylng from stmple cholce feaction time studies to
ressonably complex mental arithmetlcs Almost every study of age
effects In sych tasks has shown 8 decrease in speed of mentsl
performance with advanclingg age, The decrease Is evident by the
thirties and forties (Birrens 19743 see also the adiscusslon of
specitlc tasks glven In the followlng sectlons of thils report),
Furthermores the.decreage cannot be accounted for by chinges In
motor capabilltys because the amount of sge~related slowlng Is:
related to tne psychotogical complexlty of the tas&Lrathar thsn to
Its motor components {Cerellas Poons and Nllllamss ¥980)e K Is
also true that under certain circumstances speed' of mental
performsnce 1S a reasonable indicstor of the saount Qf ettentionsl
resources atlocsted to-d task (Kahnemans 1973; Posne 1978},
Thuss although one Interpretetion of the observea slowlng Is that
attentional capacity decreases ulth‘aoe: thls conclu¥ion Is not

"alctatea by tne aatss Siowiny coulo easlly be due tb structural

cnanges in the centeral nervous systems sucn as deayllnlzatlon of
nerve flbres or a reduction In the pumber of neurons |n the brain
nore generallys the fact that changes in the speed of Indivigdual
performances across conditlons of an.experjment may reflect
chanyes In attentlon allocatlion does not mesn that changes In /
lnter-lndivldﬂal performsnce In the same experiment are due to

' / " R - i -
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lln%er-lndlvl&ugl alfferences In attention'sl’ capacity. -2
An artarnative way of evaluatlng the attegﬁﬂon deficlt H.
hypothesls Is to restrict the afount of attentPMn that a person -

can allocate to a taske This is done by introducling a new task
thst s to be performed on 38 high prlorlty Pasise The original
task tnen must be done wWith 3 persdp's "spare capacity”, This Is
deflined as the attentional resources that s person has remaining
sfter ajllocsting enough attention to reach a satsifactory -
performance level on ths primery taske The technique of
A evaluating spare capacity by consldering primary and secondary
tasks Is called the "segondary task paradigm.™ It is 8 specisl
casefof 2 "duai task sltustion™s In which people are asked to
perform t4o tasks .more or less concurrently. The conceptual
argument for the secondsry task paradlgm Is strailghtforward, b
Iragine two peoples A and Bs both-of whom hava sufficlent
sttentional capaclty to achieve maximum performance on elther. oq‘gﬁ
two taskss 4 and 2» when done alones If the two tasks are done
together, the joint demands of the tasks may exceed the,
atténtlional capacity of person "A but not person B>, making,it .
> passible to discriminate betwsen thems 1If the attention deficit
.hypothesis Is trues ofder $ndividuais shouid shdow a grester =
decrement .«n performance than should younger peopie uhen moved '
fron a single to a dual task situstion.
While the observation that older Individuals have trouble
With oual tesk situations would be consistent "with tha attention,
» oeflcit nypothesiss alternative expisnstions are possibles The
secongary task paradigm was originsily developes as a way of
measuriny the attention demands of the primary task (Kerrs» 1973).,
The reasoning was that If the secondary task Is resource limiteds
then tne attentionsi demands of two primary, tasks cen be compared :
— by observing how great’l decrement occurs on secondary task
perforasnce. Thils aryjument assumes that the secondary task ls
resource iimitéar and that the primsry and secondsry-tasks do not -
compete for mental structuress When the secongsry task patadiga
Is used to study individual differences In attentional capacitys
some more compilcated restrictions must be met, Basicaljys these
have to do with the psttern of correlations between performance on
the tuwo taskss both alone ahd in combination., It Is also
| _  necessary to observe primary task performance st tuo leveis of
~ _difficuity (Hunt and Lansphns 1981), . . y

-

LY

t

s

Tnere have been several reports of age related decresents |n
performance in dual task sltuationss Includiny a few studles that
have used €pe secandary task paradigm. In intervjews with experts

- igoerontology we have found that there is a strongly held belief
. ~that oual tasks become exceptlonaily difficult as one grows older.
Data from studles of dichotlc listening are clted in support of

the thesis. .,The participant in 8 dichotic listening task hears

two messajasy presented simultaneouslys one to, each ear. After

- the meésages are completed the participant s cued to report the
messaye from one ears and tren the message from the othere The .
‘n To- o . =36~ . . s -
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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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Reaction time to probe’tone alone (simple RT) or in
the presence of easy.or hard memory tasks.
Verbal. Memory Task. (From Hunt and Lansman, 1981)..-
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baredligm |s {ltlustrated schematicaliy In Flgure 20, Note.that the
order In which the messages are to be reportea Is noty indicated
| after the messages have been recelveds The coﬁ?@ﬁslon thet |
!plcally cltea Is that there ls an age relat d detremgent In |
the ablilty to recafl the message pepartea secondy but ngt.in the
sbliity to recall the message reported flirst., Th s has heén .
explalned by saylng that Obder inaividuals are unable to refain
the second message xhile reporting the flrste .Such an expl nat&qn
Is consistent with the attentlon deflcit hypothesyss as é} ss‘uell
kown that short term recsl! defends upon the atténtlon that a
person devotes to retaining information In working memory. ‘-

N
-,
. .J “

There are two problems with thls concluslqn. .One Is fhatfthe , l

exper Inént ades.not ruie out the possibltity of structural
Interferences If artlculatory structures are required for* the
malntalnence of verbal Informatlion In short. term mewory, dqe uould J
expect rirst message recall to interfere with seconad message s &
recalt because of competitlon for a structure rather than becaUSe |
of campetition for a generalized attentional resources This Ls a
repsonqole hypothesls because there are data suggesting that-~
subvocal rehearsat.ls requlred for verbatlm recail of Intormatlion
held fn short term memory (Baddeleys 1976)s A second objections
which is soméwnat stronger because 1t does not depend’on a
theoretical interpretations Is that the data are stmply weaker’
than the statéments In the secondﬁry llterature would tead ong . to
believes Figure 21, adapted from.Barr (1980)s shows the.a;z(ige
number of diglts recalled In a3 dichotic listening sjudys as.e .
function of .age and order of report, ¥hille tne age effeoct is .
larger forf recal! of the message reported lasts, the hlscrepancy
vetween p e effects on first and second lessane recall Is not

|
|
striklngo .. . /\_ A . ‘ ,‘1

I
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, Hunt gnd Lanswman (1981) condycted a serles of exper laénts

’_thag were specifically deslkgned tp eveluate jndividual gl fferenes
S

tentional capaclity by use of the secondary tasks paradigme

Here we report an additlonad andiysis of thelr data (not Inctuded

in tne original report) because [t alrectly aadreswes the, y
ttention deflclt hypothesis, The tgsks performed by‘Hunt end .
Nanspante< sub jects were (a) a memory task and (b) a sldple
response to a probe tones The memory .task Involved elther verbat
recall or vjsual récognitions and couid be presented irv either ,an
easy or a hard versions As the memory task was always deslgnated
to be the prymary tasks» one wnould expect the response 'to the probe
tone to be delayed Ip the secondary task conditlon,” The asiount of
the delay should be related to tne difficulty of the primary
melory task. . Now conslder how sg9e shquid affect the glcture.

Accordyng to the attentional deficlt hypothesis, older v

Individualss witn smaller reserves of attentional capacity, should
show =3 greater decrement Ln thelr response to th® tome as the
memoery tssx becomes harders Some relevant date are.ahoun In

- Figure c2¥ Tne expected Ipteraction between ages response to the

tones and single ang dual teask condltion does occurs. The results
) ' . o
4 - « ' * 6 "37- L] r :
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are tn accora with the attentlona) deflcit hypothesis.
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"AUTOMATED AND CONTHOLLED RESPUNDING ‘ 3:;1:\1_/ .
) It has been clalmed that #hen a person hy. a great deal

s
of overleanning on a task It becomes maytomatid"y Jand no longer
demands on attentlon. The argument has been made wost strongly bYy
Schnej.der and Shiffrin (1977), who designed & paragm for
_wudeveloping automaticity” in & visual scanning tasxk.” From the
. viewpolnt of an observery Lhe tisu\]s as fallows:?
s ‘e

- ' . §1). A target set of‘?:tters Is exposeds tor examples
: ) - e sy ' h R
\ n x A a c r'l. . * -

n
. v -~ > oy !
K . -

¢ N

.

{2} A frame \E exposede The frame conglgts'of from one to

four letterss as In L. . \ .
N - . ¥ ) ;g
R S . ) . ’
* Q ‘-A - .
- ' < -
s s . B . .

- -

. The observer's task g to determine whether or not-the frame
contalns any member of the\target set, Thus .I'n the exaxple tne
correct response Is "Yes" bkcause there Is an A In the frame. The

+ ® . depenagent varlable Is elther\ the minimus time that the frame can
be exposed In order to produde relliable ldentification of targets,
-~ of thne time required for an ldentiflicatlions If frame exposure time
is unlimiteas ,tlther dependeht vsriable can be used to estimate
the tise requifeg to scan a d splays» as a functlion of the number °
of items 4a the target set and in the frame are varled. Two
.itralnihg procedures are useds | In the consistent aapping (CH)
training procedure the same target characters are used on all
~ trialss ano @ character that.ls a target on one trial Is never -
used 8s a distractor on anothef trial. After {iterally thousands
ot tralning trlalss performance becomes almost Independent of botn
ffame slze and .target set size. Performance is thén,saioc to be
automatice. In.the varlea mapping (VM) trailnind procedure a
character may be a target on one trldl and a distractor on
anotnere After tralinlng performance stabifizes reactlion time
vecomes a |iAear functlon of the number of items In the frame ‘and

~target sety sugyesting tnat the observer conducts a §erlal scan %

matching targets against frome Items. Perforamance is sald to be
“"controlied"s ‘and to demand attentlon. '
v L ‘

?

. ... Note that automatlc processing could be consloered to be a
logicatlly aeyenerate case of controlled processing in which the
serial search is carried out at inflnite speeas» producing a llinear

.relation between .performance ano the number of characters In the
~ two setss but with zefo siopes In practice pure auftmatlec
' processing is not, oosefvea, but the stope of the ilnear relatlon
may feouce to as*littte as 10 milliseconds per cnaracters Thls
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represents s roughly ten to one reduction In slope from the .
beglnnlng to the end- of CH tralning.. o . ' ‘
Accot&lng to the attention deficlt hYPOthS|S’ age
differences In visual scanning should be e} iminated by CH ;
tralnings becsuse automatic scanning woutd not require attentlonal
resourcess In the pure case thils s something of a tautologys
because If pure autometic responding were to be @cnlieved by sl
subjects their perfotmances would all be described Ky functions
with & zero slopes In practice, the question has en
reformulateds Is gsymptotic scanning performence rglated to age
after CK training? ’

-Two experiments Indicate that It is. Madden and Nebes f1980)
gave eight daysof CM tralning to 5id (beyond 60) and young
subjectss On €ne ninth day the slope of the finear function.was
25 msecs for the young subgects and 63 mlltiseconds for the older
ones.: Thus.the oroups wgre different in terms of the absolute
value of the crlitical varlables Nelther groupP reached true
sutomatic performance (although the youhger group reached s value
ciose to that found In most studles)s Both groups displayed a
roughly eight to on€ reductlion In siope fron the flrst to last day

of CH tralnlng. In an experiment In o wn laboratorys we
repllicated these resultss» using an audsfory scanning task that haa
previously been shown to produce automated-responding X

(Poltrockslansmans and Hunt, 19vl)e We also used subjects In tne
20-60 age range. Thus the Madden and Nebés?! findlings. concernling
asyuptdtlc perforuanﬁ? &ppear to geparallze both to a wider age
range ano to auditory as well 8s visual scannling. /At face value
the age* difference in asymptotlic "automated™ performance Is an
argument against {he attentlon deficlit hypothesis. On the other
hands dne could a!?ue that the problem is not uith automaticlty
per sey but rather‘wlith the development of automaticlitys. It mlght

be that given a flxed nurber of trila oldar people do not move bor
as Lar toward automatlc performancefas do younger oness The
essence ol the argument~revolves around .one's cholce of -

Nebes nor our own experiment met this criterlion. the
definition is (approximately) zero,.slopes then equality of
,.performance 1S guarsnteeds' if aIL/Groups can be trained to reach
this criterlone If the definitidn of automaticity Is the °
reduction of attentiona! demands by some amount defined refatlve
to Ipitiai performences or 1f automaticity Is gefined sole!y by
reaction to 2 fixed amount of trainings then It does lpbearethat
age dlfferences reﬁﬁrﬁ'aﬁier CM tralnings Mhether this ls _due to
sge-related change In tne 'a'symptotic form of tne - .
performance=resource, functlon or due to age-related change in the
atquistion of automated respondlno goes not seem to be a
resoIVabIe lssue. . * .
» v X

. - sllghtly dlfferent approdch f£o.the question of age related

ditferences in aytomated performing Is lltustrated by the work of
ﬁashernand her colleagues (Hasher and Zackss 19793 Attig and

operational defldltlon for automaticity. Nelthef‘}%e Madden and

f
H
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Hashers» 1980)s On the basls of other evidencs, Hasher at al,
argue that cértaln types of learnings, notably aemorization of the
orger of events or recall of tists of ltems, requlire controltled
, processingstwhile tearning elther tne refative freduency of two -
repetitively experlenced events (e.g. tne refative number of times
. you have seen twa TV commerclals) or recording the relative age of
> an event (continuing the exsmples whicn of the cammerclats was T_T‘\)
seen most recantiy) Is an sutomated event. Using an experimentsl
analog of this examples Hasher apfid Zacks showed that teasks that |
were presumed to requlire controlied learning did Indeed Show

differences in performance between elderly and young sdults, while _ 3§
tasks requiring automatea learning ald nots Hdsher et sal.,
interpret thelr results as support fogr the attentional deficit .

hypotnesise While the results are c#rtaimly consistent with the
hypotnesis, they requlire a specific Interpretation of frequency
anc relatlve_age learninge. . -

' . : AV - \

The activation of semantic 3associates another automatic

process. For exampies a varliety of experiments have shown that
requiring a person to name or laoentlfy words sucn as CAT» DCG»
‘etCo/)éill Increase thejr speed in ldentifying related terms» such
as WULF and HORSF. The effgct Is seferred to 385 semantic '
activatlons» ana has been shown to be an involuntary process
(Posners 1976), Young yand elderly adults both show semantic
activitation effects, as ?é%Qected by priming of reaction times to
Words preceded by an assodf%te (Howards Hcandrewss and Lasagas
1560)s There Is therefure no reason to belleve that tnils type of
activation changes-.over the worklng years., :

B

THE CONTROL OF ATTFNTION

Tné term "attention®™ Js sbmetimes used to refer toacontrol of
attentlions as In selective attention to one source of signals
instead of anothér. Thls |5 a sonewhat different concept of
attention than the view.of attention as a3 pooil of mentsl energys
Two types of controlled attentlon can be conceptudlizeds the
ability to atteno to one_source of signais whife lgnoring smother
source (selective attention) or the ability to monitor two sources
of si1onals st the same time (dlvided attention)s In order to
determine whether one of two attention allocation abllities should
te assumeds Poltrocks Lansmans and.Hunt (Note 7) had subjects
perform auditory and v#lsual stasks In whlch siynals were presented
on two "channels®, ,either by dichotic audltory presentation.of
. words or oy displaying cQgrlcters at two different locatlons In
the visuai fields In control conditionss stinals were presented
on only one channels A fictor analysis Indlicateg -that different
ablljties were Involved In monitoring auditocy o¥® visual signals,
but. that the same ablllty underjay performance in the seilectlve
attention and monitoflng conaitlons. Poltrock-et ale's subjects
ranged In age from thelr 20s to thelir 50s. Age was negatively
correlatev with performance in both’the auditory and visual

]
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conaltionss although the slze of the relatlon was modest (r about
¢25%e This woulo be expected simply because of the well known
deter joration of the auditory and visual Systems over the adult
Iife spans The magnltude of the sge—pertormance correlatlons were
no higher In tne more difflcult selective attention or monltoring
conoltions than they were In the control condltionse This result
Is not consistent with the sttentlonal deflclt hypotheslss which
would predict higher correlations with age in sltuations that
tested lnulvldual sttentional cﬂpaclty tlaltse.

SUMMARY St \\K

-

The attention deficlt hypothesls probably s a good heuristlic
for predicting the performance of elderiy {over 60} Individusis.
It seems !ess useful as a sclentific model for the analysis of
work performance of acdults In the -650 age ranges In splte of
claias in the ssconcary llterstures _the nqgnituoe of age rejated
mattentional oefects™ appears to be'small . unlass one wishes to
equate speed of performance uith attentlonal capacitys This is
dlscusseo In_ ROr & detaii ln the folloulng chapter. .

More serlouslys the status of sttention as s scientific
concept IS uncliear. Kahneman's (1973) approachs in which
attention 1s viewed as a single mental resources fits well with
the attentlonal deficlt hypothesis. Ther® are.otper viewss One
Is tnat. there are muttiple pools of attentlonal resourcess and
that different tasks draw upon different pools (Navon ano Gopher,
1979, Wickenss 1979)s Another view Is that any pertofmance '
decrement that occurs during™dual task performance Is due to

-competition for structuress Dual tasks that are not-highly
overlearned are bdound to compete, because both require extenslve
working memory space so that the perforaer can monltor the
external worlo as the Imperfectiy lesrned task is belng executed,
If, a task Is sufficlently practiceds the neec toymonlitor
task-relevant stimull Is reduceos ana perfornanc; Is "autona(@d"
bacause structural conflict for spac Jn uorking nenory no longer

_oceyrs (Allport, 1980). R

*
y
\

JEERCEPIEE Y

-

Given tne confllctlng theoretlcal gnalyses #nd tﬂb abseni&
definitive datas what can be sala? ‘It seems most approprlst
take a pragmstic positions DIfferent occupatlons place olff rent
demands on attentional capacltys Intuitively defined, Alrplane .
pilots are usually polated to as exsmples of people who nonlior
many signais In high demand sltuatlons, college professors are.
sald to pe single-mindeds \There will be specific situstions In
which ap apalysls of attentional demands may help in understanding
the interactlon between ,age and performance. SUGH analyses Y
require that techrlques’'be ueveloped for measuring attent)onal
demancs I1n the situation of Intereste It would be nalve to expect
that one coutd develop a single measBrement procedure to serve as
an "sttention meter" unlversagly applicable to all tasks. and

Q " g ’-41-‘ )
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Lo
indivigualse Indeeds if there are several different types of
attentional resourcess or If attentional resource conflict

ultimately reduces to competition for Speclflc a#ntal structures»
tne joal of developlny an attentlon meter (s itself unreasonabie,

»

M -

\‘ 6o Respuusg SELECTION

TE1ls sectlon lchSses the relation besyeen 3ge 3nd
pprfornanc\ In a ¢ciass of tasks that wil) be ferred to as
"response sejectlion” situatlons. As any performance Ifjvoives Some
response selections further explanation Is requireds The tasks
ynder consideratlon all require that & fairly siaple motor
movement be made |n response to 4 ciearly perceptible ale &
protot'ypical response selection task Is shown in Flgure e This
figure srows an observer sSitting In front of a panel that contains
four lights and.four blittonss Whenever one of the |lghts cones
ons the ooserver Is to depress the button immediately bglow the
lighte On a 3iven trial, the following sequence of events might
take placet

—~
\ \I) The obsenver gdepresses & home button {(button AﬁTn the
figure)s» to inoicate that he/she ls reaoy for the trial to bibig.

t2) The tight above button‘{ comes on: indicating that s
stiaulus s about to be presented,
. \\\t . T, SN
t3) Tne of the llghts above sut s 1 through 4 cokes OfNe - .

’ 0\
) . t4) The observer moves.hlslher fingeér from button A towatd
the button under the light that was turned on at step (3). Catl
thls the "target button" ’ .

t5) Tne target’ button l§ﬁgepressed. ’

]
»

This sequence can uve modifieds If the onserver contrcis the
veyinning ot the triai (step (1)) the experiment Is referred to as
oelny "saif paced", since the observer controls bhg Intertrlial
intervale fn some stuoies step (1) Is opitted, so qhat the
experimenter controls the intertrlal Intervale, In‘this case the

Sv experiment IS sajd to be "experimenter paceu™yand the Speed of
pacing may be viarieds In,a feu cases step (2) is pmitted, and the
jal 4s.Inltiateo immed!atély af ter the observer Indlcates that

13

n e Is orepareds Tne Iinterval between step (2¥, the warnlng
sihgnx{y .and step (3)» presentation of the test signal, Is referced
to as Phe warning interval. . The time oetween step (3) and step

l4)y, tnegeyinning of movement of the finger or hands is referred ‘
to d4s 1nitNatiyn time. Thg interval betweeh step {4) ang step (5) |
1S calleo ao ement reaction tike (MRT). Initiation time Is |

red to as simple reactlion tlme (SRT) there Is . |
only one oossibwe tést signal (esge» only one llgnt the - |
‘ |

e two of more pongible signals. In many experiments step (4) is®
D . 42 ’ Q'?Q
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not recorded, so that the dependent varieble becomes tne reaction
time betmeen events (3) snd (5)s le.e. tne sum of Initiation and .
movement time. In this case the dependent varlable i's called SRT
or CRT» depending upon the number of different signmals that aight
have-occufreds . . ] ’

; .

The dlsplay panel used is often siightly different than that
shown in Flgure 23, . Instead of havipg k locatlons for » slgnal
-there may be onfy one locatlons often a cathode ray tube or
picture screen. The subject is told In advance which stiaull alght
appear» an? Instructed to.make an ldentifylng response to each of
themes For examples an observer might be told to throw a Joystick
to the teft If the figure "™<=" was displayed» and £o the right
if the figure "=>" yuas dlsplayede Tnls would be called a cholce
reac#ion time (CRT) study with compatible stimulus-response
matchings since .tne response reqylred coincides with 8§ ususi
Interpretation the meaning of these figures. |If the
stimuius—response mapping were to be reverseds so tnat the
Joystick was®™to be moved left In response to 4 rignt polnting
arrows the experiment would be sald to have an Incompatible
stimulus—=response mapping» %

S; The loglc of the CRT paradigm can easlly}oe gxtendeo to apptly
Lo auaitorys tactiler or olfactory cues. "

Ubviousiy the CRT pa;é%lgn could be: ampiified to become 2
test of eirther perceptual or complex cognitive capaclties. For
Instances two Iines might be displayed in a pane Ith the
sut Ject beiny instructed to press -a button on the siae of the
longest line. ,If the llnes differeo only silgritly in iength, this
woulo be a test of speed of perception, Ailternatively, an integer
night be displayeas with the subject being instructeo to move 8
Joystick to the.rlgnt if the:lnteger was a prime number» and to
the jeft-otherwsses In thls cade reactlon time would become 3
ceasure of sphed of rather sophisticsated mental arithmetlic. All
the reaction tiae studles to be described In this sectlon Invoive
situations i1n which the stlpulus Is Immedistely perceptibies its’
interpretation.is, trivials "and tne magor task s response
selection. Situations lnvolving an evaluation of "the stimulus
pclor to the response wlil be consldered tn thé next seotion.

A ¥Wny study respanse selectlon? Response selection Is a B
facé~valld analog of a number ot slituations Involving sachinery
operation and/or the monltoring of display panelss For this
reasons response selectlon paradlgms are sometimes jnciuaed In
test batteries for selecting equlpaent operatorss Including !
aviatorse. Response selection has buen held to be of theoretical
Interést vecduse It epitomizes cholce behaviors .#nlich soxe think
to be 3 basic step that uncderilies complex re€asuninye The
theoretscal argument s walld if tne mental processes underlylng
response choices are lndeed snalagous Lo those cholce processes
invoived in reasoning ana problem solving. One could argue ¢ither
ways as the dsta does not conclusj)vely confirp or deny the ;
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, hypothesise. ~ Jensen (1980) has reported saeverzi experiments

indfcating that groups of peoplie who obtain high intelliligence test
scores make cholce reaction responses more rapidly thegn do ssmples
from lou scoring populations. HMovement reactlion time, on the
other hands, does not appear to differentiate high and low scoring
groupse Work In our own laboratory has produced mixed results,
In some studies CRT has been found to be correlated with scores on
both verbal and non=verbail inteiliigence tests (r of approximately
=+3» high scores being sssociated with fast responding)le Other
experiments have faited to tocate a reljable associatign between
CRT and intelilgence test scores (Hunt» 19763 Lunnebor 19773

. Palmers Macleods Hunts and .Davidsons Note 8). Whilie we stop short

. of endorsing some of the more extreme cliaims tnat have been made
concerning CRT paradigms as baslic techniques for revesiing mental
processeSy it Is clear thit these simple tasks have a substantive
cognitive component. .

,There Is an extensive literature on the reT;}lon between age’

MxTs SRTs» ana CRTs and’several revjews nave beeh written (Blirren
and welfords 19653 Weiford,» 1958, 1977)e The most recent review
by Welford (1977) Is particularly relevant, and many of our
comments are based .upon his analyses. .’ -

It 1s clear that response selec:jﬁn slonws with ages ana that
the siowini Is due to the central proCesses Involved in initlation
time (SKT and CRTY rather than the motor responses Iinvolived In”
MRT. (Salthouse (1976) has observea that fine motar govements

« . exhioit only a-saalt amount of slowing over the working years,

Largs motor movements and movements that depend upon *

cardfo~vascular functionings sgchjas runnings are more affected,)
o we#fora (19¢7) ofters #lpathlezrly Joitngi:rgunent for Bhls

conctustone Constder d%task In #hiogh the person simply taps on a

target, .Such 8 task congists saielff of MRT, as there Is no
slgnatli%? stimuluse Proviced that)the Indlividual is rezsonsly
nealthys Chere Is littie increase 1o tapping rate from age 20 to

alned using tne simple
ch tne hand |s moved froa the

60s Quite alfferent results are ob
reaction time ﬁSRT) paradigas In wh *
nome position to a flixed targets on demand, Reaction time (RT)

increases by qbout 50% from the 204 to the 50s. Eurtggr-ores the
increase Is almost entirol kofan increase in SRT rather than
HRT» This cleafly Ind tes. . that centrs! rather than peripherasl

facéprs produfe the ag effect. '

: Fﬁ ] i,
dots are”al
se ecg th

Ia
(o pronofinced In CRT studiasy where the
appropriiate responses Furthermores
ts relstéd €d performance in other
@ study by Robertson-Tchebo
from thelr 20s to

&19 0)e
st motor, attention
d\zér ptual tesise. The vattery ifcluded tasks
e drototypical CRT task described dbaves Wren
tactor analyzeds{ the first factor wps a "chaoice
" factor,” identiffied by the CRT taske The relation
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between an Individuai's age and the score on this factor Is shown
in Flgure 24, Speed of response selectlon cleariy declined with

ages» 3 resulit founo In numerous other studles. Individusl ¢ Ve
differences Were pronounced: Quick 60 year olds In - .
Robertson~Tch and Arenperg's study performed as well as most of

the 20 year olds. Converselys there were slow younger persons ,
whose performance approsched the average performance of much older
indlviduales Note especislly the Increase in Individusl
difference’s wlith ape, ]
. . ' ) * hd L'
The data .from cholce resction time studies arfe often
summsr | zed by the equation'

A

Y.

(4) . CRT = A + 8 (log N)» -

L .2 = 4
Wwnere A and B are positive constants» and N is the number of
possiole responsess Equation (4) expresses the fact ths\ log2 N
ls the average number of declisions that wgulo be mades across
trisls, by a responder who was followling &'perfect declsion -
stratevy In selecting a response (Garner 1962)s .. Thus an
. interpretation of Equatjon (4) Is that B8 repfesents the ?
agditional tlae required for eacn adoed:decisiops wnite A
represents the effect of all mental and motor r sponses theat\do"
not aepend upon the number of alternative responses avallable.
Under this interpretation B reflects purely central, decislon
"makiny processess whjte the value of A reflects both peripherat
and central processes. If one of the effects of sglng is to slow
central declslony maklny processes, one would expect to find sge
effects in the IR\‘zntlrely’ centrsi)" B parameter 8s well s8s.0on the
.value of A, . . \. .

The eampirical results are not this preclise. Experiments on

CRT almost always snow age effects on A» and only sometimes on B
(Welford, 1977). However, Blrren (1965) cites several studles of
resction tIme wnich he interprets as ruling out sge changes In
periphers! movement time as the primary source of age changes In
cholce RTe Most other commentators agree with hls conclusions
There Is no contraagictions because the A and 8 parsmeters
might respond to different central processess Just what these
might ve' Is not clear at presents Blrren has speculsted that
chanjes in tne B8 parameter are due to minor cardlo~vascular
problems, ‘resuiting In a dectessed supply of blood to the braln
{Birrens Woods» and Willlsms) 19803 see slso Szafran, 1948). 1If
correcty tnlils speculation wouid be of Interest both for
theoreticat reasons ~- why should cardlovasculsr deflclencles
proauce a selective effect on one~“aspect of decision making and
not another? —- and for practical reasonss because CRT mlght be
,used as a benhavioral {ndex of minor braln dsmages At the present
time there is Insufficient dats to support or- conflrm the .
nypothesis. '

-
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Self pacea CRT exparlments allow the subject to determline the
rate at.whlch responses must occurs It Is widely neld that if
people are forcea to make rapid responses ape effects will be
Increased (Welfords 1977)s The evidence for tnls as ?rtlbn Is
rather weaxs especlally for sublects under age 60.  Flgure 25,
shows performance on & paced and unpaced tracking tasks. Atlthough
this data®has been clted as evidence Indicating that paced
responding 1s-dlfficult with advancing ages the sltuatlion appears
more compiex. Performanceé Increases wlth age In seif paced
respondings up through the 40s. It remains constant over the same

\begjod If the responses are experimenter paceds Beyond the
worklng years there Is a decline !n respondings but the decline
due to age 1S additive to the decllipe due to pacing lItseifs, These
findings hardly support the falriy widely held oelief that workers
in tneir torties or flftles_shzurd not be gliven rapladly Paced
taskse 0On the otner. hands. Indlstrlal surveys do Indicate that
wnen glven free cholces,older workers avoid paced tasks. .
(Interestingly, they do not avold s+tustions lnvolvlggﬁncavi
physical labor)se Since the questlon of responding to Sltuational
pacing is itmportant in some Industrial appticatlonss the toplc
snoula be ygiven furtrer study. . -

!

N

*

-Introducing stlaulus-response incompatabilities wlli lIncrease
age effects. Flogure 26 shows the increased age effect obtalnad by
“Sterns Osters and Newport (1980) when tney changed a task from
being eltner a sdmple response to a compatible binary cholce tasks
and then to an incompatlble binary choice taske Floure 27 Shows a
similar result obtained by Kay (1954) using a complicated tueive -
choite reactlon time taske In each case the aore compllicated
response cpfculation produced 4 much grester age effects Why this
woulo te o is not ¢lears Presumably the Incoapatabllity
complicatés the mental computatlons Invoived in the response
selection Processs MWhlle thkis is of interest tneoreticallysy the
- practlcal Importance of the phenomenon Is probably slights as yood

Aglng and Cognition ’ : 'k' )
- ‘tl - !

human engineerfng practlice alctates the use of compativle <

stimulus-response mapplingse - .
When does the age-related slowlng In response selectlon oegln

to appear? Some reviews Indicate that the effect only beglns to
appear In the 50s «nd beyonds This statement Is apparentiy based
upon tnhe fact tnat statlStically reliable changes In performance
with age often do not zppear untll until tate miadle ages, On the _
other hands It Is generally the case that people of age 30 are
silantly siower_than those of age 20, people In thelf 40s ere
shlghthy=€TCNer tnan those In thelr 30s, ‘and so ‘forthy This’

. pattern suygests that the deta mignt more accurately be gescribed
by assuminy tnat there was a continuous slowlng of response -
selection with ages To answer this questlons we have calgulated
the fit of tne linear regresslon equation

. . - -

‘153 Redction time = A 4+ ng'tage)
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Figure 25. Number of cycles completed in a !:app‘lng task under
*paced and unpaced Tonditions. (Welford, 1977).
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. Figure 26. Change i@ reacfion time as a function of age and type of

_. task - simple reaction time (SRT), 'two handed task'
reaction ‘time (BRT), choice réw€tion time* (CRT) and .
. * choice reaction time.with incompatible stimulus-
response pairing (RCRT). After Stern et. al.,,1980).
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to two Sidely clted data.sets. To avoid spurious flts due to
extreme deterloration of functlonlng In old agesr we consiocered
only tire age range 20-65. The results of our calcultions are
_shown In Tablke 2. The snalysls strongly supports the contention’
that a slowing of response selectlon begins by,age~30, and -
contlnues gradually throughout adult llfe.! N .
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7. SPEED OF COGNITIVE PROCESSES _ .°  °
- s . . L] f"'
Thls sectlon dlscusses choice reactlon thé’(CRT) paradligms
in whlch reaction time I's determined by cognltive "computatlons”
rather than by response sqiect&ou. -To understand what Is meant by )
thlss consicder a skeleton schedule of events for @ CRT exper lment! ,é§

¥

j:l) A Karnlng slgnal }s- presentede s, .. -
£S.% ‘ [ ] , .
(21 Stlnulus lnfornatlon ls presedtod . N ' .

- 42). Based upon an eValuatIon of the Informstions the suthct

selects and makes'a responses £’ “ s
5\ . 1 .. \!,
In the CRT experimente discussed Ir
evaiuation coaponent was minimizeds because ldentli¥ication of the

)

stlanulus was equlvabent to response selections The studles N
descrived wgre rather like studylngsthe time rejuired to declde to
‘brake upon Seelng 8 red Ilghts It Is easy tg afrange an ~ ¢ C

expcrlnent in which the evaluation phase s far frod triviate To
repeat an example given earllers one could Instruct a subject "to
. ‘throw & switch to the right at step (3) if .a prime number e«as
displayed In step (2), Followlng the lead of s numver of o
tneortsts (e.v.» Baagdeleys 1976)» we shall describe the eva!uatlon .
2 ‘p!.ase 8S requlrinq cod‘nltlfre computatlions upon an internsi . -
. erresentatjon of tne external\norld. Most of these computatllons
. are assumed Lo take place in "working memery"s which Is thought of ¥
as a sort of workbench that holos Informatlon about the current
gtate of.external affairse. Worklng memory» however, sppedrs to be
limtted.in &lzes» SO that informatlion auft be contlnuously passed
over from working nemory Into secondary memory for more permanent
.~ stotage. Col]oqulally: one can grasp thls distinction by
tmagiolng that you are “Listenlng to 'a speechs Working memogy
woulo contain a close to verbatlim record of the exact words the -
speaker Just uttereds while secondary memory would .contaln a
. representation of the jdess the spesker was trylng .to develope. It
Is assumed that during comprehension ail computations take place
« in working memorys but that from time to time it is necessary to .
fetch informatlon from secopdary ‘to ea(klnq memorys Maintsinence

» ~ ~
.
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of information In working memory s hela to be an active process,
- requiring attentional:.resources, while maintainence (but not the
fetching) of information in seconcary._pemory ks thought of s a
passive process. There Is evidence that workiny memdry and
secondary meaory cepend on. oifferent physical protesses,
D;scussfng the evigenge woulfg carry us beyond the scope of this
report, . ) .

- R

Bne cahmot speuk of the effeclency of worxing memory
computationss in generals bechuse there are probably several
different types of computations, each of which may respond to
differént variables. We shall review evidence concerning the
Interactiom of age with four different~types, of =memory
computationsi locating s vepbal item in nemo¥ys comprehencing anda
reacting to Ssimple sentenceps fetching sepantic Laformation iInto
Worklng memorys and the man pulation of visual~spatial images
Minside the head.”™ The first three computations ‘are considered.
elementary steps in verbal thinkings while the fourth represents a
hop~verbal computation.

-
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MEHURY® SCANNING . ~ ‘ . .
& , rd " k . -
e — . N -
It |s generaliy’agreed that one of the things that working ¢
memory does Is to hold an (audjtory?) repré€sentatipn of finguistic

.

terxs, Conslder the example of llistening to a speechy as ,

aesé?;beo'aboveT_—xn—Emtruntryﬂsfapfe—”vefba+n~task—4;rto-sc4gf
memory to determine-wnether or not » barglcular Item ig-in the
set. The speed of scanning working memory i5-usually tested by
,using a "aemory -scanning® paradigm originalty developed by’
» Sternberg (1966), Sternoerg's procedure is shonn in Flgure 28% :
The subject Is first shown 3 fiumber (N) of famiilar stimull, o
+ ». cal-lea the "memory set". N is thosen to be saall enough (usualfy:
. & or tess) so that the labe!s gan be held Ln working memory. 0nce-
the memgiy set has been shown, 8 probe stinmulus is dispiayeds The
<obsesver's-task 1§ t0'|ndlcabg\\£ether the probe item .was a menber
of tne memory sets Thls,can ofily<#s done by cokparing the _ v
stimulus cnaracteristfls of the pfdbes Item to those in the memory
yically found to be a iinesr

set., Kkeaction time (PT) is typ
tunction of the .51ze of the memory set. The siope of gthis”
» tunctioh can be regarded as an inaication of the eftficYency of the
. memory scannings . ., '

“ » .

[ o . - L
and,

.A memory scanming experimentygby AnderS» Fozard , ]
el idUbquast (1972) 1s frequentiy clted assevloeniift at\working
memoryj is scanned ‘more slowly witth sdvancing ag Tbre& groyps .of

. supjetis were s}uoneOp,ulth megn ages of 20» h .
lope of tne' RT-demoryfset function was 39 ms

L4

#  Yyoungest.3roups .63 'in'fthe midole aged yroups: the oldest I
. sroups There was no difference In jntefcepts be 2 the 20 and- f
.36 year old- groupss The intkrcept of the vldest grioup yas
. . . A . S ‘ . .
\)‘ g * .- ) -4.8-\ s t g &) an 'i .
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markealy higher than that of the two younger oney. A subseguent
study by Anders and Fozard (1973) repllcated thls result for the >
young and old groups only. J . )

¢ L] ~

»

14

Becau:e thls experiment is widely clted {esQe Cralky 19773
Sternbergs 1975) griticsl examinations of both tne data and the
design are In order.” A surprising finding was that the middle
_group, 38 year olds» perforeed more like the oldesr than the
younger groupy even though "the chronofoglcal age of the mlddle
group was closer to the youngdr. Taken at Its face vslue, this
, sugJests tnat the speed of scanning working neuory is an unUsugily
age-sensitive functlon. However there aay have been pgpulstlion -
dltferences other then age. The younder group Was recrulted from
nospital staff memberss while the. two oloer uroups were recrulted
from a panei of volunteers partlclpatlng In a Veteran's, .
Administration study of agings It would be dédvisabie to repllcate
this studys usiny elther a longitudinal study or a cross=sectlonsl .
study in which.all subyects were recruited from comparable
. sgurcess It shoulo be noteds tnoughy, that the old vs. young
contrast 45 not 1n questions, as the finding that the elderly have
slow memory scanning rates hLas peen replicateds The form of the .
age=performance fuhctlon (s still unclear., P e i

A- stuoy .by Thomass Waughs snd Focard (1978), using a refated
paradigms suygests that thdngeed of memory scdanning does decrease
with agey, but not as rapidly as the Anders et al. resuilts would
indicates. _ In tne Thomas et al., study memory set size was held.
constanu'oy always using either slix letters drauwn rra- the front

| *of tne alppabel (3,0sCr0serf) o0r six letters trom later In the
alphabet, (psgrksetrrsi)s A single letter was dlsplayed on each
trials Tne task wmas to indicate whether or ot tnhe letter was

. aember of the memory set. Thomas et al. observed that, for some
unknown reasons people are faster in responoing If the memory set
Is orawn trom the first pert of the alphabet than from latter
part. Regardless ot wny this Is so» Thomas e? al. argued that the
fact itsel!f indicates that pmote processing Is required to satch
tne letters in the sep&hd sets If computations in working memory
generally siow with ayes then age effects should be magiified .

when the "sfow" set of letters IS used. Some relevant portions of
thelt oata are displaved In Flyure 29. The hypothesis was clearly
‘ SUPPS;A‘O. Furthermore, the relation between reactron time and

, age wWas eltrer linear or positively acceierated. .JThis contrasts
with the neyatlvely accelegoted function obtaines by Anders et al.,

The logic of memory scannlng expé?Tuiﬁqs cap.be extended to
stuoles of retrlevai of |nforq9tion from seco‘dary memorys The N
. rost stralghtforwaro way td do this is to' eéxtend tna slze of the
membry set. A Jreat deal of reskdrch tconducted outslde of the
.stuoy of agling) nhas shown that wotsing memory contains at most
. about nine ltens. .In order to test secondar.y |memorys» one simply .
.uses a memory set contzﬂnlng mosre than ten ltdas, tnus ensurlng '
that at ieast some of the {ist Is retrlieved fflom secondary memory.
Anders 3anu Fozard (10741 0la thks, pnu founa gxen stronger, age

\ :
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effects on scanning lnfolnaflon in secondary fnan_ln primary
.memorys Unifortunately for our purposess Anaers and Fozard only
tested. young {20s) and o‘d (65+) subjects.

Sternberg sﬁnemorq #cannlng paradigm J5 uyuestionuble as a way
of testiny the |sclanning of Seconaary, memorys because of the
difficulty of epsuring that a particular item is retrleved from

. secondary aemorys, and bgcause there i¥ conylderabieydoubt ss to
whether.tne 1ingar relation between PT and, list sizq holds for
fists too long %0 be held "In workling nenory. Since{the questlon
of age effécts. gn speed of sccess to Lhfor atlon_ﬁn secondary
memory remains sensible ones somewhat’ di fereut« rsdlgms have
been developed Lo address Ite Fozard snd Poon ;197 ) hao peoole

' tnelve pairs of arbitrary wora-word Rxsdblatea.
Hypotnetical exaaple of the items used ares, ;, %a;

Y e .
.- T - N ., "',_:"1 ’«‘%l\&; y
- doY lar, ~= iglod, N
~ . page = == table .
, foot -~ mouse o K{ .
» rl

R O Y - = A e — - - .

Each item was presented twice ln s block of twenty four trialsy .
and blocks were repeated until Jearning was comp1afe. After tne
first block learnlng was by the anticlpation nethaﬂ A stimutus

* jtem would be presented (eege dollaree? )» a respon;:“??%oraed:k:
andy |t necessarys correcteas Usling this deslgns one can exgalpe

7 the time required to make a response on the¢ second presentatfion in

——&ach btock as a functtionw of the tntervat detween—the £
second presegtations. The argument for doiny so Is that If tw
tri13ls using the . same item follow e¢ach other ismedlately, the 4
answer will be fetchred from primary memorys whereas If several
other trials | tervepe the response must be fetched from secondary
memory (Actkinsop and\Shiffrins 1968). At hort intervals there
was only a slight difiference in reaction’times betueen three age
groups (mean ag 203 ,53, 63)s while at longer inter-trial
lntervals the twd.rolder Qroups ne&g markealy slower.

tir e
A . . [

The primary~s ZEgiary sepory.distinctlon was expanded upon In
an experisent by Waughs Thomass and Fozara (1978) which permitted
a direct compafison of retrleval times from each type of memory. -
4 In tne first part of this experiment, subJeots slaply r'esd printed
words. Thare was vlrtually no di ference In nanlng time across a
wide 3ge range. In the s cénd part of the experiments 12 iten .
psired-assockate {lsts nzfa presented with a proceagure similar to
that of tha-Fozard snd Pbon studys Foliowing the presentation of
set of pairss tne cue term tor the last palr would be presented.
An abbreviatlon of tne sequence 'wouia be!

} - ysm = 200 ’
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N Wal . - 2 - = B )
eel -~ fox A .-

“ = ) o . .,
T )t ' epl - 2 R £

Jhe time required to prdduce the response’("fox" for the "eel"®
Gue) was recordeds Presumably the retrieval of the response term
was from primary memorys Since no lteas IntervEned ostween

- presentation and test. Hence RT was taxen as & measure of the

speed of priaary memory retr%fval. - »

-

” -

N . . - .
. In tne secdnd past of tne expekiments particlpants mesofized
all twelve palrs of assoclates, Hnemonlic cues were glven to ald !
'« them in polng this. After the 1list assocliates had been "
meror.izeds indiviuusl cue words were presenteds and the responses
. to tneg wera timeds In this case the jresumption was thet ’
: . .retfleval was fros secondary mexofy. ble 3 shows the resuiltse.
A positively sccelérated function relatdng RT to ajlng 4s clearly
evident in tne retrieval auta. Retrleval fror seconcary semory Is
constoerably slowers and the age effectgjare larger. .

L
L] - -

”~

?kf _ Further confquﬁtJon of the 3ypotne is that aglhig has a
"substantlal effect on retrieval time frop secondary aemory was
obtaineo By Poon and Fozard (1980}, uquE a continuous recognition

taske In this experiment subjects were ‘presentéd a long series of
Worase With each presentetion they had to Indicate whether the
wora. haa oeen presented befores 20» 50 dpd 60 ysar oids showed
smalls but rellable RT differéences for wonds.that were still in
_the spap of prleacy (working) memorys 7Th¢ differences in oo
retrlevat times becaxe much larger when t woras nad .to be;

-~ retrieveo_from Secondary Semory.’
LY - .

1] - /
The (lterature.seems strong enouygh to war t 3 firm

. c%ncluslon. In sttuations _In which an individual™s queried about
© ~ informatlon that .hss been received within the .last few.mlfutess
: Information retrieval becomes Slower s we age. Effects are

-  clearly evident by age 50. The data is sparse tor the 20-50 age
.ranges but presumably there is some slowing of responses The
3aount of slowing snd the effuct of age upon Slowing of _
Intormation retrieval will be greater If the information must be

: retrievea from secondary rather than working, memorys W¥hile th®

\ practical igportance of these observetions nas not oeen -

X demonstrateo (of even Investigated),, tne fact of stowing should bi

L )

+ - .

kept 1n mind In the desion of work sftuations where aiwperrson must
keep tracx of rapldly changing situationss Glven the experTménta
evidences studjes of age effects on tasks su¢h as those of 2~ | %
.alspateners 2ir traffic controllefy or tire direction officer seem

.- .ua‘f-rantfd, . ‘-« Y . : '

FcTCHING LNFORHMATION FROM SENANTI® MEMORY ‘
L3 et . L 3 Fl 1]
" The items of Information. In working memory are not = - --
'transouctlons of the phylical stisulusy they anhe interpretation
of thet stimuluse Very many experimentsy which we shall msie na

-
\!
*
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stteapt to revliewy, have shown that when a person is shown a’
~ mesningful syabol, such as the visual stlaulus CAT, the entry In

work ing JRemory s ndt a rcpfesentatlon of lines and angless but

Jather a representation that Includes the seaantcc meaning of our

“word t&r "xeslly furry .gomestic feilne." Obvlously this sementic
- Information must be retrieved from permanent memory in order to
understand speéch. Rapid access to semantic Inforgation is’
lmportant in’ many nqn-verbal problem soilving sltuatligons as well,
although this._msy beé because humans can use verbal representations
of tnese problemg. Becsuse access to semantic iInformation s such

an important feature of our thoughts It |s reasonable to ask. .
snetner or not. the speed of access to semantlic Jnforlation changes ¢
njth age, - ! - 1

}

: There are actually three questions.herej how is semantic
access to be measureds is It a reliable dimenslon of Inalvidual
veriations .and does thisidimension of varlation corfelate with
age? Several procedures fir measuring semantic access have been
develupeds They all requlre that a person calculate a response by
retrleving somne~well known ‘facte ©0One examplie |s a simple word
recognition task called 'Ieutca+floen£lflcatlon" People-are
shown eitner*a common word ‘or s non-word letter string that is
formed according to the rules of Engllsm orthoyraphye An example
of a non-word woulg be RADE, which 1Is not & word, but does not
violate any spelliny or pronunclatlon rules. Shightly more.
complex tasks force people to compare the sewantic meanling of two
Or mOfe Woross as in responding to the questliom "Is a canary 2
bird?*" Tests’'of seaman access are not always based on written
— tangdage, An oosaryel ca e asked to name a highty famt+ittar - -
) visual s€imuluss such as-a" plcture of a bird or a housa, The
. cormaon featyre, of all these tests s fhat they requfire the
calculetion of 2 ‘response .based upon knouledge of semantic
information about the worid, rather than upon knowlege about a
partlcylar episode In a person's oun past history (Tulving, 1972).

It d;;s.not:seem to matter too nuch whicn of these proedures

Is used to measure 3 person’s speed of seaantic access, #s the

“result)ng measures are highly correisted across individuals (Hunt,

Devldsons «nd Lansaans 1981; Palmers.Hatleods, Hunt, and Dlvldson:
- Note ¢.) The factethat tnere Is .2 refifable "semantjc access" :
dimension of indlividual olfferences ¢ppears to be clearly .
established, . ) . ) ’

Aye effects have been tittie stucieds which ss unfortunate
given the Importance ot semanti¢ access in everyaay reasoning. °*
The onty adequately controlleo studles that we located were ',
relatea experiments by by Tromass Fozards 4nd vaugn (1977) and by
tysenck (1975). The Thomas.et a2i. study i1s of more iInterest here
pecause It covereo the age Tanges 30-00; whereas Eysenck
cons laerc¢'s Ity groups in thekr S0s ano jate 20sv People were
 psked either ial to nace plctures..of coamon. items . or {b) When...
given a name» to tell whether the folloulqp pircture was an example
.f the nane (ps In the word "dice® foliowed by 3 picture of dice).

” .
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Tnomas et®al.*s cata Isp| dgure 30. Aje effgggg are ,
evident. z T, .
- . . !/ %
. , .. N
we wWwould hesitate to generallize widelytfrom the Tnomas et af.
study to semanflc access In yenerals Although plcture
ldentitlcatlon and other strictly verbal méasures of semantic
access are hignly correlated In young adults {Hogavoasm and
Pelfegrinoy 1v7u; Hunt et ale.» 1981) this may not be the case for
people 'In their 40s snd 50se A plcture naming task has obvlious
visual as well as verbal componentss The psychometric dats |
s cleariy Indlcates that age affects visuall2ation adverselys while
.. verbal cafaclties are retalnede It should be noted tnat measures ,
of semantic access are intentlonally designed to be tests of the
“availability" of culturally relevant Information. As suchy they
epitomize Horn and Cittell's definltion of the crystallized (Gec)
Intellijences which Is sald to Increase witn age. It s -
p difficutty to know what sort of predictlion to make concernling
performence in a speeded semantic task that pits Qexpected
_Increase in crystatilzed Intelllgence against an expecteo decrease
in coynltive computation. UDepending on #hich of the two
age=related processes dpminateds one could mske a case for
predictiny an incredse or decrease in speed of seasntlic asccess at
a particular ayes Cleariy the qbestion can only be answered by
research, that explores the performance=age function in details for
a yarlety of semantic access taskse g

: \nANlPULATINB VISUAL IMAGES IN THc HEAD ¢
-J._l——-—-r — - » d —— ——— e
4 ) ? = ’ . ) V N

. The lasd paradiga to He dlscussed differs from the others In
that i1t. requings‘the manlpullation of a visual "mental Image” >
instead of the manlpulagfon of langusge Information. Based on the
psychometric ffndlngs:-lc is known the ability to make that such
mantpula ions\goes not refiect the same dlmension of Individual
differencas as‘does the abllity to do verbal Taskss | 4

Exper [uehts that seek to determine the speed with which a < |
Persot manipu s visual Informatlon are usuailly based upon 2 N
variatiop of they"spatial fotatlons” paradigm developed orliglinalily
= by Shepara and ! ler* (197 Tshe. task Is iilustrated in Fligure
31, - Two meanlnj{tib\;lg:%&g:}ke resenteds at different angles’of
orlentation With respkct~to the opserver's lihe of slghts The

gbserver must Indicate<whether orf not the two fijgures are
ldentical or are ®i r images of each othars This task is_of

. Interest oecause, It chn be thought-of as an expérisental analoy of
. tasks that require a person to rkconclle different visusl =
perspectivdss a skl dgﬂulred in a number of aechsnical \
operstiubse. RT in_spathal rotafion experiments can be described
by the equatlgp»”’ } . : ’

R .
- -,M:T = A+, BO»

-
¥
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where ¢ Is the angle of rotatlon required to bring the two figures
into spatially congruent mentst representations. The parameter 8
can \be-regarded as the_time requlred to Lrotate” a rental Iimage
inrogqn one degree (Shepard dnd Metzier, }971; Coopef. ana Shepards,. |
973),. - . . . .

. . , . .
Gaylora ano Marsh (1975) found age differenass in the speed *

of mental .rotatlon, as measured by the 8 pasrsmeter. Howevers they
only contrastea young adults wlth elderly (65+) indlviduals.,

-Bergs Hertzoys and -Hunt (1981) obtained wmentai rotation data from
universlty alumni (hences a "superlor abillty"” groyp) ranging in

age frow 20 to 60, In this study the suplects practiceo the task

for four daysy to-iessen the critlicisa that older subjects perform
mofe slowly beoausé of 8 lack of faalliarlty with this Xype of

task. The mesults are snown In Flgure 324 RT Increased steadé!y /f
with age and with the angle of.rotatlon. In additions there was 4
an Interaction between age and the angle of rotations Indicating
age ultferences In the speed of rotation itselif (the B paraneter).
Tabie 4 shows Berg et al.'s data €or the A and 8 parameters as a
function of aje. fThe cata Show a progresskive Increase in both
parsmeters with increasing age. This Is consistent with the 7
nypothesls tnat the speed of gomputation.upon a visuals primary
memofy representation Increases with a person’'s ages Since visual
Image manlpulation and reasoning is sometimes szlo to be important
in a variety of .mechanical and motor control tasks, It would.be of
interest to Iinvestigyate turther the relationship between age, R U
spatial=visual imaye manlipuiations, and performance In selected - <
occupatton. It would oe particularily Interesting to determine :
wnether the age effects that are so clear in Berg et al.'s dats

nold tor'.andividuals who practice spatlal tasks in thelr dally _
livess such as avlatorss professionmal automobllie drivers, and-
architectse . ' N ’ -

.

THE COnTINULTY OF AGe (xaenos'm HENTAL COMPUTATION.

L]

The literature on mentsl computation s remarkably -
consistent., Tnere.appeaﬁs to be a subatantl\l slonwkng in the
speed ot mental tasks as one passés through the working years, In
generals the greater the compiexity ‘of the mental computations the
greater the amount of siowing observeo In the early 60s and beyond-
(Cereitas Poons and «illliamsy 1680)« In the section dn response
selegénon we noteo that there is a linear relation between

chrorplouglca ge betwesen 20 ahd 60 and the time required to
seteck respoWBes, bDoes a similar refatlon hold for the time
requirea by more complex mental calculatlons? Taole 5 stows the, I
resuits of fitting A tinear function to oata from several of the
experinents that have been cliteo In this sectlon. In su marizling,

the data on motor movemert time, we observed tnat.many aging

effects upon RT relations can he suamarized by the linear

regression equation of Equation T5). "HoW w I t —————W

" ol \ L]
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R \ Figure 31 A visual rotation asx\ Is the figur on the right T
- o identical tolthe ‘one o the left e cept for orfenta- ° -
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FiguFe 32. Reactioh time to identify geometric figures as "same"
or "different® as a function of angle of rotation, age,
apd sex. Ages 1-under 25, 2- 25-35, 3- 35-45, 4- 50+.

*

(Berg, Hertzoy, and

Hunt, 1981)
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Table 4 .. '

. Slopes, and Intercepts far

v Lo Age Groups over Days- of Practice . .

¥ -

an
HAge  sex
21  Females Slope-
_ ’ ’_ Intercept
21 .Males Slope’
4 ’In_tercept
-32 Females Slope
Intercept
33 Males Slope
. X
e - Intercept
" 49 - Females * Slope
‘/- B Intercept
53 ,Ha‘l?s, Slgpe
Intercé t
-- P
62  Females ' Slope
&r_ntercep.t
64 Males "Slope
Intercept

- ’

. ]

. d “ ’
Data from Berg, Hertzog, &

. *
A
- »
S
. N
e Lt
Ly
» et
R
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L4

nax'} Day 2

| P

< v

LY

bay3 | peya

> P

*

od . . . .
6.65 _  4.69~ “3:63 ) - 3.26
. 910.4f  683.30  €06.10 . 580.40
’ i LS i .
4.79° 4.90 ;| 3.88 3.5
1009.80 - 744.00 679.4({ 648.60
. . P
“ess ¢ B RN R [
89140  731.00 6{36.10 | 574.80
7.30 5.72 . = 5:38 4.7
104670  838.70° 758,10  762.30".
g.87 7.73 6.67 ~  5.84
17656 92150 856.20  794.30
10.43 9.42 ° 9.28 7.60
1412.60 - 1124.80 . 997.60+ “1057.70
17.96 17.00  ~ 14.36 13.17
2145.80  1468.80 .  1446.60 . 1167.70
10,40 >  9.89 9.32 .  8.92 -
1337.70  1224.90,  1042.20 ' 1117.30 -.’
! L4
Hunt, 1981. : '
' .. :,
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, * Table 5 R

A S . R
Task .. A B
» * . . ’
-~ Primary Memory Retrieva] s - . . *
" (Familiar.Stimalus ‘ ]
(Thomas et al,, 1977) §27., * 1.84
- ‘ ’
* q‘ .0 * ! " . \-,
(Reduced case of . . .
Thomas et al. data) ’ : / 357 5.00

1 2"
- . \/

Haming items - .
(Thomas et al ’ 1978) 439 ‘5.7?
Matching semantic cagegories ..

‘(Th s et al., 1978 312 - o 38T

N LN

’

i L
L

Response to tone while Hoing/ .
a Hard Yerbal Memory Task .
(Hunt and Lansman, 1981) 178 3.66

-

"5

. Fit of the ‘equation RT = A+ B (Age)
to data from complex.reaction time

. . tasks: All data 15 milliseconds,
- ] - . . ' )
> . v ot =
r
L K'Y L
5 . " %
-
- s - .

.27

.93

[ Y
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" data for tasks that depend sore upon complex memory coaputations? -
The fits are not 45 good as were obtalngd tor the simpler taskss
. but are stil| substantlial. The major exceptions are that 1) Jdn

Thomas et al.'s (1977) "semant|é™ studiess age-effebts were

negatively accekeratea functions of absolute ager» and 2) that
each of the conditions of Thomas et al.'s (1978) brlmary memo
study there was one group whos'e results were not in the oroer

predicted by cquation 5. 1Inh particulars
unusually siow In deating with "famillar™ items.

Vhen these

In .
ry

the 30 year otd group was

-

groups are removed from the analysis (the “reduced” case of the
? Thomas et al. data) the fit aof the equation Is substantlally
Inproved. _— he

, .. . .
The case for the proposition that mental activity stows,
contlnuously with age seeps strong.

- 8e ACCURACY GF INFORMATION RETRIEVAL -

The olscusslon will now shift from a review of studles of .
speed of responding to studies of accuracye. .The materjal reviewea
in this section deals with age retlated changes In the retrieval of
information from memorys Section 8 deals with changes In probienm
solvinyg and reasoning» tasks that require people to consider the
conseqguences of explicitly,presented informatian. Sectlion 9 -
critiques knowleuge of the relatlon between age and accuracy of
mental processes. . *

SN . ) . ) Yo
' AGE CHANGLS IN WOPRING MEHRRY .

’ " . N
How many pleces of lnfor-atlon can a pecson keep sn mind at
‘once? In § WENnOry span experiment» a person Is asked to reclte a
small amount of intormation presented seconos before testinye The
Digit Span Subtest of the Wechsier Adult Intelligence Sceale (WAIS)
Is a yood example. The examiner reads & ilst of diglts alouds and
the examinee s 4skea to repeat them» elither forwards or )
backwardse The number of jtems correctly recalted Is called the
uiglt spans Estimates of word and letter span usualliy do not
ditter 9reatly from dligit spane Begause of tnis, Hiller (1956)
has sugyested tnat the unit of memory Is.the meaningfil symbol, 3
which he reters to as a "chunk™p rather than che mathematical.
measure of information in that symbols Based on a Survey of the
literstures Mitler (1956) proposed the "maglc number.savens Plus
or mihus.two™ as a re¢asohable estimate of the numbder of chunks

that could te hela In working memorye This IS perhaps 'a bit

-

optimistice
universlity students.,

Studies

Killerts data was drawn mostly from studles of

f more general populatjons lndlcate

thet aouit digit span’ls u5ualﬂy (rom, fourf to- seven .{Matarazzos
1972; Talland: 1568, Values below thls range are cons.d dered

. »
3 = ¢ ‘\.l '.
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indicative ot brain damages Valugs abeve thls probably Indicate
that the person being tested has developed some ’special trick for
menorizlhg tists (Matarazzos 19723 Chases Lyons and Erlcssons ~ .’
1981)e Providing that digit (or. letters or word) Span is tested
In & quiet area, estimates of its value declline only slightty over
the adult years (Craik’ L9685 1977). Tadividual.varsationywithin
an’ age of oup appears to be far greater than variatlon due to age.

. What produces a limnlt on nemory span? Several hypotheses
have been proposede All are based upon thd assumption that the
menor izer sees the objects names its and then nolds dén (internally
generated) name In working memorye. After an extensive revjens
Decpster (1981).conciuded that the llmiting fagtor in spen is
noreally the speed with which an Individual can recall the name of
an external stlmuluse This flts well with the observation that
age differences In dlglt span are smally, for Waugh et al, (1978)
feport only minimal - age differences in naamlng latencless

working amemgory shouia not .be thought' of as a set of slbts,.'
snalagous to post office bpxess It Iis more likely that worklng ,
mewory consists of a sét of records that afe Kept In @ high state -

- of arous3l (looselys “rehearsed”) by an actlve process of

Q

attendlng. How does one rereaber a llst qf items? By rehearslng

bai laoels insioe the heade If rehearsal Is Interrupteds ,
memory span drops drasticallys To illustrate, memory sSpPan urops
to almust zerds over as short a perlod as 18 secondss It the
examinee is asked to count backwaras by sthrees during the period -
between Jist presentation ana recal! (Peterson and Petersons
1959),

*
Holaing informatlon In worklny memory Is an attention 5

denanaing taske ApPpPlyiny Kahneman's “(1973) mental resource modaei,
of attentions wnenever a mental task requires temporary retention
or tnformation in working memorys, attentional resources must be
diverte8 from other ongolng mental ectlvitless Converselys the
presance of other ongolng mental actlvities wili Jimit the zmount
of attentional resource$ that can be allocated to the memory task.
There IS a good adeal of experimenta! support for. thjs proposition.
In generat, it Is olfflcuilt to hold lteas In memory while other
problem sulving |Is going on, and the act of problen solving will
reduce the memory Span. For Instance, tne time requlred %o
cokpreheny ¢ slaple Sentence is Incressed If people afe ssued to
hold irrelevant intormatlion {eege 8 set of olglts) ¢n workling
memory as Lhe sentence IS being presented (Hltchy 19803 Lansaan,
Note 9). Mathematlcs proolems that place demanas on working
menoryy suvh as additions with carries, are harder than similar .t
problems thet do not place a buruen on work'¥Tig memofy (Hitchs
1978)s The loglc used to explaln these phencmens s essentlally
the same as that used to explaln lnterference In dual tasks. It
Is ssserted that In some situations s person must conduct two .

,Sorts of mental computations at tne same time} rehearsal of

Information In wWorklng memory,and “something else." "Tne two tasks
competre for limited attentioenal resourcess hence perforrance on

- ' -56-
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Memory span for«digits, with and wifhout ancina?y tapping |,
task. Data is chown as a function of sex and age (Botwinik
and Storandt, 1974). -
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= one or both tasxs should deteriorate, A *

. ff the atfention competitiop’ explnnatlon is combined with the
attentlonal deficit hypothesis that sttentional capagity decreases =~
with age, lt follous . that age~related decrements In messurés of co
working memory cnpaclty should appear in sltuatlonsiln uhlqp other
ongoing mental activity inpose demands upon, attentinn we | )

,~ dusl task paradigme  While literature reviens nave suggeste ihat
the predicted age effect .does occur, examinatjon of the prim .
Ilterature indtcaters that the effects are small and only apoear
“after age 60., Fligure 33 shows some data gathered by Botwinick andy,
g Storanut (1974)s in which diglt span forward and -Dadkward was
\\ calculated.in the norual manner and while subyects were doing 4 ‘
3,  concurrent finger _tappling taske There was virttually no change in
digit span before .age-60s In either in single or dual task’

. condltiunse Simliiar results have been reported by Tai)anag (1965)

Nsiny sllghtly different dual tasks. The expected age X ta
condltlon Interactlon appetred: but onl'y after age 50. r

Hemory span tasks are usually selt paced. The attentional
. demsnds of ‘& memory task cun be Increased by usiny an \
experimentercpaced Situatlion i'n which the contents of norking
memory .must De continually updated apnd tested. Active us'e of |
. working' memory In this way seems to be an Important element in . ‘ )
many occupatdonal taskse An alr trafflc controliers for iInsfancesr
must xeep track of, a changing trafflc ‘situation. JThis situation
was minicked In an exper inent condu&ted by Hunt and Lansman (1981)° ,
for somewhat dtrfeﬂent purpcses. 'We earlier presenteo dsta on tne
response selection aspicts of thelr studys Here e report a
second adultional asaiysls: in ahjcn we fook at age effects on .
recall .trom working memory_ss a functlon 6f ages. The. conditions
tnat <re relevent are their single task- condlit®ionss in which o
. Subgyects hao to keep track of the current state of a conttnuously
cnanging set.of letter~diglt pairss For exampier (T & typlcal
_ sequence“the following events would occur? ¥ - v

»
M

S

Event oh séreen ’ Response - : a »

. ' ' A .‘|'5 . . < W | . ¢

' . B - ? . . Z ‘- . . 0‘
| »
. . B es -

\ ; .
etc..} - » . o TN

e ¥ * . ' 4 LY
The exsmpie yiven is trivialy because t&ere are onl< two varlables

- : ‘ -57- R
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"to be recilleds the numbprs currently pairea with A and Bs The

task IS much narder f rlve of seven varlables are to.be used,
Performance on this tesk’hes been shown to depend, nenvlly upon
uorklng nemory IAtkinson ano Shiffrins 1968)s .Fligure 34 shows
ac¢cUracy of pertormance plotted as a function of age snd
complexity of the task (2 variables opposed to 5)s' There is a a
slight adecfine In perfornance ulth ager prlnarlly due to reduced
perfornance of people ﬁeyond 40, . g ’

- ’ . 1

L) - > .
.

StCUNDAKY MEMORY, :

Information must be recalled from secondary remory iIf
~Iinformation presented exceeds the capacilty of working memorys of
if some activity regulring norklng aemory intervenes between the
time tnat_information Is presented ang the tiae tnat It Is to bhe«
recal kede Ex3mples sould be recalling a Iist of twenty to thisty
wordss of recalling a five wora dist,» after having done arlthnetlc
in the perlod between !list presentation and recall, :

The edsiest way to test secondary memorfy Is to extend the
memory span expornment by presenting s lIist longer than can be
held in-working memorye The assumptioh is that this, forces the
recall of some ltems ffom segondary memorys Filgure 35 presents
gata uh: the accuracy of recall of lists of words as a goint
tunctign iof.1ist length and age (Tallands 1968}, Aue effects do
apbeerr but tndy ;rq small, . e . )

An alternatlve tecnnléue for studying recali fTrom secondary
-memory utilizesa phenomenon Known as the serlal posltlon effect,
It nas lony been Known .that if-a persop attempts to, recsil Itams
from a-1ist that exceeos mumory spans.-tne best recalied Items are
.those at tne Last of the {ist ("recency"~-the i tems most recently
presentea are recalled best)s followed by ‘'the Items at the front
of the fist ("primacy™)s ana then by the items In the miadle, The
‘usual expianation for the recenty pnenomenon |s -that items 1a
in tne list force the eariler jteas out of working memory. If
recall Is tested lamediatety after the 1ist |is presenteds, the last
tew \tems.cwi 1 be resident In working nemorys nhlle the remaining

* itéms must be racellec.from secondary ‘memorys 'Criatk (1977) has

reported data showing that there are no age effetts on recalt of
items I'n tne recency portlon of,a jisty but.that age effects ao
appeafr In recall of items Trom %ﬂe earlier parts of a lists The
lack ot an aye by recency lntersction Is consisteit with the K
findind tnat the capacity of .working nemqry ddes .not change with
age: put tnat the effectivepess of retrleyal fngp‘secondery memary
doess . . . .

.
L4
. - LAY . . - .

Q(test of seconoary memory siavitaneously tests three thlngs,
the at'il.ity, of a person to transfer information from primary to
seconoary memofy dufing the stdrage stager the avillty to, retaln
information, in secondary nemory for some perlod of tlne; snd the
i 3
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Aging and Cognition . T .
abliity to retrieve that information given _whatever cues arge '
presented «hen retrieval |s requlreds. Norman and ‘Bobrow (19799
present.a useful way of conceptualizing the three phases., Durlng '
the storaye phase a person estaollshes a "descrlptlon“ ot the
Information to be storeds This s roughty analagous .to.,a * ’
librardan's cstalogulng a book when it |s purchasede Certsain
facts about the information to be storea afe noted» and these are
. used to.establlsh a s¢cheme of references that can be used for
tater retrievale IJImagine a person trylng to memorize a list
containjing the word "cat™. Part of the referencing scheme for
this word might be based on properties of the word,itself (esg. . ¥
"cat” sounds | lke "bat™, “csat™ |Is sn animal) while other
references mlght be deriveo from properties of tne referents or
trom ldlosyncratic facEs in a person's prior information structure
(eeges "My sunt Elciva has 's cats think of hér holding It")s Onoe .
the active catalogulng process hag been completed the “information
itsetf Is assumeo to reside in memorys withoutfrequlring furtner
(attention demanding) maintenance. When retrlpvail Is réquired
some cues wlll Inevitably be presente These clues are used to
deteraine a retrieval scheme analagous to the proceoure, a §ibrary
user executes when trying to fino Informatione If the retrieval °
scheme and the descrlptlons matchs the Information i{s recalied,
Jtherwise It is not, Successful memorlzation tnus depenos on two
things? tne development of schemes for description and retrieval¥
and the extent to whlch the two Schemes match. . t //

The development.yf storage ano retrieval schemes fits into
Schneider and Shiffrin's (L977) definitioh of attention deﬁanding
controlled processes, Accoralno to the attentliondat deficit ’
hypothesiss memofy shoulo be¥vulnerabie to age effects as the .
schemes are being constructed. The retention phases being passiver
snoul's not be sensitlve to-age and its, associated reduction in .
attentional capaclty. A e effects o information retrieval should .
be founo when the.starage and Tetrfeval phases. require exténsive . )
computations in themseivess, or wnep storage and retrieval occufs
in coapetition with other cognitl fa, compUtatlons. in‘tne other
hands, the effect of reteptiun Intervals per S8 shoufd not be .
lnfluenced by ajes . p

{

* .

b * »

*

In an elejantly designed study’ chkelgren (1975) foun
precisely these results, He useo“s complex version of the .
contlnuous recognltion memory paradigyf in nhich a person Is shown
a series of jtems, some of which are préesented two or, more times.
.The person's task Is to respond to Indlcate wnen an itenm "
presentation |s Ffepeateds By applylng a falrly compdex

g\é%pre

i

~

magflematical analysis to the data, Wickeigren concluded the
uere age, effects In storage arid retrieval> but not in fetent
Unfortunately for our purposes, Vickelgren only contrasted fhe
performance of childrens youhg ao'ults, anpd the elderiy.s Y4
Wickelgren's experiment should be repllicated on ,aouits in the
middie age rangée. The fact that young and old adults HET e
équivalent iIn reﬁentlon Impiies that retention Is stable in middle
age as well. the other hand» ulthout ,testing .peopie In the. ' |
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20-60 age range, wWwe have no, way of trag}ﬁg the changé in storage «
and retrisval . functidning over the working years. - N - " .

Sécondﬁéy memory can be tested by recalis which forces ) -
construction of a retrleval s¢hemej recognitions which minimizes
the need to construct a scheme} or by cued recalls In which
assistance Is provided In constructing parcicular types of
retrieval scheméss Tahble 6 shows “the gata from 2 wmuch cfited study
by Schonfetd and Robertsan (1966)» in wnich people of-varylng ages
were required either to recognize or recall arbitrary fists of 24
wordse There were virtually no age differences In recognition.
Recall dropped reguiariy with ‘aye over the 20 fko 60 range. This
data 1s typical of data obtalineo In several otoer studles .
contrasting recoghition and recall gerformances’ The resutt Is
ubviously consistent with the attentionai deficit nypotnesis.

. /s , .

A furtner test of the Iinteraction petween memory performances
agts and attentional demands could be conpstructed by experiments
tnat attempt tou show exacerbatea age effécts in dyal task
sstuationss similar to the'studles that have.shown primary mehory
deflicit. in dual tasks. *According to the hypothesis, s competing
taik should increase age-retated drops In memary if It competes

.for attention during .the storage or retrieval phasess but should °

_have no effect if it Is introouced during the retention Phase.

Such experiments would be of.interast In themselves and becduse
they seem:to be analoyous to real world situations; e«g9s trylng to
memor l2¢ OF récall something as you are alstracteds We are
unandre of uny stddles that have usea such a paradiyme’

-Tne argument that establisning, a descriptign,s lmportant In
meporization has been phrased in a somewhat different way by Cralk
and Lockhart (19723 Cralks 1979f» who use the term "depth aof
processing®s 1In the Norman and Bobrow terminologys' Craix and

.Lockhast claim that §n constructiny aescriptjons there s 2 fixed

orger of elaboratiaon upon the information préesenteds beginning

with noticing '‘physical features (e.ge "cat" has a particular \.
visual shape)s then any.relasteo Physical oodes ("cat" sounds {lké .
"oat")s and finally a network of semantic associations., Cralk snd ~
Locknart reterred tosthe predicteo ordercing as representing .
proyresslveﬁy deeper proce,ss,’lng: and asserted that deep protessing
had to be coapleted.in order to ensure memofy retrievalsa The
necessity fof a fixed urder of ,pfocessing has been questioneds. An
elaborate description can be produced at a "snaliow" level and

stlil serve as ¢ yood description to guide retriaval (Bsddeleys, .
19783 Netsons 1977). According to Morman and Bobrow's analysis»

the Iimportant vartaples are how 'much processing Iis done st storage
time and how well the gescription matcnes the retrievsl schemes

and not wnat type of pracessing Is dona. Rgadrdless of the

detalls of this ucbates it does .seem that Craix und Lockhart's
distinction between shallow and deep prucessing may well represent
the normal procedure used in estabiishing desq;lﬂ%dons. Studies

ot mpemonists {(Cnasey Lyon, and Ericssony, 19813 Hunt and Love,

197¢) have shown thst very good memqrizers do adopt schemes that

.
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: . Tne deep processlng,concept is anothér example of the use of
ap attention demanding controlled process to fix information In

., mémory. If sttentlon ‘demanding proS:sses are most d4ffected hy

sgings, It followns thats age eftects mexqry should be most

pranouncea wnen deep processing ts tfequlireds Simop (1979) tested

this hypotneslis by presenting supraspan lists of words for a fixed

perioo of time., Retrleval wes alded elther by presenting an -2
suditory gue (esgs cuelng Pnog” by "smog") or a semantic cue (es9, .
cueing "hog" by "pork."™) The argument was that the phonetic cuey , _

representing shsllow processings snould be effective st sil ages»
put’ that the semantic cues representing a level of processing .
reachec only by fast processorss shouid be effactive oniy for ; p
yecunger subjectse QOlder people {mean age b61) showeu less recall
then younger subjects (mesn age 20} inh a1l condltlons but tne
J fferences were greatest for semantlic cuelnJd.™ Hladle aged
participerts .(m2an age 43) showed intermediute resuits, Simon
.concluded that semantic sing was aost affecteo by age, and
tnat ‘effecils appear_as s age 40. This conclusion Is .
simitar to'that reported by Eysenck (1974)» In a study that showed
semantic coolng deficlencles in »0.year olds» compared to 20 year
. 5 oI‘Hs. , . * A . ’ ’
i . R U :
An aiternative yway to test.the attentionul deficit hypotnesis .
Is 'tu louk for the absence of,age effects. ‘In sltyations in which
there (s no dray. o attentlonal resources. It has been argued
_tnat some xinds of Information th be stored. and retrieved -
wautomatically,™ i1eees nmithout attentlional resources being )
expendeds Hemory for the rrequency ‘with which events occutr and
memory for the temporal order of two events have oeen offered 857 )
#Pxanples of automatic memorizations, Meaory for both freauency :
(Hasher and Zackss 1979) and temporal order (Perimutters Metzgers
Nezworsk i, .and Yiller, 1981) has been shown to be equivalent in 29
J ,year old and 60 year oid sptyectse It Js hardty likely thet ther'e
would be effe@ts in the age ranges In between. , }.

d Ny -

¥ o=

Alr the ‘tasks that have been described .so far depend upon
verbal memory. Would. the picture change if memory for visusl P
events were testea? The question §s not essy to answers because
our normal memory for visusily presenteo events may depend.in part .
upon the verbal prooessing inat we 0o as we name tne .events, One
y study {Relge and Tnman, i961) has been reported of nenorx\;yr
%unlaoellapble” yjisuals audikorys and tactile stimuli. Rectgnition
semory for all tnhree types ot Informstlon oropped with agees The
, results sre shown in Flgure 36. Note that the jrestest drops In &
L Suditory ,and tactlle mémory appear reatatively eariy In soulthoods
-, #hile memofy for visugl stimul}) did not drop until the 50s. ’
v AR . R . - .
L The oelayed ‘arop i1n visual memory may be questionea on the
, gsis of the date from the Hunt and Lesnshan {1981) experiment. 1In
‘ one ‘section . of that studys they replaced the Ppalred associates
task with a visual pattern recognition taske There were two
. . c " oo
Rt ' ‘ 61~ ¢
— . . - * ":.‘




» »
N . . . “ i
.

Aoing ‘and -Cognlt‘l on

.
kK . “
. N L] ]
R . A Do . - ‘
*

levels of dlfflculty rnvolved, depanding upon the number of

.+ efemsnts in the visual patterno Figufe 37 shows that accuracy
dropped as a function of age for both the edsy and hard visuat
patterns. 1In contrast to the Riege and Iaman Tesulitss the ma jor .
age dltferencqs occurreu betueen ages 3b ano ép.

There appear to b¥, age relﬁted‘drops In botﬁ storage and

- retrieval of informatlon In secondary #emorys but the age related

. ,ehanges. are not larges. The. atfipntional deflcit hypothesis serves
as 3 rough gu ulde for tntnking out the agerrelated changes In
performandg: and suggests ~fhat any age effects on memory will be
pagnlfJeg if storaze Qr reccll occdrs unter dual task conditionse.

" cau& n, in oraet.r Loqlca[ly: one could extend a

"seconOary memo y" study to recall lntervals of dayss» months, or .
even yecarsy but In practlke the, interval between information ~
presentation gnd ?etriavh}pls usually on the oraer of five to
fifty minutes, cAltnough Psycholoyy texts and seview articte
freely generallze from the laboratory stuoles to fleld sltuaglons
involviny much longer the intervatsy, there Is surprisingly 1ittle
evidence supportinyg the qenerallzatlon. Experiments by Neison
(1967) suvgest that the ‘Same laws of memory do apply oveér a wioe

. fange of lesrning-recsl!l| lntervals. The dats |Is quite sparse,

* thoyyh, ana more_studles are needed before genepallzation froa
laboratory to fleto can be said to be amore“than a.statement of

fa f tn. . . ..2 " ] . ) .
. ) ’:"" ‘ - ' -y -0 . ) L4 / t -
o .-‘ *’ * \ ¥
‘ T . '\ - . = . £y
MEANINGFUL MEMUORY -~ "¢

1

ALl or ‘tie memory axpBriments reviewed thus far the
participant must remember informatlon that Is ot flttie personal
refcvagges ‘The palred~associates task Is 8 jood exampie,
Participants are askeo to learn newsr arbltrary associatlons
netween Items,\ Gtten the items are nonsense materials or words B
'with 1ow samant\c associaticn. Thp.reason fof using such material
Jls tneLl psycholdgists want to sRudy "pure™ |earning kn controtied
. situationss where tiie .experimenter can control the particlpants?
exposure to.the lnrormafion to be learnecs

Cne approgén to ?he study of ncanlngful learning Is slnﬁly to .
repeat the oestgn of conventlonal leurning. and memdry experiments,
usipng ‘meaningful.materiule Suppose that one wlsheo .to establlsh s
medory span fdr linguistically orgsnized “chunks" Instead .of for
arbltrary tists of nonsense syllabiese “A generaillzation of a -

memofy »pan study Is to determine the lonsest sentence that can ba
recalleo verbaltme Sentences of ten of more wofds can be recslieo ¢
perfuctlys This Is“consloerably hqxond the averade memory span for

e . ‘unrélated wordse The usual expisiation Is that meaningful o

material is organIZed into toglcalJy conerenRe myiti=word units

o . . s . .
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"Figure 37.. Accuracy of Recognition of a visual matiix of 4

- figures.- Hunt and Lansman, 1981, (“Hard” condit n.
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which tnen form the unit of memory. For Instances, the sentence
* i

"The dog cnased 'the gray cat up the tree”

¢

contains three proposlflonst .
~ (1) The dog cnased the cut. ) ' j} e
(2} The cat mas chused up a trte._ v . '
{3) Th; cat was gray. , - 3
N .

Kintsch «nd Xeenan (1973) have presented evitance Indicsting tnat
the propositions witnin & sentencés ratner than the sentence
Itﬁelf: are probably 'tne unilts of aemory for proses More
"generallys as word strings are moveo closer and closer to the
structure of sentences {(and thus forced into aore and more
proppsitional unlts) people at al} ages recall more words from tne
strings (Cralk and Massanis 1968).

As peopie examline a connecteds coherent discourse they begin
to construct a pr09051tlonal network that relates the stateaents
in one sentence to tne statements of’ snother. The recall scheme
‘ for normael prose Is not to attespt to recsll the original
suntegccs verbatim» out rather to raconstruct sentences from one's
mexory of the propositional structure of Lto=be=remerbered

sssaye (Klntschs 1974)e Studles of pfo:e c%nprentnslon are
relstively news and have usualby Involved contrasts between people
in tnelr '«0s snd 60s» father"than an examination of the tull age
ranwee Tne studles that have been 'done (Cohens 1979 19E1} Taub,
497c3 Lignts, 2elinskis ano Moores Note 10) sll Indlicste thel tnere
Is Tlttle age~related foss In the gblilty to recall propositionss,
providing tnat tney are made expiiclt In the texty as were all the
propositions In tne exsmple stntences 9ltven aboves. It has been -
founds Nowevers chat elderly people _are Jess llkely to fil{ dut s
praposltlotal structure by constructing propositions that uburﬂ.be
Inferred frowm a combination, of the/ propositions In the text and
real worla khowledges Contlnul‘ﬂ with the dog-cat dianpler,

4 ] LY £
The dqg frlghtgned the .cat

*

-

Hould be an exdmpke 01 a prqposltlon tndt could be Inferred fronm

the sentences gre{euted previouslys although It was not stgted in '

sny omne of thems :The Implications of tnis finding wilf' b
considered In nogé detnll in the'section on problea solvlnq.

In summarys §0ung adults ceTtlinly have 8 slight sdvantsge
s over elaerly adults In comprehending verbsi messages thst are
prqgented In s taboratory settings Hhether tney nave the sare
navantage over adults ln the 40=-60 age range is not clear,

+ %

hnunever we ﬁ&al plth people we make aSSu-ptlons sbout what
tney Know ol the ubrla? To uhat extent are tnere spge~reiated

*

« ‘ . B
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trenas |n the avallablllty uf QIfferent types of "real worid®
information? Informal reasoning leads us to expect an "inverted
U" functlon relating-resl world knowledye to chronological ages
There.is the obvious trulsm that the donger you llve the nmore
experigence yqu have wilth the woride On the other hand, there |s
good reason to belleve that at some points and certsinly In
advanced old aze,» the efficiency of the learning process detlines,
Popular tap has It that the elderly retain clear memories of the
distant p'f but are lass able to store information sbout recent
events, | Is seen in extreme form In certain types of seniile.
dement,| a, fuding the preaature qglnthepresented by A{zhelmer's
disease (Ga\t2z» 1977)s Do subclinlcai anlfestatluns of a
resistance 0o learninyg begin to appear™in the hOs tnd 50s?

,The evldencc on this question is qulte encouraglng. Several ”
studqles have shown that older people ares If anything» more aware
of general world events than younger peoples 'This seems to be
true at Least up to age 60, Warrinyton snd her associates ‘
(Warrington ano Sllbersteins. 19793 Warrinaton ana Sanoerss, 1971)
foung that people in thelr 40s and 50s knew more about events that
haa occurreo aurlng the past year than did Engllish senlor high .
schos! students. Lachman and Lachman (1980) found slimiiar results
In 4 study tnat cokpared people over 4V to currently enrolied
college students, as oia Pertmutter (1978)s comparing people In
the 20s to tnose in their 60sy It Is worth noting that the
effects of éedycation appear to be nucﬁ greater than the effects of
age 40 studies of this sort. ~

-
.

As there Is no evidence for s alminished capdcity to learn
meaningful material quring the working yesrs, It Is leulr
. Gsurprisingty find that the possession of aore knowledge

transdates alructly into better performance In one's flela of

,expecbqsa. 1n tact, the difference between skllled ana average or
novice practigioners .in Inteilectually demending fleios.ls closely
refatev to the amount of felevant knowleage that the expert
possesses’ ratngr.ihan any epparent fnnate sklli at problem
solvinys This hag been |llustrateq hy.studles of Inforeation .
processiny in ameoltline (Roples 1977), Experlencea intergists .
appear to be fine dlagnostlcﬁans, not because they are bétter . .
toolciaps than tess exper lenced physlcians, but because they know
a great peal more about the relatlionship between overt sydptons 4
and under Iying disessé processess Simllar results have been

”obtalneo in the analys|s of expert pgrfnrnaace in other fields \
.(e.g,r’L4rKIn et ‘9fepe 1980), ~F ¢ ] ' o , o
. Knowleude about one's fleld of [ portlse: ana for.that matter

moSt real wer¥d-knowledges
facts tnat of not refer t
(19723 Kas argued tnat the

Is samantlk’ knowledges l.ews timeless
personslly experlienced events., Tulving
's a psychologlcal distinction
betwcén epespaic and semanti nowledges This distinction Is -
supporteo In the aying. €3 It awpesrs that sedantlc Memory
ls Gnusually resfstant to\3ses|/ One of the most rellsble’ flndlﬁgs

psychometric test performance is

" .

- » ;‘64- . [ . v
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that vocabulary scores, a2 xough measure of knowledge about . .
kanguage, elther Increase or remaln stable until beyond sge 60 s
"@otwinicks L977)s” Untor nately virtually all studles .
demonstrating the ssrenggiiof seasntic knowledge ovar the life

span are based upon studled of the semantic knowledge embodlad in
languages But what about Information.about non~flnguistic
relations, == tor examples princlples of machinery operation or '
proceduress In partlicular, what about the ablllity to incorporete
changing “Information about principless something that occurs
continually as technology changes? It is not at all.clear that
resuits from stydies of the retention of languaye informstlion can
be extrapoleted to situations involvinyg memory tor non=linguistic
Informations because fanguage seems to hold 'a special place In
memorys even at the neuroanstomical level (Walshy 1976). There

appesrs to be alnost no Information on this lnportaht practical °
questlon. . . . .

.
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A great many of the results on the relttlon in sge 'and wemory
have teen Illustrated In a slngle stud“‘br Lachmans Lachmeans and
Taylor (1981)s They tested memory for flcts in midule aged and
youny s€hoolteacherss using both a multiple.choige.and an open ~
ended questionalrre foraat., The older teachers were elther equal
of Superlor to the younger ones regardless of type of format,
Younger suyJects were supertor to o\der ones on memory tests that
Jwequired the continuous maJn;alnqnce of Informatlon in Wworking
memory Tney were also faster» but not more accurate In elther . ;4
recalling informatlon from lony term memory or drawj inferences
from that informations .Thus the Lachman et al, study providess In
oné reporfts a Jood suunary of, many other studlies of memory
capabilities ovec&the uorklng years. Other things:.belng eaqual:
olaer people recall as .qauod (b&r more) Informatlion than younger
people. Youth's superlorlty appears only if thece are time -
Rressuress or if it is necessary to keep. track of henw Informatlon
for a* o;lef Perlod of time.

The results from studles of memory for meaningful Inforaatlon
palint an encouraging picture for any employer considering \he use
of .an olaer work forcues The laboratory plcture of uerlcleneles in
lestning and memoCy begletning. kn tne 40s _almost certainly
overstates the situations Indeeds there fﬁ sofe reason'to brlleve ‘
that olaer .personnel would be superlor In “tecalling meaningful '
materials providlng tnat recall was required In a slitudation that
dld not contaln distractions, and tnat dlu not place time pressure

L]
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" "Prool#m solving” coula refer to aimost any sounltive | )
behavicrs Follouing a alstlnctlon that is based more onslovic }
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than on psychologys problem solving. Is usually alvioed Into
studies of deductive and Inauctlve reasonin3de In deductlve
reasohlng one araws conclusions from known factse In Inductlve
reasonlfg general rules are sbstracted from.’an examination of
These deflinitlons are content free; one could |
chassify problems as inductive or deductlve reqardless of wn®ther
theys dealt with fields as disparate. as physics and medicines From
the time of Aristoties peopie who think about thinking heve hoped
to find rules that describe people's thouyhts® regardiess of the
content of the problem being solveds George Boole's classlic book
on binary loglc was, titlied "The Laws of Thought", Hore'recentiy,
durlng the 196us there was a spate of work on Bayesian loglc as 2
general tngory of human !nducflve‘ngasonlng.

In
general

spite of these nistorlc precedentss tne search for a .
tneory of numan protiem solving may be coomed to fallure.

Vatiations In the content of probleas have heen shown to exert a

powerful
1972).

infiuence on problem solving tAason_ and Johnspn=Laird:»
Nawell ana Simon (1972), .An a book that nas set tne focus

for mucn moaern problem soiving researchs state unequivocaliy tnat
a persun's reasoning wili be.powerfully influenced by their . ‘
experience with the.-materiai being reasoned about. It is prooably
unreasonable to assume.that there IS a general "Psycho-loglc™» and
therefore nardly feultful to ask how logical reasonings in
Jeneraly cnanges with gges -For Instances the difficulty solving
of multiple diglt addition problems is directiy related to the
demands .that a probfem puts on wofking memory for the storage of
intermedlate computations (Hitch, 1978)e Since there seems to be
litties §f anys drop I® the storage capacity of working memory
over the working years» one would not expéqt to seg a drop iIn -
accufacy of mental dnjtnmetic wlitn age. ththe other hand,’ there
is an agye-refated redyction In the speed with which materiai in
wOrki1ng _memory can be accesseds To make tnlngs still more
complicated, the extent to fch sn arlthaetlc problem' nakes
oemands On worKIng memory will depend on the algoritha that a
person uses for ment;al aaditions Hows thens is one to predict
what uye eff®cts.snoulld=fe "in wvenersi®, wlthout knowin, the’
incividualls approach td the probles at _hana? r‘_ o
’ 5 ¢ ” Vo . - " . .
Even tnouyh indlviaual pr bilemsolving stfategles camalter
the -attentional demands of a pnoblems thinkihg about problen
solviny g5 « uemand for mental resources dces provide a framework
tor expectiny orderiy relations between age _and performance on
complex feasoning taskse In particulars probiem solving should be

<

-aore dlfficult with advancea age whed- (a) rapid mentel

computations are requiredy th) the problem makes demanas updn __
working memofy §n sucn a2 way that the memory task must be executed
as a "dual' task", coincioentally with other aspects of problem

solvings and (ei~the effects of prior learning can ve disregarded.
_The last polpf is importants because It aadresses;the aquestion, of

hdw erficientiy- one’s mental tools are usedy, As the extent of

prior learning #s difficult to docuaent, most psychological

stidles have tried to avoid the jssues Oy presenting people with
L] \ .o N
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untamitier probdenms.’ .The.arQULent for oolna $0 Is that, the -
psyghotoylst wants to deterxine t he covarlatlon oetween the extent
ot » person's mental resources and tnhe effectiveness of their AR
problem Solvings Without haVing to worry about individuat
differences In experlence, While this Is a reasonable scjentiflc
goaty It Jimits the geferalizaticn of laboratory sfudies to field
gonditionss _ In the fletld ‘problem$ are solved by people who have
.the backgroyund to sofve: them. P .

. -.In reﬁleulng the fleld we shail malntain the ciasslic
dlstlnctlon betweern inductlve and deductive reasoninge 1In
discussing a particular type or probienm solvlng{ we shaltl use the
attentlon deflclt hypotnesls as a device for orvanizing tna datey

)

INDUCTLVE REASONING ‘ LI : ]
&

. e

- - %

- L)

.

* .
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A popular method of studylng inductive feasoning Is the
concept ldentiflcatlon paradigms In whigh & person Is shown
exempl3rs ang nﬁn-exenplars of s.class of ltcms; snd askeo to
state 2 generatl rule ‘tor class meabership, ' The ltems used are ‘-
typically meaningless forms» Such as letter strinys or abstract L.
_geometric oeslgn§ ‘' Concept ldentlfscatlon problems are described ‘
“in terms of the lnfornatlon processing characteristics they . -
present. . Tne items themselyes may vary in the attribytes that
define thems and ‘the complexity of thy ruie defining class , \ J
nenbership nay be varteds [In additions probliems may be cescribed

‘In terms of the slze 6f working memory required to hold enough b ‘

“inforastian to define an answer. (Hunt, 1962). '

“f . .
uripleys Jovicks and* HéLaughlfn (1974) served age effepts
In a concepf sdentlf{patson study usiny tetter string stimulds .
Eaah problem cbnsisted of the presentation of three letter *

define the rule used'® to assign 3 string .to the w4n or Mett’ . B
category.. To tilustrates one gf the probteqf contained the ’
strings. °~ ., - . . P . .

Y <. /e Y o

IR Ay L NE SR >
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strings cantaininy the symbol "a"éw Rrobiems were made elther hard

or dlfﬁ+cu!t In a variety of ways. fh some probliéms #f1 the -
SLrings wWere masented touetner, In others the strings were )
preésented One'at 3 time. IR other cases the<“rulp for assigning. .
{,abels was moTe conplex. Somée exanplexprablens are shown In )
Flgure 36, ¥malt but statlstically reliable drops In the nusber

of prleens solved wera found throughout the 8ge range from'20 to

650 - ] . - &
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Tne rule for tnis problen Is that the Iabel n4v |5 assdpped to all ‘
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The Brinley et 114 expirlnent IS typical of s large number of

studles of concept |dentlficatipn In the eidefiy. The other
studies will not be reviewed) ‘because they all concentrate on the
-contrast between young and eiderly Yeoples ' The results of these
studies %re cons)stent wlth Brinley et ale concjusion that there
ds a decrement In inauctive reasofing with ages The dats

‘ presented in olir review of Psychometrics also indicates that

performance on inductive reasoning tests gecreases. with age.
» L

Although concept identificatlon studies may be simliar to

" " some” Industrial tasks, such as trouble shooting electrlc circuits,

they are certainly nof%represantatlve.of how we tearn "rea} life"
rules for classifying'-objects Inta trees, peoples, algplanes, and
what have yous Severa! tneortes g?\hon this gdoes occur have been
pfoposea (Johnson-Laird and Wasons 1977)» and’none pf them bear
.very much resemblance to models of concept identification. To our
knowjeoye, however, studies using the more modern modals of how
real lsfe cateyories and Pules are formed have not penetrated the
titgrature oh azings T ‘

-+

DELUCTIVE' PrOSLEM SOLVING o | i

.
- .
.
.

The di1terature on deauctive probliem s6iving resembles that on
inductive problem satving in twd respects; virtualiy-ail studies
contrast youno 3and old subjects, ana they generally conclude that
older 'subjects show redyceo pomers of deduction, but that thered
.are_mice inglviadual olfferencess Arenber9 (1974) reported.one of
the- few experiments tnat studied ipulvidusls of intermediate sge .
and> unfortunstely for our purppses, his younyests subjects wefe
in tneir 30s» and thus were older than most present servicemen and
HOmEN The’tasK Arenberg used Is of interest because it was
desfaneo to resemble 2 groblem In trouble shooting fauity .
electrical equipment, The problem could be ,solved by deauciny® how
the lamps must be connecteds given observations of the seguences
In wnich tney ogult be turned on ana offs Efflciency\was .measured
by tne number of sequences that people had to observe\before they -
Gould state the correct clrcuitse Groups of mlddle and upper class
males were tested twices with an intervening period of several .
yearse Suojects,in their thirties wére more efflicient than those
in tnetr sixties (there.wefe further declilnes In the 70s) that are
not, of “cbncerpn herels™ An analysls of Individusl steps in problem
solving shondu that tnéd decrease In\effeolency Was largely due to
an Increase In the numberaof non=Informative stop® taken while
testiny sodutlonse’ Thi9 is a typlcal finding In Studies-of
decuctive reasonings Having formed a hypotnesiss people seek
“Information tnat will confirm the .hypotnesis in old situstions,. -
ratner tnan testing It In new sitnatidns (Mynatts Dohertys ang
Tweeneys 1977}, ST ’ *
. -t [ » - ‘;:
Arenpery's study Is of Interest because of tne face valldity
of the task, ana‘because-ne was able to.say soae€nhing about the
nature of the age=rejatea change in probiem-solving. A frequent
rcommeht about aging is that peopie become more cautiousy which

s ) - «68-
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does describe the proclel solving bghavior of Arendberg's .,
participantss To Gomplete the plictures Arenberg's deslign should

~be extended to studles of changes In problenm solvlng behavior over

the 20-40-a9e range. . .
He-carller raised a question about' the generalizabliiity of
resuits based upon laborstory taskss pointing .out that we would’
expect olders more experiencgd Individuals to do vetter on
probliens that were meaningful to theme This doed not mean that
making.a probiem meaningful' will necessarliy make it'immune to
age-relgted”dectines In performances Two Studies nave located age
- diffegrences in reasoning with famflliar material. Friend and Zubek
(1958) gave the Watson-Glaser Critical Thinking Appraisal test to
a sampie of over 450 people of widely varying ages and eddcatsonal
backurounds. This test presents people with paragraphs stating
plausible situatlonss The person §s then asked elither to a)
determlne the plausibiiity of conclusions drawn from the
information In the paragrapts b) to recognize the assumptions
‘behina the srguments ‘presenteds c) to use fogic ano ‘weigh the
evidence for different concliuslmns about the sltuation describeds
or 0} to evaluate the logicat eDherence of an arguasent for or
agalqst a proposition Stateo in the texts Friend and Tubek's

K_results are shown .4n Flgure 39, Test scores Increased sharply

from adolescence to the 20%'sy peaked in the 20-40° Intervaly and

declined from the 40's onwards . U N . -
The results ln’Fioure 39 show gr;eater age effects-on

reasaoning abid ity than Is typically founds so a word of castlon is

. In oroere.. The Friend and Zubek stuays thoiugh larjes was a

. o

cross-sectional studye As suchs It was subject to a confounding
of conost and age effects (see Section 2)s 1In particular,

improvement ih educatlonal practices in Canada (the site of sthe -

Friena and Zubek study) over the period 1920-1955 could hsve ,
Produced.a conort effect that would have peen confodhded with 29¢
effects.' ‘ . o - -

¥riend and, Zubeh's results confllct Mith those of Lacnmanﬂ,_
Lachaan, and‘Taylor {i981)» who found that olde 505) ang youhger
subjects hao virtually an eaquivalent abiitty recall real woridg
factss Lachman et al. went on to ask theldr subjects.to draw .
inferences oased upon these factse Some of the inference proolenms
were quite gif icult. An example is " -

L hd \
“"what horror story character Would starve to deatn Jin

e ]

.o (Ansuer. Draculas because, the sun never sats. The respondent
myst. recall facts sbout _Dracuia and about the Arctic Clrclc: then

-draw inferences- fron thoke factse)

"
v . a
N v

: ~

' .

. Lachman et al, found N differences between qider and younoer

Q

supjects in therr abllfty to araw_such nferences.

LY /' —
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while Lachman et sl. 2lso used a cross-sectional deslgny’
their subyects-were publlc §€Boql teacherss a aroup speclficalily
chosen for study because the requirements for entry Into this
* profésslon had pot changed markedly over the time perliod of *

Interest,s Lachman et al, hoped that this would reduce cohort
effects due to educatiqQnatl differences. Another differepnce Is-
thst the Lachman et sub jects were petter educated thgn the |
more heterogeneous group Studled by Frlend and Zubeke Severasl
authorlties have claimed that people who are more cognlitivye
capable as'young adults wlil-be mgre reslstant to aging, . The
toplc Is further developed in 3ectlion 10.

r + . . * / * T

. \ . .

¢ - . . .
' X REASONINMNG 'AND LANGUAGL COMPREHENS ION ' y '
“'\ " . ¥ s ,
Comprenending language I not normally thought of as s problea
~. solving tasks but it Is one, It is not possibié to understend
normai discourse unless one draws inferences that go beyond tne
. .= exphicit prqposl?sons in an utterdances Corylder the Statement

"A burning cigarette:ui;:ikrelessly.ulscqrded: e tjre .
destroqﬁd thousands of acrei0 v{rgln quesg;" . -
. » This statement contalns four e:gllcst propasitionss . ‘
N " The clgarette was burnings ; LT .
LA - The pigarette'uaéd:}fcatgzd., -
‘ ‘w%he fire destroye thoq;apds.of\adres of ;bfest.
) iﬁz " . .The forest was a vifgin foreste - 4

o’

In aooi;o&n the statement .contains «n Impllcit propositions

N The clgarette started a flre. LA e

L]

‘ A - .
. - ’
- _The impljcit proposition must be deduced by combining expllicit

propositions and real wor}d knowledye. 'For brevity we shall refer

ato comprehension Inferences., Speadkers and writers normally assume
that ITsteners and reaaers wil) make cohprenension Inferences. .
Indecas It is qujte shard to communicate $o precisely thst » 7
comprehiension interences need not be made. Because these -
unconscloup fInfarences are s¢ Important to the communication

, procassy any weakness in arawing them could have serhous )
conseducnces [f peopte are ovoived in sltuatlons In whichH they

. have .Co undéPstanu and respond to verbal or written messagese. For .

. this reason a report of ape rélsted weaxness.ln cohprehension -

{nterente (Cohen, 1981) 1s of consideravlie Interests Although )
~this study was based on a cégtrast~betqup ‘youny {20s) and old

-
e
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- :Epk) subjectss it ulll bg ulscusseo in .detail becayse of Its .
llcatlons, — et te - . « _
!.. * & - ‘ﬂ . ] - *
< Cohen had ol@ and ‘young people reds several texts sqph as the

S ,one in the "clgarette apd forest™. [Ilustratlon Just glivens After
all the texts hed been presented Cohen tested for.recall of'.
“implicit and explicit propositionse Younger suojects recalled
both types of propositions equally well (87% accuracy overall),

. nhife older subJectg,dlg slightly worse on recalj of expliclt
propositions (81X) gnd much worse {58%) on recall of implicit
Proposlttons. Cohen pointed that in normal communication a ~
jistener will simulitaneously be Involveo In comprenension
inferences based on propositions already presenteds snd iIn

. detecting tne propositions underiying the tex% currently belng -

presented.s Thus normal speech comptehension can be looked upon as

e special typeé of dual taske. Resding for comprehenslon Should

therefore be €asler than 1istenings because & resder ca urn off

% the current Input white compieting a comprehension Inference, -

while 3 listener cannots <Conen polnted outk thaf this p bily

does not mattér for young peoples who can carry out comprehension i

Inferences fast enough to keep up with a person who s talking at

8 nurmal cunversatlional rate, This might not be the case Mor the

etderiys because of thelr s$lowér rete .of mental computstion. To

test this hypothesiss Cohen had young ana ota suojecys recail the
propositions prasented In eitner written or spoken texts The mode

. of lnput made no differ o for the young sUbjJectse The older

subyects found clesrly spoken text more gifficult to "compréhend,

.even though Cohen took palns td ensure that the stoustic slynal =

was. strong enoydh so tnat the comprehensioh q{ individual words

Was .not a problen.

FE - L]

Conen's re'sujts can be wlewed as 3n lncvixnble consequence of
the stovwing of ‘mental processes with ages If tnis Is true slonlng
_is havlng 4 consequence a very Important functions the ahlllty
. to unaerstand spéech. - At theoretlcal levels this suggests-a
revision of the psychometricianls “Classic aging hypothesis™, that
as we hg'e verbal abjlitles aa;jtitalncd but non=-verbal abitities
‘Mrpi oute The tvldence fox, Bfe classic, aging hypothesis nus:>
. vatharcd Jn experiments usiny—“verbal comprehani*onf tests that
often ald. not oistinguish between undefstanding Hor Implicit and
explicit propositions. .Elsewhere Cohen (1939) nas srgued that
thesg) tests also falled to examine lingutstic situations In which
yeg,hf“worklna memory processes was cruitlale An example IS
the resojutlion of snaphorlc referengess €+9¢ establishing a
erence to "she” when it occufs | sentences Cohen found
age-refated perrormance declits In resalving ansphoric references '
jn otner at'teptidp demsnding aspects of comprfenensions To the
exfent that Conen's resuits are generalizables psychologlsts may
forced to cgnéfude that there is a greater drop In verbal
omprehension in old age tnen was prevTously balleved to occur.

Y More informatlon Is needed sbout the parameters of the .

*

henomenon COhan has peported. We need to knon ‘what the reiatlon *
& 22° \
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Is between age aﬁﬁ‘tn qxtent of loss of conprehension inference
- and .how this relatlon Is aftected by other characteristics of the
Individual and the sjtuatlon, The subjgects In Cohen's 1981 study
* wmare atl British university graduatess In her 1979 study’ tuo
educational levels were considered (unlversity
graduate~profassional vse British Leaving Certificate leVels:
roughly equlvslent to Us.Ses technical hlgh s$chool graduates)s and
narkdd effects were found of educegionsl level as well as age.
Unfortunately other incomparapliliities between the twa groups make
it Inadvisable to conslder age x educatlon Interactionss Stiil ’
more importants we are qulite without any aata concerning changes
in comprenension Inferance in the 20-60 range. I1f Cohen Is
. correct in assigning the deflcit In comprehensiofi to & slowing in
the rate at which older people process Informations then drops In
comprehenslon Inference should begin to appear during the working
yearss The drop should be: greatest whanever comprenension
Inference nga to take place in 8 dual task situations or In 3
. sltuation that was slfeady attentlon demandings For exauple, If a
compunication Wwereto be recelved over a nolsy chapnels such as a
loudspeaker in an alrporty comprehansion inferance should suffer.
We alresoy know that as people age» the perception of indlvidual
words In noise bacores more difticuitse Comprenension Inference
mlght be even more sensitive to..age under undesirable conditlons
of communicatlons These are speculatlions wlith both theoretical
ana practical sianlflaance. It would be highly deslrable to

.

Investigate the phenomena reported by Cohen inr conslderably more
detel ls

. - R -

~

SUMMARY . . : -
The data on age-rélateo chenges In reasoning amd complex
problem solving are unfortunately sparses In thls area» even more
& than in the literature on cglngrip general, lInvestigators have
concenirated-on comparlsons between "old” and "young"™s with little
attentidn to the 40 yesr Interval between 20 and 60e Thoseé studles
that ha been dong¢ of peoplg, Iin thelr working yeafs suggest that -
there aré age sensitive chanyes In reasonings Furthermore, these
changes may -bear a senslble relation Ao changes in more elementary
Infornation processing cap;c[tles. To answer, this question wa
naea stuales in whlch adults of varylng ages take part bothk In
expefriments on elementary functions» such as memory and motor
decision makinys dnd in experinehts on Inductive ana deductive |
problem solving. ' oo |
Tue report of a arop In the(qubtler aspects of speech
comprehension nlth age |s extremely interestings for both
practical and tneoretlcag reasonse Further study is clearty In .
. orders Apart from tne study of spaech comprehensions 3 Jeneral
criticism can be leveled agalnst the regearch that has been done
on problem solvings Are the rlght probfens beiny studlea? Why

are wWe, Interested In how people solve novel, made up probliems, : v
when In practjce they deal largely whth the sort of Problen they !

4 . 120 -721_ ) . 5
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have been. trajned to solve? This criticlse can also be made of
litersture on memory and aginge The criticism Is amptified upon
. In the "‘ﬁf sectiony

-

) o
. . % . - - Sne
10¢ A CRETICISN OF THE LITERATURE ON , <‘ oL
. LEARNING, MEMORY» AND PROSLEN SOLVING -

Over the working years adults graduaily "think more siowly."
Tne loss in speed of mental processing Is continuous throughout .
the workjng years. An Individual Is undlkely to notjce the effect *
of cdonitive slowing untii the tate 40s» and not even then for -
sone tasks and peoples but on u poputation bas:s &ffects are
probaply evident by the 40s. Whiile the evidence for siowing Is
clear» the evidence for s drop in asccuracy In mental processes
duriny the working years |s much weakerey Shouild we then concluae
tnat people are progressively ltess cognitively competent as they
.ge? . » ~ . .

oy
f o

The laboratory date are Inconcluslives "It depends on the
taske" 1f the task requires rapld responding» or It several -
soufces of information must oe monitored at once (thus forcing s ~

erson to des! with each source quickiy) older people probably sare

less efficient, on the averages. If rhpld responding Is not

Important, tnen age Js a much less powerful determinant of -~
performances Taken at face value, these facgts about laboratory

per formance suggest that as people grow older tney should be glven'
éssignments in which very rapld responding (on tne order of
milliseconds) Is ndt reéquired» and where It Is not necessary to
monltor several sourced of signals simultanecsuslyes We shsi) now -~
argue thet extrapolastions from the laboratory should be done oniy
witn cautions because of an .important limitation both on the o
sttuations studied and on the conceptdal thinking that lead to
their development, ‘ ‘ .

*

The point has repe teoly(g;en made tnat tne experimental
fiterature offers nor55: to allow for the benefits of experiences
Virtually all adult [earning ana problem solving buijds upon orlor
knowleaye. Any reasonable extrapolaticn from taboratory to field
perforasance must take this into sccounts It Is not at afl clear,
thouans just now experience Fs to be tiken Into account, Ipn/order
to do so one must have a detaited conceptualizetioh of how Pricr
knowledge Infiuences df Incorporation of new informstion Into outr
memories.” Simply saying "experience counts™ is not enough.

in 3 paper that hes had a major Influence on Cognitive Science
studiess #arvin Nlinsky (1975) argued. for the concept of "frames™ - }
of xnowledgee Hinsky described our ulnds.gs being composea of
frames that descrioe prototype slituations. When we encounter a new v
situations ke declae what frame is appropri and use [t to

; .
' 13- o |
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ofganlze newy presented Informatlione To repeat a freQUean
clted examples we have a frame for "esting out™, and our
experience with sny ong resteuraint mesl must be fit Into tnat
frames Other authors In the Cognitive Sclence flala have used \
other terminoiogys such as "scripts™ (Schapk ana Abelson' 1977} or
nschemate* (Rumelnsrt and ormang 1979) a:h to be ra¥r to
psychologlsts, the pasic ldeas sbe made quite specific In
Bartlett's (yeneraiiy ignored) analysis of thinking (Bartietts
1958)s The princigle Is sis™e. Virtusily sny comp.llicated
experience Is to bg dealt with by a rathef tightly organlzeds
speclal purpose Seb of problem solving routines that have been
createa as“a result of our own:personal nistoriess These rqutlnes
tell us what to notlce and hok to remember It.

A

The smportance of aving Irales appropriate to the task at
nand hgs been neatiy 111dsfrated by contrasts of the behavior of
experts and novices (Bhaskar and Simons 19773 Cnase and Simon»

The flglas stualed have ranged from
chess to physics pFogblem sof Altnougn the stuaies within any
one fieid tena to be rather w ? thley %1l converge on 2 /common
conckUsions .A good problem solver in a sPeclalty tield is_»
person who has learned hoWw to deal with the problems that are
encountered thet fletas Tnat, chnlques nave been learned to
dea] with gbylous.problen solvlqg Ituatlonss such as the standard
openinys o chesss is hardly surprisings (It js of some Interest
to flna that physicists seem to have "standard openings™ to
problek analysis that are In many ways slailar to the chess
mestertsaopeningss) Lsarned frames may apply at the perceptual
tevel as wuells’ Chase ana He-Simon (1973) have shown that exvert

" chess players rem&mber more from 8 3ingle glance at a board

position thap do novices. Why? Not because they are superlor
perceiverss fof expents .and novlces are equal in thelr memory for
illege) arrshgements of chess piecess Experts have learned how to
look at the boards and how to sde’ patterns of attack and defense.
Experts in a fleia may be partfy borns but they are very iargely
made,_ It takes tlne“(tnd .Aging) to make them.

ﬂume[nart ‘ana Norlan (1981) have aeveloped tnls themes using
the "frame and scifema” terminology of Cognitlve Sclences They
claim tnat very little huwan 3a@lt learning Is properiy described
by the bjt bty bit Sha lng of stimulus=response connectlons that
mloht properdy desctibe tne way a dog lcarns trlcks. FEven less of
oumen learaing Is mirrored by the learning of arbltrary
connections betwean unrelatea words. .Insteads Rumelhart and
Norman asintaliny when aaults learn tney learn (a) how to moaify
tne situatlons. in which complex response schemas apply and {b)
occaslonally they learn whofe néw. Schemas . If Rumelhart and Normen
are correcty tnen perhaps 90% ot the literature on-human learning
Is simply not ralevant to the sort of laarnidg that adults do as
they maintain thelr competence in lndustrlal settdngs.

.Pescriving I oetai| the Cognitlve S¢lence approsch to
letrnlna ‘would carry ug far neygna tne scope of tnis report,. Jhe
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concepts of“thie fleld are just now belng workea oute Indeed, to X
an observer of the flela they are In & disturping state of flux,

and It Is difficult to deteraine when there has been an sdvance
and when tnere nas been a change of Jargons. This situation may be
Inevitable In a new flelds A more serlous Issue Is that the sort
af thinking represented by the Cognitive Sclence approach,has
hardly touched research on aginge (There lg oniy ones» fleeting
reference to the approach In the American Psychological
Assoclatlon's collection of papers "Aging In the 80's™ {Poons
1980, although this anthology Is supposed to represent research
:at the leading edge of the fleidt)e Yet it Is In the field of ’
human adult learnings especlally in industrial settings, that tne”
,Cognitive Science view is most™llkely to be Important, ’

Althouyh we are qulite nithout ogatar we suggest that the
experinental literature ‘presents a bleaker view of the 30-b5
perlod than Is ua(ranteHQ As people grow older they acquire “
_experience. In particular, they acquire experlence about their
jobse The importance of learning in industrial settings has been
ge<emphasized In research on aging, because most of such research
has been targeted toward upoerstancing the problens of peopie i
the post=retirement years. For rather different reasons, learning
based on prror knowledge Is not 8 toplc easily studied using ‘
tuenty yea? old coJlgge’?tuoents. One cannot 9ain a glcture of .
the mentsl cspacities of 40 year olds without ‘considering both age
effecty and ilearning effects. Although people undoubtedly are .
“thinking more slowly"™ as they move through the 3Ds» 40s» and 50s,

' they are also thinxing more effliciently about the things ,they

knows Under tne age of 60» plder drivers have better acc\dent

recordse Older pilots fly our airllines, and regulariy make split

second declsions that protect the lives of nundreds of pegples

Nider lawyers defeat younyer ‘ones In courtrooms every daye. Why? |

Because the more experlenced Indlviduals already have thelr ’ .
frames. The younger ones msy be quickers» but their frames for .
responcing are not yet <bullt, . ~ . A

On the other hands.frares d% not alwsys fit and technofogles’
do changes #At some polnts probaoly not far from 30, we may reach
our peaks as physical systess. As Information processing systems,’
we peak latefy proviaing that we kaep our frames cyrrents )
gEventueliy physical deterlioration will overwhelm us» but this' may
take a lony .times The tirst challenge for psychplogists s to
aevelop a3 theory with which to conceptualize the age-experience
tradeoff. An orderiy experimental program cannot be developed

until this |Is dones
(] *
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- o 'T T "¢’ 11s INDIVIDUAL DIFFERENCES ' e
v Throughout the wprking yeirs peopie become Increasingly more

different from each other in aldost ewery sspect of cognitive
performance, To appreclate the size of the changes the resder .
- fight glance back at Flgure 3, which shows the distribution of
scores on the Raven Matrix Intelligence test as a function of age |
.!ﬁeron and ChoMny 1968), and st Figure 24, which presents similar
data for speed of response selection (Robertson=Tchabo.ana '
; Arenbergs 19761s Atthough response selection and non-verbal
' ressoning are quite different cognitive dehaviors» the
distributions shoun In the two flgures are Similare The mean score
Bn each perfgrmgnce messure decreases with ages and the average
g deviation from the mean Incresses, In every age group dbelow 70
the number of people exhibiting high levels of performance remgins
_constant., The number of people exhibiting poor performance

. q‘E{ea§g§ n!?h age. ~ . ‘ -
khy shoutld individual alfferences increase with age? O0One

reason 1s siaply that Increasing age bridus uith it an increasing

\\\ilsparlty in life experiences Elghteen yesr olas In our socjiety

- -

11 share a single pervasive experiences a reasonavly uniform
school systems, By the time¢ the same people are in thelr forcies
7 they will have naa years of experjence Indifferent |lfe
situationss This Surely Wmust be a -aJorf%pntthUtor to Individuel
diffarences In mature adultss There are Ziso sone variabies that
appear to exert 3 pervasive effect on adult cognitions Three wi'if * .
be discusseo here; tevel of orlginal abltity, general nealths and
exposure to toxlic substances» including diet ang drug habits.
" 3 There are obviously miny other specisl Influences that contribute
to Incividual differences In s population of older peoplesr such as
. ocurrenges of braln damage due to-accident or iInfectlon. Such
specisl causes are not not iIndixidually widespread enough to
warrant extended discussions In additions there are geneticatly
inherited (pr genetically sSensitive} dlseases that (nfluence
coghitlops such as Alzheilmer's disesse ang Huntington's chorea,
ALwhose syspt appear onty In people past thirty. These
\pathologles are of consfaerable medical interest, but are

«
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The ters "Inftiat abllity” wlll ve used to refer to
perforsance on conventional psyghometr.ic tests of intelligences
taken_auring-or shortly aftet a persont's school yesrse No stand
will dDe taken as to whether tﬁesé are predominantly genetically or
envirohmental i deternlned.,ag;hgrp we take the pragmatic view
that the scores theaselves are 8 cht, and ssx what sqrt of
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statistical predictions csn be msde about aduit peffor-ﬁncp glven

knowledge the facts . ~ -

. ' — - - .
Before World Hart! It was wlgely belleved thst ‘people who .
,Sshowed unusual talents as youths{were tikely to be unheaithy and
Jheurotic ds they msturade In the, 19¢0ss Lewls Terman snd his
col leugues Inltiated a tongltudinal study of glfted children
demonstrating that the ofPosite Is trues “Terman's participants,
whe. generslly had- intelligence test scofes sbove 140, had
exceptional success throughout sduit Lifé. Thelr scores on
(predominantly verbal) Inteltigence tests were consistent snd even’
incressea (Kargas and Bradway, 1971; Terman and Odens 19473, .
While the loglc of Terman's design has bgen criticized dh 8 nuaber
of pointss-mostiy concerning the fsck ofya control groups the
adult iives of his gifted group were so far sbove the nornm that
tne majgor goncluslon csnnot be seriously questioned. Other
studles of people of sbove sversge mental abiltity (atthough
usually not so supsriof as Terman's subjects) have contirwred
Termsn's findlngs (Rayley and Ogdens 19553 Nisbets 19575 Owens,
19535 1966}, h individusis show stable or laproved performsance
ievels*Sver the uor&i:g yearse It should oe notogé'thbuoh- that
most of the tesfs us in the studles cifed have féen heavily .
wetyhted towsrd/ verbsl performsnce

. A rsther ditferent plé‘uic,l; obtsined when one exsmines
longituainaf Studies that Inctudé ceses £ros the -sversye and below
sveYage Intelliigence sng Soclo~ anl¢é status (ScS) rangese
Tuddenham, Blumenikrsntzs snd Wilkin (1908) gsve tne Aray Geners!
Classification Test to a group of servicemen wno were retiring
from the Army after 20 yeésrs service. The resutting scores were
compared to the veterans® entrance scores, Tuddenhas etslets
sample conststed mainly of petty officers and sergesntse. The
distribution of test scores at time of orlgjnal enlistment ‘o
indicated tnat they were representstive of what would now be
classifles ss Hental Categories il sna.1Il == the grotps that are
cons idered to be dgsjrabde for enlistment (Cooper, 1977)% The
AGCT consists of four parts{ a verbai test, s spatisl perforj)ance
test, an arithmenflg computatian tests and a reasoning test,
Tuddenham et af. fuUnd decline on sll four tests with the lsrgest
gecl ine: (.25 stanaafa deviation unfts} on the:spatial perforkance’
tests This decline/ was the only one that Nss statisticslly
seliable, . The verbsl test showed the least decline (I standard
dev.ation units)e, ;Considering the fact that sl subtests showed s
suyll decline In aJ sge Interval »hen other tonglitudinal studigs
generally find some lnﬁ?enent,‘the;presence of saall declines In
this population seems likelye ~Tne Tuauenhsm et s, Study is the
only one-aé report s longitpdinsl decline In Inteliigence from the
20%s to the 409s./ The pattern of the smail! declines was

; patterne ) .

e clas\jz sgin

*

In Scciiod.# we briefly desgribed the elegantly designed
combineg cross—-sectionai ,and longl udinal ssmplée constructeq, by
Schale ana his cp-workers. Schalefs sample was drawn from a targe
. . | 5
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group. heslthlicooperative, and can be’ conslderea to be Intermediste
., between tne college~traineds upper middle class snd giftéd .
populations studled by Terman and hls followerss snd tht milltary
group stualed by Tuddenham snd sssociatess, Hertzod (1979)
conducted a detalled resnalysls of Schalets datas using .
multiveariate statisticai technlques thft were not ‘svalliable when
the data was collected. He formed a general Intelllgence factor
{GY from tne Thurstone Primsry Nental Abilltles (PHA) subtests,
snd gsed a lohgituainal factor snslysls to examine the considtency
of Ilnofviagual differences over three test occaslons (14 years of
_tongltfudinal aging)le Indlividual_ differences In G were

surprisingly constant over the working yearss with correlatlions of

+9 or ‘greater between occaslons. Tnere was also sn Increese In G
varlances beginning In middle age and becoming more pronounced
past 60, This Is consistent with the proposition that there Is a
“"fanning" of scores over, agej people at the higher levels :
palntalining or even Increasing their Scoress wnlle people at lower
fevels showing contlnually decreased performances 1t should be
noted, though, that there sre other effects that coula have glven
rise Lo Hertzog's observations (e+g.s Interactions of practice
effects with inttiaf abllity levels)s Conslistént With Schaie's
observations of the raw PMA scores, Hertzog's analysls found no
longituatnal. decrease In mean Scorgs on G over tne working years,
Age. group means increased longitudinslily thrdugn the 20s _ana were
constent until about age 55, The Increases In variance about this
pattern of means suggests that some, but not all of the 40 to 60
year olo particlpants were déclining In intellivence == while the
high correlations betwaen occaslons indlicateo tnat those

<

~ _ lnayviduais who were declining were predominately from the lower

levels of Inltial abllity.

t .

Taken -afl tqoethers ese studigs present s surpfisingly
consigtent results The patiern 6§ change in cognltive performance
varies witn the Initial cnarsctegistics of the samples Studles of

- .perople of hlgh Injtlal sblilltys and ‘generslty High SESs {Termans
Bayley and. Odens Nlsbet, ana Owen studles) show constancy or
lmprovement over the working yearge= Schale's studys which dealt
with people"r{asonably representﬁv of the "more stable elements .

- of the Seattle ares (i.e. peopje Whoerenalned afflilated with the
same heaith maintalnence,organlzatlon. for fifteen years) showed
constancys Tuddenham et aie.'s study of 20-~year rees from the
military indlcated a small gaCline. HNote that theres are no,
s$tuttles tnat have followed below average gopulatiun cosparable
to Mental Category Iv. The[results friom otner ability ievel .~
qroups fagse the possibl 11ty that the lower abllity Individuals

. Wwoula show the ureatest age-=gelated aeclines durling “the qork(ﬁg
yearsi - o . ’

‘i

' ionultudlnal studies of g have a heavy bi%s towsra
studyling the stnﬁl;p rejatively prosperous slements of our

soflety., Y sppears that such a bias would leaa one to °
gerestimate the slze and perhaps the nature of decrements In

Intelligence test_pegfornancea especlslly st tne lower enas of the
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sclla. lean the-characteristics of the current -llltccy forcc) 3 -
which appears to be Increasingly blased toward recrultaent of *
personnel In Armeo Forces Quallflcatlion Jest categorles III snd
IVs it would be nlghly advissblge tq,obtaln mote Informatian sbout
cognitive change with dge In populutlons with Initlally low test
scoress Hore Is needed than sll:ze observations we _need to know
Why the decline accurss For Ins nces "dlsuse of cagnltive
/// skllls" has besn . proposed 85 one expisnstions Indlviduels of
higher Initlial ability sre thought to occupy posltlons I8 soclety

hat leaa to their continuea use of problem,solving skillss» while ,
Individaals of lower abllity masy not exerolse skills simllar to
test taking skills In everydsy life lum and Jarviks 1974)e If .
this s the cases» and If the lowered test scores for "{ow scafing,
\Pdults“ do not refiect thelr oqf{hc-Job perfornnnce {brosdiwm. -
evaiuateo)s then there Is little cause Tor conowrne On the other
hand, 14 the lowered test scofes reflect ghe Infiuence of I{fe
style varlaples (hea¥th habitss arug use:{?esponses to stressy

etced tnat are actually producing-sub~¢lifAdcai brain demages then
coficern would be warranteas ‘ d\- i 1N
, -
GENERAL 'HEALTH STATUS A - , . \
* ! * * - - S—

+

" Healtn factors® lnteragt with sging snd.cognitiaon more
strongly than Is generally realized (Eisdorfer and Wlikles» 1977},
Consloer speed of response selection (CRT), whicn wWe have

V' previously shown to be sensitive to sges One of thae conslistent
finalngs in the gerontologiceil Jlterature is that poot health
produces jreater slowlng of CRT then Js found Lo samplés of
healthy. olaer indfviduals {(Blrrens 19653 Blrrens Woods» and
Willlams, 19‘60; ﬁ}dorfer and Wilkies 1977}, PRI L

. . »

.Cholce reactlon time Is partjcularly sensitive to .
cardlovascular diseases 8 class of physlologlcal pathologies that
generally incresse In frequency witn age» but are aslso correlated
vith a person?s cholce of 1ifs styles In ths extrend,
hypgrtenslon can lead to strokes whicn Is obvliously not good for
cognitions 'Much flner effects can also be showne Spieth (1965)
«Stug)ea tne effects of hypertenslon ana other caralovascutar
aiseases on 8 group of pliots' (aliltary and civliilan) and alc

. tratfic]contgpllerss He Qgave 2 battery of psychologlgal tasks st ~
the tJml of the annJsl medlcal certifications Men beE\ean ages 35
ang 59.pagticlpated In the studye AS would be expecteds) most of
these inalvTduals (338 out of 473) were found to be. iff exceilent
heaithe Otherss howevers Were alanosed 8s hsving aiinor to sevare
caratovascular dlseasesr Including hyp tenslon:.arterlosclebosis:
coronacy neart disesses an¢g cerebrovascular_ diseases Spleth's "
_psycnologlical measures Included a 10 cholce RT/ tasks the WALS
‘Diglt Symbol Suostlitution ¥nd Block Deslgn subtestss the Halstesd
Tactual Perfaormante Test, and the Reltan Trall Msking Test, p
Flgure 40 shows the gdistribution of pllots and traffic controllers
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(.Fr"i% and Zubek, 1958).° - “ho

b ]
"
' % ."\ ;
O —
F1 Y
- d
. g ot
- ” bl !
) ( s - -.
-~ -
- ’
R4
- - ) =~
»
L
” A ol
-~ i -
-
133"
. -
] M '\' —
s 4 i
— __’ }. ‘Q _ . . . ;. ro_
il e . § - L
- —a —_— e T T L. -
A N, — el v oa e e




SH B8 00 543 5054 . 5559
AGE

& -
[ X
hl

. Figure+40., Speed of choit;e reaction as a function.of age an-d
cardiovascular status. Data from pilots. Hyper-
‘tension s at 105 clinical level. (Spieth, 1965).
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Reaction time as a function of age and physical ac

(racket sports. runners, inactive. Young - 20s, 01d -\50s.)
(Spirduso, 1980).

‘-



Sy ) Ading and Cognigjon\/( | v S

> . b Y

)
-t - - "

“on s composite spegd measure (constructea from the RT tasks tne
» Diglt Symbol Substitution tests and the Trali Makin, Test). Note
. thats» In generals Individuals with evidence of vascular disease
(with the exception of medicated hypertensives) score i0wer on the N
spead measure than healthy Individualse The means suggest that
the effect s additive with sgees However, note that the range of
scores for the dlseised Inalvidugls Increases dramatically fronm
.4ge 40 to bOnguph that some dL/Zased individuals are markedly
slowar than thelr healthy countérpartss This findling probably
reflects the fact that there are Individual differences In the
4 severity of diseases and consequentiys, disease effects%~‘3p+¢$h's
- datu therefore guggest that cardiovascular psthology exacerbates
any notmative slowing In cognitive perfornanco seen over the
Working yaarse '

ane should hot misinterpret Spleth's finaings about fittle
deficit In medicatea hypertensives ~= tnelr relatively good
performance mlght-have been specific to = mijd form of "essentlal”
or benign nypertensions Light (1978) has reported data which
Indlcate. that medicated renal hypertensives (hypertension
seconoary to kidney aysfunction) show evidence of RT slowing
during midole ajes The cardiovasculpar effects may also be - s
*observed In a slightly more seiect subpopulation than that studied
by Splethe S2afran (1968) founa smally, positive correlations ( r =~
soout +25) between good caralovascular functloning and cholce,
reactlon speed In a Ssample of commercial pliotss Although the
size of this effect |s sualls It is important because Szafran's
middle ayed pllats were much healthler than the general
population. One woulo expect to find larger effects In a study of
a more representatlve population. 1
The same point 'has been made In 4 different Hay by Spi:dus‘ﬁs
(1980) stuay of reactlon tilre in peopi®¥ w do or do not
participate In athletlicss an activity which™arkedly Improves
cardlovescular status. “Flgure 4 presents reaction time as s
functlton of agé (20 vse 50) and particlpation sports (inasctives
unning, racquet sports)e The flgure certainiy supports the
maxims ™a sound mind In & saund body.® While studles such as this"
+tan be faulted for not controliing for selection effectss one
stiit has to ba Impressed with the fact that the active=inactive
contrast Js what one would expect by simply extrapolating Spieth'
‘ana Szafran's resuits to s thore heterogenous populatlon.
Egese results offer a good deal of encourngenent for the
futu Epidemlological trends indicate a $1ight decrease of
\ hyptertenslon In tne general population (Staltoness 1980U)s More
generaliys hypertension is a disease that ylieids to an .
indivicual's oholce of dietary hebits (including smikjnn) ang
liesure time activitye A change In personal hapits‘could provide
substantlal protection agalnst blological deterlorgtion that would
. affect mental ftunctlonings T results of the Spleth ano Szafran
studies sugyest that medical screenling of the typé used for pilot
and alr traffic controlters would be useful in indicating those
inokviduals at risk for poor work perftormance because of disease
’
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GeNERAL £XPOSURE TO TUXIC ENVIRPNHMENTS . T, \
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The J}terature cohtains several. stugles indicating thst
exposure to toxic substances in the environsent may Influence
cognitive fungtioninge The nature of the dumage Suygests that
subclifidcal brain damage may havg occurredy for "tne tests that
reveal cnvironment! exposure effects are yenuraily those used .in
the analysis of the behasvioral effects of kKnown bran. damage.
Atmospneric lead 1S a ‘good exampies It has been snown to be
8250Cieted with reduceu performance of nqueroal reasoning in. .
Industrial worxers (Valciukass» Liliss» Fischbelns, andg Sellkoff,

-

1978, Leaa s also veen Implicated as a possible causal agent n

behavior disovoers, in chilaren (PhF! and Parkess 1977)e¢ 1In
Sectlon 4 We presenteo evioence inoicating that exposure to
unusua! nolse can cause markeo reduction in hearindJd, witn a
posstble conconltant change In cognitive capacity ¢ te the

duch eftects are best consioered on & case by case baslis,

increaseo ottentional etfort required in verbal comprehension). ’

colncioent witn the examination of specific environgents, rather :
thar as part of the general topic of cognitiva change with ugse
The results are cited to illustrate @ possibie soufge of
Inclvldual altferences in adult cOJnl‘Ion. ' LN

Dletary Influences are somwhat more pervasives Humans are
remarxatly Iamune to lony term effects from short term dietary
asficienciass .even to the polnt of near starvation (Steln et al.
1472)s While prolonged lntant majnutrition may have serious
CONSwquencess whatever these might be shoulc be accomplisned fact
by youn. sjulthooue Thus we do not tnink that painutritiuns per -

ses» 1S 4 serious influence~on cognitive pertormance 0urlng the
iife vt a workiny serviceaan. o )

How ah azult's cholice of an aoequategolet nlgnt affect

3 .

cognition Is a matter ,of sure.debate. A number of our ncrmel food

Itemss such as co@iee’ can bte shown to have measuracie short term
effects on cognition. Indeed, Coffee lano to @ lesser extent,
sore soft arlnks) ara taken expllcltiy for, thelr psychoactive
effectss Somewhat surprlslngly, we know of no Studies of, the long

term eftects of dletary stimulants upon cognlitlon in aaylts. More

recently, attention nas been called to the potentially c
eftects of substances scoed to fooas as’ preservatives or coloring
agentse Research to adate.has focussed on potentiai ciThical
eftects in chiioren (egbe Swanson ane Kinsbournes 1950; welss et
ales 1%bu)e The serlous suggestion has been made that long term
pSychoactive effects of fooo adolitives may calfry over into adult
life (kimFand and Larsons 1980G). Ngpspecialists tenc te .dismlss
sugn concerns as "food fads"s We quQ@;novlse,an intermealste

. ' , . 81~
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9osltlon§ﬁ ¥hite the evldencd‘gathcred to dats is not sufficient
to warrant any actions we would got <«find It surprising If
subsequent research did show that some of the Individual
Qdifferences In Intettectual change ln aduit life are assoctated
with heavy usa of . chenlcally tresteu? foods. -
.
Huch tha s;ae .thing that can.be sald sbout foods can also be
sald abodt the dse of prescrlptlon and mon=-prescription . .
medicatlione Drygs that sr¢ either explicitiy psychosctives ss In .
“the case of tranquitlizerss snd drugs that bave substantisl
psycnqactlve side effectss such as the varlous anti-hypertensive
., 8gentsy are belny d more-and more widely in medical practica, ¢
Usg,ﬂicohas progr.eSslvely more prevalent as peoplie grow oider. We
“Ignore the toplc solely becasuse there is little dats on long term
use of psychoactive drugs in medical practices While ‘the fack ofs B
su?h dats sy in our opinions 8 serlous deficlency in the publip
health #iteratures» It is 8 problem of genersl cdntern to socjiety
rather than ope that Is specific to the Armed Services.

L

e

. . . ' .

- - LI

. ’

» Alcohdl use in the Gilitary. Is _at less® as prevalent as in .
civitlian soclety. According to Capt. Stuart Brownells USKHy the
director of the Navy atcohollsm treatnent programs

Le - v
* "about. 17: of oyr total force s affiicted by very.serious
problem drinking and nearly 10% appear to be chroqdc probiem

- drinkers ln need of immediate help.™-,

[0
V P . -

. . .Laptaln Brounell's remsrks ware made In a press relesse
» ..commenting upon & 1980 Navy self~report Survey of alcohol any drdp
dbuses The sanme survey Indiceted that reported problens of
chronlc alconolisk wers concentrated In personnel over 35, White
this somewhat.contradicts the opinlons of medical officers with
whom we have discussed the problem, we make no attempt to resoive
the Issues The polnt that is relevant hgre Is ‘that widespresad use
of alcohol may indeed pe a slgnlflcant source of individual
diftecences In cognitive competence in the services. _It Is well
known that Prolongghb.excess!ve use of'alconol can fesd o virtual
mental ¥ncoapetence, -including Incapacitating memory disorders
(Korsakotfts syndrome), and & variety .of dementias (Psesons and
Pignatanos 1977). What Is less welT known IS that there ar®
chronio and pernaps iIrreversible effects Of alconot sbuse upon
cognition in peoplée who are well short of permanent commitment to
a wental hospital, The chronic effects of slcohol sre rele t
to- the evajuation of changes, in mental competénce wlith age
becauses 8s 3 rough guides” continued® sicohol sbuse appears to

, Muic ana -exaoerba e age effects on cognktion. . A
: »
. Host of the ilterature desls with cbgnltlon in "the
alcahotics® Whiie many deflnlﬁaons.dT "alpohollcs" have been
i - Pl [ !
- a2 iy
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offereds most .resesrch wotk has used the pragmatic definlition that
sn slcohollc Is s person who has been committed to an alcohollc
trestment programs on elther s voluntary or Involuntary besis,
Note that thls Is a definltion by behaviors rather than by the — '
amgunt of exposure to the druge . . %
. > . . ;
Mental test performance deficits have been found as much as
one year following release from alcohol treatment programs (Long
and McLachians» 19Z43 Hitl, keyess Mlkhails and Ayres, 19793 Schaus
. OtLearys and Changs In press)e -"Although alcohollcs sre not less
. intetliyent than normsl subyscts overalls they seem to perform
less well on the performance scales of the WAIS. .They also sppear
to perform {ess well on neuropsychological tests Intended to
messure brain csmege (Parsons and Farr, Mn press)e The general
picture, thens» is simllar to that found in the classlc aging
pattern, Verbal function remains while nonveroal functlioning and
% abstract reasoning gerforaance aropse A catchy way of summarizing
the behavioral findings Is to think of an slcohollc 2s 8 60 yesr
atd who was Born 40 years agod Prlor to age 40 the effects of .
alconolism are reducede It Is not clear whetner this Is because
the younger 'alcohollic hes had less time to drinkfor the olaar
alconolic 15 mure sensstive to the druge Both statements could be
trues /
The conclfuslton tnat aicohollse leads to braln damage wss
ori,inally mage based on behavioral testinge The developwent of
new phys;gloglcal measurements has. provided evidence leading, to
. the same tonclusion, Beglelters Porjeszs» and Chou {(1981) report
that brain stea evoked potantlals are slpwer In alcohollicss which,
IS tonsistent with reports of s‘lowed psychomotor functioninge ,
Tomographic studles of aflcohollc the 30-50 aye range Indlicate °*-
that there |Is about & 50% Incra@ase in the Incidence of signs of
neurd{ atrophy after ten yeans/or more of stAsive arinkings The’
comparable tsgure for control Subjects is at most 20% (Bergmany
Borgs Hindmarshs Idestroms end Mutzells 1980asb; Carlen and ’
Wiikinsons 19603 Rons Ackers and Lishadns 1979)s =

F
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To wnat extent ls the dauaoe induced by alcohollsn reverslble
by sobriety? Verbsl skllls are deficient lnmedlately_after

' Intoxicatlions but seem to recover ovar 8 period of days or Heeks ,»

{Gotdman and Rosenbaun:.}97b). As one uoﬁéo expect, performsnce

on abstract reasonlng and perceptual~motor,skilis» the cognitive . ~

runctlons that are_indicators of brain damages nmay not recover for .

months If at al) (Kish, Hagans Woody, and Harveys1980), These |

results ere typical of hers in the jjterature. Howeyers It .

should be nmdbted that the ata IS largely based on studies of |

alcohmites ‘In thelr 40se Yhere (s some indication thet : |
revquﬁizllty Is, possible dor younger alcohollicss” As the services’

.® have the opportunity of offering treatment to alcohollcs at a .
somewnat younger age tnan treatnent Is ususlly offered,® :
because tne reversiblilty issue is relevant in decislons
concarning the retention of tres¥ed alcohollcsy, further rese
on rdvers'ibillity In younger alcohollcs would be In order,

- Co g3 "
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About two thirds of the U«Se popuiation uses alcohol
.{Nattona! Institute on Drug Abuses» 1977}, while at most 10X oould
be considered alcoholics. The mégnitude of chronic cognktive’ _
effects of social drinking Is harder to determine than the ‘effect - v
of -alcqhlisms simply because exposure to the toxlic agent Is not so
great. On the other nand» ‘smal! effects of gocial drinking are
Important because of-the prevaience of .the h¥oit, The wost
pessimistic data’on the relation bstween menta! functioning and
socisl drinking have been reported by Psrker and Noble (1877,

1980). Surveys of quite different populations have shown
correlations of between =+3 and —.4 between measures of the
amount of. alcoho! taken when s person drinks snd mental test
scores. Parker and Noble also report that the relationship
betwgen. deficlt and amount of aloohol drunk is more marked In
peonrle past 40, The tests Parker and Nobie used are sinilar to ’
thosse ed to cdeflne "fluld Intellligences™ ana abstract reasoning
abliity/ wnich aysin agrees with the rough pictureof-ratcohol as
minlcking the classic aping pattern. Another Interesting aspect
of their resuits I$ that the Important variable seems to be;%ot
how much one drinks over a long period of times but rather the
highest ieve! of ethanol concentration reacned on the occaslon of
drlnkinge* Statea less—abstractlys "the Saturday night binge Is o
very bad thing.® This Is of concern to the Armed Services,
pecause "binge drinking® seeas to be falrly widespreade 1In 2
recent Department of Defense survey 37% of the respondents
rg;ortea arinking eight or more dripks 8 day at least once a montn
(AScohols Drug Abuses and Mental Health Administration Newsietter,
Hay 1y 1981)y This Is In excess of the ievei of drinking reported
In Parkar and Noble's surveys'.

) —r

Parxer and Nobie's .fesults are consistent with more deta)leo
reports tnat have focussed on “very heavy® soclal drinkers. This
group showus slgns of.minpr braln damage by both behavioral snd ’
tomographlc criteria {Rergman et alesr 196025 Caia et ales 1978},
The tomographic data are particularty interesting Decause they
partially answer @ serious probfea In the interpretation of
studles based on correlatjons betwsen mental performance ang -
drinking patterns. Drinking patterns and mental test scores are :
both sensitive to demographlic factors. Do People #ho drink
Inmooerately score low because they drink Immoderately, or Is It

the case that the people who choose to drink heavlliy are peonle v
who would nave lon mental test scores regardiess of their drinking
patterns? Thils question can only be answered by 3 study of the . s

relation between drinking and test performances controlled for
test performance prior to the aovent of serlous drinking.

‘ . % -

+ In spite of the pravalent usage of alcohol in our.soclety, . |
there are relatively few published\studies simliar to those of .
Parker ano Nobie.d#There havesbean Thformal reports of faliure to
répiicate their works The question may revolve around the precise i

definftion of a popuistions The data from the study of “heavy®
soclal orlnkerss comblnea wigh Parker and ‘Nobie's reports, mske It-
vt ' :
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clear that there are some drinking practices '3 non-alcahollcs
that sre dangerdus. These practices seem to be represented falrly
heavily in the skrvices. 0On the other hand, no one Would argue ’
that 8 yiass of wines once s weeky produces cognltive dgmage! .
Considering the widespread prevalence of drinking hablts, It Is
important to.establisn more precisely the relation between soclal
consumption ol slcohol and detectsbte cognltive damage,

[ M “ v

OTHER DRUGS OE ABUSE - . g
- ’ gt | 3

. ycohol is only one of seversl drugs of- abuse, Others, such
as th/,hallucinagens, amphetamlnes, and cocalney -have recelved a
great”deal of pubfMeltys While the effects of tbese drugs have
peen and wlif oe studled Intensively, there is no evidence at’
present to regarg thls as a questlon that Is particylarly relateds
to age effects. 1In the past there has been a tendancy for people
to move from the drugs In-genera} to use of alcohol as they grow
older UNational Insitute on Drug.Abuses 1977)s Whether tnis trend

.
] ’ ,; N

Marlyuana is a pbdssible exceptlion to the above stateaent. .
Tne use of marijguana -of_hashisgh on a.tegular basls wWas repocrted by
192 of actlve duty servicémen [nathe 1980 Defense Department
surveys Very llttle /Is known, abour the ‘effects of long tefm use
of mariguana. [t cad’?e’antlcggitad that considerable research on
this topic will be copducteg In the .next few years,

AR oL N .

CuNCLUDING COMMENT % ... oy .
) :

-
L

. L i . 2 -
The Iltzra;ﬁ:: ingtca és that .the lacge Indlvidual differences
in a9ing,are by no means fanddm, Level of Initlal abillty,

heaitny and life style == especlally the use of recreational drugs

3

.-~ ali Inffuénce cognitiye ‘changes - .
5 . c:“.‘ 9 . . N

. - . . g ? ., .,
These,F%éts underline the ¥mpoctance of 2 point that has been

made earlieres It can be quite’misteadlng to gensralize from age
effects opserved In ong -population to ,antlcipsted effects In
anotner populsation. In oraer” to-determineé how the Armed Services’
would be affected by an extension ¥t epllistment perlodsy It wiil
be negessary to measure.the Interaction batween 3ping» coynitions
ini€al aotilgys and health fagtors in populations that sre
similar to those expected to be in ghe‘se;vlpes in the 1980s.
A . . .

K]

’ . N ] . ’ .

. [Y L L4
‘ . . " A
. -@'% N " ’ { . ‘- . . ¥
. . .
. -.’f' . , * < s 1 . "
. .
- » i o . P
. . .. [ -
. . '
v . e » * '
. ® g
L L4 .
" . . J . .
L] ‘ N r,-’ * .
o ] ' . ' .
F) * » -85-14 . * “
ﬁ' [ 1 -
. ’ - -t o . g

L

-’



T

, 12¢ CONCLUSIONS AND, RECOMMENDATIONS \\\
. . . . . > . » A
SUMMARY _ .

-~
.

As people age fro- 20 to 60 tha following cognitive changes
‘take places ) e

1. Verbal and knowbedge-related abiiities incressss In most .
tsitustions the. l-pqpvcnent in the quality of & worker probsbly '
oytweighs the disedviantages of age-relsted decrements in oﬁher
cognitive ‘Furtct®nse !

2« Sensory and perceptuel capabfllt!es decliine markedly fros
“the Jate thirties gnwatde The exteant qf the decline may mot be
spparent from standard medicsl exanlnatlon sttlng of sansory .
functlon. . .

§ = 3. There Iis a general decrease in the spéed of mental
tunctioning that progresses steadily throughout the workling vears.
»The evlidence that we have reviewed does not support the contention
that menta! sMowing begins to occur only In fate middle ager

//,—\:j&;houoh it may only become appaﬁent on an Individual basls at Vas
| t t times, N i

- 1
Y - <. ( ®

.

J.L »

Jabstract ressoning situationss a;peclally those.invotving
»  Inductive reasonings Older workers may find it difflcht to solve

4e There is an age-related ‘drop in the sbitity to dea! with . !
|

|

novel problemss or reason sbout new situstionss especiaily under |
I

_timespressures . \ . .
: - . if ’ g
. o - a v ’ -
. 5¢ The fjliterature does not sdequately sgddress the fssue of —

uhether problea solvitig using famlilar probVem solving routines
- declines during the working years. MNor does It enabie us to

. cdoncliude that there is a decline in memory for newly fearned
_ material that s .compgtible with existing knowledges To the
N pcontrarys the evidénce suggest’s "that memory for "mesningful™,

Lnformation. Is not adversely afPected by sge. Although the
research literature itaves one soneuhat optimistic sbout the -
) Mmaintensnce of famillar knowledge and probiem sdiving skitls =~ |,
. ‘during the working years, more.research wilt be heeded to indlcate
whether tethnicians and other skiiled p gsonnal would be likely tf
shaow perfornance decllnes between ages 40 snd 55.

. b,' There are targe, indlvldﬁik ditferences in ail age ar;1£;p~
upon cognltive functioning» with the possible. axccptlon of the
decrenent in sensory cspacity. AQe=redated changes In cognitive
capaclitys or the lack of such changes» reflect Yndividus! -
differences In Initial level of spliftys 'in heslths and In tifte
styles Maintenance of one's cognlitive compatence over the working
years _is positively refated to cardliovascular status and '
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. negstijvely related to'excesslive use of slcohols A varfiety of

. other more specific determinsnts“of cognlitjve competence, such 8s
exposure to hésvy metals, also.have been-slggested as 8 source of
Individusl differences. L. . ' ;
RECOMMENDATIONS “ . .

The recrultment and retentlon of older ‘personnei represents
a distinct opportunlty for the Armed Services, There can be no
question thats on the average, men and women In the 30's and 40's
are as competent fand In some cases, more competent) to handle
. "most fervice positions than sre people In thelr late teens or -
early 20's. fn the other hands there are slgnificant changes In
. human cognltlon during the working years which could timit the .
effectiveness of some personnel-on some Jobs, ¢ belleve the
services should develop procedures_that would locate those oersons
who are "at risk" for cognltlve changes -~ both formal and
pathological == that would affect job performance. The goal would
4 be the development of medical and psyckologlical tests that enabie
an assessment of "functional age” rafher than chronologlcal sage. -
These tests could,oe Incorporated into the annusl service medical
examinatlons, and would thus provide an effective means of
—screening oldeir personmeifar performance deficlts. S/lohtly
different sets of scfeenling measures mlight be appropriate for -
4 different types of personnels depending upon the cognitive
requirements of thelr Jobse Such a screening progras would
- minimlze the potentlal! for pbor Job performance resulting fromw
) lapaired coonltive conpgtcnce.

Our recommendations are orlented toward the devetopment of
— -, these screenling procedures. Threée classes of speclflc
reconmendatlions. Wwill be mades The first deals with Immediate
pollcless that could be executed with very llttle furthér, Study.
The second class of reconmendatlons deafs wlth research ouestlons
that are cloéely rejated to varlous physicel sspects ‘of, aglbqﬂ
. The final set of.recommendations deéet with _the relatlonship -
between psychotogical factors pnd "on the‘iob“ performance.

Al
* -
- .

« Recommendstions concerning pollcyt ’
1. Physlca}l exsminstlons for personne! over 35 should Include

. extended exambnation of“Yaudltory and visual functions hevond trose
tests now routine In'a physical exsminstiops JTn psrticutar, tests
of dynamic visual aculty and of speech ’perception In adverse .
clrcumnstances should be developeds Human englneering resewrch
should te conducted to determine how performance on.threse tests Is j
related to performance In poslitlions where vlsusl or sudltofy’ :
perception Is-llkely to be 8 iimlt on effectliveness.

v s .
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* .. 2« .Bumanfenglineering standards for equipment and onerating
environments| that are perceptually demsnding should be ‘
re-exawineds| To what extent have ese standards been determined
by experimen h 'youngesn adults? n some cases further fesearch
will be needed to establish sppropriate standards.

L]
’

. ) . ‘e .
Recommendatlons regardlng research relatlng to physlologv and
cognltion?

El N . .

. . 3, The phenomenon of cognltive slowing.has been estabtished ¥n '
numerous Independent experiments. What is not kno#n Is whether
. the cognitive slowing observed In one type of mental .performance

Is the same cognltive stowing observed In another tyoe of

per formance, A wultlvariate longitudinat study Is required to
deternine whether mental sltowing Is or Is not a single process
that Is-affected by agee Assuming that a single process fIs
involvedy It shéuid be possible to develop sn Index of cognitlive
speed that could be included in redical examinationss Ctolce °

reaction time and visual masking paradigms are exempies of @ g
candldate tasks. ) >’
. . -D -y

4 Research should be conducted to rA)dta_behaviorsi Indices

of mental slowing to cardiovescular functioning and to chronlg
exposure to 3 variety of envlronrental and dletary adents,

¢ Medlically relasted resestch should be conduited to assess
the relatlionship between cognltlon and the chronlc use of varlous
recreatlonal and prescription drugs, Inctuding atcohotse Vlith
respect to alcohots tongltudinal studies shouid be conducted of
. :recovery of aentsl functloning In Indlvlidusls who successfuily
- complete treatsent for alcohollsxze Pesearch Is slso required on
the effect of heavy soclal use of alcohol in people in the 25-40
pge ranges, 2s this Is the group of most Interest to the “Armed

ha ]

Services., v
. b6e The services will undoubtedly continue to nonl€¥r the use .

‘ of other recrestional drugs by service personnei, In the event y
thst it appears that the pattern of polydrug abuse now observed In

- .younger servicenen continues as the current cohort ages<»

k appropriate studles should be conducted of the cognitive effects

* . of continued heavy use of the most freaquently consumed iﬁ>/’
recrestional drugss

L] - * »
. N
N .

. Recommendations regardl research on conplex cognitive
fupctioning 3and job performance? '

v - -
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7+ Further studlies are needed of the relation betweer! measures
of mentsl slowlng snd more complex tests of psychological
fuhctloning» Including conventlonat Intelllgence tests, and tests
of sptlitude. fo( specific tasks. These studies should be directed
toward populations relevant to the Armed Services, 4s It has beer *
shown that results are often speclfic, to a pertlculgr population. .
The Reserve forces are suggested as an approprlete group for \\
study. . .

.

v ‘ -

B8s A study ls needed that relates perfornence on sge-senslitive
Lestd of cognhltive functlonlings Includling both mental stowlng end
fluld Inteltigences, to on the Job perfoggence In selected
*occupatlons representing a spectrum of service duty agslgneents.
The study should be 8 tongltubinel ones In which performance
rating changes over a perlod of years are compsred to changes In
psychologlcal evaluatlons. In conductfng such s study emphasis
shoufd be placed on the study of situations that Invoive rapid
decision ﬁaklng: equipment operatlon: and soatlsl skills.

s [}
9. Further informatlion is needed on the predlicted charnge.ln <j
cognitive capacity of lndividuals whos as young adultss score In -
the average and below average categorles, This study could be
comblned Wwith the study recoraended In parsgraph 8, aboven

. 10, More knowledge Is.needed concerning the relation¥etween
age and #eanlngful learnings l.e. tesrning that deals wlth what an
indivldual does in Ms or her nbrmal t1fe. Such 8 study should
focus on tesrning In fleld gettings, "perhaps assoclsted with the
Introduction of new technologye. Yt Is tikely that such research
Wwllt at first Invoive detalled case studtes and analysls: sinliar
- to Rorman's (1981) Cognltive Sclence analysis of minor errors apd’
accldents. Forma) experimentation wiill Fave to awalt further
conceptuatlzation of the protliem.

r
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