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We analyzed data on psychometric intelligence from the Seattle Longitudinal Study, simultaneously
estimating longitudinal factors, their covariance structure, and their mean levels. Data on five Thur-
stone Primary Mental Abilities subtests were available for 412 adults, ages 22-70 at first test, who
were tested three times at 7-year intervals. A previous longitudinal factor analysis had shown high
stability of individual differences (covariance stability) in general intelligence for three adult age
groups. We extended that model to estimate factor means. All three age groups showed high levels
of covariance stability, but differed sharply in their mean profiles. The young group showed increas-
ing levels of general intelligence, the middle-aged group had stable levels of intelligence, and the old
group showed salient, approximately linear, decline. The patterns of stability in middle-age, followed
by mean decline and high covariance stability in old age, suggest a normative developmental transi-
tion from a stability pattern to a decline pattern of general intelligence, with the inflection point
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occuring somewhere around age 60.

An important issue in the study of adult intellectual develop-
ment concerns whether levels of intelligence remain stable with
advancing age. There is general agreement that the average level
of performance on certain psychometric measures of intelli-
gence declines with age, although there is great debate as to (a)
the ubiquity of decline, (b) the proper interpretation of decline
in psychometric performance, when it occurs, and (c) the prac-
tical importance of the magnitude of age-related decline (e.g.,
Baltes, Dittman-Kohli, & Dixon, 1984; Botwinick, 1977;
Dixon, Kramer, & Baites, 1985; Horn, 1985; Horn & Donald-
son, 1976, 1980; Schaie, 1983). At the center of the disagree-
ments in the literature regarding aging and intelligence has been
Schaie’s longitudinal studies of aging and primary mental abili-
ties (see Schaie, 1983). The debate between Horn, Schaie, and
others (e.g., Baltes & Schaie, 1976; Horn & Donaldson, 1976)
covered a large number of issues associated with Schaie’s se-
quential design, psychometric tests, and alternate theories and
interpetations of aging and intelligence. Subsequent work by
Schaie and Hertzog (1983) re-examined the issues with new
data from Schaie’s sequential samples. Their cohort-sequential
analyses identified clear cohort differences in certain psycho-
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metric tests and identified statistically significant changes in
multiple psychometrically defined abilities. For all five subtests
of Thurstone’s Primary Mental Abilities (PMA; Thurstone, &
Thurstone, 1949), declines in performance (whether measured
by longitudinal or cross-sectional sequences) were negligible
until after age 50. Declines that were observed after age 50 were
small, but became increasingly large after mean age 60. A some-
what surprising result, given earlier cross-sequential results
from Schaie’s data, was that the longitudinal sequences sug-
gested decline after mean age 60 in all PMA subtests, although
the decline began later for the PMA subtest Verbal Meaning (a
test of recognition vocabulary). Schaie and Hertzog (1983) ar-
gued that these results required some minor modification of
previous positions regarding the age of onset of intellectual de-
cline, but that they supported the major conclusions of (a) age-
confounded cohort differences in cross-sectional studies, (b) rel-
ative stability of mean performance levels into the 50s, with
substantial declines only after age 60, and (c) some differences
across subtests in the onset and magnitude of age-related perfor-
mance declines (see also Dixon et al., 1985).

Although most of the gerontological literature has focused on
the issue of stability of mean levels of intelligence with aging,
mean stability is but one type of stability that can be assessed
in longitudinal data. Another important type of stability is sta-
bility of individual differences (e.g., Baltes, Reese, & Nessel-
roade, 1977; Kagan, 1980; Schaie & Hertzog, 1985). This sta-
bility reflects the degree to which individuals differ in their de-
velopmental patterns of change (Baltes et al., 1977; Nesselroade
& Labouvie, 1985; Schaie & Hertzog, 1985). Whereas stability
of means is reflected in equivalent mean values at different de-
velopmental times, stability of individual differences is reflected
in the covariance of a variable with itself over two points in time
(see Baltes et al. 1977). In this article, we refer to stability of
individual differences as covariance stability (see Hertzog &
Nesselroade, 1987).
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In a previous article, Hertzog and Schaie (1986) demon-
strated that there is substantial covariance stability in intelli-
gence across the adult life span. Hertzog and Schaie (1986) used
a longitudinal factor analysis of data from the Seattle Longitudi-
nal Study (SLS; Schaie, 1983) to show (a) that a general intelli-
gence factor, g, could be identified for three age groups (young,
middle-aged, and old), (b) that this g factor was defined equiva-
lently by the PMA subtests in each age group and showed in-
variant factor loadings across longitudinal occasions, (c) that
the covariance stability of g was high in all age groups, with
longitudinal correlations of g with itself at or above .9 between
successive longitudinal occasions, even in the older group, and
(d) that there was substantial covariance stability in the five pri-
mary ability subtests, independent of g, as reflected in the pro-
portion of variance in the PMA subtests-determined by “test-
specific” factors. )

Hertzog and Schaie’s (1986) results support the hypothesis
that age changes in g are relatively consistent for same-aged in-
dividuals. Although there are individual differences in change
patterns, these differences produce shifts in relative ordering of
individuals that are small relative to the overall population vari-
ance in g. It is interesting that covariance stability was high in
age ranges in which Schaie and Hertzog (1983) detected decline
in the individual PMA subtests—namely, after age 60. This
finding suggests only modest individual differences in the mag-
nitudes of late-life decline in g.

We report a series of additional analyses designed to examine
explicitly the mean level stability of g and, simultaneously, to
estimate stability of individual differences in g. The results of
these analyses demonstrate the independence of these two type
of stability in the domain of psychometric inteiligence. The
analyses also were used to examine the question of inflection
point for shifts from stability to decline in general intelligence.

The simultaneous examination of mean and covariance sta-
bility in longitudinal data is made possible by use of structural
equation models to analyze means of latent variables (e.g., Mc-
Ardle & McDonald, 1984; Sérbom, 1982). The longitudinal
factor analyses reported by Hertzog and Schaie (1986) consti-
tute an important precursor to simultaneous analysis of mean
and covariance structures. Hertzog and Schaie found metric in-
variance in the g factor loadings between groups and across lon-
gitudinal occasions of measurement. Metric invariance is de-
fined as equivalence in the unstandardized regression weights
of variables on factors (see Horn, McArdle, & Mason, 1984).
As discussed by several developmental methodologists (e.g.,
Baltes & Nesselroade, 1973; Labouvie, 1980a, 1980b; Schaie &
Hertzog, 1985), an assumption of metric invariance is essential
for allowing unambiguous interpretation of quantitative differ-
ences in mean levels of factor scores. The demonstration of met-
ric invariance in g ensures that g is measured in equivalent units
of measurement, so that differences in g factor means are un-
contaminated reflections of mean level differences in the latent
variable (see Labouvie, 1980a, 1980b; Schaie & Hertzog, 1985,
for further discussion of this issue).

Given evidence of metric invariance, the simultaneous analy-
sis of means and covariance structures requires introduction of
the means into the structural equations of the longitudinal fac-
tor model already used by Hertzog and Schaie (1986). The criti-
cal questions of interest were (a) What is the magnitude of mean

age changes in g at the different age levels studied? (b) Do age
differences and age changes in g fully account for the mean
changes in PMA subtests, or must different developmental
trends of PMA means be modeled to account fully for the infor-
mation in the means? and (c) Is there evidence for independence
of stability of g means from the covariance stability of g?

Method
Subjects

The subjects in this study were participants in the Seattle Longitudi-
nal Study conducted by Schaie and his associates (Schaie, 1983). The
population consisted of members of a health maintenance organization
(HMO) in the greater Seattle area. The population was defined as all of
the members of the HMO as of 1956, the initial year of the longitudinal
study, in order to minimize the probability of selection differences over
time. All of the participants were unpaid volunteers who answered ques-
tionnaires and took part in a single psychometric test session. The par-
ticipants, adults between the ages of 20 and 74 years at the first test,
represented a range of socioeconomic and ethnic groups (although the
population defined by the HMO membership in 1956 was predomi-
nantly White and somewhat more affluent than the general Seattle pop-
ulation). Further details on the population and sampling procedures
may be found in Schaie (1983).

Sequential Sampling Design

The longitudinal samples studied here are a subset of the sequential
samples collected in the SLS. The sampling plan of the SLS is discussed
more fully in Schaie (1983), and the present sample is defined explicitly
in Hertzog and Schaie (1986). Briefly, we restrict our analysis here to
two 14-year longitudinal samples (first tested in 1956 or in 1963). Data
from the two longitudinal sequences were partitioned into a hybrid se-
quential data matrix described in Table 1. The partitioned data matrix
forms three age groups for simultaneous analysis.

Variables

As part of a larger psychometric battery, all of the subjects were ad-
ministered the 1948 version of the SRA Primary Mental Abilities Test,
Form AM 11-17 (Thurstone & Thurstone, 1949). The 1948 PMA in-
cludes five subtests, all of which are timed and have significant speed
components in adult samples (see Schaie & Hertzog, 1983): (a) Verbal
Meaning—a test of recognition vocabulary, (b) Space—a test of spatial
relations requiring mental rotation of figures in a two-dimensional
plane, (c) Reasoning—a test of inductive reasoning requiring recogni-
tion and extrapolation of patterns of letter sequences, (d) Number—a
test of the ability to solve simple two-column addition problems quickly
and accurately, and (¢) Word Fluency—a test of the ability to retrieve
words from semantic memory according to an arbitrary syntactic rule
(words beginning with the letter s). Scoring followed the PMA manual:
Verbal Meaning and Reasoning were scored in terms of the number of
correct items, Space and Number were scored by subtracting incorrect
items (comission errors) from the total number of correct items, and
Word Fluency was scored by tallying the number of unique, admissable
words generated during the allotted time.

Models and Statistical Procedures

The longitudinal factor model used is an application of a generic lon-
gitudinal model described in some detail by Joreskog and Sérbom
(1977, see also Hertzog, in press; Horn & McArdle, 1980; Schaie &
Hertzog, 1985). A detailed description of the model may be found in
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Table 1
Reparameterized Sequential Sample for Multiple Group Analysis
Age
Cohort
Group/sample (M birth year) Occasion | Occasion 2 Occasion 3 n
Group |
1 1931 25 32 39 21
l 1924 32 39 46 26
2 1938 25 32 39 22
2 1931 32 39 46 40
M 30 37 44
Total 109
Group 2
1 1917 39 46 53 27
1 1910 46 53 60 32
2 1924 39 46 53 51
2 1917 46 53 60 50
M 42 49 56
Total 160
Group 3
1 1903 53 60 67 28
1 1896 60 67 74 15
1 1889 67 74 81 13
2 1910 53 60 67 48
2 1903 60 67 74 18
2 1896 67 74 81 21
M 58 65 72
Total 143

Hertzog and Schaie (1986). The model specified an occasion-specific g
factor at each longitudinal occasion. The factor covariance matrix mod-
eled the variances and covariances of g at the different occasions of mea-
surement, and the residuals in the PMA subtests were modeled as hav-
ing test-specific covariances (e.g., the residuals for Verbal Meaning were
allowed to covary across longitudinal occasions). The specification
of longitudinal models including factor means is relatively complex
(Joreskog & Sérbom, 1984; McArdle & Epstein, 1987; Sérbom, 1982).
The critical features are (a) a vector of location constants, analogous to
grand means, (b) representation of latent variable means as regressions
on a fixed constant and modeled in the LISREL GAMMA parameter ma-
trix, and (c) the assumption that the means of all residuals are zero in
the population. The vector of location constants identifies an intercept
for each observed variable (PMA subtest). In longitudinal analysis of
multiple groups, these location parameters are constrained equal both
across longitudinal occasions and between the multiple age groups.
Given data containing neither group differences nor longitudinal
changes in means, this location parameter vector would perfectly ac-
count for the mean structure. Thus, the model with factor means will
be meaningful only if there are either group differences or longitudinal
changes in observed variable means that the model may attempt to
structure as a function of the factor means.

Identification of the location parameters and the factor means is
achieved by fixing the mean of g to zero for one age group at one longitu-
dinal occasion. In the models reported, we fixed the g mean for the
middle-aged group at the first occasion (mean age 42) at zero. This pro-
cedure then enables the remaining factor means to be estimated as devi-
ations from this reference point (see Joreskog & Sorbom, 1984; Sor-
bom, 1982) for additional details. The fact that factor means are mod-
eled as regression of factors (i.e., g) on a constant requires the
assumption that the means of the residuals are zero. This is an unlikely
assumption, given that we expect age trends in mean levels to vary
across PMA subtests (independent of their relation to g). It is, however,

possible to estimate residual component means by moving these param-
eters into the latent variable vector in LISREL.!

All of the models were estimated in either LISREL V or VI (Joreskog
& Sérbom, 1984) using maximum likelihood estimation. In structural
modeling, model fit can be assessed by likelihood ratio chi-square, as
well as relative fit indices provided by the program. These indices are of
less value in models with means, however, so we report a decomposition
of overall model fit into (a) fit of the covariance structure model and (b)
fit of the mean structure model (see Bentler & Bonett, 1980; Sobel &
Bohrnstedt, 1985). The relative fit index for the means may be inter-
preted as an index of the proportion of information in the mean struc-
ture, adjusted for location parameters, accounted for by the model.

The procedures used here are unabashedly exploratory in nature.
The goal is to use the LISREL model to explore descriptive developmental
hypotheses about the longitudinal mean and covariance structures of
the PMA subtests. This use of a generic longitudinal factor model is an
appropriate application of structural equation techniques, which
are ideal for exploratory multivariate modeling of longitudinal data
(Hertzog, in press; McArdle & Epstein, 1987). This study cannot and
should not be considered to represent a confirmatory analysis, in the
philosophical sense of the term.

Results

The first model we estimated fixed the g factor means at zero
in all three age groups, but allowed all location parameters to
be freely estimated. This model fits the 15 means of each age
group with 15 freely estimated location parameters. There is

! A listing of the LISREL VI specifications for models with factor and
residual means is available from the first author.
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Table 2

Goodness-of-Fit for Longitudinal Factor Model With Means
Model x df F p

M, (saturated) 287.68 248 352 .048

M, (null in means) 642.02 288 785 .000

M, (g factor means) 467.59 280 572 .000
M; (g factor means;
all 0 in middle-

aged)

M3 (g and test-
specific factor
means)

M, (g and residual
means for V, S,
N, W)

470.88 282 575 .000

338.76 270 414 .003

299.05 254 .366 .027

Note. V = Verbal Meaning; S = Space; R = Reasoning; N = Number;
W = Word Fluency.
2 1 ISREL fitting function at minimum.

a one-to-one correspondence between location parameters and
sample means, and as such, the location parameters are just-
identified. This model is therefore saturated with respect to the
means, using Bentler and Bonett’s (1980) definition. The fit of
the model, denoted Ms, is reported in Tables 2 and 3. As ex-
pected, this model fit the same as the model ignoring means
reported by Hertzog and Schaie (1986), and yielded an identical
longitudinal factor solution. A second preliminary model, fol-
lowing recommendations of Bentler and Bonett (1980), was a
null model in the means. This model specified five location pa-
rameters, one for each PMA subtest, and constrained these pa-
rameters to fit the means of all three longitudinal occasions for
all three age groups. Thus, the 45 population means were fit
with five location parameters. This null model, My, would have
a fit equal to the saturated model, Ms, if there were no group
differences or longitudinal changes in PMA subtest means to
structure as part of the analysis. There was, however, a substan-
tial, statistically significant difference between the two models,
as seen in the first model comparison reported in Table 3.
Clearly, there was longitudinal and age group variation in the
PMA means, and the task of the analysis was to structure this
variation in terms of the longitudinal factor model.

The first substantive model of interest specified g factor
means in all three age groups. Interpretation of the fit of these
substantive models must be made on the basis of relative differ-
ences from the null and saturated models, so that one can evalu-
ate fit to the means ignoring (assuming) the basis specification
and fit of the longitudinal factor model (Bentler & Bonett, 1980;
Sobel & Bohrnstedt, 1985). In essence, the difference between
the null and saturated models defines a range of possible fits
of models structuring means in the longitudinal analysis. The
critical question is how close a model with structured means
comes to the fit of the model that is saturated in the means (or
conversely, how far it has come from the poor fit of the null
model).

As shown in Table 3, this first substantive model, M,, im-
proved meaningfully on the fit of the null model, although there
was still a significant difference between M, and M;s. The rela-
tive fit of the new model is best indexed by the Sobel and Bohrn-
stedt (1985) relative fit index, denoted as 4 in Table 3. The fit of
49 indicates that about half of the variation in the means had
successfully been structured by M.

One interesting outcome of model M, was that the g factor
means for the middle-aged adults were not significantly differ-
ent from zero, relative to their standard errors. In models of this
type, these estimated factor means are scaled as deviations from
the fixed zero mean (age 42 for the middle-aged population).
Therefore, the finding of essentially zero g means at ages 49 and
56 for the middle-aged group indicated no statistically signifi-
cant change in mean level of g over this age range. A second
model, M,, incorporated this feature by fixing the g means to
zero for all three ages of the middle-aged group. This model did
not fit more poorly than M,.

The fact that M, fit significantly worse than Ms implied that
the assumption of no mean variation in the residuals for the
PMA factors had to be abandoned. That is, it was not possible
to model age-group differences and age changes in PMA means
solely as a function of age differences and age changes in g factor
means. Apparently, the primary abilities measured by the PMA
have variations in the means that are saliently different from the
behavior of the g factor means.

A logical possibility is that there are age group differences in
subtest-specific means, but no age group differences in patterns

Table 3
Comparisons of Fit Between Alternative Models With Factor Means
M, M, Comparison

Model Ax® Adf Ax® adf o Comparison Ax? Adf A%
M, — — — — — — — — —_
M, — —_ —_ —_ — M.-M, 354.34 40 —_—
M, 174.43 8 179.91 32 492 — — —_ —_
M; 171.94 6 182.40 34 485 M,-M; 249 4 .007
M; 303.26 18 51.08 22 857 M-M; 128.83 10 .365
M, 342.97 34 11.37 6 968 M,-M, 168.54 28 483

» Difference in x* between model and M, (null model).

® Difference in x> between model and M, (saturated model).

¢ Relative fit index for fit to the mean structure.

4 Change in relative fit index in means for models under comparison.
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of age changes in the primary ability means. Such a pattern
could arise if age changes in the primary abilities were solely a
function of age changes in g, but there were also differential
patterns of cohort effects across the primary ability means. Qur
previous work (Hertzog & Schaie, 1986), modeling both g and
PMA test-specific factors, provided a convenient means of test-
ing this hypothesis. We used a model that specified eight factors
in each age group: (a) three g factors, one at each longitudinal
occasion, and (b) five test-specific factors, one for each PMA
subtest. We estimated factor means for all eight factors, achiev-
ing identification of the test-specific factor means by fixing all
five test-specific factor means for the middle-aged group to zero.
This model, M3, allowed the g factor means at ages 49 and 56
to be freely estimated in the middle-aged group, as in model
M, . We did not wish to assume mean stability in g, even though
that was suggested from the M,~M, comparison. It could have
been the case that the stable g factor means in the middle-aged
group in the previous models were an artifact of model misspec-
ification.

Model M3 also constrained the test-specific factor loadings to
be equal over the three age groups (see Hertzog & Schaie, 1986).
The equality constraints on test-specific factor loadings did not
permit any of the age-group differences in mean changes to be
modeled by the test-specific factor means. Group differences in
mean change on the PMA variables could only be reflected in
the g factor means.

Table 2 reports the fit of M;. The model fit significantly better
than M,, indicating there were statistically significant age group
differences in test-specific factor means. However, the model
still did not approximate the fit of Mg, requiring rejection of
Model M;. It was also still the case that the g factor means did
not differ significantly between ages 42 and 56 for the middle-
aged group. We concluded that there were age-group differences
in PMA subtest means, but that there are also differential age
changes for the PMA subtest means, independent of g. We also
concluded that it was still plausible to maintain the assumption
of no age changes in g in the middle-aged group.

We next proceeded by fitting a series of models allowing re-
sidual means. This approach was needed to allow for age-group
differences in patterns of mean age changes on the primary abil-
ities. This series of models proceeded in exploratory fashion.
Large mean residuals (differences between sample means for
the PMA subtests and PMA means predicted from the model
parameters) and salient LISREL modification indices were used
to indicate a need for structuring additional mean parameters.
Unlike M3, these models specified a separate PMA residual
“factor” at each longitudinal occasion, permitting both g and
the PMA residuals from g to display age-related change. After
a series of model modifications, we arrived at a model that did
not differ significantly from the saturated model. This model
allowed residual means for Word Fluency, Number, Verbal
Meaning, and Space. This modified model, My in Table 2,
achieved a relative fit index of .97 to the means, indicating ex-
cellent fit. Of course, this fit was achieved by adjusting to the
sample means, and can therefore be treated only as a descriptive
index of the success of the model modification process.

One of the major reasons for fitting additional models to the
means was to ensure that the estimated age changes and age
differences in g means were not inappropriately biased by the

incorrect assumption of no residual means. Hertzog and Carter
(1982) previously demonstrated that group differences in intel-
ligence factor means were affected by the specification error of
zero residual means. Table 4 reports the g factor means for the
four substantive models, M, through My. Irrespective of the
model, the relative pattern of g factor means in the three age
groups remained the same. The g factor means.increased from
mean age 30 to mean age 37 in the young group, and then re-
mained relatively stable through age 44. The g factor exhibited
mean stability from mean age 42 through mean age 56 in the
middle-aged group. Finally, g showed substantial decline from
mean age 58 through mean age 72 in the old group. The mean
decline in g in the old group was roughly linear over the 14-year
period. The comparable pattern of g mean behavior is particu-
larly important in Model My, in which it was most likely that
the apparent age changes in g estimated in Models M, through
Mj would change as a function of specifying longitudinal
changes in the PMA residuals as well. The fact that conclusions
regarding the behavior of g means were not altered by specifying
longitudinal variation in PMA residual means indicated that
the mean patterns were unlikely to be an artifact of model speci-
fication.

Approximate 99% confidence intervals around the factor
means can be calculated by subtracting and adding 2.5 SEs to
the estimated g factor means. Inspection of Table 4 clearly
showed that these 99% confidence intervals did not include zero
for any of the freely estimated means in the old and young
groups. As these means are deviation contrasts from the mid-
dle-aged g means, we concluded there were reliable age group
differences in means. The significant differences included com-
parisons between the different groups at roughly comparable
ages. That is, the young group at age 44 (Occasion 3) differed
significantly from the middle-aged group at age 42 (Occasion
1), as did the middle-aged group at mean age 56 (Occasion 3)
from the old group at mean age 58 (Occasion 1). Although the
hybrid sequential design does not completely unconfound age
changes and cohort differences, it seems likely that these differ-
ences reflect cohort differences in the mean levels of g.

Table 5 reports the residual means estimated in the final
model, M. These means must be interpreted with care. They
represent mean patterns in the PMA subtests orthogonal to the
trends mediated through g. The first feature of note involves
the residual means for Word Fluency and Number in the mid-
dle-aged group. Although the g means showed no age-related
changes in the middle-aged, the residuals for Word Fluency and
Number did change. There were small but statistically signifi-
cant declines in Word Fluency and Number between mean ages
42 and 56. There is a second noteworthy feature of the residual
means in Table 4. It seems that the large age-group (cohort)
differences in g overestimated age group differences in Number
and Verbal Meaning. This was shown by the large negative
means in the young group for these two PMA subtests, as well
as the large positive means for Number for the old group. Fi-
nally, there appeared to be modest levels of decline in Space for
the old group (between mean ages 58 and 65) that was greater
than the decline in Space predicted by g.

We do not report here the other parameter estimates from the
longitudinal solution (e.g., factor covariances, factor loadings)
because they differed trivially from the solution without means



STABILITY OF ADULT INTELLIGENCE

127

Table 4
The g Factor Means for Alternative Longitudinal Models
Model
M, M, M; M,
Group M age M SE M SE M SE M SE
Young
& 30 1.61 0.60 1.62 0.59 8.54 3.26 2.82 0.65
& 37 2.76 0.57 2.78 0.57 10.11 3.49 3.99 0.65
2 44 2.70 0.56 2.71 0.55 9.87 3.39 3.50 0.62
Middle-aged .
& 42 o* —_ 0* — 0* _ 0* _
J:) 49 0.10 0.17 0* — 0.14 0.16 0* —_
& 56 -0.20 0.18 o* — -0.20 0.17 0* —
Old
& 58 -3.96 0.61 -3.97 0.60 -10.96 4.48 —4.20 0.64
o 65 —4.61 0.61 —4.62 0.61 -12.41 4.64 -4.78 0.64
) 72 —6.55 0.65 —6.57 0.64 —-13.28 4.24 -6.22 0.66

Note. Asterisks denote fixed factor means. The g factor subscripts denote longitudinal occasion.

reported by Hertzog and Schaie (1986). However, one question
remained regarding the factor covariance matrix for g. As re-
ported in Hertzog and Schaie, there was an age-related increase
in g factor variance in the old group. The old group also had
greater overall variance in g than did the middle-aged and
young groups. One possible explanation of these differences is
that they are methodological artifacts. The old group was
formed by pooling over a larger age span in order to achieve
acceptable sample size for structural analysis (refer back to Ta-

Table §
Residual Means in Final Model (M)

Age group
Young Middle-aged Old
Variable/
Occasion M SE M SE M SE

Verbal Meaning

1 -5.10 1.01 0* 026 098

2 —-4.75 107 o 1.09 1.05

3 -3.65 1.03 o* -0.49 1.08
Space

1 0.58 1.15 o* -1.19 1.01

2 098 1.22 o* -2.68 1.01

3 1.76 1.20 o* -2.56 1.03
Reasoning

1 o* o* 0*

2 o* o* (1d

3 o* 0* 0*
Number

1 -5.56 1.32 0* 371 123

2 -5.58 140 0.28 044 512 1.28

3 —-6.03 131 -1.62 043 338 1.27
Word Fluency

t —-1.45 148 o* 498 145

2 -356 1.59 —1.43 068 2,77 1.46

3 -1.18 160 -2.08 0.69 2,36 149

Note. Asterisks denote fixed 0 parameters.

ble 1). In the present context, it was possible that the develop-
mental changes in g factor means would differ if the youngest
age group (mean age 53 at Occasion 1; age range, 50 to 56) were
omitted from the analysis. To address this question, we rede-
fined the old group to include only the individuals age 57 and
older at first test, and re-ran the longitudinal model with this
subsample. Briefly, this analysis showed (a) similar age declines
in g means, but of greater magnitude, (b) higher variability in g
in the old group, but (c) more homogeneity of g variance across
the three longitudinal occasions. Thus, it appears that the in-
creasing variability in g over time, found in the full sample, re-
flected differences in developmental patterns from ages 50 to
65, as opposed to heterogeneity of developmental trajectories of
same-aged individuals in the latter part of the aduit life span.
The analysis thus provides further support for the argument of
an inflection point around age 60, at which age decrements in
PMA performance begin to accelerate. The increased variabil-
ity in gin the older group is not, however, merely a methodologi-
cal artifact of age-group definition.

Discussion

The results from this analysis amplify and accentuate several
issues regarding age changes in psychometric intelligence. First,
the results extend Schaie’s (1983) work on age patterns in multi-
ple primary intellectual abilities to the level of general intelli-
gence, as measured by the g factor defined from the PMA sub-
tests. We found a pattern of age changes in g factor means highly
consistent with previous univariate results (e.g., Schaie & Hert-
zog, 1983). There were small increases in g in early adulthood
(through mean age 32), stability in g means through middle age
(until mean age 56), and substantial decline in late life. We ex-
plicitly tested the hypothesis that there was no decline in g in
the middle-aged group at two different junctures, and could not
reject the hypothesis. Moreover, the age changes that were esti-
mated as part of this hypothesis test were so small as to be trivial
in importance. On the other hand, we did find evidence of some
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decline in the middle-aged group on the PMA subtests Word
Fluency and Number, independent of g.

The results also suggest substantial cohort differences in g
means. The age groups differed not only in terms of mean age
at initial test but also in birth cohort membership. The fact that
the middle-aged group at mean age 56 performed significantly
better on g than did the old group at mean age 58 surely indi-
cates salient cohort differences in these data, as already detailed
by Schaie (1983).

The unique contribution of this study, in terms of estimating
age changes in PMA means, stems from the fact that the mean
differences are estimated at the level of the g factor. Because
these estimates are based on the simultaneously estimated fac-
tor pattern weights, they represent optimal estimates of g factor
means that are not contaminated by mean patterns specific to
the primary abilities themselves. Moreover, the analysis permit-
ted the evaluation of mean trends in the primary abilities after
they have been residualized with respect to g.

An additional contribution of the present analysis is that it
permits independent evaluation of mean stability and covari-
ance stability in g. These results demonstrate concretely the in-
dependence of these two types of stability. In all three age
groups, individual differences in g were highly stable over the
14-year period. Yet each age group showed dramatically differ-
ent age trends in g. In the young group, g increased to a stable
plateau. In the middle-aged group, g means remained stable,
but in the old group, substantial g decline was observed.

The change in mean patterns across the age groups, coupled
with the high degree of covariance stability across the life span,
has important implications for several prominent hypotheses
about adult intellectual development. It is often the case, espe-
cially recently, that g is identified with basic intelligence (e.g.,
Jensen, 1982). Given (a) the widely accepted notion that there
is multidirectionality in age trends in ability, such that some,
but not all, abilities show age-related declines (e.g., Baltes et al.,
1984; Botwinick, 1977; Horn & Donaldson, 1980) and (b) the
accepted argument that it is measures of fluid intelligence
(Horn, 1985; Horn & Donaldson, 1980), or alternatively,
Wechsler-type performance tests (Botwinick, 1977; Salthouse,
1982) that manifest early decline, one would expect that g, as
measured here, would be the prime candidate for evidencing
decline from ages 25 to 55. To the contrary, it appears to be the
case that g manifests both mean stability and covariance stabil-
ity in middle age in the Seattle Longitudinal Sample.

How can this discrepancy be explained? One possible expla-
nation is that the g factor estimated by the PMA variables is
highly specific to the variables or to the samples, and hence is
in some way a poor measure of the construct of general intelli-
gence. This possibility seems relatively implausible. The g fac-
tor loadings estimated here are highly consistent with those
found by Thurstone and Thurstone (1941) for these tests, and
show a pattern of loadings consistent with a plethora of studies
from the psychometric literature. The best indicator of g in the
PMA, judged from our factor loadings, is Reasoning. This sub-
test, a measure of induction, is probably the best indicator of
general intelligence and of the Horn-Cattell second-order fluid
intelligence factor in the PMA (Horn & Donaldson, 1976). Not
only did the Reasoning test load highly on g, but the Reasoning
means in all age groups were well fit by the models specifying

no age-related changes in g in the middle-aged group. Although
we have estimated the single higher order g factor here, as op-
posed to fluid intelligence, Gustaffson (1984) recently reported
hierarchical factor results from multiple intelligence tests that
suggest that the g factor is isomorphic with fluid intelligence.

Thus, it would seem that the hypothesis of early decline in g
is not supported by these data. The best model for the develop-
ment of g in middle-age is a model of stability in both means
and individual differences. One could argue that the generaliz-
ability of these results is limited because individuals who mani-
fest early decline are more likely to drop out of longitudinal
studies. Perhaps so, but the finding of mean stability of g, even
in a select subpopulation, argues against the ubiquity of early
age declines in g. There is evidence in these data of decline in
two PMA subtests, Word Fluency and Numbser, in the middle-
aged group. We suggest that, barring the sort of nonnormative
events that lead to early mortality, individuals appear to main-
tain stable performance levels of g until sometime after age 50.

However, the developmental pattern of g begins to change
dramatically between ages 50 and 60. After mean age 58, we
found substantial, statistically significant decrements in mean
levels of g. This decline was observed in an age group in which
the covariance stability of g remained quite high. These results,
then, offer little support to the hope that age-related decline in
g is somehow nonnormative or is restricted to a small subpopu-
lation of older individuals. We did find increased variance in
£ in the middle-aged and older groups, suggesting some small
differences in developmental trajectories between those individ-
uals in their 50s and those in their 60s. However, the longitudi-
nal increases in g variance in the older group—crucial to the
argument of different developmental trajectories in old age—
were eliminated when the old group was restricted to individu-
als age 57 and older at first test.

The fact that it was necessary to fit residual mean factors,
varying in age patterns, provides support for the arguments of
Baltes and colleagues (¢.g., Baltes et al. 1984) that intelligence is
both multidimensional and multidirectional in its development.
For example, the fact that young adults have lower means on
the Verbal Meaning residuals suggests that the g factor means
overestimate the age differences in vocabulary, even though Ver-
bal Meaning has high loadings on g. This pattern is also ob-
served for the Number and Word Fluency residual means, and
may suggest reversed cohort differences on these tests when g
is statistically removed from these tests. The pattern of Space
residual means in the old group indicates greater decline be-
tween ages 58 and 65 on spatial ability than is predicted by g.
Some caution is in order in interpreting these residual means.
Our data only permit estimation of factor means for g. These
residual means do not have the same status as means estimated
in models with multiple measures of each primary ability, being
much more likely to be specific to the PMA subtest than would
primary ability factor means.

The analysis provides relatively little evidence of substantial
individual differences in intraindividual change in general intel-
ligence. To the contrary, these findings of differential age group
patterns in g means, coupled with high degree of covariance
stability in all age groups, suggest a relatively normative devel-
opmental transition in g. That is, it appears that most individu-
als make a transition from a stability to a decline pattern of g
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development at some point between age 55 and age 70, with
individual differences in the age of onset of this transition.

Itis important to note that these inferences are based on pop-
ulation parameters, and that there are some individuals who do
not show salient decline even into old age (Schaie, 1983). There
may be greater heterogeneity of change for the primary abilities,
as opposed to g (see Hertzog & Schaie, 1986). Nevertheless, the
results suggest that the heterogeneity of developmental trends in
g during old age is small when measured against the population
variance.

The high degree of covariance stability is a descriptive phe-
nomenon and should not be assumed to demonstrate the valid-
ity of biological causes of age changes in g. Stability does not
imply immutability, and Schaie and Willis (1986) have demon-
strated significant training gains in inductive reasoning in indi-
viduals with prior histories of decline in this ability (all of whom
were, in fact, part of the samples used in the present analysis).

In a sense, these results contradict aspects of the arguments
made by both sides of the debate regarding the nature of intel-
lectual decline manifested in the Seattle Longitudinal Study
(Baltes & Schaie, 1976; Horn & Donaldson, 1976). The results
appear, however, consistent with the updated perspectives of
both Horn (1985) and Baltes and his colleagues (e.g., Baltes et
al., 1984; Dixon et al., 1985). The key involves an assessment
of the kinds of abilities measured in timed psychometric tests
such as the Thurstone PMA, and hence, the nature of the g
factor extracted from it. Evidence from a number of studies
have shown that Thurstone-type tests of primary abilities have
high correlations with speed of basic perceptual processes in
adult samples (Cornelius, Willis, Nesselroade, & Baltes, 1983;
Hertzog, 1987; Horn, Donaldson, & Engstrom, 1981). Schaie
originally selected the adolescent form of the PMA for his study,
and this form has limited item difficulty and substantial speed
components in adult samples (e.g., Schaie, Rosenthal, & Perl-
man, 1953). The g factor estimated in this study was marked as
highly by PMA Verbal Meaning as by PMA Reasoning. We have
recently shown a strong relationship of PMA Verbal Meaning
to a Perceptual Speed factor independent of its relationship to
other vocabulary tests (e.g., ETS Advanced Vocabulary; Schaie,
Willis, Hertzog, & Schulenberg, 1987). Thus, it appears that the
PMA was constructed so as to maximize variance determined
by what might be termed the mechanics of intelligence (e.g.,
Hunt, 1978), that is, the speed of basic cognitive processes
needed for rapid decisions of low to moderate difficulty. Given
that age-related slowing in information-processing speed is a
highly normative developmental phenomenon (e.g., Birren,
1974; Salthouse, 1985), we can construct the following argu-
ment. The PMA manifests little age change in g prior to age 55
because g, as operationally defined by the PMA, emphasizes
speeded solution of problems of limited difficulty. However,
sometime after age 50, the age-related slowing in information-
processing speed becomes a salient limiting factor in PMA per-
formance, and g begins to decline dramatically. Individual
differences in decline are minimized because (a) the PMA items
are not optimally sensitive to the type of cognitive processes
likely to maximize psychometric test performance in superior
old adults (e.g., strategies for solving difficult problems, cogni-
tive styles, and metacognitive processes; Baron, 1985; Dixon, in
press; Sternberg, 1985) and (b) the ability domain covered by

the tests is highly limited, excluding the types of abilities most
likely to show increment and differential growth in adulthood,
such as social cognition, domain-specific procedural knowl-
edge, expertise, and postformal reasoning (Berg & Sternberg,
1985; Dixon et al., 1985; Labouvie-Vief, 1985; Rybash, Hoyer,
& Roodin, 1986). Although important gains can be made by
studying these other domains of cognition, we maintain that the
study of cognitive mechanics, as they relate to performance on
intelligence tests, remains a continuing priority for gerontology.
A formal test of the cognitive mechanics interpretation of psy-
chometric test performance in adulthood requires investigation
of the nature of the information-processing skills tapped by
Thurstone-type tests, research now ongoing in several labora-
tories.
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