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Ability Decline and Remediation
Abstract

This precentation asnalyres di{ferential petterns ot ability decline by
comparing data on longitudinal age change over the age range +rom 573
to 351 vears {rom twosuccess:ve fourtesn yearr periods (1996-1970 and
1970 to 1984). The most recent data once agaln replicate findings
thet siamificant age decrement do.s not begin until zge 60. Fatterns
of decline2 differ in level by cobart and at least for one ability
(Hord Filuency) also in rate of decline. 229 study participants
recelved coginitive training on one target anility (Inductive Reasoning
or Spatial Orientation) and practice on the remaining abilities.
'ractice sutfficed to ireverse average perforéénce drops from age 33 to
67 on «11 abs.ities except Number, and performance drops +rom age 60
to 74 on Verbal MHesning., Spatial Orientation and Woird Fiuency.
Cognitive trauning forther reversed the drop on Inductive Reasoing
from S0 ko 74, and the drop on Spatial Orientation and Inductive
Reasoning {from age 67 to 81. an extamination of score distributions
f o those subjects who reliably declined showed a fourteen year drap
for about 40% of the scores below the 19%0 base; about two thirds of
this drop was reversed by practice and traiming. For those remaining
stable, practice and training raised about 20% of the scores above the
1970 base distribution.
This research was supported by grants AG03544 and AG04770 from the National
Institute of Aging. The cooperatiun of members and staff of the Broup Health
Cooperative of Fuget Sound is gratefully acknowledged. Thanks are due also to Diane
Backschiess, Jean Day, Jackie Levine, Cherril Ferera, Alejandra Suarez and Richard

Vigesaa who assisted in the testing and training and to Theresa Cooney and Anne
0'Hanlon who assisted in the data anal ysis.,
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Differential Ability Decline and It's Remediation in Late fAdul thood

Introduction

ince Ehe bedinmlong of scisnbiflc 1hguly 7 on chie cowrse of adult

intelicotasd development orne of the M I0F guestlons tralsed has boesn

Lhe tssue whekher inle!l lectusn) declin 1n latbe adul bhood 12 uni forn or

dwtiats rmpEcrY1e (Hohiwie, 1987 This question cen be addr esoed by
studyine divierential changes in a2t Aade peErioraance across bhe adualt
S0 oa- vedl as by dAetermitong whether specific 1ndividual s
hw secmcll oo decl oy o decline scross several abilitiles. To the
eLbord Lheh the Ghiserved albility dect 1ie mad s1ubly repressnlt disuse
oF thne tntellect gl sbills nivolved 10 Ehe medasiemen b cperations, b
il d b poreavble b oresediste zuch decline by modest amounts oF
et owr oF cEaetdial rnshbiructo . [+ decline 13 abiliby-specitic. 1t
%0 dollows thoel dbtoaspis al rened) ating decl ine should follow a
prescriplive ability-specitic approach (cf. Willis, 198%).

The purpos. of this presentation 15 twofold. I the first part
Wer propose Lo discuss difrerential patterne of long: tudinal changs 1n
adilt amled Lokl perf{otmence Lhat wilt 11lustirable the fart that
M=Llthesrance and decline @af sbhilibies 14 ot uni form, but depends wpoan
Ples abality o study. Attenlion will c 180 be called to the (act
Ehal these palten s are not 1Aavarienk ali"iss Lime. The secord parl
ALl be concerncd wmbh the resulle of recent codrnrtive training
studies Lnab provide data on the effects of practice and of cognitive

tre1ning upon pertormance on abiility variables for which longitudinal
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Remedialion

bty Cecl o and

4
daba on griol pecriormance are avallable. I will therefore be
Eornib e ta i s Mo womiclus ons ok onl, on the Jitfsrenkial '
patLevmzs Gf doezlonz. hub wlzo wibh crespech Lo the entent Lo which such
decline repraeents the consequances of readsly remediable disuse., or
must 1rndoed be acoepted a3 one of Lhe 1nevitable concomi tanits of old
Fpez .

The Data Base
Subrects
Eyienslve cross sschione] and longltudinal dakta on human
A1l tbles heve beon collected 1n five waves {1736, 19&%, 1970, 1977,

19940 over o twenby e

Lomgrtudimst Shudy (4

OF subaec k-,

reony Lhe sdult member

stiraLti{rod by birth ¢

the 03 to the Y0g.
testing was conducted
be retirie ed. I andd

enceeding 25300 Gup jec

substantial runbers o
1owrteen

S2Vven QF Vil

who were followed fFar

be discussed 1n this

Y
Ll

persons who were
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1ubt vear perriod as part of the Seattle

Chimie, 17320, In this study largs random samples
na sitom D00 to 1ow0) were dr awn Tor each wave

shipe i a major healbls maintenance arganization

ohort. 0w study participasnts range 1n age {rom

At epach successive assessment point, follow-up
for as many previous pariicipants as could still
1tion Lo « cross-seclional data base now

te, we now have Jongitudical data also on

Fandividuals who were followed for at least

rs, and data on o smaller nunber of 1ndividuals
twanty--one or twenty-eight yvears. The data to

presentation specifically i1nvolve a sub-set of

included in & cognitive training study (Schaie %
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Wiltis. 198%), for whom longitudinal data are available over the

fourtesn-vear perlod +rom 1770 to 1984. Members of this sub-set

ranged in age from &2 to P4 vears, with a mean age of 72. These new
data will be compared alec with the previously reported fourteen-year
long: tudinal data covering the period from 1956 to 1970 (Schaie &
Labouvie-Yiet, 1974: Bchaie &% Farham., 1977).
Heasurement Variables

Although embedded 1n & more extens) ve battery., the variables to
be considered here are the first flve primary mental abilities
1dentified bv Thurstone (1Y738) as measured by the 11-17 version of the
SRA Frimary Mental Abilities test (Thurstone., 194%) amd/or its
successor. the Schaie-Thurstone Adult Mental Abilities test (Schale.
198%3) . These variables tnclude Verbal Meaning., a word recognition
test thal azeezces the 1ndivduel "g passive vacabul aryy Spatial
Orientation, & {figuwre rotation tash, azsessing two-dimencional mental
rotation stills: Inductive Reasoning, as measured by a letter zeries
conpletion tasl i MNumber slills, as assessed by checlaing addition
problems: and Word Fluency, which asseses active vocabulary by means
aof & recall tas).
Procedure

During the first four waves of the longi tudinal study, subjects
were assecsced in groupc ranging from 9 to 295 subjects 1n one testing
snes10n lasting approtimatelyv two hours. In the 1984 study the test
battery was expanded to include multiple marbers of the ability

variables to permit analyses at the latent construct (factor) level as
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well as to ot fer practice on the abilities of interest. The
acsesamnent batters theretore reguired a total of five hours

examination time. thal was spread across two sessions (the pretest).

i

For purposes of the cognitive tratning study., subjects were class: fiad

a

into those persons who from 19270 to 1984 had declined by 1 SEM and
those who had rerained stable on the abilities of Spatial Orientation
and Inductive Reasoning. Subjecte who had declined only on one of the
two abrlities were assigned to a training program for that ability.
Subrjects wh. had remained ctable or declined on both abilities were
randomly assigned to one of the training programs. The training
programs 1nvolved O one-tows 1ndividual tutorial cessions conducted in

the participant ' & home. Training procedures involved modeling with

concrete e:anpl and practice with feedbacl on the stratenies

1)
i

1rvolved in successiul performance on the target abilifies. None of
the traiming materials included 1tems actually used in the assessment
inestruments. Within two weels of completing their training program,
all subjects were again assecsed with the same five-howr test battery

{(posttest).

Fatterns of Ability Decline
We have previcusly reported substantial differences in both peal
attainment and decline of the primary mental abilities. With réﬁpect
to the attainment of ability peaks we have also observed substantial

gender differences. For erample, women reach an adult plateau on

Inductive Reasoning in their thirties. but continue to show gain on

,  BEST COPY AVAILABLE
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7
Verbal Mearmino and Spatiral Orientation until the sarlv fifties. By
contrast., men reach thelr averace ability peak for numer:ical ability

al Orientation 1n their fourtiss.

-

tn the:r early thirties and for Spat
Or lrnduct:ve Reasoning, their average peal performance actually does
not eccwr until their early fifties. For both sexes, very few persons
show relilabl ., documentable declinme until the sixties are ieachead,
although there are small but steatistically reliable average decrements
for the seven—-vear tnterval from age 35 to age 67 for Space and Word
Fluency (Schare & Hertoog., 1980872).

Ouwr previous wordh was instrumental in showina that the linear age
decrement. on most abi1litiee beginning in young adulthood found in
garlier crogs—-sectional studies was an art:fact of the i1ncrease 1n
base level tor successive cohorts in voung adulthood. Our emphas:is
therefore had been 1n debunking the noticn of universal ability
cdecline. [n thie presentation, by contrast, we will deal orly with
that portion of the adult 1i1fe span during which cognitive decline can
ba realiably observed in increasing proportions, albeit by mo means
for all, of the members of a study population. Given our earlier
resulte, therefore, we will rnow discuss data on individual s who are 1n
their sixties and older, all of whom have been tracthed over fourteeen
years. The age range covercd 'n this diescussion will ertend {1rom age

. .
S5 to 81.
Fourteen-year Longitudinal Changes
Although we have data on a few individuals over the entire

twenty-eight vears of our study, we have elected to cover the age

RIC 8 BEST COPY AVAILABLE
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3
range of tnterest more reliablv by breakding the anterval tnto two
fourteen-. ear 2 tor wihiich larger smaples are available. The
first et o+ data to be considered, theretores., involves the
frndinaz on Jongi budinal age changes over tourteen
vears for Two successive fourteesn-vear periads (1956 to 1970 and 1970

to 1934, Figure | provides agraphic renrcsentations of longitudinal

age changes bv «bility. Althoughk the primary concern here is with age

chanaes. the resder will want to note that for all of the abillities

eicept Word Fluencv., virtually all data points for the most recent

cobtiort will be found tu lie above those for the earlier cohorts i.e.,

cohort dit+erences for those cchorte born 1n 1941 or earlier continue

to e shown 1n our most recent data.

But there «re some other noteworthy departures from the previous
findings with respect to patterns of age cheiges that merit particul ar
attention. For Usrbcl MHeanzng we now observe small but realiable
average age changes between ages 37 and 60, earlier then proeviously
recorted. On the olher hanu., we could not replicate the 1977 findings
of earlier decline on Spatial Oriepéatzon. In our most recent cohort,
s1grifticant averaoge decline does not occur prior to age &0, and
substantial decrement ensuce only for the 74 to 81 vear age interval.
We replicate age &0 as the onset of modest average decline for
Indactive Reasoning and for Number. More dramatic differences are

found for ¥ord Fluency. This ability was previously observed to be the

first to show =significant age decrement., and further it had been noted

that earlier cohorts were actually at an advantage when compared to
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mome recenen wohoe b, Nole Lhat the substantial decline for this

ebid oty Tiom age S0 Lo ol wnd Jrom &7 to T could not be reolicated.

(0 thue oozt ecent, cobiore, decline on this ability now first occur s
aiter ane Sy and the rate of declins has sl uwad substantiallv. Firom

,_
1]

52 dabx we now find thal average cumulat:ve decrement from thab age

wheer 3L can Virel be reliably demonstrated to aoce 74, the age range

whoze Galcupants are often referired to as the "vourig -old", amounts to

-

<4 of a population standard deviation for Numoer, less than half of

1]

standard devistion for Yarbal Meaning., Space and Reasoning and abouk
o4 800, dor Word Flooncy . Cumulative decrement to age 81, the onsel
of advanced old age, is aresater, of course. It amounts to
ALprovimatels ane population standard deviation for Verbal Mear:ng,
ace and Momber; Lo about /4 5.D. for lnduckive Feasoning, and to

Less than 170 S0, for Word Flusency.

Remediation of Ability Decline
The gquestion nest ari1ses whether the observed patterns of
decremant are wrreversible concomitants of the &g1ng process.  Having
shiown substantial individual diftizrences 1n the extent of ability
r

decling and having related such d) fierences to a variety af demog-

aqraphle and erperiential variables (evu.y Gribbin, Schuaie, & Farham,

I'730: Sehate, 1934 1L fol lowed legioally that we should attempt to
Pring such 1nd: vidual differences under exparimental control.

Lognitive training interventions with the elder'y have been shown to

b quite successiul 1n a4 number of recent studies (cf. Baltes &%
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Willis, 19@7: Sterne & Sanders, 17803 Willis, 198%). What has beer
lacting 210 these studies, however, has been the avartlabil: bv of

loncstudinal data on the previcus level of functioning of the

trainees. That 1s., training gzins could re-prresent the remed: ation of

past decremente or thev couwld alternately i1nvolve raising performance
over previocuely stable levels of funcltion. If the training gains do
represent remediation of previous decline, we still do not know, in

the absence of prior data. whether bhe training has ramediated all or

i the devicitk.

Q
3
-
o
]
5
s

In cw most recent training studies we have bsen able to address

4

these question by classifving ow participarnts into those who had

rither remained stable or who had shown reliable decline (+ 1 SEM)

ovuir the fourteen-vear period preceding the intervention. An

P

extrhnsive Ltowt hbatterv permitted assesment of trainirg effects on the
ndividual tests as well as at the latenv construct (factor) level and
shiowed =zubctantial effects that involve both remediation of deficit
and signilficant tmprovement of performance for those who had not
declined (Schare % Willis, 1985: Willis & Schaie, 1923%5). For the
purpose of thil: preontation we will focus specifically on the effects
of the trasnang upen average performance levels to determine the
effectiveness of ouwr 1rtervention 1n reversing intellectual decline 1n
the slderlvy.

Because of the pre- post-test design of our trerning study., we
have first of ail data on the effects of practice on the ability

between succesive test administrations (approximately two weekls

RIC 11 beS! LOPY AVAILABLE
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apart). That 1s, a< part ot taling the tesk battery, ow participants
spent approsiaastsz]l . 20 minutes worling on othsr items testina the
relevont abirlrty. For two of our abilities (Inductive Feasoning ard
Spatial Grrentation) . moreover, subjects received five hours of
cogrmtive trcaning with respect to the skills relevant in performirg
on one of these target abilities. 7Jo relate the training results to
the age-specific abirlity—-decline patterns we discussed earlier, we
eramined the decline-lraiming Qain relationship separately for three
cohorts.  Averacs: aqes for these cohorts at the time of interwvention
were 67, 74 and 81 vears respectively. Note that for all of Lhese

samples etatistically sigmificant average decrement had been noted by

age 67 on all five abilities under studv.

Fiagure I provides graphic reprecentat.ons of the average decline

over {fowteen veore and the ey fects ot practice and cagnitive

1ns are found for all abilities at all agec.

traaninag.  Significant o
However, the magnitude of the gain di{fers across age groups, and
consequently the extent to which ow 1ntervention succeeded 1n
reztoring or esceeding average performance values obtained at the 1970
base tectiia. Congider first those abilities for which only practice
was provaded. On VYerlal Heanzing practice was sufficient to remediate
the loss s.perrernced trom nge &7 to 74 for the middle cohort, and to
ralse the level o+ the vounger cohort, at age 67. significantly above
thewr level at age S.. However., practice did not suffice to remediate

the loss shown bv the ocldest cohort. While they 1mprove. their level

remains significantlv below their performance at the base point.

12 BEST COPY AVAILABLE
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Fractice on Murnter did not sutfice to retwn anv ot (he groups to
their 1970 leavel. However., the vaungsr and middle cohort, were
retwned to their performance level =shown in 1977 (a remediation then
0f the most rec-nt seven-vear decline). Ry contrast, full remediation
ococuwrred on Nord Fleency for both the younger and middle cochorts.

Let us now turn to the ahilities that were the target of
cognitive training. Here we have estimated post-intervention levels,
by rncrementing the 1984 base value first by the average gain for
those subjects who received aunly practice (test—taling). and then by
the average gain of those subiects receiving_both test-taking practice

LN

arnd cognitive training on the target ability. For Spatial

-~

rientation., practice alone sufficed in remediating the fourteen-year

- 5

L
decline for the vounger ard middle cohort. For those participants,
however., who recetved the coenitive training remediation of average
decline also occurred for the older cohort, and the younger cohort
was raised to an average level that was significantly higher than
observed at the base testing fourteen vears earlier. Similar findinge
occurred for Inductive Reasoning. Here practice alone refturned the
vounager coheort tc the 1970 level., and the middle cohort to the 1977
level. Adding cognitive trzining, moreover., remediated the
fourteen-vear deficit for ihe older cohort, and raised the performance
of the vounger and middle cohort signif.zantly above that erperienced
in 1970,

We had observed earlier that the occurrence of peal performance

differed not only across abilities but was also gender-specific. It

ERIC 13 BEST COPY AVAILABLE
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seemnc appropriate therefore to asi whether gender di fferences are also
found 1n decline and remediation :n old age. Figure I presents the
relevant data for those abilities that were targets of our training.
Far Srat:al Grientacion we f.nd an age by gender by training
interaction. Gender differences 1n favor of men are significant for
the voung-old group (fellowed from mean age S3 to &7) through the
practice phase. but gender differences are eliminated as a furction of
cognitive trainina.  For Lhe older grouvp {(followed from age &7 to
B81). howzver, there were no gender differences. except after trawning.,
which was more successful for the old-old women and raised the:r

M

performance level abnve that of the men. Gendsr differences 1n faver

~N

of women were found for both groups on Inductsrve Reasrening. The

difference i score level was maintained throuwgh both decline and

e

revercal phase 1n the voung-cld group. In the 2ic¢ ..1d group. however,
women showed a stecper drop as well as greater gain from practice anc

training.

Overlap in Score Distributions for Decline and Remediation
Discussions of mean differences in scores beztween grouvps or in the
same qroup over time assume that the score distributions diverge from
cne ancther. The statistical tests that inform us on the reliability
of such differences reflect., of course., sample size and variability.
To wnderstand thie actual magnitude of differences, it may be more

instructive to consider the degree to which score distributions

diverge as a function of decline and converge as a function of
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mtorvention. To do co we standardired &1l observed scores on the btwo

ities for which training was conducted to the 1970 base. Figure 4

1]
o
=
=
H

charte the freguency distributions at base., fourteen years later., and
attezr intervention has occurred., separately for those subjects who met
our 3t%b111tv/decl1ne criterion., As would be expected, the score
digtribution for {he stable subjects are virtually identical in 1970
and 1984, while the post-intervention distribution is shifted upwards.
Forr the decliners, the 1984 distribution has shifted substantially
below that occurring at base. Subsequent to the intervention the
distribut:icns shifte bacl towards the 1970 base: however, it is ti1ll
lecated below that base level.

Matirna the assumption that the observed frequency disztributions
represent essentially random departures from normal distributiors
whose mean level hasz shifted, we can then estimate the proportion of
scores that fall below the base distribution for the decliners as well
as the proportion of scores that fall above the base distribution for
the stables after intervention. Takleg 1| provides this informaticon
first for the scocres of all subijects on the ability on which they were
trained. Data are then given separately for each of the groups
trained on Spacial Orientation or Inductive Reasoning. For the total
Qroup. age decrement on the target ability effects approximately one
foeurth of observed scores. Following i1ntervention the total
distribution is virtually bacl. where it was at base, because the
unremediated decline of some for the total group is balanced by the

Qain abnove base of the stables. When we :zonsider these proportions
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separatel s for the garners and decliners, we find that about two
thirds of the decliners’ scores that had dropped below the base
diztribution have been returned bty the irntervention. and that about
onz fi1fth of the scores of the stables are now above the limits of the
base distributron. Comparing these data by separate abi1lity it
appears declinz 13 zomewhst greater for Spatial Orientation than for
Inductive Reasoning. but that intervention gain iz fairly equivalent

across the two abrlirties..

Summary and Conclusions

We heve anelvzed dirferential patterns of ability decline by
comparing data on longiltudinal zge chanoe over the age rangs from 53
to 81 vears from two successive fourteen vear peri1ods (1956-1970 and
1970 to 1984) . 0w most recent data once again replicates previously
reported findinas that sign:ficant age decrement does not beg:n until
age &60. Findings for the different abilities vary by ability and
cohort in magnitude of decline and at least for one abi1lity (Word
Fluency) also in rate of decline. In the most recent phase of our
study., participants received coanitive trwlning on one tarrget ability
(Inductive Reasoning or Spatial Orientation) and practice om the
remaining abilities. Fractice cufficed to reverse average performance
drope from age 97 to 67 on all abilities enxcept Number, and
performance drops from age 69 to 74 on Yerbal Meaning, Spatial

Orientation and Word Fluency. Cognitive traimning further reversed the

drop on Inductive Reasoning from 60 to 74, and the drop on Spatial
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Qrrentation and [nductive Reasolng from age &7 to 81. Examining score
dictributions, we found that for the group of subjects who had
reliably declined over a fourteen vear period about 40% of their
scores fell below the 1970 base; about two thirds of this drop was
reversed bv practice and training. For those remaining stable.
practice and training ralsed about 2W0% of their scores above the bacse
distribution.

Just as we have cautioned against i1interpreting decline in means
as evidence of untvsersal decrement., so must we now caution against
accepting the findings of mean gain and positive upward shifts of
scere distributicone as evidence for a conclu;;on that age decrement 1n

abilities can be reversed for all. On the positive side we can be

2l ated by the finding that almost two third of our study participants
who had ceclined benefited sigroficantly trom training and that better
than one third of those who remained stable were able to raise their
performance significantly. Evaluation in terms of the more stringent
criterion of relating base pertormance to post-intervention outcome is
somewhat more sobering. Ouwr classification criterion for significant
fourten=year decline (1 SEM from the 1970 base) on at least one
ability was met by roughly 53% of our sample. Of these perscns
approimately 624 an turn met the reversal criterion of returning to
within 1 SEM from their own base lewvel. Thus subsequent to the
intervention, approyimately one third of ocur subjects would still be

classifiable by our criterion as eiperiencing significant age

decrement.
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We conclude thern that +or an 1ncreasing proportion of individuals
decline on one or mare abilit:es canm reliably be documented. In
voung-old adulthood much of the observed ability decremenrnt can be

reversed for the majlority of persons by modest interventions and may
thue be sesn to be & consequence largely of disuse of the skills
asresed by our tests. As advanced cld age is reached, however,
abi1lity decrement bzcomes more severe, and while remediable at least
in part for most perseore, can no longer be reversed for manv persons

in 1ts entirety.
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Figure 1.

Fourteen-year longitudinal

changes in two successive cohorts

(Y =
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cohorts followed from age 53 to 67;
cohorts followed from age 67 to 81).
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Figure 2,

Average decline over fourteen

Years and average reversal due to
practice and cognitive intervention in
three cohorts (now aged 67, 74 and 81).
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Table 1
Proportion of Scores at 1984 Pretest Falling Below or Above
the 1970 Base Test Distribution
Before Aftar
Intervention Intervention
For Either Target Ability
Entire Sample (N = 279) - 24.9% + 2,07
Stable Subjects (N = 107) ~  2.4% + 18.8%
Decliners (M = 127 ~ 39.b67% ~ 13.1%
For Spatial Orientation Only
Entire Sample (N = 118) - 27.9% +  1.1%
Stable Subjects (M = 51) + 2.4 + 16.73%
Decliners (N = &7) - 40.17% - 14,734
For Inductive Reascning Only
Entire Sample (N = 111) - 21.47% +  5.2%
Stable Subjects (N = S5¢) - 1.3% + 20.7%
Decliners (N = 535 - 2b6/6% - 11.6%
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