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4  The optimization of cognitive
functioning in old age: Predictions
based on cohort-sequential and
longitudinal data
K. WARNER SCHAIE

Introduction

Social scientists who are concerned with examining the hypothesis that
optimization can occur with advancing age and who direct thcir efforts to
discover the factors that allow some but not all individuals to optimize
their abilitics to maintain high-quality lives gencrally would seem to make
three implicit assumptions. The first assumption has a ncgative flavor:
Declines from asymptotic levels attained during early adulthood are
assumcd to occur in old age in both biological and behavioral functioning,
whether at the level of observed performance or of reserve capacity. The
second assumption, by contrast, is more positive: Individuals are thought
to differ widely in their adaptation to experienced losses, and patterns
of individual maintenance in decline may be both varied and subject to
multiple influences. The third assumption concerns the model chosen for
the study of aging pheonmena: Dccline with age is often thought to be
gradual, continuous, and irrcversible in nature. Evidence with respect
to these assumptions has long been examined in the area of cognitive
functioning, the topic of this chapter.

Whether older adults can maintain levels of adaptation that allow
continuation of independent living and the expression of accomplishments
in late life is necessarily contingent upon the maintenance of levels of
intellectual functioning that have not fallen significantly below the norma-
tive levels expected by our socicty. It is quite true that many individuals

‘throughout much of their life manage to cope at below-average levels of

compctence. However, it is these very individuals who are at greatest risk
of requiring institutional care, when even slight age-related change lowers
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their competence from a marginal to an unacceptable level. Moreover,

‘maintenance of leadership roles in socicty and continued productivity in

competitive creative or scientific endeavors would seem to demand that
the older person so engaged remains at high levels of functioning when
compared with younger peers.

Strong evidence cxists that a substantial proportion of individual
differences in performance on everyday tasks (Willis & Schaic, 1986a) and
in the perception of competence in real-life situations (Schaie, Gonda, &
Quayhagen, 1982) can be accounted for by performance levels on mca-
sures of the primary mental abilities. The occurrence of average declines
in mental abilities with advancing age has becn rcliably established (sce
Schaie, 1983). But there remains much controversy as to the patterns of
individual differences in such decline. Individual differences in pcrform-
ance patterns, moreover, may be particularly profound in persons at
high ability levels (Schaie, 1984, 1988b). In addition, previous research
(Schaie, 1983, in press) has demonstrated differential cohort trends over
time. that influence the proportion of individuals of advanced age who

" remmain capable of optimal functioning.

i’ view of the above considerations, I will argue that optimization in
old age in the arca of basic intellectual skills docs not imply the attainment
of new levels of high performance. Rather, I would suggest that the name
of the game is indeed preservation of the levels that one has attained at an
earlier age. Furthermore, in the face of cumulative environmental insults
and biological constraints, optimization of intcllectual functioning in old
age should be expected to be selective rather than generalized.

In this chapter, I will examine evidence from my longitudinal-
sequential studies of adult intelligence that can help determine the most
likely predictors of optimal cognitive functioning in late life. As part of the
Seattle Longitudinal Study (SLS) of adult cognitive functioning, we have
tried to identify a large number of endogenous and exogenous variables
that might have cither positive or negative effects upon the maintenance of
an individual’s cognitive functions as he or she ages. The variables
included here are those that in previous work have been demonstrated to
explain many of the individual differences in intellectnal changes with
advancing-age. The variables to be examined here include the effects of
cardiovascular disease, cognitive styles, perceptual speed, associative
memory, and several demographic antecedents. Before doing so, however,
I will review the nature of the data base upon which my analyses and
conclusions rely. In addition, I will examine in some detail evidence that
suggests that there are a number of different patterns in which intellectual
change in old age occurs. This approach is dictated by the recognition
that an optimal adaptive pattern in old age may not necessarily be
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restricted to the maintenance of prior levels of functioning in all areas.
Instead, if we give credence to the position that older individuals cngage
in selective optimization (e.g., P. B. Baltes & M. M. Baltes, 1980), we
would expect a variety of patterns of selective maintenance of skills, which
might well depend on alternative antecedent correlates. Finally, I will
comment briefly on the implications of cohort trends in abilities for the
optimal functioning of older adults. ‘

Description of the data base

The data to be discussed come from the SLS, a multiwave panel study
that uses as its population frame the membership of a metropolitan health
maintenance organization (sce Schaie, 1983). All 3,442 participants at
first test were community-dwelling adults who were randomly selected
from each 7-year age stratum included in each panel. These data were
collected in 1956 (N = 500; ages 22-70), 1963 (N = 997; ages 22-77),
1970 (N = 705; ages 22—-84), 1977 (N = 612; ages 22-84), and 1984 (N =
628; ages 22—-84). At each successive data point, as many of the survivors
of the previous wave as possible were rcexamined. Thus we have 1357
participants for whom 7-ycar longitudinal data at Time 2 arc available for
four data sets: 1963 (N = 303; ages 29-77), 1970 (N = 420; ages 29-84),
1977 (N = 340; ages 29-91), and 1984 (N = 294; ages 29-91). Fourteen-
year longitudinal data at Time 3 are available for 723 participants in three
data sets: 1970 (N = 162; ages 36~84), 1977 (N = 337, ages 36-91), and
1984 (N = 224; ages 36-91). Twenty-one year longitudinal data at Time
4 exist for 355 participants in two data sets: 1977 (N = 130; ages 43-91)
and 1984 (N = 225; ages 43~91). Finally, therc is one 28-ycar longitudinal
data set in 1984 at Time 5 (N = 97; ages 50-91). The agc and sex
distribution of this sample by 7-year age strata is provided in Table 4.1.

All participants were in good hcalth when tested and were representa-
tive of the upper 75% of the sociocconomic stratum. For the total data
base, educational levels averaged 13.27 vears (range: 4-20 vears), and
occupational status averaged 6.25 on a 10-point scale, using census
classifications ranging from unskilled labor to professional.

Throughout the study, the five primary mental abilities identified by
L. L. Thurstone and T. G. Thurstone (1941) to exhibit the greatest
variance (scc also Schaie, 1985) were assessed. The Test of Behavioral
Rigidity (Schaic & Parham, 1975) and a demographic information form
were also used. Beginning in 1977, we added some measures of perceptual
speed, and in 1984, méasures of associative memory. Health history data
have been abstracted for subscts of our data base that allow study of the
cflects of specific discase entities. All subjects were tested in small groups
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Table 4.1. First-time participants in the Seattle Longitudinal
Study classified by chronological age and gender

Mean age Males Females Total
25 157 200 357 )
32 169 205 374
39 209 239 448
46 216 225 441
53 210 235 445
60 202 224 426
67 219 230 449
74 161 151 312
81 78 83 161
Total 1,621 1,792 3,413

in sessions that for the first three waves lasted about 2 hours, for the fourth
wave about 3 hours, and for the fifth wave in two scssio.n-s of 2.5 hours
cach (necessary because multiple markers of the ablh.ucs and other
additional measures were added). For the purpose of lhlS' .c}.mptct;, our
primary focus will be upon the five primary mental abilitics: \c'rpal
Meaning, the ability to comprehend words, a mcasure of recognition
vocabulary; Spatial Oricntation, the ability to mentall'y. rotatc.oh]ccts in
two-dimensional space; Inductive Reasoning, ~thc.a}‘nhty to infer rules
from examples that contain regular progressions of information; Numl:).cr,
the ability to manipulate number concepts, as measured by chec n;g
simple addition problems; and Word Flucn.(‘y, a measure of recall vlocz.l -
ulary. Inductive reasoning and spatial. 'nrlcmanon involve the so ut]og
of novel problems, whereas the other abllme.s'rcpr('scn.t more acculu.xrate
knowledge. In terms of the second-order ablllt}.' don_lams 1.nvo.|ved, induc-
tive reasoning is a measurc of fluid ability, spatial oricntation is a measure
of visualization ability, and the other abilities arc largely crystallized in
nature (sce Horn, 1970). o .
Because the emphasis of this volume is upon optimization of function-
ing in advanced age, we will limit our discussion to th_at part (.)f our §ata
base that extends from late midlife into old age. That is, we will consider
only the 1,793 individuals who were 50 years of age or O‘(EICI‘ when they
entered the study. For this subset, longitudinal data are avall.a.blc on l_,1.79
individuals. Of these, 229 persons participated in cognitive training
programs involving strategy trafllillg on clthcr‘ the Induc}t.w.e Rcagso}:upg
or Spatial Orientation ability (Schaie & Willis, 1986; Willis & Schaie,
1986b, 1988). For case of comparison, all data have been scaled in T-score
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Table 4.2. Seven-year age changes for the primary mental abilities

Verbal Spatial Inductive Word

Meaning  Orientation Reasoning  Number  Fluency Composite
From age 53 to age 60 (N = 417)
Mean 0.48 0.54 0.20 0.68 1.23 0.62
S.D. 5.32 6.33 4.79 5.27 6.34 3.03
From age 60 to age 67 (N = 359)
Mean 2.08 2.02 2.09 2.27 1.78 2.06
S.D. 6.36 6.33 4.99 5.46 6.46 3.25
From age 67 to age 74 (N = 284)
Mean 3.01 2.59 2.42 2.53 2.46 2.59
S.D. 6.92 5.95 5.06 5.84 6.12 3.1
From age 74 to age 81 (N = 129)
Mean 382 2.94 2.06 4.08 3.48 3.27
S.D. 6.96 5.81 4.30 5.34 6.10 3.32

Note: All average changes are decrements expressed in T-score points.

form (mean = 50, standard deviation = 10) based on the scores of 2,810
subjects at first test. Thus, in population terms, changes or differences

reported here imply an order of magnitude of onc tenth of a standard
deviation unit for each T-score point.

Patterns of decline from late middle age into old age

We will begin our discussion by considering the amount of average
decrement from late midlife and by examining the various patterns of
decline shown by different individuals. To maintain substantial sample
sizes, we will base these data on 7-year longitudinal changes cumulated
across the four samples (1956, 1963, 1970, and 1977 entry waves) for
which longitudinal data are available (also sce Schaie, 1988a, for an
analysis of the empirical conscquences of this approach).

Patterns of average ability changes

Table 4.2 lists average changes in T-scorc points for the five primary
mental abilities as well as for a lincar composite (analogous to a global 1Q
estimate). Average decrements from age 53 to 60 are statistically signi-
ficant for Number (men only) and Word Fluency as well as for the
composite score. Although the magnitude of decrement over this age
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Table 4.3. Twenty-eight-year changes for the primary mental abilities

Verbal Spatial Inductive Word )
Meaning  Orientation ~ Reasoning  Number Fluency  Composite

From age 25 to age 53 (N = 15)

Mean +3.67 1.87 +0.47 1.93 1.07 0.07
S.D. 4.95 8.14 4.52 6.51 8.29 2.74
From age 32 to age 60 (N = 21)

Mean 1.14 2.71 2.24 1.86 2.91 2.33
S.D. 2.95 7.20 5.65 4.30 9.89 3.45
From age 39 to age 67 (N = 17)

Mean 1.06 1.12 2.59 3.29 6{35 3.12
S.D. 4.98 8.01 5.37 5.52 6.29 3.44
From age 46 to age 74 (N = 24)

Mean 3.96 4.29 5.62 3.04 8.12 th;
S.D. 9.72 8.38 5.00 4.29 5.52 .
From age 53 to age 81 (N = 16)

Mean 8.75 7.69 8.19 7.69 11.25 8.75
S.D. 5.07 6.05 8.08 5.51 8.39 4.52

Note: All changes are in T-score points. Values carrying the plus sign represent mcrcmcnls{-i
all others, decrements. These data are based only on the survivors of the sample ﬁrs-t t;s}r !
in 1956 (in contrast to Table 4.2, which is based on pooled data across all longitudina
samples). .

range is virtually trivial, there is substantial variability, sugg(‘.sling that at
least some individuals do show significant dccr.crr?cms over (.hlS age range.
Beyond age 60, 7-ycar decrements arc sta(vshcally: significant fgr .a"
abilities (p < .001) and increase up to 4.08 population standard devia-
tions for the 7-vear interval from age 74 to 81.

Data are also available for a small subset of 93 persons for whom
cumulative change can be examined over a 2$~y'car pc:no'd. Table 4.3
reports these cumulative changes for 28-year periods, beginning from ages
25-53 and ending at ages 53—-81. For the youngest group thcre.ls a
significant increment for Verbal Meaning (p < .01), buF no other signi-
ficant change. From age 32 to 60, it is only the composite measure tlllat
shows a statistically significant (p < .01) but very small cumulative
decrement. Even from age 39 to 67, it is only the Word Fluency and
composite measures that show statistically signiﬁcant decrements (p <
.01). However, statistically significant cumulat'vve dccrcmc'nts of moderate
magnitude are found for all variables except Verbal Meaning frgm age 46
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to 74, and large cumulative decrements prevail for all variables from age
53 to 81.

Tt should be noted that variability is quite large, both for the 7-ycar and
the cumulative 28-year data. Inspection of frequency distributions of
observed individual changes therefore indicates that many individuals at
all ages show little or no decrement on specific abilities over the periods
monitored. Variability is considerably less on the composite measure,
supporting the notion that although there may be decline in some ability
or abilities for most individuals over age 60, the pattern of such decline is
indeed quite variable.

Individual patterns of ability changes

Although continuous data are preferred to describe parametric changes in
populations, the use of such data involves the assumption that change at
the individual level is also linear and continuous in nature. We should like
to question this assumption and argue that individual change occurs in a
much more sporadic fashion (we will document this point later on). For
the purpose of studying individual differences in ability decline, it may
therefore be more useful to study decline as events, recognizing that the
reliability of the absolute difference embodicd in an individual change
score is likely to be limited. Thus, converting our continuous data into
discrete events will most likely result, not in what some might consider to
be a regrettable information loss, but rather in data that arc more suitable
for the study of patterns of individual change (also see Schaie, 1989a).

We can best examine the question of what proportion of individuals
show which pattern of decline by specifying criteria that allow identifica-
tion of individuals who show decremental change that exceeds possible
measurement error. We do so by creating a 1 standard error of measure-
ment (SEM) confidence band about our participants’ basc scores (sce
Dudek, 1979).! Those individuals whose 7-year change falls below this
interval are considered to have reliably experienced age decrement; all
others are considered to have maintained their previous level of perform-
ancc. This is a rather conservative estimate, with an error rate of .16 in
favor of accepting the prevalence of reliable decrement and thus, if
anything, it is biased against diagnosing excessive numbers of individuals
as stable when they are not. The procedure advocated here docs not
depend on the reliability and/or distribution of change scores; instead, it
simply determines whether or not a Time 2 score could or could not have
been another estimate of the Time | score, given the specified confidence
interval about the Time | score.

I will first examine the proportion of individuals who show significant
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Table 4.4. Proportions of individuals showing decline in specific abililies

Ability 53-60 60-67 67-74 71- 81
Verbal Mecaning 15.2 21.8 26.8 35.7
Spatial Orientation 21.1 27.0 206 326
Inductive Reasoning 14.0 26.5 23.6 27.9
Number 17.2 26.2 26.2 318
Word Fluency 23.6 28.4 275 37.2
Composite 18.9 343 43.0 504
0
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Figure 4.1. Proportion of individuals maintaining or improving performance levels on specific
abilities over 7 years.

decline over 7 years on specific abilities as well as on the overall composite
score (sce Table 4.4). Note that the incidence of significant decrement for
specific abilities is quite limited until age 60; until age 74 affects less than a
third of our subjects; and even by age 81 is limited to between 30% and
40% of the persons studied. For the composite score, significant decline
is somewhat higher and increases by about 10% per decade. For the
purpose of this chapter, it seems appropriate to state these findings more
positively. As graphed in Figure 4.1, depending upon age-group, from
60% to 85% of all subjects remain stable or improve on specific abilitics.
And for the composite score, approximately 50% even of the oldest group
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Table 4.5. Proportions of individuals showing decline of abilities

Number of abilitics 53-60 60--67 67-74 74-81
None 41.3 26.7 24.3 15.5
One 35.3 35.1 37.7 37.2
Two 17.0 22.0 21.8 24.8
Three 1.9 10.3 1.3 14.0
Four 1.2 5.0 3.9 6.2
All five 0.5 038 1.1 2.3
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Flgur.e 4.2. }"r.o.portmn ofindividuals maintaining or improving performance levels on
multiple abilities over 7 years.

did not show evidence of statistically significant decline over the preceding
7 years.

L?t us next consider whether cognitive decline is a global or a highly
specific event. Table 4.5 lists thc proportion of individuals maintai;ling
f:lll of the five abilities monitorcd over a 7-year period compared with
individuals who decline on one or more ability. In fact, very few indi-
viduals show global decline. These data are graphed again in Figure 4.2 to
§how the cumulative proportion of study participants who maintain or
mmprove their level of cognitive functioning in advanced age on one or
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Tahle 4.6. Proportions of individuals showing different decline patterns
over _four consecutive 7-year periods

Periods of decline
Ability None One Two Three Four
Verbal Meaning 50.5 36.1 11.3 2.1 0.0
(69.1) (24.8) (5.2) 0.0) (0.0)
Spatial Orientation 35.1 47.4 16.5 1.0 0.0
(64.9) (30.9) 3.1 (1.0) (0.0)
Inductive Reasoning 35.1 56.3 11.6 0.0 0.0
(58.8) (39.2) (2.1) (0.0) (0.0)
Number 35.1 474 15.5 2.1 0.0
(61.9) (32.0) (6.2) (0.0) (0.0)
Word Fluency 27.8 42.3 28.9 1.0 0.0
(53.6) (29.9) (15.5) (1.0) (0.0)
Composite 320 43.3 18.6 6.2 0.0
(44.3) (35.1) (15.5) (3.1) (0.0)

Note: Values in parentheses are adjusted for prior or consecutive periods of reliable
increment.

more abilities. It is particularly noteworthy that by age 60, three fourths of
our study participants maintained their level of functioning over 7 years
on at least four out of the five abilities monitored and that this level of
maintenance was true even at age 81 for slightly more than half of the
sample.

One may ask, of course, to what extent there is cumulative decrement
from one 7-year period to the next. We address that question, again using
our small 28-year subset (N = 93; mean age = 68.3). Elsewhere we have
reported individual profiles of change on this data set, showing that the
accumulation of small changes in a linear fashion is quite atypical (Schaie,
1989b). This finding becomes even clearer when we consider cumulative
change as multiple change events within individuals. Table 4.6 shows the
proportions of our subjects who remained completely stable over a 28-year
period or who showed one, two, or three periods of decrement. Note that
there was no subject who showed significant decrement over all four
7-year periods (for Inductive Reasoning, no subject showed more than
two decrement periods). Data are even more positive when we adjust
proportions by not counting as a decrement those instances where the
significant decrement is followed by a compensatory significant increment
during the next period. These data suggest that individual linear decline is
quite atypical and:that the population estimates for ability maintenance
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based on our 7-ycar data arc only minimally inflated by successive
decrement events.

What are the processes and mechanisms that govern the selective
pattern of optimization apparent from the above data? At this point, we
have little to offer at the theoretical level of analysis, except to refer to
models of adaptive cognitive aging that have the individual responding to
the most urgent presses and needs of the concurrent environment (see
Schaie, 1977/78). At the empirical level, however, one might argue that
studying individual differences in endogenous and exogenous variables
that possibly affect cognitive maintenance will also provide information
about the process of optimization. Rather than engage in what I think to
be premature theoretical speculations, I will now turn to a description of
what we know about the many variables that affect differential cognitive
aging.

Variables that mediate maintenance of cognitive
functioning

I will now discuss those variables that may be particularly important in
mediating the maintenance of high levels of functioning. In our work, we
have attended particularly to the presence or absence of cardiovascular
disease (e.g., Hertzog, Schaie, & Gribbin, 1978), demographic variables
such as education and occupation (Schaie, 1983, 1988, in press), complex-
ity of life-styles (Gribbin, Schaie, & Parham, 1980), the role of perceptual
speed (Schaie, 1989c), verbal memory, and the contributions of cognitive
styles as expressed through measures of flexibility-rigidity (Schaie, 1983;
Willis, 1989). Not all of these variables, of course, have the same concep-
tual status. For example, it is quite possible that the effects of cardiovascu-
lar disease on cognitive maintenance may simply represent the results of
life-styles that are unfavorable for both cardiovascular health and mainte-
nance of cognitive function. Likewise, occupational and educational fac-
tors may well be the root cause of flexible behaviors and attitudes that
favorably affect cognitive maintenance. The complex models that need to
be tested to resolve these matters go beyond the scope of a single chapter.
I will therefore limit myself to describing the effects or variables that have
a direct impact on cognitive maintenance.

I will first consider some of the predictors of high levels of cognitive
functioning at various advanced ages for the full data sct described earlicr.
For many of the variables to be considered, however, we will need to refer
to the data set employed in our training studies (Schaie & Willis, 1986;
Willis & Schaie, 1986b, 1988), for which we have the most detailed data
on all of these variables. These studies involved subjects over 64 years of
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age who received 5 hours of training in cognitive strategies at tbc abl‘ht‘y
factor level for either Inductive Reasoning or Spatial Orientation. This
data set is particularly valuable because we can examine th_c eﬂ.”ect of
possible predictors on both decline and remedial intcrvention in the
elderly.

Base level as predictor of later performance

Because decline in ability is so specific, it is nccessary to examine the
various abilities separately, in order to test whether base le.vel perform-
ance predicts later performance. We use a discriminar}l f.unct‘lon approach
to determine whether we can identify variables that distinguish thf)sc who
maintain their previous performance levels from those who decline. We
include the base levels of the five mental abilities as well as the‘ fac%or
scores of Motor-Cognitive Flexibility, Pcrsonality—Pcr(:.cptual (Atmu.dm-
al) Flexibility, and Psychomotor Speed from the Test of Behavioral
Rigidity (Schaie & Parham, 1975). We also enter gender and cohort
membership into this analysis to control for possnbl? confounds du(z to
sample composition. Regression coeflicients (beta weights) and mulup.le
correlations (all of which are statistically significant) are reported in
Table 4.7. The most striking finding is that at every age !evel the
likelihood of maintaining optimal levels of function appears to be inversely
correlated with previous levels. That is, the highe'r thc‘ basc level on a
given ability, the more likely it is that significant decline will occur; and this
inverse relationship appears to be strongest in our o]de§t age-group. ll\Jo.tc,
however, that this inverse relationship, in most cases, 1s strictly a wnt}-u'n-
variable relationship. Because our decline criteria incorpo.rate the stability
coefficients (which are uniformly high), it seems unllkelyv that these
findings can be attributed to statistical regression effects. YVc have pre-
viously examined the validity threat due to statistical regression by means
of time-reversal analysis (sec Baltes, Nesselroade, Schaie, & Labouvie,
1972; Campbell & Stanley, 1966). In that study we concluded that the
observed relationships represent a valid developmental p}}c'rlomcnon and
cannot be dismissed as statistical artifacts (Schaie & Wllhs., 1986).
There are some other base level predictors that contribute to the
discriminant functions. High base level on Spatial Ori‘cntatior.l appears to
be positively related to maintenance on Verbal .Meamng, as is high lcYcl
on Psychomotor Speed. Other base level prc'-,d'lctots appear to be quite
age-specific. For example, both Motor—-Cognitive Flexibility a.n.d. Attitu-
dinal Flexibility base levels are positively related to severzfl abilities from
age 60 to 67 but do not reach significance at ot'her ages. Ciohort level has
no predictive value, and gender effects are significant only from age‘53 to
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Table 4.7. Discriminant_functions for the maintenance or decline of the primary
mental abilities over 7 years (regression coefficients and multiple correlations)

Predictors

53-60 60-67 67-74 74-81
Verbal Meaning
Verbal Meaning —.347%%+ —.449%*= —.531%** ~.508%**
Spatial Orientation .120* 115t -.015 127
Inductive Reasoning .072 .080 116 .090
Number 042 —.034 .136* .000
Word Fluency 011 ~-.064 -.005 .086
Motor-Cognitive
Flexibility 071 191+ 041 123
Attitudinal Flexibility 018 .057 -.016 —.055
Psychomotor Speed 195** 142+ 121 19
Sex —.001 024 —.045 .005
Cohort .055 033 —-.007 —.05%
Multiple R .270*** .350%%* 3954+ 404+
Spatial Orientation
Verbal Meaning .039 —.097 .078 -.230*
Spatial Orientation —.337%*+ —.401%*+ — .41t —.433%%*
Inductive Reasoning .065 .105 101 152
Number .067 018 017 .018
Word Fluency -.101 -.138* -.020 —.066
Motor-Cognitive
Flexibility .059 167** 043 —.014
Attitudinal Flexibility ~.047 127* —.002 118
Psychomotor Speed .031 .007 —-.128 177
Sex —.108* .007 —.039 .040
Cohort —.005 062 .078 -.019
Multipie R 319%++ .350%** 37340 .520%**
Inductive Reasoning
Verbal Meaning 025 144 .016 164
Spatial Orientation .022 013 .010 -.027
Inductive Reasoning —.272%*+ —.384%** —.525%*+ —.683***
Number -.029 011 -.057 052
Word Fluency .058 -.025 -.027 —.037
Motor-Cognitive
Flexibility —-.007 .032 13 100
Attitudinal Flexibility .021 -.128* .013 .028
Psychomotor Speed —.046 .037 .227%* .090
Sex .022 -.007 —.118* -.060
Cohort .025 034 .097 ~-.015
Multiple R .233** 33544+ 435%4* 519
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Table 4.7. (cont.)

Predictors 53-60 60-67 67-74 74-81
Number
Verbal Meaning —.225** 025 11 -.020
Spatial Orientation .002 .086 -.030 ~.084
Inductive Reasoning 11 054 173 116
Number —.230%** —.388*** —.394%** —.408%**
Word Fluency 1717+ .038 127 -.027
Motor-Cognitive

Flexibility .076 .070 -.011 156
Attitudinal Flexibility ~.009 —.087 —.026 -.073
Psychomotor Speed —-.059 .028 -.078 .080
Sex -.029 045 .008 -.031
Cohort —.069 —.006 .000 —.035
MultipleR - .318%** 345%** 35400 .378*
IWord Fluency
Verbal Meaning .052 .052 035 .269*
Spatial Orientation .098 -.012 .020 .094
Inductive Reasoning —.039 .086 —.032 .086
Number 034 047 076 072
Word Fluency —.368*** —.329%** —.381*** —.507%**
Motor-Cognitive

Flexibility .095 -.027 130 022
Attitudinal Flexibility .078 047 .009 —~.188*
Psychomotor Speed .058 .070 R .083 131
Sex .069 —.092 —.014 .007
Cohort —~.048 .063 .004 .068
Multiple R 3210 3340 3387+ 504+

*p < .05, %+ < .01, *¥*p <001

60 for Spatial Orientation and from age 67 to 74 for Inductive Reasoning,
in both instances favoring men.

The effects of cardiovascular disease

We have previously studied the effects of cardiovascular discase on mental
ability performance and found that those individuals who were at risk
from such disease tended, on the average, to decline earlier than did
individuals not so affected (sec Hertzog, Schaie, & Gribbin, 1978). 1
would like to report here a recent analysis of the relationship between
cardiovascular disease, significant decline over a 14-year period, and
significant remediation of decline in a group of 109 subjects (ranging in
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Table 4.8 Incidence of treatment of cardiovascular disease and decline or lraining
gain on inductive reasoning

Discase incidents” Discase cpisodes®

Change status
Total incidence
Stables 6.89 3.46
Decliners 16.50 6.00
Days in hospital only
Stables 0.5% 0.13
Decliners 6.3+ 0.85
Gain (decliners only)
Gain 7.31 3.34
No gain 19.50 7.77

“Number of clinic visits and days in hospital.
*Number of continuous spells of illness.

age from 62 to 94) who reccived cognitive training on the Inductive
Reasoning ability. Medical histories for these subjects were examined over
the 7-year period preceding their pretraining cevaluation. All clinic visits
and illness cpisodes (continuous spells of illness) were recorded and coded
by diseasc. The disease experience was then examined for individuals who
had declined or remained stable in Inductive Reasoning and for indi-
viduals who had experienced or failed to expericnce significant training
gain.

It is of interest to note that no significant relationships could be found
between total numbers of diseasc incidents or episodes and mental ability,
suggesting that overall health indices may not be very useful predictors
of cognitive behavior. The findings are much more suggestive when we
restrict our analysis to the occurrence of cardiovascular discase (including
hypertension). These data arc shown in Table 4.8. Individuals experienc-
ing significant decline on Inductive Reasoning, on the average, had more
than twice the number of cardiovascular-system-related treatment visits
(p < .01) and about 1 and 1/2 times more cardiovascular illness episodes
(p < .05) than those who remained stable. Even more dramatic were the
incidents of hospitalization for cardiovascular disease, with the decliners
averaging approximately 10 times as many hospitalizations as those who
remained stable (p < .01). Note that because it was necessary for our
subjects to be able to perform on paper and pencil tests, we do not include
any individuals who expericnced strokes severc enough to result in
significant sensorimotor impairment.
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The relation between cardiovascular disease and significant trainir'lg
gain further supports the finding that this syndron.w.is of importance in
behavioral plasticity in the clderly. When we dl\.'ld(‘ the group who
showed significant decline on Inductive Reasoning into t.hosc \f‘h‘o show
and those who fail to show significant gains from cognitive training, we
find that those who gain have experienced, on the average, less than hztlf
the number of clinic visits or illness episodes than those who do no.t gain
(p < .01). Moreover, those who gain from training expericnced their first
cardiovascular system disease diagnosis approximately 2 years later than
those who failed to show significant training gain.

Some important demographic status variables

Although many demographic status variables are not ir.ﬂjormativc' in
predicting the occurrence of maintenance or decline of cognitive function-
ing, they do remain important in advanced age as conmbuytors to the
prediction of absolute levels of functioning (Schaie, in pr'ess). We therefore
examined the effects of gender, education, and occupational level (scaled
as a continous variable from unskilled to professional) for the four 7-year
longitudinal samples with end points at ages 60, 67, 74, anc.l 81 (scc Table
4.9). Because the three status variables are correlated wnt.h f'ach other,
we present standardized regression weights for each (partla!mg out t}‘m
effects of the two others) rather than the raw correlations with the abil-
ity measures. . .

'Throughoul, gender is related to Spatial Orientation favoring men and
to Word Fluency favoring women (because of the smaller sample size, the
regression weights arc not statistically significant for the oldest group, b\?t
they are in the expected direction). The numb-er of vears _Of educatlo.n is
positively related throughout to Verbal Meaning, lndu.ctw(- Reason‘n'\g,
and Word Fluency. For the two oldest groups, there is e.also a positive
relationship with Number. Occupational level relates P()Sltl\'c!y to ¥ndu‘c-
tive Reasoning and Number. Note, howe‘ver‘. fhat this rcl.atmnshlp dl-S-
.appears for the oldest group, where few individuals remain engaged in
active occupational pursuits.

The role of perceptual speed and verbal memory

Just as ability decline scems to occur in an indi\'id.u:llizcd, rather than
a uniform and universal, fashion, s0 do the otherwise well documented
declines in speed of performance. We have recently doc.umcnt‘cd that
although decline with age in perceptual specd assumes lincar !01.-m for
populations, such decline is more likely to occur in a stair-step fashion for
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Table 4.9. Regression weights_for gender, education, and occupation showing
the effects on level of functioning of the primary mental abilities at
7-year longitudinal end points

Predictors 53-60 60-67 67-74 74-81
Gender

Verbal Meaning .063 115* .056 072
Spatial Orientation —.2524%* —.203%** -.192** —.152
Inductive Reasoning .100* 124 074 .073
Number —.038 .051 —.035 —.026
Word Fluency .158*%* 176%* .140* 172
Years of education

Verbal Meaning .458%++ L3334 5074+ .261*
Spatial Oricntation -.010 164+ —-.038 094
Inductive Reasoning .309**+* .235%** 3550 % .252*
Number .036 .084 251+ .228
Word Fluency 2724+ 142+ .223** .292*
Occupational level

Verbal Meaning .063 .091 .010 .088
Spatial Orientation .072 —.057 010 —-.018
Inductive Reasoning -180** A51* 221 .069
Number .154* 153+ .199* .087
Word Fluency .048 147+ 131 —.104

*p < .05.**p < 01. ***p < 001.

individuals. We have also shown that much of the age-related longitudinal
change in other ability variables may be attributable to concurrent change
in perceptual speed (see Schaie, 1989c). It follows, therfore, that the base
level and the change in perceptual speed might well be important predic-
tors of ability decline. Because we have thus far collected perceptual speed
data only for one 7-year period, we combined base level data for 542
individuals who were in the 53 years or older groups. The measures of
perceptual speed used in this study are the Finding A’s and Incomplete
Pictures tests from the ETS Kit of Factor-Referred Cognitive Tests (Ekstrom,
French, Harman, & Derman, 1976). In our analyses, we use the lincar
combination of the two markers as the optimal estimate of pereeptual
speed.

In order to appraise the predictive ability of these data for individuals,
we once again use our SEM-defined criteria to examine the joint occur-
rence of decline events in perceptual speed and ability functioning over 7
years (Figure 4.3). When we do so, we find, for all abilities except Spatial
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DECLINING ON P. SPEED

%

Figure 4.3. Joint occurrence of decline in perceptual speed and in other primary mental
abilities. :

Orientation, a lower occurrence of ability decline in those indllwdl;als}
whose perceptual speed has not declined.. How.cver, .tt'ne basclz evel o
perceptual speed attains a significant relation with ability mal.ntem}l‘r)c}(z
only for Inductive Reasoning. As would be expected, there.ls ab.ll.g
correlation between base level perceptual sPccd and end point ability
functioning. Cross-lagged correlation analysis (Kenny, 197.5.), hovl/chr,
identified significantly greater cross-lags from "spclcd to ability only ot:
Word Fluency (p < .05). On the other hz.md, SIgmﬁcant‘ly greater cross
lags were identified from Spatial Orientation and Inductive Reasoning to
d.

pexletf\:)ltxaglhsgve: do not as yet have longitudinal data on vt?rb.al memory,
we can examine the relationship between concurrent associative memory
performance (immediate and 1-hour-delayed recall of.a w'ord lx;t) mea-
sured at one point in time (1984) and the 7-year longitudinal c afg;:lnln.
the abilities. These data are available for a small set of people (.N Tﬁ ;
mean age = 72). The observed relationsl}xps suggest small but SIfgm cant
negative correlations between ability maintenance and memory . ll'xr.xcnc;‘n-
ing. This phenomenon is somewhat more general across abilities for
delayed recall than for immediate recall (see Table 4.10).

Consequences of cohort differences in ability performance

Although we have noted that cohort level does not contribute to the pre-
dictionhofindividual differences in maintenance of function, there are still
conscquences of changes in population by cohort that are rclcvgnt to our
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Table 4.10. Correlation of concurrent measures of associative
memory with magnitude of ability change over seven years

Abilities Immediate recall Delayed recall
Verbal Meaning —.248** —.303**
Spatial Oricntation —.355%** —.366***
Inductive Reasoning -.109 —.224*
Number —.149 —.204*

Word Fluency —.078 =.117

<05, **p < .01 ***p < 001.
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Figurf 14. ‘Cumlflali\'c cohort gradients for the primary mental abilities of Verbal Meaning,
Spatial .Orlcnlauun, Inductive Reasoning, Number, and Word Flucncy for cohorts with l
mean birth years from 1889 to 1959.

discussion. Whether or not older individuals are perceived as functioning
optimally will, of course, depend not only on intra-individual change but
also on the levels of functioning of younger, comparison groups at any
particular point in time. Both positive and negative ability changes across
cohorts will therefore affect the extent to which older individuals will
be perceived to be at a relative disadvantage. Our own work and that of
others has consistently shown the prevalence of cohort differences in
abilities throughout this century (scc P. B. Baltes, Cornelius, & Nessel-
roade, 1979; Flynn, 1984; Parker, 1986; Schaie, 1983, in press). Figure 4.4
shows cohort gradients for the abilities discussed in this prcsc}ltation.
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These gradients were obtained by averaging differences between each
successive pair of cohorts at all ages for which data are available for the
same age levels (typically four age levels). Differcnces between successive
cohorts as expressed in 7-score points (.1 standard deviation) were
cumulated from the oldest cohort, with mean birth year of 1989, up to the
most recently measurcd cohort, with mean birth year of 1959,

It will be noted immediately that the cohort gradients difler markedly
across abilities in both slope and shape. Inductive Reasoning comes
closest to showing a linear positive cohort progression. Even here there are
departures from linearity, with relatively steep increments up to the 1931
cohort and far slower and decelerating increments thereafter. Neverthe-
less, the cumulative increment across the currently available population is
well in excess of a population standard deviation. The next most substan-
tial pattern of positive increment across successive cohorts is shown by
Verbal Meaning. After an initial modest dip, this ability rises until the
1924 birth cohort. After another modest dip, there is a further rise to an
asymptote attained by the 1945, 1952 and 1959 cohorts. Spatial Oricnta-
tion also shows a basically positive cohort progression. but with a much
flatter and variable profile. This ability reaches an initial asymptote for
the cohorts from 1910 to 1931. A further rise to a new peak occurs in 1938,
which is followed by a drop to the earlicr asymptote in 1952, but with
recovery to the higher level by the most recent cobort.

A very different pattern is shown for Number. Here. a peak is reached
by the 1910 cohort at a level that is maintained-through the 1924 cohort.
Thereafter, an almost lincar negative slope is found that continues
through the most recent cohort, which is below the 1889 hase. Word
Fluency, moreover, actually shows a negative cohort gradient up to the
1938 cohort, with recovery to the level of the base cohort by the most
recent cohort studied.

It should also be noted that the increment of cohort differences has
slowed markedly over the past two decades. Cumulative magnitudes of
cohort differences between those now in midlife and those in carly old age
are no greater than the amount of training gains demonstrated for older
adults who had not experienced age-related decline (Schaie & Willis,
1986; Willis & Schaie, 1986b). It scems reasonable then to assume that
much of the cohort-related aspect of the older person’s intellectual dis-
advantage when comparcd with younger peers may well be amenable to
compensation by suitable cducational interventions.

Because of the recent leveling off of some cohort changes and the
curvilinear nature of cohort changes for some abilitics, we must project
substantial reduction in future observed cross-sectional ability differences
between young and old adults. Indeed, for an ability such as numerical
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skill, we can look forward to a period when older adults will be advan-
taged when compared with younger persons. In addition to the positive
inferences drawn from these data, there are also some negative ones. First,
we need to note that the effects of positive cohort shifts are no longer
apparent once the eighties are rcached for any ability other than recogni-
tion vocabulary (sce Schaic, in press). Apparently, age-related changes
do take their toll for most of us in very old age, and cnvironmental
interventions at this time are perhaps not very effective in prolonging full
functioning into very advanced old age. Sccond, the asymptote rcached by
recent cohorts in educational attainment, given the substantial correla-
tions of the abilities with education, may suggest that the positive shifts in
potential experienced in early old age by successive cohorts over the past
several decades may come to a halt by the end of this century.

Summary and conclusions

In this presentation, we have tried to summarize some new analyses
of data from the longitudinal-sequcntial studies of cognitive functions
contained in the SLS archives. We began by examining the extent of
ability maintenance in old age and concluded that although decline in
cognitive functioning occurs for many individuals as the sixties are
reached, such decline is differcntial in nature. Virtually none of the
individuals contained in our data sct showed universal decline on all
abilities monitored, even by the cighties. We concludc then that optimiza-
tion of cognitive functioning in old age may well involve selective mainte-
nance of some abilitics but not others. Morcover, such optimization is
highly individual. The dynamic process that governs the mechanisms
leading to the optimization of specific ability dimensions still remains to
be discovered.

We next examined a number of variables that may be useful in
predicting individual patterns of maintenance and decline. Evidence
points to cardiovascular discase as a possible mediator in the maintenance
of abilities and as a possible determinant of successful remediation of
ability decline in advanced age. Demographic characteristics that may be
related to optimal maintenance of intellectual functioning into old age
certainly include education, but occupational level was also scen as
important, at least up to that stage when most older individuals leave the
world of work. High levels of motor—cognitive and attitudinal flexibility
appear to be conducive to maintenance of function in early old age.
Contrary to the hope that age might be kinder to those of high ability,
once decline does occur, it is most likely to reach significant magnitudes in
those of high ability. Perhaps this is only fair, because in spite of modest

Optimization of cognitive functioning 115

losses, those who start at a high level will still retain preeminence among
their peers. Although there is an excess of expected ability decline among
those who also decline in perceptual speed, there is evidence that prior
level of speed is only modestly predictive of ability maintcnance and _lhat
maintenance of ability levels may actually be more predictive of mainte-
nance of perceptual speed. Gurrent verbal memory level was found to be
related to magnitude of ability change. _

In our final section, we briefly examined cohort changes in ability and
argued that the curvilincar patterns and slowing of positive cuhor.t
changes would be likely to lessen the competitive disadvantage experi-
enced by average older adults when compared swith younger peers, at least
for the remainder of this century. .

Although all of these data provide us with some clues as to the varl.ables
that should be studied to understand the vast individual differences in the
maintenance of optimal functioning in old age, much more work is nccd.cd
to integrate this material and expand it to include additional pcrsonal.lty
and life-style variables. Such work may eventually permit us to provu?e
reasonably accurate predictions of the hazard of individual change in
functioning with increasing age, as well as to predict more accurately the
diverse patterns of optimizing cognitive performance that have been
identified.

NOTES )

This chapter was written while the author was a \'i,?iting scholar at the Ir!stium' of
Human Development at the University of California, Bt‘rkel(‘}‘n Preparation of the
paper was supported by research grant AG04770 from the Natmna‘l lnsmu‘te on
Aging. The cooperation of members and staff of the Group Heall!'l Cooperative of
Puget Sound is gratefully acknowledged. Thanks are d_ue to Ranjana Dmfa, Ann
Gruber-Baldini, and Ann O’Hanlon for assistance in the data reduction. As
always, I am indebted to Sherry L. Willis, my wife and colleague, for many
insightful suggestions and comments.

| The SEM used for our classification purposes has the form of oy, (1 — "22)|f2-
It should probably more precisely be identified as the standard error of pr‘cfhc-
tion. This error estimate is slightly larger than the mnyf-ntlonal SEM,
which represents the standard deviation of observed scores if the true score
is held constant. Dudek {1979, p. 336) has argued that “if one desires to set
confidence intervals for obtained scores (say on a retest), then the appropriate
standard error interval is oy, and using the [conventional] standarc_l error of
measurement in such a situation eould lead to a serious underestimation of the
interval.” The size of this interval is dependent on the homogenﬂ.ty or heter-
ogeneity of the sample as well as the stability f'oefﬁcirnl nver‘thc time interval
for which change in individuals is to be identified. We deal with this matter by
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using as stable as possible parameters for our SEM estimates, hasing the Time |
standard deviation and the stability coeflicients upon all subjects for whom
7-year longitudinal data are available (V = 1,793).
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