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Abhstract

This prezentation analvzes ditferential patterns of ability declins by
camparing data on longitudinal age change over the age range from 53
ta 81 yaxrs from twosuccessive fourteen vear periods (195&—19?0_and
1970 to 1984). The mast recent data once again replicate findings
that significant age decrement does not begin until age &9, PFatterns
of decline differ in level by cohort and at least %or one ability
(Word Fluency) also in rate of decline. 229 strdy participants
received cagnitive training on one targe! ability (Indugtkive Raasoning
or Ipatial rientation) and practice on the remaining abilities.
Fractice sufficed to reverse average performance drops from age 33 ko
&7 om o all abilities except Mumber, and performance drops from afe Ho
to 74 on Verbal Meaning, Spatial Orientation and Word Fluency.
Cognitive training fwrther reversed the drop on Inductive H&aﬁmingl
fram &HO to 74, and the drop on Spatial Orientation and Inductiva
Reasoning from age 67 to 81. &n examination of score distributions
for those subijiects who reliably declined showed a fourteen year dr o
for abpout 404 of the scores below the 1?50 base; about two thirds of
this drop was reversed By practice and training. For those remaining
stable, practics and training raised about 20% of the scores above the

1270 base distribution.

This ressarch was supported by grants ABO3544 and ABOA770 froum the National
Institute of Aging. The cooparation of members and staff of the Group Healtnh
Cooperative of Puget Sound is aratefully acknowledued. Thanks are due alsg to Dizna
Bac:k*se:l-.iess_1 dean Day, Jackie Levine, Cherril Ferera, Alejandra Suarez and Richard
Vigesaa who assisted in the testing and training and to Theresa Cogney and Anne
0'Hanlan who assisted in the data anialysis.



Fility Decline amd Remediation
Differential Ability Decline and It’'s Remediation in Late Adulthaod.

Introductian

Ginoe the beqinniﬁg of scientific inguiry on the course of adult
intellectual development one of the maior guestions raised haz boeen
Lhe issus whether intellsctual decline in late adulthogd is uniform o
ablility-zpecific (Schaie, 1983). This question caﬁ b addressed by
studying differential changes in average performance across the adult
Vife-courss, as well zs by datermining whethsr specific individuals
show selective decling or decline across sseveral abilities. To the
extent that the observed ahility decline may ziamply repressnt olsuse
o? tive int@lle;tual gkills inveolved in the measuwrement operations, it
chould be peossible to remediate such decline by modest amounts of
practice or remedial instruction. I+ decline is ability-epecific, it
also follows that attempts at remediabing decline shogld #ullmw =) i
prascriptlive abiiitywspeci¥ic approach (af. Willis, 198%9).

The purpose of this presentation is twofold. Irv thie first pard
we propose to discuss differential patterns of longitudinal change: in
adul todntellectual perfacmances that will illustrate the fact that

maintenance ard decline of abilities iz not unifara, bubt depsmds opon

Lhe abd ity under study. Aitention will also be called o the fact
Lhat these patterns are not invariant across Fime. Tha sacornd part

Will be concerned with the resulits of recent coniti v training
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ects of practice and of cognitive

astudiess that provide dats on the

Lrajaing wpon performsnce on ability variables for which Lowgitudinal
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calta oo prigr performance are available. To owill theredors bhe
PD'“L[{H Lo diraw some conclusions not only on the differsrtial
patterns of desline, bub also with respect to the sxtent bo which such
dm:lun represants the consequences of readily remedisble disuse, orF

must indesd be accepted az one of the inevitsble concomitanis of old

SLCEE .

The BPBata Base
Subjects
Erxtensive cross-ssctional and longitudinal data on human

abilities have been collected in five waves (195&, 19&%, 1970, 1977,
L94) aver & twenty-elight year period as part of the Seattle
Longltudinal Study (Schaie, 1983). In this study large random samples
of subjects (Ns ranging from 500 to 1000) wers drawt $0F each wavs
From the adult menbership of a major health maintsnance oraganization
stratified by birth cohort. Our study participants range in aoe from
the 208 to the 90s. At sach successive assessment paint, Follow-up
tarating watk conducted for as many previscus participants as could atill
kg metelaved. Im additaon to a cross-sectional data base now
grogeding IH00 subiects, we now have longitudinal data aleo on
substantial rnumbers of individuals who were followed for ab least
sRven o fourteen yvears, and data on a smallsr number of individuals
who wara followsd for twentv-one or twenbyv-—aight years.  The data to
e discussed in fhis hreaant-+1ou specifically involve a sub-gspt of

e

ST BREEONE who ware included i a cogritive training study (Schaie &
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Willis, 198%5), +for whom longitudinal data are available gver the

i

fourteen—vear period fram 1970 to 1984. Members of this sub-set
ranaed in age from 42 to P4 vears, with a mean age of 72, Thesse new
data will bé-ccmpared also with the previously reported fouwtesn-vear
longitudinal data covering the poriocd from 1954 to 1970 (Schale %
Labouvie-Vief, 19743 Schaig & Farham, 1977).
Heasurenent ({ariables

Although embeddsd in a more extensive hattery., the variables to
be considered here are the first five primary mental abilities
identified by Thurstone (1938) as measured by the 11-17 version of the
ShA Primary Mental Abilities test (Thurstone, 1949 and/or its
successor, the Bchaie~Thurstone Adult Mental Abilities Ltest (Bchaim,
198%) . These vari%bleg inglude Verbal Meaning, a word recognition
test that assesses the indivdual’s passive vocabulary: 8patial
ODriegntation, a tigure rotation task, assessing two~dimensional mental
rotation skills; Inductive Feascning, as measured by a letter series
completion task; Mumber skills, as assessed by checking additien
problems:; and Word Flusncy, thch assees active vocabulary by means
of a recall task. *
Procedure

Puring the first four waves of the lengitudinal study, subiects

ssessad in groups ranging from S to 295 subjects in one testing
zession lasting approvimatelv two hours, In the 1984 study the test
Battery was gzxpanded to include multiple markers of the abilitw

variables to peroit arnalvses at the latent construct {(factor) level as
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well as to offer practice on the abilities of ifnterest. The
assessment battery therefore regquired a total of five hours
eramination time, that was spread zscross two sessions {(the pretest).
F i purpuﬁéa of tha cognitive training study, subjscts were classifisd
into those perscns who from 1970 to 1984 had declirned by 1 HEM and
those whp had remained stable on the abilities of Spatial Orientation
and Inductive Resasoning. Subjects who bad declined only on one of the
two abilities were assigned to a training program for that abilityv.
Subjects who had remained stable or declined on botk abilities were
randomly assigned to one of the training programs. The training
Programs involved 9 one-how individual tutorizl sessions conducted in
the participant®™s home. Training procedures involved modeling with
concrete enample&Iand practice with feedback on the strategies
irnvolved in successful performance orn the target abilities. None of
the training materials included items actually used in the assessment
instrumente. Within two wesks of completing their training program,
all subjects were again assessed with the same five-hour test bBattery
{(posttast).
.
Fatterns of Ability Decline
We have previously reportesd substantial differences in both peak
attainment and decline of thes primary mental abilitiss. With respect
to the attainment of ability peahs we have also cbserved substantial
nendgyr ditferonces. For gxample, women reach an adult platsac on

Imductive Reasoning in their thirties, but continuve to zhow gain on
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Varbal Meganing angd Spatial Orientation until the garly fifties. By
contrast, men reach their average abilitv peak for numerical ability
in their early thirties and for Spatial rientation im their fourtiss.
On Inductive Feasoning, their average peak performance actually does
rot occowe wuntil their early fifties. For both seHEs, very faw pErsons
show reliably dacumentable'de:line until the sixties are reached,
although there are small but statistically reliable avaerage decremsnts
for the seven-year interval from zge S3 to age 67 for Space and Word
Fluency (Bechaie & Hertrog., 1987).

Our previocus work was instrumental in showing that the linear ara
decrement on most abilities beginning in yvoung adul thood found in
garlier cross-sectional studies was an artifact of the increass in .
base level for Eﬁccessiva coharts in young adultheood. 0Our emphasis

therefore had besen in debunking the notien of umiverssl ability

dacline. in thiz presentation, by contrast, we will deal only with
that portion of the adult life span during which cognitive decline can

be realisbly observed in increasing proportions, albeit by ne means
for all, of the members of a2 study population. Given ocur esarlior

. . ‘
results, therefors, we will now discuss data on individuals who are in
their sixties and older, all of whom have been tracked over fourtesen
VEAINS . The age range covered in this discussiocn will extend +rom ac e
53 to Zi.
Fourteen-year Longitudinal Changes

Although we have data on a few individuals over the entirs

twanty-gight vears of cur study, we have slectsd to cover the ag



Ability Decline and Ramediation
a8

range of interest more reliably by hreaking the interval into two
fourteen-vear pericds for which larger smaples are available, Ths
tirst st of data to be coneidered, therefore, involves the
rﬁplicatiua of findingz on longitudinal age changes over fouwrteen
vears for two successive fourtsen-—year periods (1994 to 1970 and 1970
to 17845, Figure 1 pruvidés graphic representaticons of longitudinal
age changes by ability. Although the primary concsrn here is with age
changes, the reader will want to neote that $for all of the ahilities
except Word Fluesncy, virtually all data points for the most recent
cohort will be found to lie above those for the esrlier cokborty ice.,
cohort differences for those cohorts born in 1941 or earlier continue
to be shown in our most recert data.

HBut there are some other noteworthy departures from the previous
findings with respect to patterns of age changes that merit particular
attention. For Versal Heaning we now ohserve small but realiable
average age changes betweesn ages S2 and 60, earlier then previously
reported. On the othier band, we could mot replicate the 1977 findings
of earlier decline on Spetis] drientation. In ouw most recent cohort,
staniticant average daclf?a does moet ocowr prior to  age &0, and
substantial decrement ensuss only for the 74 te 81 vear age interval.
We replicate age &0 as the onset of modest average decline for

.

Inductive Reasoning and for Number. More dramatic differences ars

found for Werd Fluspcv. This ability was previcusly observed to be the
first to show significant age decrement, and further it had been noted

that garlier cohorts were actuzlly at an advantage when compared to
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more recent cohorts. Mote that the swubstantial decline for this
aipility from age S35 to 60 and from &7 to 74 could not be replicated.
In the most recent cohort, decline on this ability now first ooour s
atter ages &0, and the rate of decline has slowed substantialiv. From
thesa data we now find that average cumulative decrement from that age
whears 1L can first be reliably demonstrated Lo ags 74, ths age rangs
whoss occupants are otten referred to as the "yvoung-old", anounts to
/4 of a population standard deviation for Number, less than half of a
standard deviation for Verbal Meaning, Space and Reasoning and aboub
174 8.D. $or Word Fluency. Cumalative decremsnt to age 81, the omnwsel
af advanced old age, is greatsr, of course. It amounts to
approvimately one population standard deviation for Vertial Meaning,
Bpacs and Mumber; Lo abowt /4 8.D. for Inductive Reasoning, and o

legs tharn 172 8.D. for bWord Flusnoy.

Remediation of Ability PRecline
The question next arises wisther the observed pathterns of
decrement are irreversible concomitants of the aging process. Haw il rg
shewn substanti sl indiuggual differencesz in the extent of ability
declineg and having related such differences to a variety of deno-
graphic and enperiential variables {(e.g., Sribbin, Schaie, & Farban,

1980 Gohaie, 19847 it Followed logicall

i

<

that we should attempht Lo

bring such individual differsnces under superiasental control.

Logrnitive training interventions with the slderly have basn shown to

be gquite successful in 2 nuasber of rec

11}
a
=

ztudies {(c+. Haltwes %

it
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Willig, 1922 SBternse % Sanders, 19893 Willis, 1985). What las bean
laoking in these studies, however, has bksen the availability of
longitudinal data on the previous level of functioming of the

trainees. That is, training gains could represent the remediation of

over previously stable lavéls cf function. If the training gains do
represent remadistion of previous decline, we still do not know, in
the absence of prior data, whether the training has remediated all or
enly part of the deficit.

In Qur most recernt training studies we have been able to address
these question by classifving our participants into those who had
@i ther remainsd Etable or who had shown reliable decline (+ 1 SEM)
over the fourteen-~year period preceding the intervention. 6n
extensive test battery permittad assesment of training effects on the
individual tests as well as at the latent construct (factor) level and
showad substantial effects that involve both remedistion of deficit
and signiticant improvement of performance for those who had not
declined (Schais % Willis, 1985; Willis % Schaie, 198%). For the

o

purpose of this presentation we will focus epecifically on the effects
of the training upon average performance levels to determing the
effectiveness of our intervention in reversing intel lectual dacaine ip
the @lderlvy.

Batause of the pre- post-test desiagn of our training studv. we
Rave first of &ll data on the effects of practice on the abil ity

dun

betwsen sucrcssive test adminiztraticns fapprodimately two weaebks
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apart) . That iz, as part of taking the test battery ow participants
gspent approximately 20 minutes working on other items tezting the
ralavant ability. For two of ow abilities {(Inductive Reasoning and
Spatial Gr;entation), moretver, subiects received five hours of
cognitive training with respect to the skills relevant in performing
on one of these target abiiitiea. To relate the training results to
the age-specific ability~-decline patterns we discussed parlisr, we
gramined the decline-training gain relationship separately for thres
cohorts.  Average: ages for these cohorts at the time of intervention
wEre &7, 74 and 81 vears respectively. Note that for all of these
samples statistically significant average decrement had bsen noted by
ags H7 on oall fiye abilities urnder studvy,

Figure Z provides graphic representations of the average decline
over fourteen years and the effects of practice and cognitive
training. Significant gains are found for all abilities at all ages.
Mowsver, the magnitude of the gain differs across age gQroups, and
consequently the extent to which our intervention succeedsd in
restoring or exceeding average performance valuss chtained at the 1970

- w
base testing. Consider first those abilities for which only practicas
Wwas provided.  On Verbal Heaning practice was sufficient to remediate
the loss experienced $rom age &7 to 74 for the middle cohort, aqd L
ratse the level of the younger cohort, at age 67. significantly above
their level at age S5, However, practice did not suffice to remsdiate

the loss shown by the cldest cohort. While they improve. their leve
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Fractice on Mumber did not suffice te return anv of the groups to
their 1973 level. However, the vounger and middle cohort, wers
retwned to thair performance level shown in 1277 (& remediation then
ot the moﬁz recent seven-vear decline). By contrast, full remediation
acourred on Mord Fluency for beoth the vounger and middle coborts.

Let us now turn to the abilities that were the target of
cognitive training. Here we have estimated post-intervention levels,
by incrementing the 1984 base value first by the average gaim for
those subjects who received only practice (test-taking), and then by
the average gain of those subiects receiving both test-taking practice
and coanitive training on the target ability. For Spatial
Urientaticn, practice alone sufficed in remediating the fourteen-vear
daecline for the vounger and middle cohort. For those participants,
however, who received the cognitive training remediation of average.
decline also oocurred for the older cohort., and the younger cohort
was raised to an average level that was significantly higher than
observed at the base testing fowrteen yvears earlier. Similar findings
sccurred for Inductive Reasoning. Here practice alone returned the

“".
vounger cohort to the 1970 level, and the middle cohort to the 1977
level., Adding cognitive training, morecver, remedisated the
fourteen—-vear deficit for the older cohort, and raised the per%qrmanca
of the vounger and middle cohort significantly above that experienced
in 1970,
Wer fad observed sarlier that the ooccurrence of peak performance

differad not only across abilities but was also gender—specitic. It
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sesms appropriate therstfore to ask whethsrs gender differences are also
found in declineg and remediation in old age. Figure 3 presents the
relevant data for those abilities that were targets of our training.
Fuor Spati&} Grientation we find an =sge by agender by training
interaction. Bender differences in favor of men are significant for
the voung-old oroup (followed from mean age 52 to &67) through the
practice phase, but gender differences are eliminated as a function of
cognitive training. For the older grouyp (followed from age &7 to
211, howaver, there were no gender differences, except after trainirg,
which was more successful for the old-old women and raissed their
performance level above that of the men. Gender differences in favor
of women were found for both groups on Inductive Reasroning. The
difference in score level was maintained through both declime and
reversal phase in the yvoung-cld group. In the old-old group, however,
wamen showed a stesper drop as well as greater gain from practice and

Taining.

Overlap in Score Distributions for Decline and Remediation
. . oy .
Discussions of mean differences in scores between groups oF in the

Samns roup over time asgsume that the score distributions diverge from
ong anather. The statistical tests that infors us on the reliability
of such differencess reflect, of courss, sample size and variahility.
To understand the actual magnitude of differences, it may be mors
instructive to consider the dearsze to which scors distributions

diverge as & furchkion of decline and converge az a funchion of
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intervention. To do so we standardized all cheserved scorss on the two
abilities tor which training was conducted to the 1970 base. Figure 4
charts the fregusncy distributions at base, fowrteen vears later, and
atter inte;ventimn has coccurred, separately for those subigcts who met
our stability/decling criterion. Az would be expected, the score
distribution for the stable subjects are virtually identical in 1970
and 1984, while the post—~intervention distributicn is shifted upwards.
For the decliners, the 1984 distribution has shifted substantially
below that ococurring at base. Subseguent to the intervention the
diztributicns shifts back towards the 1970 base; howevet, it is till
located below that base level.

Making the assumption that the obsarved freguency distributions
represent essentially random departures from normal distributions
whose mean level has shifted, we can then estimate the proporbtion of
scores that fall below the base distributicn for the decliners as well
ase the proportion of scorsse that fall above the base distribution for
the stables after intervention. Table 1 provides this imformation
first for the scores of all subjects on the ability an which they ware
traingd, Data are then g?ven sgparately fur =ach of the groups
trained.mn Spacial Orientation or Inductive Reasoning. For the total
group, age decrement on the target ability effects approximately one
fowth of ohserved scores. Following intervention the total
distribution is virtually back where it was at nDase, because the
whrenedi ated decline of some for the teotal group ise balanced by the

gain above basg of the stables. Wher we consider thece propoertions
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ﬁéparately for the gainers and decliners, we find tiabt about two
thirds of the decliners’ zcores that had dropped below the base
diztribution have bsen returned by the intervention., and that about
ore fifth of the scores of the stables are now above the limits of the
base distribution. Comparing these data by separate ability it
appears decling is somewhat greater for Sgatial Orientation than for
Inductive Reasoning, but that intervention gain is fairly sguivalent

acrose the two abilities..

Summary and Conclusions

We have analvyzed differential patterne of akility decline by
comparing data on longitudinal age change over the age range from 535
to 81 years from two successive fourteen year periods (19546—1970 and
1970 o 1984). Ow most recent data once again replicates previously
reported findings that significant age decrement does not begin until
age &0. Findings for the different abilities varv by ability and
cohort in magnitude of decline and at least for cne ability (Word
Fluenoy) also in rate of decline. In the most recent phase of our

<.

study, participants received cognitive training on one target ability
(Inductive Reasoning or Spatial Orientation) and practice on the
rematning abilities. Fractice =sufficed to reverse average per%qrmance
drops from age 3% to 67 on all abkilities except dumber, and
performance drops. from age 60 to 74 on Verbal Meaning, Spatial
Drigntation and Word Fluency. Cognitive training further reversed the

drop on Inductive Regasconing from &0 to 74, and the drop on Spatial
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Orientation and Inductive Reascing $rom sge &7 to 81. Examiping score
distributions, we found that for the agroup of subiects who had
reliably declined over a fourteen year pariod about 40% of their
SCOores %eli below the 1970 base; about two thirds of this drop was
revarsed by practice and training. For those remaining stable,
practice and training raised about 20% of their scores above the baze
distribution.
dust as we have cautioned against interpreting decline in means
as evidence of universal decrement, so must @E now caution against
accepting the findings of mean gain and positive upward shifts of
score distributions as evidence for a conclusion that age decrement in
abilities can be reversed for all. On the positive side we can be
elated by the finding that almost twe third of our study participants
who had declined benefited significantly from traiming 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 performance to post—intervention cutcome is
somawhial mmEE sohering. Our classification criterion for significant
-

fourten=vear decline (1 SEM from the 1979 hase) on at least one
ability was met by roughly S53% of owr sample. 0Of these perschs
appraximately &2% in turn met the reversal criterion of Feturniqg o
within 1 SEM from their own base level. Thus subseauent to the
intaervention, approdimately cne third of our subjects would still be
classifiable By ow criterion as euperisncing significant age

decremnert.
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We conclude then that for an increasing proportion of individuals
decling on ons or nore abilities can reliably be documented. Im
vioung—olad adul thood much of the obeerved ability decremsnt can be

reversed for the majority of persons by modest interventions and may

thug be sesn to be a consequence largely of disuse of the skills

LA
16

s@sed by our tests. s advanced old ags ies rezched, however,
ability dgerement becomes more severe, and while remediable at least
in part for most persons, can no longer be reversed for many persons

in its entirety.
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Figure 7. Age decline and roversal on Spatial DOrientation and

Inductive Reasoning by gender for two age groups {(mean ages 67 and

in 1984).
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Figure 4.

training intervention,

declining.
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Ability Declime and Remediation
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Table 1
Proportion of Scores at 1984 Pretest Falling Below or Above
the 1970 Base Test Distribution
Beftore Attt e
Intervention Intervention

For Either Target aAbility

Entire Sample (N = 229 - 28.9% + 2.0
Stable Subjects (N = 107) - 2.4% + 18.83%
Declingrs (N = 123 — I9.&6% - 13.1%

For Spatial Orientation Only

Entire Sample (N = 118) - 27, 9% +  1.1%
Stable Subjects (N = S1) +  2.3E% + 1&h. A4 i
Decliners (N = &67) - 40.1% - 14,3%

For Inductive Reascning Only

Erntire Sample (M = LUQ - 21.4% + S.2%
Stable Subjects (M = &) - 1.3 + 20T
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Decliners (N = 55} 1i.8%



