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This report provides a comprehensive analysis of data on five primary mental
abilities for two longitudinal sequences (mean ages 22 to 67 years at first test)
observed over two 14-year periods (Data Set 1: N = 162, 1956 to 1970; Data Set
2: N = 250, 1963 to 1977). Comparable data are also reported on cross-sectional
sequences collected in 1956, 1963, 1970, and 1977. Decline in adult intelligence
becomes clearly evident after age 60, with from a one-third to a one half standard
deviation decrement over a 14-year period. Contrary to our earlier reports, how-
ever, small but statistically significant decrements were noted over the 53 to 67
age period, suggesting that the declines may begin prior to age 60. Cohort-se-
quential cohort effects, which are not attributable to confounded age changes,

were found for several subtests.

Adult intellectual development has often
been described in terms of a decremental
model that posits continuous decline in abil-
ity after peak attainment in young adulthood.
The “classic aging pattern” (Botwinick, 1977)
of cross-sectional age differences in tests such
as Wechsler Adult Intelligence Scale (WAIS)
Block Design and Raven’s Matrices but little
age differences in vocabulary tests has been
interpreted as an indication of decline in non-
verbal intelligence over the aduit life span.
Horn and Cattell (1966; see also Horn &
Donaldson, 1976) have interpreted this clas-
sic pattern as a reflection of different devel-
opmental trends in “fluid” and *“crystallized”
intelligence. In this view, fluid intelligence
declines from voung aduithood, which ac-
counts for the early decrement in tests of rea-
soning and other skills, whereas crystallized
intelligence, which represents skills and
knowledge acquired through acculturation,
remains stable or increases over much of the
adult life span.

We are indebted to the staff and members of Group
Health Cooperative of Puget Sound, who provided the
subjects for the studies reported here. Data collections
were supported by various grants from the National In-
stitute on Aging. -

Requests for reprints should be sent to K. Warner
Schaie. Division of Individual and Family Studies, Col-
lege of Human Development. Pennsyivania State Uni-
versity, University Park. Pennsylvania 16802.
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The validity of these qualified decremental
models of adult intetlectual development has
been challenged by some researchers (e.g.,
Barton, Plemons, Willis, & Baltes, 1975; La-
bouvie-Vief, 1977). A major concern has
been that the interpretations of the classic
aging pattern summarize results from simple
cross-sectional studies, which confound age
changes with cohort (generational) differ-
ences (Schaie, 1965). Several years ago the
first author began a study designed, in part,
to disentangle the effects of age changes and
cohort differences in intellectual perfor-
mance by using a strategy of sequential sam-
pling (Schaie, 1979) that consisted of re-
peated longitudinal and cross-sectional sam-
pling from the same population. Earlier
results (e.g., Schaie & Labouvie-Vief. 1974;
Schaie, Labouvie, & Buech, 1973) were in-
terpreted as an indication that cohort effects
in intellectual performance do exist and have
caused an overestimation of the magnitude
and age of onset of intellectual decline (Schaie,
1979).

This interpretation of the data has been
highly controversial (e.g., Baltes & Schaie,
1976; Horn & Donaldson, 1976). Indeed.
previous reports by Schaie and associates
have been criticized on theoretical and meth-
odological grounds (e.g., Adam, 1978; Bo-
twinick & Arenberg, 1976; Horn & Donald-
son, 1976; Horn & McArdle, 1980). The
methodological criticisms assert, at least in-
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directly, that Schaie’s low mm‘of.‘ap

age changes in mtelhgence,' wtnch may be

considered independent of cohort differ-
ences. We cannot fully address here the com-
plex issues concerning the appropriate ap-
plication of sequential strategies (see, how-
ever, Schaie & Hertzog, 1982). The primary
problem is that the linear dependency among
age, cohort, and time of measurement pre-
cludes any linear model estimating ail age,
cohort, and time effects and their associated
interactions. Instead, only a subset of effects
are estimable, conditional on assumptions
that the effects not estimated are in fact non-
existent in the population. Schaie’s original
solution was to assume that all effects asso-
ciated with one of the age, cohort, or time
factors were nonexistent—resulting in a set
of three sequential designs (Schaie, 1965).
More recent work has shown that models
making other assumptions are also estimable
(e.g., Horn & McArdle, 1980). In any case,
we must justify the enabling assumptions on
a priori theoretical grounds, for there is no
way to use the statistical results of alternative
models to discover the existence of salient
effects in a purely exploratory, theory-free
manner.

Some of the criticisms of Schaie’s early
cross-sequential analyses (e.g., Schaie et al.,
1973) were valid, because these studies were
methodologically flawed in two important
respects. First, the cross-sequential design,
which crosses cohort with time of measure-
ment, assumes that no age-associated effects
are present in the data, which makes the use
of cross-sequential results to evaluate age
changes ill considered. Second, the early anal-
yses compounded the problem by using un-
equal sampling intervals—more cohort birth
years than years of measurement. This ap-
proach is not invalid per se (Schaie & Hert-
zog, 1982), but it does tend to produce larger
proportions of variance for cohort than for
time of measurement purely as a function of
the difference in the number of levels for each
factor. This result, however, should not have
been taken as evidence that cohort accounted
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for more variance in intelligence than age.
Moreover, confounded age effects could com-

.bine with the unequal intervals to.produce
‘*mseqpenual “coliort. effects,” which are

age change alone (Botwinick
!9??6)

If differentiation of cohort and age effects
is the primary goal, then the cohort-sequen-
tial design, which crosses the age and cohort
factors, is more appropriate, for it explicitly
estimates age change, which is consistent
across multiple cohort groups (Schaie, 1977).
Since the cohort-sequential method assumes
no effects of time of measurement, its cohort
and age-associated parameter estimates and
significance tests are internally valid only
when the assumption of no time effects is
true. Confounded time of measurement ef-
fects will tend to produce Age X Cohort in-
teractions, but they will also bias the esti-
mated age and cohort main effects. Neverthe-
less, we are willing to assume no time of
measurement effects as a provisional hypoth-
esis. There is no theoretical reason to expect
historical period effects on inteiligence test
performance, although other internal validity
threats (e.g., selection by period interactions)
could produce time of mesurement effects in
the data. Furthermore, since our main inter-
est is in differentiating age and cohort effects,
the cohort-sequential method is the preferred
bifactorial design (Schaie & Balites, 1975).!

Schaie and Parham (1977) reanalyzed the

"data from previous reports, using equal in-

terval cohort-sequential designs on cross-sec-
tional and longitudinal sequences.? Their re-
sults still suggested no major decrement in
intellectual performance until after age 60.

! Horn and McArdle (1980) have criticized the use of
bifactorial designs and argued for estimating a model
that includes only the main effects for age, cohort. and
time of measurement. The model assumes no interaction
terms: in other words, it assumes additive main effects.
The existence of time interaction in the population could
therefore produce invalid estimates of age, cohort, and
time effects. Thus, the additive model suffers from the
same limitation of the more traditional bifactorial de-
signs—if and only if the basic assumptions are met, the
parameter estimates are valid (see Schaie & Heruzog,
1982).

2 In Schaie and Parham (1977) these were termed in-
dependent sampies and repeated measures, respectively.
The current terminology is consistent with Schaie and
Baites's (1975) recommendations.
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In 1977 another data wave was obtained from
the base population, which provided us with
the opportunity to extend the cohort-sequen-
tial method to estimate age changes over a
14-year interval.

Method

Subjects

The present report is part of a 21-year study of adult
intellectual development; the sampling procedures have
been reported in detail elsewhere (Schaie, 1979, 1983).
Participants were members of a heaith maintenance or-
ganization (HMO) in the Seattle, Washington area. They
were volunteers chosen from a randomly drawn list of
the HMO membership. Testing was conducted every 7
years from 1956 to 1977. The data reported here are
from two longitudinal samples and from four cross-sec-
tional samples. The longitudinal samples included 162
participants (73 men, 89 women) originally tested in
1956 and then retested in 1963 and 1970 and 250 par-
ticipants (103 men and 147 women) first tested in 1963
and then retested in 1970 and 1977. The cross-sectional
samples were drawn from each testing (1956 through
1977) and covered the same birth cohorts as sampied in
the longitudinal sequence. Table 1 gives the number of
participants in each sex, cohort. and age group.

An important feature of the cross-sectional sampling
was a switch in the population definition for the 1977
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testing. On the three previous samplings, the base pop-
ulation was defined as the HMO membership as of 1956.
By the end of the 1970 testing, this population was suf-
ficiently “residualized” by sampling and attrition that
representative sampling of older individuals in 1977
would be uniikely. Hence the population was redefined
as members of the HMO at the time of testing. A col-
lateral study suggested that the populations were quite
similar but that performance leveis were somewhat lower
in the redefined population (Gribbin, Schaie, & Stone,
Note 1).

Measurement Variables

As part of a larger battery, participants were tested
with the Thurstone’s 1948 Primary Mental Abilities Test
(PMA, Form 11-17). In this study we report on perfor-
mance on five PMA subtests: Verbal Meaning, a measure
of recognition vocabulary; Space, a test requiring visu-
alization of object rotation in two dimensions; Inductive
Reasoning, a test of rule induction from alphabetic se-
ries; Number, a measure of simple addition skills; and
Word Fluency, a measure of semantic retrieval based on
a lexical rule.

Quasi-Experimental Design

The two longitudinal samples represent separate lon-
gitudinal sequences (Baltes, Reese, & Nesselroade, 1977),
longitudinally following seven birth coborts (partitioned
in 7-vear intervals) over a l4-year period. The combi-

Table 1
Cohorts. Ages, and Cell Frequencies for Cohort-Sequential Data Sets
Sample size
Longitudinal
Cross-sectional sequence sequence
Data set Cohort* Mean ages Males® Females® Males Females
1 1938 25,32, 39 42 28 37 58 37 36 8 14
1931 25,32, 39 38 52 34 38 70 50 10 I
2 1931 32, 39, 46 52 34 32 70 50 37 14 26
1924 32, 39, 46 33 7 44. 37 79 43 11 15
3 1924 39, 46, 53 71 44 40 79 43 37 23 28
1917 39, 46, 53 36 9 40 35 76 49 11 15
4 1917 46, 53, 60 79 40 35 76 49 37 25 26
1910 46, 53, 60 35 62 38 30 81 42 17 15
5 1910 53, 60, 67 62 38 35 81 42 38 17 31
1903 53, 60, 67 35 58 42 35 64 49 13 15
6 1902 60, 67, 74 58 42 37 64 49 33 8 10
1896 60, 67. 74 35 64 47 37 63 41 3 12
7 1896 67, 74, 81 64 47 26 63 41 31 8 12
1889¢ 67, 74, 81 38 38 26 38 39 24 8 6

* Mean birth year. ® The #s here refer to independent samples of males (or females) at each data point. © In longitudinal
sequence. mean birth vear actuaily 1890, mean ages actuaily 66-80.
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nation of these two longitudinal sequences yielded seven
separate cohort-sequential data sets in which adjacent
birth cohorts are followed over the same l4-year-age
range (see Table 1). The cross-sectional sequences were
similarly divided into separate cohort-sequential data
sets so that cross-sectional and longitudinal analyses
would be directly comparable. For each of the seven data
sets, the analysis therefore involved two Age X
Cohort X Sex designs, one on the cross-sectional se-
quences, one on the longitudinal sequences.

The data sets have unequal intervals for age and co-
hort. Given the 14-year-age changes, we are more likely
to detect age effects, since the null hypothesis of no-age
effects includes, in essence, one more 7-year level than
do the cohort effects. One cannot directly compare the
magnitude of F ratios or proportion of variance statistics
to evaluate the relative contributions of cohort and age.
but tests of the null hypothesis of no-cohort or age effects
are perfectly valid in unequal interval designs.

Data Analysis

Raw scores on all subtests were scaled to T scores
(M = 50, SD = 10), using the data for all cross-sectional
participants through 1970 as the base population (¥ =
2,200).

We used multivariate analyses of variance (MANOVA)
to analyze data for the five PMA subtests, using the
method of hierarchical least squares (Bock, 1975). Lin-
ear and quadratic polynominal contrasts were used to
represent the two degrees of freedom for age. For the
analysis of cross-sectional sequences, these polynominal
contrasts were treated as single degree of freedom
planned comparisons. Given the nonorthogonal designs,
order of effect testing is meaningful. Two models were
computed: fitting age effects before cohort effects and
vice versa (the sex effect was always the last main effect
entered). We report cohort effects eliminating age effects
and age effects eliminating cohort effects (i.c., correlated
variance between effects is ignored in the analysis). The
longitudinal analysis involved muitivariate profile anal-
ysis for obtaining muitivariate tests of the repeated mea-
sures effects of age and its interaction with cohort and
sex (Bock, 1975, chapter 7).

Following a significant multivariate F, each univariate
F test was examined to locate significant effects for the
individual subtests. However, given the controversy re-
garding the existence of age decrement over the adult life
span, univariate statistics are reported (and occasionally

evaluated), even in the absence of multivariate signifi- -

cance.

Criteria for evaluation. Given a significant F test, we
need to consider both the direction and magnitude of
the effect. We used two criteria for this purpose: (a) the
value of the effect contrast and (b) a proportion of vari-
ance statistic.’ The sign of the contrast indicates direc-
tion. Negative linear contrasts for age indicate decline
over the 14-year period, whereas negative quadratic con-
trasts indicate an “inverted u” or concave downward
quadratic trend. In combination with a significant neg-
ative linear contrast. a negative quadratic contrast would
suggest greater decline over the last 7 years of the 14-
year period. The effect contrasts have been scaled to the
original T-score units. A linear age contrast of —5.0. for
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example, represents a negative 14-year change of 5 T-
score units, or half a standard deviation decline. Refer-
ence to the standard deviation gives one measure of effect
size. The other measure reported here is an omega-
square statistic, which estimates the proportion of vari-
ance accounted for by the effect. To adjust for the non-
orthogonal design, the harmonic mean for the cell size
was substituted into formulae given by Dodd and Schultz
(1973) for omega-square estimates in repeated measures
designs (assuming nonadditivity).

Results
Multivariate Significance Tests

Cross-sectional sequences. Significant ef-
fects for cohort, age, and sex were found in
the MANOVAs for virtually all data sets (see

~ Table 2). Cohort effects occurred for all but

Data Set 4 (birth cohorts (1910 and 1917).
Significant linear age effects were found
throughout, except for Data Set 3 (ages 39
to 53). Data Sets 2 through 5 had significant
Age X Cohort interactions. In the two youn-
gest data sets, there was a mixture in the pat-
tern of linear effects (some increasing, some
decreasing), but beginning with the fourth
data set, significant age effects reflected linear
decline for at least some abilities. The cohort
effects typically represented better perfor-
mance for the most recently born (but this
pattern was reversed for Word Fluency). Sex
effects were consistent across all data sets;
men performed better on Space and Number,
and women excelled on Word Fluency.

Longitudinal sequences. Significant mul-
tivariate age effects were found for all data
sets (see Table 3). These involved increment
in performance for the first two sets (until
age 46) but declined for some abilities as early
as Data Set 4 (from age 46 to 60). Significant
longitudinal Age X Cohort interactions oc-
curred in Data Sets 1, 3, and 4.

Fewer cohort and sex effects were statisti-
cally reliable in the longitudinal sequences.
Here, statistically significant cohort effects
were found only for Word Fluency in Data
Set 4, favoring the 1910 over the 1917 birth
cobort. Significant sex effects corresponding
to those reported for the cross-sectional se-

3 We report effect contrasts instead of cell or marginal
means. Detailed tables of cell means and estimates of
cumulative age changes and cohort differences may be
found in Schaie (1983).
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Significant Multivariate F Tests for Cohort, Age, Sex, and the Cohort X Age Interactions:
Cross-Sectional Sequences

Cross-sectional sequence

Cohort X Age
: Age Age
Data set Ages df Cohort (linear) (quadratic) Sex Linear Quadratic
i 25-39 5,504  6.30%* 5.36%* 2.52* 17.45%= 2.23 —_
2 32-46 5,.566 4.15%+* 3.89* —_ 18.94%+= 3.99* -
3 39-53 5,613 3.89** _ — 19.26%= 2.67* —
4 46-60 S5, 588 —_ 2.82* —_ 17.26*** 4.42%%* 8.12%%*
5 53-67 5, 563 5.43%se 6.26*** —_ 16.75% 8.70%* 4,17
6 60-74 5, 554 312 13.35%** - 25.38%** —_ —_
7 67-81 5, 459 2.42* 8.87% — 15.36%* _ —_

*p < .05 * p< .0l ** p< 001

quences occurred only in Data Sets 1, 4, 6,
and 7.

Univariate Significance Tests

Given the importance of the age-related
effects for testing the decrement model, the
univariate effects are considered in detail in
the following secretions, which report on
each of the main effects separately.

Age effects. Table 4 reports the univariate
statistics for the linear and quadratic age
trends. Verbal Meaning increased signifi-
cantly over the period from age 25 until age
46 in the longitudinal data. In both longitu-
dinal and cross-sectional sequences, signifi-
cant decrement was first seen in the 53-to 67-
year-old period; however, the significant qua-

Table 3

dratic effect indicated that the decrement is
greater in the second 7 years of that period,
that is, from age 60 to 67. A further accel-
eration of the rate of decline occurred be-
tween the ages of 74 and 81 for the longitu-
dinal sequence. Age accounted for only a
small proportion of variance for Verbal
Meaning performance until age 67 (1% or
less); it accounted for a maximum of 9% be-
tween ages 67 and 81 in the longitudinal data.

For Space, the longitudinal data showed a
slight increase in performance from age 25
to age 39. Linear decrement initially ap-
peared in the cross-sectional data during the
46 to 60 age range and in the longitudinal
data between 53 and 67 years. The propor-
tion of variance associated with these linear
decrements again was quite small until age

Significant Multivariate F Tests for Cohort, Age, Sex, and the Cohort X Age Interactions:

Longitudinal Sequences

Longitudinal sequence

Daza set Ages df Cohort Sex dfe Age Cohort X Age
i 25-39 5, 35 - 3.23* 10, 30 5.15%* 2.76*
2 32-46 5, 58 —_— — 10, 53 2.50* -—
3 39-53 5, 69 —_ — 10, 64 2.52* 3.15%*
4 46-60 5,75 2.98* 6.25%* 10, 70 2.57 2.79%*
5 53-67 5, 68 —_ —_ 10, 63 4.67%** —
6 60-74 5, 25 — 5.58%** 10, 20 3.61%* —_
7 67-81 5.26 —_— 2.99* 10. 21 5.97%e= —

* Degrees of freedom for the between-subjects effects of cohort and sex. ® Degrees of freedom for the within-subjects

effects of age and the Cohort X Age interaction.
*p<.05.% p< .0l **p<.00L
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Table 4
Linear and Quadratic Age Effects and the Associated Proportion of Variance Statistics
Linear effects
Verbal Inductive T
: Meaning Space Reasoning Number Word Fluency
Data set o ——
(mean age) Sequence d o? d o? d o? d o? d o?
1 C 1.51 — -133 - -1.39 —_ 2.05 01 -1.94* 0t
(25-39) L 2.94%* 02 1.98* - 1.30* 01 1.27 —_ 2.24* .01
2 C -92 — —1.65 - =251* 01 -149 — =346*** 02
(32-46) L 1.76** Kill 1.45 -_— 37 —_ -24 —_ -45 —_
3 C .63 — =175 - =127 - At - —1.26 —
(39-53) L 36 —_ -.17 —_ .64 -— = 85* — —1.94 -—
4 C -1.24 —  ~2.10** 01 -1.97 - =53 - =3.70** .01
(46-60) L .84 — -04 — ~-.10 — -131* 01 -2.83%+ 01
5 C —-2.87* 01 —239** 01 -3.64* 02 -233 — =572%* 04
(53-67) L —-1.74* 01 -1.69* 01 -1.55* — =1.90%* 01 =3.19% 02
6 C —5.06*** 05 —4.28*** 04 -3.32** 03 -3.67** .02 -7.14*** 09
(60--74) L —3.32% 02 -2.76* 01 -3.08*** 03 -2.16* 01 ~3.02* 03
7 C ~5.83%= 07 -345*** 04 -—-2.73** 02 -—4.29** 03 -430™* .03
(67-81) L —6.30%** (09 —5.48*** (08 -—527*+ 08 -—533** 07 -698** 07
Quadratic effects
] C -17 . — ~1.94 — —-1.63 — —6.03** .02 1.61 —_
(25-39) L -2.13 — -—1.94 —_ 256 01 -574** 02 2.06 ——
2 C —.41 —_ .65 -— 27 -_ =273 - 3.14* .0t
(32-46) L -1.00 —_— .04 - =1.39 — 42 — 2.56 —_
3 C .55 —  —1.40 — 31 — -1.69 —_ 1.87 —_
(39-53) L -95 - -.43 —_ 1.56 -  —3.53*** 01 .10 —
4 C 1.31 —_ =57 —_ 2.58 - 1.38 _— 3.60* .01
(46-60) L -.88 — =137 — 1.38 —_ —-43 — 1.80 _
5 C —4.62%* 01 -2.42+ .01 =327 .01 -3.78* 01 =210 —_
(53-67) L -3.64* 01 .05 —_ —.88 —_ —4,19*** 01 1.96 —
6 C -1.76 — .86 — .70 - =57 — 3.29 —_
(60-74) L 06 - 290 — =207 01 -204 — -64 -
7 C -31 — 95 — .79 — -.47 _— 2.08 —
(67-81) L ~4.55** 01 1.23 — 65 —_ —=3.56* .0t 1.60 —_—

Note. C = cross-sectional, L = longitudinal. Linear and quadratic effect contrasts, expressed in T-score units (.1
SDfunit). Negative linear contrasts indicate decline over the 14-year period; negative quadratic contrasts indicate

downward concavity off the quadratic trend.
*p < .05 ** p<.0l.** p<.00L

67 (1% or less) and reached a maximum of
8% for the longitudinal decline over the 67
to 81 age range.

Statistically significant increment for In-
ductive Reasoning was found in the longi-
tudinal data from age 25 to age 39: in con-
trast, in the cross-sectional sequence, signif-
icant decrement was found between ages 32

and 46. However, no significant decrement
occurred for either data source in the next
two data sets covering the age ranges from 39
to 53 years and from 46 to 60 years, respec-
tively. Reliable decrement did occur for both
sequences from ages 33 to 67. The significant
quadratic effect for the cross-sectional data
suggested that decline here was larger for the
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60- to 67-year period. Another quadratic ef-
fect in the longitudinal data for Data Set 6
suggested acceleration of decrement on rea-
soning beyond age 67. Effects of decline as
proportion of variance remained small until
age 67 (2% or less) and peaked at 8% for the
oldest longitudinal data set.

No significant linear increment was found
for Number. However, significant quadratic
effects for both data sets suggested that the
young adult peak for Number was attained
at about age 32. Miniscule (less than 1 T-
score point) but reliable decrement was found
in the longitudinal data in the 39- to 53-year-
age range. The significant quadratic effect
found for this age range, however, suggested
that the implied decrement occurred between
46 and 53 years. A small but significant de-
cline over the 46 to 60 age period was also
found in the longitudinal sequence. By con-
trast, significant decrement in the cross-sec-
tional data for Number was first found from
age 60 to age 74. Significant quadratic effects
for both sets during the 53- to 67-year-old
period suggested greater magnitude of dec-
rement after age 60. Despite the early detec-
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tion of reliable decline for Number, the pro-
portion of variance accounted for was 2% or
less until the oldest age range where the linear
decline accounted for 7% of the variance in
the longitudinal data.

World Fluency was the ability with the ear-
liest pattern of decline, at least for the cross-
sectional data. For the latter, reliable decre-
ment was observed in the youngest data set
from age 25 to 39. Significant positive qua-
dratic effects, however, suggested reversals in
direction of change from age 39 to 46 and
again from age 53 to 60. The longitudinal
data, on the other hand, showed reliable in-
crement to age 39, with first significant dec-
rement in the 46- to 60-year-old period. Ef-
fect sizes remained small (less than 1%) until
age 60 and peaked at 7% for the oldest lon-
gitudinal data set.

Cohort effects. Table 5 provides contrasts
in T-score points, with negative values im-
plying that the earlier born cohort performed
lower than the later born cohort. _

Cohort effects for Verbal Meaning favoring
later born cohorts occurred only in the cross-
sectional data, with reliable breaks between

Table 5
Cohort Effects in T-Score Points (1/10 Standard Deviation) and Proportion of Variance
Accounted for (w?)
Verbal Inductive
Meaning Space Reasoning Number Word Fluency
Data set o . .
(mean birth vear) Sequence d o? d o? d w? d w? d o?
1 C -.34 — =2.56"** 02 ~-265** 03 -18 - 53 —_
(1931, 1938) L -1.45 - 451 01 -4.14* 05 -586* 06 -3.i4 .04
2 C 1.00 —_ .26 —_ =16 _— 1.90* .01 295 02
(1924, 1931) L 1.87 .01 .69 — -1.15 — =114 — -1.57 —
3 C -1.12 — =117 —_— =217 02 -S51 @ — 94 —_
(1917, 1924) L -1.81 —_ -.52 - =212 .0t -.06 —_ .80 —
4 C -88 = -5l - -9 —_ 32 - 41 -
(1910, 1917) L 2.38 01 -2.12 01 1.99 01 .73 — 6.18*** 08
5 C —-1.93* 01 =2.54*** (02 -2.00** 01 -1.75* 01 1.07 _—
(1903, 1910) L -1.31 — -1.46 _— .14 —_ 92 - 2.12 —
6 C =2.00** 01 -1.27 — =1.77** 01 -1.38 —_ 0.00 _
(1896, 1903) L -3.18 02 -424 02 =203 02 =317 01 =297 —
7 C .52 _— A8 _ 41 —_— -.25 —_ 2.45** .02
(1889. 1896) L -.49 —_ .10 —_ 2.33 — 1.87 — 44 —_—

Note. C = cross-sectional, L = longitudinal.

Cohort effect contrasts expressed in T-score units (.1 SD/unit). Negative contrast indicates cohort with earlier birth
vear performed at a lower level than the later born cohort.
*p< 05 * p< . 0l.** p<.00L
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the 1896, 1903, and 1910 birth cohorts. Sim-
ilar findings for Space separated the 1903
from the 1910 and the 1931 from the 1938
birth cohorts. Cohort effects were most nu-
merous for Inductive Reasoning. For both
data sets, cohort effects favoring the later
born cohort separated the 1931 and 1938
birth cohorts. For the cross-sectional data set,
reliable cohort effects favoring the later born
cohort also separated the 1896, 1903, and
1910 cohorts and the 1917 from the 1924
birth cohort. Cohort effects for Number were
less consistent. In the cross-sectional data,
there was a break favoring the later born be-
tween the 1903 and 1910 cohort, but a dif-
ference between the 1924 and 1931 cohort
favored the earlier born. The longitudinal
data had a significant effect favoring the 1938
over the 1931 cohort.

Cohort effects for Word Fluency generally
ran in the opposite direction to the other
abilities. All significant effects favored the
earlier born cohorts. Such effects were found
in the cross-sectional data between cohorts
born in 1889 and 1896 and between cohorts
born in 1924 and 1931, respectively. In the
longitudinal data, a cohort break was ob-
served between the 1910 and 1917 birth co-
horts.

Age X Cohort interactions. In several in-
stances the magnitude of age changes varied
for the two cohorts followed over the same
age range. Such interactions could imply co-
hort-specific differences in age changes but
alternatively could also represent violations
of the assumption of zero period effects (see
Discussion section). Modest interactions fa-
voring the later born cohorts occurred for
Verbal Meaning in the cross-sectional data
for the age ranges from 39 to 67 and for the
longitudinal data for the age range from 46
to 60.* The only significant interaction for
space favored the later born cohort in the 67-
to 81-year-age range. Similar effects for In-
ductive Reasoning occurred for the longitu-
dinal data for ages 53 to 74 and for the cross-
sectional data from 53 to 67 years. For Num-
ber, significant interactions were found only
in the cross-sectional data, again favoring
later born cohorts and extending over the age
range from 32 to 67 vears. Most extensive
interactions were found for Word Fluency.
Here both data sets suggested gains for the
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later born cohort for the age range from 53
to 60 years but relatively greater losses for the
later born cohort at ages 39 to 53. It should
be noted, however, that all interaction effects
accounted for 2% of the total variance or less,
except for one cross-sectional interaction for
Verbal Meaning at ages 39 to 53, which ac-
counted for 4%.

Sex effects. Table 6 reports contrasts in
T score points and proportion of variance
accounted for by sex differences. Contrasts
with positive signs favor the men; those with
negative signs favor the women.

Although the direction of contrasts gen-
erally favored the women on Verbal Meaning
and Inductive Reasoning, such differences
were statistically significant only in the cross-
sectional data at mean age 67 for Verbal
Meaning and at mean ages 32 and 67 for
Reasoning. Women on average excelled over
men on Word Fluency. Such differences were
statistically reliable for the cross-sectional
data at all ages except 46 and 74. In the lon-
gitudinal data, however, significant differ-
ences were limited to mean ages 53, 67, and
74. By contrast, men excelled reliably on
Space for the cross-sectional data at all ages
and for the longitudinal data at ages 32, 46,
53, and 74. Contrasts also favored men on
Number, but here effects were reliable only
for the cross-sectional data at ages 39, 46, 53,
and 74. Sex differences accounted for gen-
eraly less than 3% of the variance except for
Space, where sex typically accounted for at
least 5% of the variance (with a peak of 14%
at age 32), and for Word Fluency, where sex
accounted for as much as 23% at age 67.

Discussion
The results from these cohort-sequential
analyses indicate that over portions of the
adult life span there is age-correlated decre-
ment in performance on the PMA indepen-
dent of any generational differences. The de-
cline becomes clearly evident after age 60 and

is manifest in performance on all PMA sub-
tests. The rate of decline after age 60 appears

* The interaction patterns were evaluated by inspec-
tion of the appropriate marginal means not reported
here. Interested readers are referred to Schaie (1983) for
these tables.
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Table 6
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Sex Effects in T-Score Points (1/10 Standard Deviation) and Proportion of Variance

Accounted for (w?)

Subtests

Inductive
Verbal Meaning Space Reasoning Number Word Fluency

Data set "

(mean age)  Sequence d ? d o? d ? d w? d o?
1 C -1.41 01 481* 06 =-132* 01 165 —  =30i* 03
(32) L -3.46 03 858 14 -80 — 145 — =210 —_
2 C -27 — 450%™ 07 -1.03 —  232* .02 -255* .01
(39 L ~1.40 — 258 02 -145 — 339 02 -3.54 01
3 C .36 — 502*=* 09 -59 — 234" 01 -.83 —
(46) L 99 — 393 05 16 — .68 — -89 -
4 c ~.70 — 456" 07 -36 — 197 01 -212* 01
(53) L -2.90 Ol 500 09 -222 01 266 0F -4.28* .03
5 C -1.07 — 388" 06 -75 — 133 —  -255%e 02
(60) L -1.33 — 45 — 224 — -129 — -362 02
6 C —3.05%* 03 3.96** 06 -1.45% .0l .78 —  -310% 02
67 L -1.90 — 138 — -190 .01 17 —  —896*= 23
7 C -1.01 — 382% 07 -01 — 243 02 -183 01
(74) L -.59 — 397* 05 -212 01 ~—.i5 —  —6.09* 07

Note. C = cross-sectional, L = longitudinal.

Sex effect contrasts, expressed in T-score units (.1 SD/unit). Negative contrast indicates higher performance by

women.
*p<.05* p<.0l.*™* p<.00l

to be between one third and one half standard
deviations over a l4-year interval. The age-
correlated effects are quite consistent with
our earlier reports that intellectual decline
during the decades of the sixties and seventies
is large enough to be of practical importance.
However, the latest analysis of 14-year-age
changes, made possible by the 1977 data col-
lection, forces some modification of our pre-
vious position, which was that there was no
reliable decline in PMA performance (with
the exception of Word Fluency) prior to age
60. The present analysis revealed statistically
significant decline in performance on some
PMA subtests before the decade of the sixties
(see Table 4). In the cross-sectional se-
quences, a small 14-year decline (approxi-
mately 2 T-score points) was present for
Space in Data Set 4 (mean ages 46 to 60),

and there was a similar, albeit nonsignificant,

trend for Reasoning, In Data Set 5 (mean
ages 53 to 67), all subtests showed small but
mostly significant declines. However, one

should not necessarily interpret the signifi-
cant linear components as indicators of con-
tinuous decrements. They simply indicate
statistically reliable differences between means
at the two end points. In fact, both the cross-
sectional and longitudinal sequences pro-
duced quadratic age components in Data Set
5, which suggests that the decline from mean
age 60 to 67 was more pronounced than that
from age 53 to 60. Nevertheless, the data do
suggest that there are, on average, reliable but
small drops in PMA performance during the
fifties. Thus, our extended data indicate that
the decline in PMA performance, which is
pronounced after age 60, begins, on average,
prior to that point.

An interesting question, and one that will
probably continue to spark debate, is. “when
does the average decline begin?” We expect
that proponents of the early decrement model
would note (a) the significant age decline for
Reasoning in the cross-sectional sequence of

~Data Set 2 (mean ages 32 to 46) and (b) the
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negative direction of nonsignificant effects
for Space and Reasoning in other cross-sec-
tional sequences; therefore these proponents
would argue for decline in nonverbal or fluid
abilities from young adulthood (e.g., Horn
& Donaldson, 1976). We have serious res-
ervations about giving any attention to the
direction of nonsignificant contrasts. But if
this is done, it should be noted that the di-
rection of the age-related contrasts for the
other subtests in Date Set 2 are also negative.
Is there then early decline in, say, vocabulary
skills? Such a conclusion would be inconsis-
tent with the fluid/crystallized theory as well
as with the cross-sectional data it seeks to
explain. A possible alternative explanation
is that the population redefinition required
for the 1977 testing (see the Method section)
led to an overestimation of the amount of
age decline in the cross-sectional sequences.
Continued sampling from the redefined pop-
ulation will be required to address this con-
found.

Irrespective of the issue of age of onset,
small, statistically significant declines in PMA
performance during the fifties may be seen
in these data. However, the results reported
in Table 4 also showed reliable Cohort X Age
interactions in Data Sets 4 and 5. These in-
teractions complicate interpretation of age
effects from 46 to 67 because, obviously, age-
correlated changes are not uniform across the
cohort pairs. When consistently observed
across data sets, these interactions may in-
dicate time of measurement effects that vi-
olate the cohort-sequential assumptions and
that may affect the estimated age and cohort
effects. Caution is therefore advised in inter-
preting the importance of these early de-
clines, since they may be influenced in part
by effects that covary with time of measure-
ment. .

The interactions for Verbal Meaning and
Number consistently seem to involve greater
decline in the cohort measured from 1963 to
1977, especially from 1970 to 1977 (see Foot-
note 4). This pattern is precisely what one
would expect if the 1970 sample performed
relatively high and the 1977 sample per-
formed relatively low due to the population
redefinition discussed above. The interac-
tions for Word Fluency, on the other hand.
seem to reflect greater decline between the
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1956 and 1963 testings. These interactions
do not appear to represent true cohort dif-
ferences in aging functions. The pattern of
interactions for Data Sets 2 and 3, for ex-
ample, show the same pattern—the latest
born cohort (measured from 1963 to 1977)
shows decline over the last two intervals,
whereas the other does not. Thus the pattern
is inconsistent between data sets for the 1924
cohort (which is represented in both) and
depends instead on the time of measurement.

Having explicitly acknowledged that reli-
able declines for some PMA variables occur
prior to age 60, we must also emphasize that
the decrement is small in magnitude, whether
judged by change in standard deviation units
or proportion of variance predicted. Let us
not be misunderstood. We believe that the
average decline prior to age 60 is statistically
reliable (i.e., it does exist), but it does not
appear to be of sufficient magnitude to be

ractically important. Changes amounting to

1o standard deviations or less over a 14-year
period, accounting for 1% or less of the vari-
ance, are not sufficiently impressive to be rep-
resented as “major’changes in intellectual
performance. In this age range, individual
differences in developmental trajectories are
greater than the effects systematicaily corre-
lated with chronological age. It is only in the
60 to 80 year age range that age declines begin
to assume increasing importance.

The cohort-sequential analyses presented
here do indicate that there are reliable cohort
differences favoring more recently born co-
horts for Reasoning, Verbal Meaning, and
Space (see Table 5). These effects were gen-
erally consistent for both cross-sectional and
longitudinal sequences, although they were
statistically reliable only in the cross-sec- .
tional sequences, which had greater statistical
power. Not all cohort pairs appeared to dif-
fer—the major break points appeared to be
between the 1938 and 1931, the 1924 and
1917, and the 1910 through 1896 birth co-

. hort pairs. These cohorts effects are uncon-

founded with age and clearly represent gen-
erational differences, which would contami-
nate age change estimates taken from simple
cross-sectional data. Again. these differences
are not large relative to the overall magnitude
of individual differences. The cohort effects
between significantly different pairs ranged
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between roughly 2 and 5 T-score points and
usually accounted for less than 5% of the vari-
ance.

Cohort effects in the opposite direction
were consistently found for Word Fluency.
Again, strong Cohort X Age interactions for
Word Fluency complicate these cohort dif-
ferences. The pattern of the means is consis-
tent with the view that time of measurement
effects raised Word Fluency performance on
the 1956 testing relative to the 1963 testing,
thus producing the atypical cohort effects and
" the frequent Cohort X Age interactions.

As shown in Table 6, strong sex differences
were found in PMA performance. Men gen-
erally performed better on Space and Num-
ber; women performed better on Word
Fluency. This pattern, especially the strong
sex differences on Space, is consistent with
the literature on such differences in young
adults (e.g., Maccoby & Jacklin, 1974). We
found no indication of changes in this pattern
of sex differences across the adult life span—
the sex differences were quite consistent
across all the data sets. The pattern of cohort
and sex differences was similar between the
cross-sectional and longitudinal sequences.
Fewer differences were statistically reliable in
the longitudinal sequences, but this appears
to be simply a function of the lower statistical
power 1o detect reliable differences between
individuals.

Estimates of age effects differed between
the cross-sectional and longitudinal se-
quences. The longitudinal sequences showed
more increment in PMA performance during
early adulthood and less decline until old age.
The longitudinal procedure tends to produce
a more select sample due to experimental
mortality effects (e.g., Baltes, Schaie, & Nardi,
1971; Schaie, 1977) and affords opportunities
for practice effects. However, an unpublished
analysis of the larger data set suggests mini-
mal practice effects (Gribbin & Schaie, Note
2). The more benign pattern of decline in the
longitudinal sequences probably reflects less
decrement in an initially more able subpop-
ulation likely to be select with respect to
health status and other variables (Riegel &
Riegel, 1972). There is less intellectual de-
cline in old subjects from this panel who have
favorable life-styles (Gribbin, Schaie, & Par-
ham, 1980) and/or no diagnosis of cardio-
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vascular or cerebrovascular disease (Hertzog,
Schaie, & Gribbin, 1978). The data from the
longitudinal sequences may indicate age
changes in a select subpopulation for which
there appears to be relatively little decline
until age 60. After that point, however, steep
decline is evident in the longitudinal se-
quences as well.

It is interesting to note that this late life
decline does not spare any of the PMA sub-
tests. In particular, decline in Verbal Meaning
performance after age 60 is of the same order
of magnitude as the decline on other PMA
subtests. How may this be reconciled with
other data that indicate maintenance of vo-
cabulary and other verbal skills over much
of the life span? Since the PMA is a highly
speeded test of intelligence, age-related de-
cline in Verbal Meaning may represent age
decline in the speed of verbal cognitive pro-
cesses (e.g., speed of access and evaluation of
information in semantic memory) rather
than decline in verbal knowledge (vocabulary
size). Indeed, it is tempting to speculate that
much of the decline seen in PMA perfor-
mance is a function of age changes in the
speed of executing the cognitive operations
required by the different subtests. For ex-
ample, Berg, Hertzog, and Hunt (1982) have
reported that there are age differences in
mental rotation speed, as measured by the
Shepard Reaction Time Task, and that men-
tal rotation speed appears to be more highly
correlated with older than with younger per-
sons’ performance on PMA Space. Cun-
ningham and Birren (1980) have suggested
that increases with age in the correlations
among intelligence factors reflect the increas-
ing importance of cognitive speed in deter-
mining adult performance on intelligence
tests. Does age-related slowing in cognitive
speed lead us to overestimate the loss of in-
tellectual ability—the ability to reason, image
a visual rotation, and so forth-——when assess-
ing performance on speeded tests of intelli-
gence?

We introduced this article by discussing
studies that have advanced or criticized the
decremental model of adult intellectual de-
velopment. The results of this study do not
invalidate the decremental model. since we
did find reliable age declines in cohort group
means over part of the adult life span. They
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do indicate, however, that the cross-sectional
studies cited in support of the decremental
model overestimate the magnitude of mean
age decline by ignoring cohort differences.
Much of the disagreement about age changes
in intelligence may be a function of interpre-
tive emphasis. Others have emphasized the
negative developmental slopes obtained in
the most broadly representative samples as
indicative of average declines in intelligence.
Certainly, the data reported here do indicate
decline in mean performance over part of the
adult life span. On the other hand, we have
emphas:zed the small magnitude of changes
prior to old age, the large individual differ-
ences present in the data, and the limited in-
ferences that can be drawn from average de-
velopmental curves. Age-correlated declines
do not necessarily imply irreversible biolog-
ical decrement, nor do small changes in av-
eraged developmental functions imply uni-
versal decline for all individuals in the pop-
ulation.

We suggest that improved understanding
of the effects of aging on intelligence will re-
quire less attention to average trends in global
psychometric measures and more attention
to (a) refinement of understandmg of changes
in psvchometnc variables, in terms of which
cognitive processes appear to be contributing
to the change, (b) possibility of remediation
of intellectual decline. and (c) déscriptive pre-
diction of individual differences in develop-
mental patterns.
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