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Evidence is presented from the Seattle Longitudinal Study to show that cognitive style and other
life style variables in midlife can predict part of the individual differences in pattern and rate of
ability decline in old age. Differential importance of certain predictor variables are examined as a
function of the extent of actul ability decline at various ages. During early middle age attitudinal
flexibility maintains high level of function on the fluid abilities and on motor-cognitive flexibility.
High performance on the latter variables at midlife as well as an engaged life style and the absence
of family dissolution appear to be critical for the maintenance of high levels of ability performance
from middle into old age.

Introduction

The literature on adult intellectual development suggests that there is
great intra-individual stability until the sixth decade. Thereafter, one
finds decremental changes which proceed first at a slow pace but that
accelerate as advanced old age is reached. Nevertheless, there are many
deviations from this pattern, both in the timing and rate of decline. One
of the pervasive interests of researchers in the field of adult cognitive
development, therefore, has been to question whether it might be
possible to identify variables in early and middle adulthood which
might be strong predictors of intellectual functioning in old age. Answers
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to this question would help us understand the basis for the large
individual differences in age-related change in abilities, and might even
be suggestive of possibilities for intervention (cf. also Schaie 1981).

It has been clearly demonstrated that ability status at earlier ages has
highly predictive power, particularly during that phase of life when
abilities remain relatively stable (e.g., Hertzog 1979; Schaie and Hert-
zog 1983; Stone 1980). Similarly, a number of investigations (cf.
Eisdorfer and Wilkie 1977; Hertzog et al. 1978; Spieth 1964; Wilkie
and Eisdorfer 1971) have demonstrated that cardiovascular disease has
an unfavorable effect upon the EmEE:»:on of intellectual ?bo:os_:m
in old age. .

But cardiovascular disease or ability status in early life may very
much be related to factors that are either largely heritable or that are
the outcome of early childhood experiences resulting from environmen-
tal factors largely determined by parental socio-economic status. The
middle-aged adult may be able to do relatively little to affect these risk
factors as they impinge upon prospective ability changes from midlife
into old age. On the other hand, there may be a number of life style and
personality factors, that may be amenable to change at midlife, whether
through the individual’s own conscious decision process, or mediated
by environmental interventions designed to facilitate life style changes.

It has long been proposed that cognitive styles or other personality
dimensions might be more useful in predicting individual differences in
ability levels once decline has occurred in a substantial portion of the
population studied. Our own work began by studying the relationship
between the Primary Mental Abilities and three dimensions of flexibil-
ity-rigidity across adulthood. The early cross-sectional studies revealed
modest correlations that seemed stable across age and thus did not
contribute to-differential prediction. By contrast our longitudinal stud-
ies have now revealed certain predictive nn_u:osm:__um that are differen-
tial in nature.

Our discussion will begin by reviewing some of the data on intra-in-
dividual change in intellectual abilities to clarify at what point we
should expect third variables to add to our prediction from ability
status alone. This introduction is necessary, since one cannot expect to
predict changes on abilities if a sufficient range of individual dif-
ferences in change has not yet occurred. We shall then focus on the
relation between flexibility--rigidity and ability measures on a sample of
120 persons followed from middle into old age over a 21-year period
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(mean age 46 to mean age 67). Additional data will be presented on
further samples of individuals with narrower age ranges from middle to
old age followed over 14-year periods.

Methods
Subjects

The data base to be discussed here comes from the longitudinal-sequen-
tial studies of age changes in cognitive behavior conducted with random
samples from the membership of a cooperative health maintenance
organization in the northwestern United States. These samples were
drawn across the adult age range from 22 years on, in four waves, 1956,
1963, 1970 and 1977. (Data collection for a fifth wave has just begun.)
Over 2000 persons have been studied from seven to twenty-one years.
All of them are community-dwelling persons who receive regular health
care, and at the time of assessment were free of acute illness (for more
detailed description of the study see Schaie 1979, 1983). As previously
reported (Schaie et al. 1973; Gribbin and Schaie 1979), the longitudinal
study participants obviously represent a somewhat favorably attrited
selection of the original random samples. Attrition rate has averaged
approximately 40 percent over the seven-year intervals between succes-
sive data collections.

Variables

Although information on other variables has been collected the primary
dependent variables of interest upon which we shall focus here are five
measures obtained from Thurstone’s (1938) work on defining the
primary mental abilities. These abilities have been measured in our
longitudinal studies by means of the SRA Primary Mental Abilities test
(Form  AM, 11-17) (Thurstone and Thurstone 1949). Abilities mea-
sured by this test include Verbal Meaning, a measure of recognition
vocabulary; Spatial Orientation, involving the rotation of geometric
figures in two-dimensional space; Inductive Reasoning, as measured by
letter series problems; Number, measured by simple addition problems;
and Word Fluency, a measure of recall vocabulary.

The principal independent variables studied as predictors of later
performance on the ability measures come from the Test of Behavioral
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Rigidity (Schaie 1958; Schaie and Parham 1975). This test has three
parts:

(1) The Capitals test requires subjects to copy a printed paragraph in
writing, first exactly as given, and then again writing capitals for small
letters in the original and vice versa. Two scores are yielded: A Capitals
Speed score, which reflects psychomotor speed, and a Capitals Flexibil-
ity score, the ratio between the two administrations, which reflects
ability to cope with negative transfer.

(2) The Opposites test requires subjects to write first antonyms and
then synonyms to lists of simple words; they must then respond to a
third list by writing an antonym if the stimulus word is printed in small
letters, but a synonym if the stimulus word is given in capital letters.
Three scores are yielded: An Opposites Speed score, reflecting ease of
responding to simple cognitive demands; and two Opposites Flexibility
scores, reflecting different modes of measuring interference effects.

(3) The rigidity questionnaire contains true-false statements involving
scale of flexible behavior, flexible attitudes, and social responsibility.
Factor analytic studies of this test (Schaie 1955) derived three dimen-
sions of rigidity~flexibility and factor scores are generally computed for
the dimensions of Psychomotor Speed, Motor-Cognitive Flexibility, and
Autitudinal Flexibility. ‘

Other independent variables come from a detailed life complexity
survey instrument (Gribbin et al. 1980). The major topics in that
questionnaire include: individual work circumstances (with home-mak-
ing defined as a job), friends and social interactions, daily activities,
travel experiences, physical environment, and educational pursuits. A
cluster analysis of this instrument resulted in the development of a
scoring procedure for individual subjects on the dimensions of: Social
status, subjective dissatisfaction with life status, homemaker character-
istics, disengagement, semi-engagement, family dissolution, noisy en-
vironment and maintenance of acculturation.

Results

At what age does average individual change in intelligence become note-
worthy?

As we indicated earlier, prediction of later intellectual status becomes

‘interesting in the context of a life-span approach particularly at those
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ages at which we can observe incidence of change in such status from
an earlier point in time. There are, however, at least three different
types of information that can be obtained from a longitudinal data base
that are relevant to this question (also see Schaie 1980). These are
findings regarding: (1) Average individual age changes; (2) proportions
of individuals who change; and (3) the variability of observed changes.

Average intra-individual change

Small, but statistically significant, age decrement in intellectual abili-
ties have first been noted during the sixth decade (cf. Schaie and
Hertzog 1983). Since small negative changes have been observed during
the preceding decade, our conservative approach is to consider cumula-
tive age changes from that point up to which equally small positive
changes occur. For our samples, peak ability levels are reached at age
53 for Verbal Meaning and at age 46 for the other four abilities. Table 1
provides a summary of cumulative age changes (in standard deviation
units) occurring by ages 60, 67, 74, and 81, respectively, separately by
sex and for the total sample.

Table 1
Decline from peak performance level in standard deviation units.

Age N Verbal Spatial Inductive Number Word
meaning orientation reasoning fluency

Mules X

60 125 0.06 0.08 0.04 0.18 0.16

67 98 0.29 0.32 0.21 0.48 0.30

74 83 0.55 0.56 0.45 0.76 0.58

81 39 0.88 0.98 0.68 1.20 0.72

Females

60 150 0.00 0.01. 0.05 0.11 0.16

67 . 133 0.09 0.13 0.24 0.32 0.39

74 98 0.44 0.34 0.54 .0.57 0.61

81 49 0.82 0.54 0.73 0.97 110

Total

60 275 0.03 0.04 0.03 0.14 0.16

67 231 0.23 0.2t 0.22 0.39 0.35

74 181 0.54 0.44 0.49 0.65 0.60

81 88 0.89 0.69 0.70 1.07 0.94
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Inspection of table 1 clearly shows that decrement up to age 60 is
quite negligible. By age 67, however there is average decrement in the
range from two tenths to one half of the population standard deviation;
still a small, but for some variables statistically significant effect. From
then on decrements become larger, ranging by age 74 from one third to
three fourth of a standard deviation, and by age 81 ranging between
one half to slightly over one full standard deviation. Note the lack of
uniformity across variables or gender. On average, men seem to decline
most on Number and Spatial Orientation, but least on Inductive Reason-
ing and Word Fluency, while women decline most on Word Fluency but
least on Spatial Orientation.

The data in table 1 were obtained by averaging across three different
cohorts, and cumulating across successive seven-year intervals, to yield
larger sample size and correspondingly greater stability of estimates. It
might consequently be interesting to check these results by looking at
data from a single series of cohorts, those whom we have followed for a
total of 21 years. Table 2 therefore presents average changes for these
small data sets; the youngest group being followed from age 25 to 46
and the oldest from age 60 to 81. This, of course, is a favorably attrited
group (cf. Gribbin and Schaie 1979; Schaie et al. 1973), and the
decrements noted are somewhat smaller, albeit consistent in pattern
with the larger data base shown earlier.

Proportions of individuals who change
Averages, of course, can be quite misleading. An alternate approach,
therefore, is to examine frequency distributions of persons whose

Table 2

Average age changes for individuals followed over 21 years (in standard deviation units).
Age N Verbal Spatial Inductive Number Word
range meaning orientation reasoning fluency
25-46 19 +0.33 +0.31 +0.13 +0.10 -0.13
32-53 19 +0.06 -0.08 —-0.06 -0.08 -0.30
39-60 21 -0.12 -0.14 -0.06 -0.22 -047°
46-67 3 =012 - -0.38* -0.20 -0.50* -0.61*
53-74 24 ~044° -0.31* -044* -0.44 -0.73*
60-81 9 -on* -0.20 -0.50° -0.28 -1.00*

* Significant at or beyond the 1% level of confidence.
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observed change over time (in our case seven-year intervals) fall outside
the confidence band of one standard error of measurement (SEM)
about their observed score at first test. In other words, we want to know
the proportion of persons whose change is a nonrandom shift from the
true score at first test, and .not as might be the case in an advantage
sample, simply regressing towards the mean of the total population.
The 1 SEM criterion is quite liberal in the sense that it would allow for
approximately a 16% error rate. Erring in the more liberal direction,
however, seems in order since we want to be sure not to underestimate
the proportion of persons whose performance may have declined.

Figs. 1a and 1b show proportions of subjects at ages 67, 74, and 81,
whose performance on the five ability measures has reliably increased,
remained stable, or decreased over the preceding seven-year interval.
No such data are given for age 60, because of the trivially small number
of persons with reliably detectable performance decrement during the
preceding seven years.

Although numerous study participants showed stability or increment
over the previous seven-year period, there is a substantial minority who
experienced reliable performance decrement. Depending upon the
specific ability, between a quarter and a third of all subjects declined in
the seven years between age 60 and 67, and similar declines prevailed
between ages 67 and 74. From age 74 to 80 the proportion of persons
declining ranged from a third to almost one half of our subjects.

Variability in observed decrement

Another way of stating the variability of persons in their ability
change from middle into old age, is to construct confidence bands
which include 95% of all individual changes from the peak performance
age to the target age. Table 3 provides these data.

It may be noted that by age 60, intra-individual change from peak
age is distributed virtually normally, with only mild decremental skew-
ing appearing for Word Fluency. With advancing age, however, distribu-
tions become increasingly skewed in the decremental direction, and by
age 81 it is obvious that most individuals show some decline.

The prediction of ability performance at later ages

The data on individual changes in ability discussed above suggest, that
the measure on a particular ability itself ought to be the best predictor
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of performance level at a later point in time, when assessing individual
change from young adulthood into middle age. Because of the differen-
tial timing of the onset of ability change, it is likely further that
performance on certain abilities at Time 1 might improve the predict-
ability of such abilities at Time 2, when considering change from
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middle age into early old age. It is in the prediction of change from
middle age into the late sixties and seventies where we would expect
cognitive and life style variables to be most important,

We will test these propositions by examining the multiple regression
of our flexibility measures at Time 1 upon ability performance at Time
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2, and we will further explore possible causal directionalities by ex-
amining cross-lagged correlations (corrected for differences in reliabili-
ties and stationarity by Kenny’s (1975) method) between both ability
and noxmvm_m~<|1mmam~w measures at Time 1 and Time 2. Sub-samples
from our study to be considered for this purpose are, first of all, the 120
persons who were followed for 21 years from mean age 46 to mean age
67. An additional three sets of subjects followed over fourteen years,
represent the age-lags from 35 to 49 (N=128),49 to 63 (N = 150), and
63 to 77 (N = 52).

The main sample: middle age to old age (46 10 67 Yyears)

Multiple regression analyses, as shown in table 4, yielded significant
relationships between the aQE:..GF:m..&Q factor scores at mean age
46 and the ability measures at age 67. When cross-lagged correlations
were examined, direction of predictability was found to be statistically
significant (Pearson-Filon test, p>0.05) from Psychomotor Speed in
middle age to the ability of Number in old age, and from Attitudinal and
Motor-Cognitive Flexibility at the earlier time to Word Fluency at the
final measurement point. In addition, - the Capitals Flexibility score
predicted Verbal Meaning and Nimber. Another interesting path led
between the two inventory scales of Sflexibility. Here positive response
on the scale of Flexible Behavior in middle age was predictive of such
response on the scale of Flexible Attitudes in old age.

Confirming the hypothesis that differential ability change might lead
to significant cross-lags among abilities, it was further found that earlier
performance on Verbal Meaning and Inductive Reasoning predicted
later performance on Number; and middle-aged performance on Spatial

Table 3 )
Range of individual differences of age changes expressed as the 95% confidence interval for
changes from peak performance age (in standurd deviation units).

>mu>\<2g_ :.ﬁ:::wmv::.:_ _E._:n.?n Number Word fluency
. oricatation reasoning

60 275 +1.08t0 -1.14 +1.14 0 =122 +1.08t0 ~1.14 +1.16 {0 — Ll #1110 -1.43
67 231 +1.02t0 —1.48 +099 0 — 141 409010 ~1.34 +098 10 — 1.76 +1.0110 -1.71
74 181 +078t0 ~1.86 +0.79 0 ~1.63 +0.6510 —1.63 +0.83 10 =213 +0981 ~2.12
81 88 +0.6610 —2.44 +0.68 10 =206 +0.62t0 ~2.02 +0.49 (o =263 +0.811t0 -2.67
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Orientation predicted old-age performance on Inductive Reasoning and
Word Fluency.

The auxiliary samples: 35 to 49; 49 to0 63; and 63 to 77

The data for the 21-year lags had to be based on rather age-heteroge-
nous samples to obtain large enough sample size for our analyses. A
more fine-grained analysis based on more age-homogenous samples is
possible for the fourteen-year lags. For these samples significant multi-
ple correlations were obtained for all abilities, except Spatial Orienta-
tion, when regressing the flexibility-rigidity dimensions at base age
upon later ability performance. Interestingly, as the target prediction
‘age increased from middle to old age, the importance of the Psychomo-
tor Speed variable lessened, and that of the Motor-Cognitive Flexibility
variable increased.

Examination of cross-lags as shown in fig. 2 indicated that from late
young adulthood to middle age, Attitudinal Flexibility was a significant
predictor of later performance on Spatial Orientation, Inductive Rea-
soning, and Motor-Cognitive Flexibility. From middle into early old age
Psychomotor Speed was predictive of later performance of Word Fluency.
More importantly, as shown in fig. 3, Motor-Cognitive Flexibility in
early old age predicted Number, Word Fluency and Psychomotor Speed
in later old age.

Predictive value of life style variables

Turning now to the impact of life styles, we have earlier reported that
we have found differential decline for four different expressions of such

Table 4
Multiple correlations and beta weights for the regression of flexibility-rigidity upon the ability
measures after 21 years.

Ability Multiple Beta weights
’ qnm_M.Wm._o: : Motor- Attitu- Psycho-
coctlicients cognitive dinal motor
flexibility flexibility speed
Verbal meaning 0.614 0.180 0.135 0478
Spatial orientation 0.394 0.294 0119 0.114
Inductive reasoning 0.562 0.240 0.192 0.342
Number 0.529 0.133 0.000 0.477
Word fluency 0.516 0.163 0.188 0.348
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life style. We have found least decline (over seven year periods) for
those persons who had high socio-economic status and were fully
engaged in interaction with their environment, next were those fully
engaged persons of average socio-economic status, next those who were
relatively passive in their interaction (the semi-engaged), and those
persons showing greatest decline were non-career widows who showed a
rather disengaged life-style (Gribbin et al. 1980; Schaie 1983). The type
differences were statistically significant for all abilities except Number,
and similar type by age change effects were also found for
rigidity-flexibility dimensions.

CROSS—LLAG CORRELATIONS

{Mean Ages: I5 to 49)
VERBAL
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WORD FLUENCY

FSYCHOMOTOR
SFEED ’

MOTOR—COGNITIVE
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Fig. 2. Cross-lag correlations between flexibility-rigidity and mental abilities from mean ages 35
to 49.
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Of further interest are the findings of systematic significant correla-
tions between the occurrence of certain earlier life style variables and
later ability status. For example, as shown in fig. 4, the social status
cluster predicts high performance at a later time for all abilities, while
the disengagement cluster has a systematic negative relationship. In
addition Maintenance of acculturation is a positive predictor of Word
Fluency, Attitudinal Flexibility and of Psychomotor Speed; and family
dissolution predicts negatively to future performance on most variables.
Finally, centrality of the homemaker role, predicts positively to Psy-
chomotor Speed, but negatively to Spatial Orientation.

CROSS—LAG CORRKRELATIONS

(Mean Aagess &2 to 77)

VERBAL.
MEAN I NG

MOTOR—COGNITIVE
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INDUCT IVE
REASONI NG

ATTITUDINAL
T FLEXIBILITY
NUMBER
WORD FLUENCY
PSYCHOMOTOR ,
SFPEED M

PEYCHOMOTOR
SFEED

Fig. 3. Cross-lag correlations between flexibility-rigidity and mental abilities from mean ages 63
to 77. ’
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CORRELATION BETWEEN LIFE STYLE
CLUSTERS AND ARILITIES

(Mean Ages: 446 to 67)
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Fig. 4. Significant correlations between life style clusters and abilities.

Conclusions

We have presented some evidence that a number of factors can be
identified which may account for at least some of the individual
differences in pattern and rate of ability decline in old age. While
acknowledging the obvious role of genetic and physiological factors, we
have here emphasized those variables more directly amenable to psy-
chological intervention, namely cognitive styles and other life style
variables. The inter-relationship of these factors is quite complex,
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however, and seems to express itself somewhat differently at different
stages of adult development.

As best as we can tell, it appears that during early middle age,
Autitudinal Flexibility may have salient importance in maintaining high
activity on the fluid abilities, as well as in assuring a high _o<w_ of
Motor-Cognitive Flexibility. The latter variables, as well as the mainte-
nance of an engaged life style, and the absence of family dissolution
seem to be critical in turn in maintaining high levels of ability perfor-
mance from middle into old age.

What seems to be happening is that the rigid person will establish life
styles which through disuse lead to the early decline of fluid abilities
such as Spatial Orientation and Inductive Reasoning. Physiological and
societally mandated envrionmental changes, however, require high levels
of novel problem solving for most persons in late midlife and early old
age, and the effective utilization of all abilities may therefore .cw
impacted by early rigidification and loss of fluid problem-solving
abilities. Indeed, it has been shown that the effective use of even
overlearned skills may require a high level of fluid ability in old age
(Willis and Schaie 1983). .

It is apparent then, that those who would wish to maintain a high
level of intellectual functioning in old age must mind not only the
efficiency of their physiological apparatus, but need take care to
maintain flexible behaviors and attitudes, to remain involved in a broad
spectrum of intellectually stimulating activities, and in particular to
“practice” their problem-solving abilities. Fortunately recent work has
shown that some of the observed cognitive losses can be reversed
through behavioral intervention (e.g. Blieszner et al. 1981; Willis et al.
1981). Hopefully, such interventions, when invoked over a spectrum of
abilities, might effect as well cognitive styles such as the Moror-Cogni-
tive Flexibility variable, shown here to be so important in the prediction
of performance levels forward into advanced old age.
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