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- Abstract

Previous cross-sectional and longitudinal studies of age changes
over the adult life span have reported contradictory age gradients.
The apparent contradiction was -assessed by means of a new research
design, called the cross-sequential method, which .involves the repeated
measurement of members of a cross-sectional sample. The SRA Primary
Mental Abilities Test (PMA) and Schaie's Test of Behavioral Rigidity
(TBR) were administered to a stratified-random sample of 500 Ss with
quotas of 25 men and 25 women in each S5-year age interval from 20 to
70 years. Seven years later all Ss who could be located were contacted
and 302 Ss were retested. --Significant cross-sectional age changes were
found for all variables studied, but longitudinal age changes occurred
“for all cohorts only for those variables where reésponse.speed was of
importance. Analysis of the comparative age gradients suggest that
age changes over time within a given individual appear to be much
smaller than differences between cohorts and that the steep text-book
" age gradients represent no more than the effects of increased environ-
mental opportunity and/or genetic changes in the species. Further
implications with respect to revisions in current thinking on adult
‘age changes are discussed. . . ‘ o '
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One of the pervading problems troubling the developmental
psychologist who.is interested in studying sge changes over the adult
life span has been the consistent reporting of contradictory age
gradients found as the result of cross-sectional and longitudinal
inquiries. Many cross-sectional studies report peak performence in
the early twenties or thirties ‘with’ steep decrement gradients there-
after (cf. Jones & Conrad, 1933; Schaie, 1958). Most longitudinal
studies on: the other hand report no decrement at all. In fact,
slight gains in performance are recorded at least into the mid-fifties
(Bayley & Oden, 1955; Owens, 1953). It has been argued that these
contradictory findings can be accounted for.by.systematic :sample
attrition in the longitudinal studies, which tends to eliminate more
Ss of low ability. It is also observed that none of the longitudinal
stlidies Have yet: reached the sixties and seventies, the age range
- where the ‘greatest decrement has been noted in the cross-sectional
findings (Jones; 1959). ' The cross-sectional results have also been
questioned because of the difficulties in the,adequate matdhlng of
.- sub-samples over extensive age ranges (Schala; 1959a). - ALl these

‘eriticisms: of:both the cross-sectional and the longitudinal method
may:be well taken.: They are unsubtle however, in that. they: overlook
the meﬁhodolagical problem whlch 1s thg erux of the difflculty. .

It v1ll ba shmwn elsewhere that the conventaonal cvoss-seetional
' and longltudlnal methods -are simply speclal cages of a general S
. developmental model -{Schaie, 196L4). Leti us- point. out here that they
- can -‘be expected to yield similar age gradients only under very :
éexceptional circumstances. : The basis for this statement is. the fact
that the cross-sectional method compares scores for samples.of .Ss° at
‘different ages“who. belong to different cohorts. (generatlons) but -are’
‘measured .at the -same point in.time, Differences between: age- groups
“could therefore be a function of actual age differences., or. they - could
be a function of differences between cohorts, -or due to both age and
cohort differences. In the longitudinal method, one compares scores
for a sample of Ss, belonging to the same cohort, measured at different
ages, each measure taken at a different point in time. Differences
here can therefore be a function of age differences, or of effects of
the environment upon the sample over time, or due to both age and
time differences. It follows that similar age gradients can be
obtained from cross-sectional and longitudinal studies only if age
differences are due to maturational phenomena alone, unrelated to
any genetic or cultural variation. In most instances therefore,
the cross-sectional method will always confound age differences
with cohort differences and the longitudinal method will confound
age and time differences.

It is possible to handle the above mentioned difficulty by
deriving a:designwhich will ‘permit the joint analysis of age, cohort
and time differences. In’ prlnciple, this design’would call for: the
longitudznal study of sncce531ve cohorté ‘over- the entire age range of

‘jlnterest. Such a de51gn 1s, of courSe, not feasible due 'to the usual
attrition problems &s well as thé limitations of the imvestigator's

own’ lifespan. ‘An efflcient de51gn, can; however, bé- suggested which

will permit a ‘rélatively short-term investigation of:the>problem.

The proposed design will be called the cross-sequential method since
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it involves the sequential analysis of data from two or more Cross-
sectional studies. To be precise, the requisite design involves the
re-examination of a cross-séétional sample after a suitable time
“interval.2 This' design not only permits the evaluation of crogs-
"sectional ‘age gradlents at two points in time, but it also permits
the construction of 'z composite longitudinal’ age. gradient, each
section of which- will represent the age change for a given cohort over
“a constant time interval. Since the effect of environmental.change
will be congtant for each age group, it may therefore be argued that
differences ‘in such change ought to be due to the effect of matura-.
tional varlance, and that-the composite longitudinal age gradient
offers a more proper comparlson with the cross-sectional findings
than would oe glven by a conventlonal longltudlnal study. :

Procedure o

* The SRA" Primary Mental Abilitieg Test (PMA) the Test of Behavior-
al Rigidity (TBR) and a socio-economic status. ‘qguestionnaire were
administered to a stratified-random sample of 500 Ss. Subjects were
sampled from the membership of ‘a prepaid medical plan with quotas of
25 men and 25 women from’ each five year age interval from twenty. to
‘seventy years of age (Schaie, 1958). Seven years later all Ss who
could be located were combtacted and 302 Ss were retested with the same
1nstruments. The retested Ss are .distributed spproximately equal by
age, with a slight preponderance of female Ss. -Comparison- of ~socio-
economic data for the original and attrited sample ‘suggest that the
attrition was fairly random and not 51gnificantly biased by socio-
economlc factors R , ‘ ,

- The ana1151s ‘of variance was - used to test the. signlflcance of the
age~cohort (cross-sectional) and age-time (longitudinal) differences
and their interaction with sex-differences. Results will be reported
for the Ss tested on both occasions for variables involving intellec-
tual ability, response tendencies and-attitudes. These include in
the area of “intellectual abilities the variables of Verbal Meaning,
Space, Reasoning, Number.and-Word Fluency. Following:the PMA manual
(Thurstone & Thurstone, 1949), scorés were derived ‘also for a’ ‘general
index of intellectual ability (V + S + 2R + 2N + + W) and an index of
‘edueational aptitude (2V +'R}. From the Test of Behavioral Rigidity
(Scheie, -1955; 1960), data are reported on the variables of Motor-
~cognitive ngldlty, Personality=-perceptual Rigidity, Psychamotor ..

‘spéed ‘and -a scale of Social Responsibillty (Gough, McCloskey & Meehl,
©1952:- Schaie, 1959b).. :To facilitate comparisons, all scores were
transformed into T scores with means of 50:and standard deviatlons of
"10-using as a base the first test adminlstratlon to a sample of -1000
ad’dlt Ss (Schaie & Strother 196&) : :

~2The repeated measurement aspect is a convenient but not & necessary
feature of the cross«sequentlal method. ‘A cross~sequential study with

- independent ‘samples .on’ the different measurement occasions. will be

reported elsewhere (Schaie & Strother, 1964).
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, Results T

The resultseof the analysis of variance, reported 1n Table l
yield cohort differences 31gn1f1cant at. the .001 level of ‘tonfidence
..for all variables except: social respon31billty.3 The repllc&blllty

of cross-sectional ‘sub-gample: differences over two adminlstrations

© .. for measures of ability and- cognitive response- style is thereby ‘

. demonstrateds:~ Quite different findings oceur. for: the analysis of the

. longitudinal ‘time. differences. If the hypothesis of intellectual

~ decrement with age is Justzfied then one should expect that over a
seven year interval, decrement will occur at every adult age level and
for ievery cohort followed over such a period of t1me. Such' pverall
time differences; however, were found to. be signlflcant only. for two
variables which are primarily measures of response speed and fluency
(Verbal Meaning on the PMA and Psychomotor Speed on the TBR) and for

- the intellectual sbility index -of which the Verbal Fluency test is a
component. It must be concluded therefore, that the cross-sectional
;.differences for alliother variables represent dlfferences between
-:generations*rather than age changes. o : o -
Matters are not(qulte as straight—forward as they mlght appear

.+ at 'this point. ~An account must -be rendered for the numerous ‘significant
. ‘interactions between the time .and cohort levels. Such,smgnaficent

" interactions . imply that there are positive.age changes.for some cohorts
gnd -negative .changes for others. -Intersctions .significant at the .001
. level of confidence were found for all variables except Space WOrd
-‘Fluency and Motor~cognitive Rigidity. .

Addltlonally, the analy51s of variance revealed signlfxcant sex

”¢ﬂﬁdifferences for Space and Psychomotor Speed. A 31gn1ficant triple
. . -interaction between. time, -cohort -and sex was furthermore found for

7;;Number. The latter finding . suggests that the shape of the age gradient
~4for Number w1ll dlffer for .men and women.;nv_g< \

D Test-retest reliabllzty estimetes wene also dbtained from the
. analyses of. varience which, as reported in.the last column of Tahle
‘w;ly -range from. .64.for Motor-cagnitive: rlgldity to. .9h for the PMA

«g%?estlmate of intellectual ablllty., R e

RS We must next .concern. ourselves with the problem of constructlng
-appropriate gradlents which- will permit comparisons between  the cgross-
séctional: and longltudlnal flndlngs provided by-this study.:..Tables 2

sto 12 report .mean: scores for ‘each .of; ‘the ‘eleven variables separately
.+ by:sex-and' measurement occasion. ' The. combined. means for both sexes
i tapée-also: .repobted  for both times- of measurement. These latter data

. Yere used: to construct.the: Age. gradients.since none of the sex—txme
interactions and only one of the. sex-timé-cohort interactions were
found to be significant at or beyond the 1% level of confidence.

‘ The last two columns..in. Tables- 2 to. 12 give the pred;cted mean
" Scores for the: youngest group of 88 (Cohort .10) for the age. range from
25 t6-T0 years as: obta:ned from cross~sectlonal and longitudlnal data.,

BTN ;‘vs.

3The social responsibility measure, however, attains cohort differences
significant at the .05 level of confidence.
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The cross-sectional estimates were obtained by .averaging the two mean
scores available for each cohort.- The longitudinal estimates were

- obtained by calculating average age changes over a flve year 1nterval
for each age interval.in the range covered. To reduce sampllng
variability each estimate was. based on two cohorts. For example,
the. longitudinal .age. change from 25 to 30 was computed by subtracting
the mean scores for cohorts .9 and~l0 obtained in 1963 from the
corresponding mean scores in 1956 and then multlplled by 5/7 to
adjust for the disparate time span. A composite. longltudlnal gradlent
can then be constructed beginning with the known average base of the
cohort. -Similar predicted longltudlnal gradlents could, of course,
also be constructed for each of the other cohorts by .adding or
subtracting the longitudinal . age changes . from. their known base._'

- Figures 1 to 22 prov1de grephlc representatlons of the various
age gradients. Two .sets of gradients are provided. for each variasble.
The  first figure in each case presents the two cross—sectlonal
gradients at the two times of measurement.  This comparison may be
used to identify the age level at which no further 1ncrement in
test performance occur and/or where decrement begins, Vlsual compar-
ison is also offered here for relative magnitude of change over time
for the various cohorts measured in our study.

- The second flgure for .each. varlable, however, is of greatest

- interest as well as theoretloal and practmcal importance. Here we
compare the age gradients obtalned on the basis of .the current
performance of individuals:at different ages vho are members of .
different cohorts w1th the. estimated longltudlnal age gradient for a
- single -cohort. - If the cross-sectional age differences for a given
variable were a function solely of maturatlonal change, then one
would expect the two gradients to coincide. If, on the. other hand
cross-sectlonal differences include the effects of dlfferentlal
env1ronmental opportunity. and/or genetic changes in the spec1es,
then one would expeect discrepancies between the two gradients.
Whenever cohort differences are in the p051t1ve direction (i.e..
Improvement of the species with. respect to a glven variable) the
cross—sectional gradient will have to drop below the longltudlnal
since in such case the performdnce of an older cohort will be. below
that of a younger even if there is no maturational age change
vhatever. Conversely, the longltudlnal gradient will fall below the

. .eross-sectional for those variables wnere there is decrement in

.ability over generations for the. populatlcn samnled

v In the follow1ng(paragraphs we. shall examine the age gradients
for each of the variables included. in thls study and shall attempt
to hlghllght approprlate inferences to be drawn from these flndlngs
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"‘VerbéliMeaniﬁg,(V) ‘This is the ability to understand- ideas:
expressed in words. - It is 1mportant in any activity involving the

“transmission of verval ‘or writteén communicatlon.~ The cross-sectional

data plaCe the ‘péak -on ‘this ability ‘at age 353 ‘and 'suggest 4

. decrement from peak age ‘of ag much as 1 popdlation standard
'“dev1ations. The cross—sequentlal ‘Bnalysis; however, reveals that

actual decrement does not occur fo¥ any cohort until age 60. - The
longltudlnal ‘data plece the’ ‘peak -age for V &t ege 55 and indicate:

' that the decrement for the remsinder of the range studied is léss:

“than half a 31gma and ‘that the predicted me&an ‘score-at age TO is:

”"still ‘gbove the mean score ‘for-age 25. The steep ‘cross-sectional

gradient must ‘be ‘@ttributed to increaséd leéevel ‘of ‘verbal ability
in successive cohorts, presumably ‘due - to-inereasingly favorable:
environmental experience. It will be noted that the improvement

3 gradlent is reaching an asymptote.”‘ln faet, cohorts 8 and 9 (born

in ‘the late twenties- and early ninetéen thlftleg) show a more -
favorable position than the ‘last ¢chort. Comparlson of the two

”gradledts suggests ‘that 'age: ‘deerément on V ‘within generations:is

quite mild“and prdbably not gériously’ disabllng untll very old X

" age (see Strother Schale & Horst, 1957)

Space (S) is the abllzty to think’ about objects 'in two or three
dimensions and is important in belng able to see the relations of
an arrangement of objects in space. Signlflcant sex-differences in

-favor ‘of ‘males occur for-this ability. ‘The age gradients, ‘however,

malntain ‘the' same shape for Both sexes ‘gnd - joint analysis seems -
thefefore*warranted. The peak’ age- estimated by-the cross-sectional

igradlent for ‘s-is at 30’ years. ‘The decrement:from:the peak level
1) age 70 is approximately l% S. D.- The cross-sequential analysls

;shows an-ability plateau "from approximately 35 to 55 years.  The"
”1ongitudinal data places ‘the actual peak at age 35 ‘but also show'that

the age changes over ‘the entire- range studled are almost - trlvial
and”that’the miximum age decrement is less than 1/2 S.'D. The

steep cross—sectional gradient must agdin be attrlbuted to ineredsing
abillty for successive cohorts on S. - Here to0,’ an’asymptote seems

1o appear with the last two cohorts showing ‘approximately comparable

“>ability. ‘These results ‘may Have' 1mportant 1mplicat10ns for -

retirement practices involv1ng pilots, draftsmen engineers and other

‘ ,occupetions whlch require’ high level of func¢tioning on'S. 0lderi
o members of such professions have in the past ‘compared unfavorably

with their® younger peers,: in' the' light of these” results, not bécause
their ability had declined, but: because’ the younger generation had
greater ability to begin with. If an asymptote has been reached,

"fhovever, the apparent decrement will be lessened or will no: longer

" 'gppedr when the present generatlon will be eompared with younger

©irdividuals. 7

Reasoning (R) is the ability to solve logical problems, to
foresee consequences and make and carry out plans according to recog-
nizable facts. The peak age for R is estimated at 25 years by the
cross-sectional data and the maximum decrement exceeds 1% standard
deviations. The cross-sequential data show continuing increments

until age 35 and a plateau until approximately U45. The longitudinal
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“data place the peak age for this. abillty at 40 years and do not show
. any substantlal decremert until 60. There is a drop of close to 2/3
S. D. from peak age, a longitudinal age change which barely reaches
. significance at the 57 level of confidence. Differences among gener—
ations are again much in excess over the decrement within & given
”generatlon The cohort gradlent for R has not yet reached its asymptote
but it does show leveling off for the last three cohorts. There is
- some question whether the time limits imposed in this test are too
stringent and ‘it is poss;ble that the longitudinal age gradlent might
: flatten out further in a compardble power test.

Number - (N) is’ the ablllty to work with flgures and ‘to handle
s1mple quantitative problems rapidly and accurately. The cross-
sectional data place the pesk for ¥ 'at age 50, with an approximate
% sigma gain from age 25 and an approx1mate decrement of k/5
standard deviations until age 70. Actual gain here occurs until age
65. The .longitudinal gradient is considerably flatter than the cross-
sectional with the 70 year old ‘level predicted to be above the perform-
ance of the 25 year olds.” The maximum age decrement at age 70 is
less than % sigma and probably of no practical consequence. The cohort
‘gradient here is quite curvilinear and suggests that an ability peak
was reached by the generation born in the early twenties with a slight
but not statistically 51gn1ficant decline for the subsequent -cohorts.
"There are differences in gradients for men and - women , w1th less
decrement for the female Ss

Word Fluencx (W) is the ablllty to write and talk easlly. It is

measured by emlttlng ‘the largest possible number of words beginning
" with a given ‘letter 'in a brief period of time. The cross-sectional’
measures for this attribute place the peak age for W at 35 years and
note a- decrement of approximately 1 S. D. The cross-sequential
~ analysis, howeveér, notes decrements: for-every cohort béginning at

age 25, at- which age the longitudinal analysis would pl&ée’ the peak
performance. A- hlghly 51gn1ficant longitudinal age differerice is
found here which is'much in excess of- differences between gehérations.
In fact, the léngitudinal estimates predict a decrement of 2% standard
deviations within a given cohort. The cohort gradient for this
varlable is negative and suggests that we are only about to reach a
low asymptotlc level. What is the explanation for -these findings?
‘Tt may be suggested that Word Fluency is a highly speeded test which
requires a quick response and emission of ‘familiar material. It is
well known that reaction time increases as & function of age. - Word
Fluency may therefore perhaps be a better measure of physiological
, than psychological response cap301ty. -What sbout the negative cohort
gradient? ~Just as an“enriched enviromment leads to higher ability
levels so does it obviate the necessity for phy31cal exertion. - The
present findings certalnly suggest decrement in the fluency and
response latency of succe351ve generations. Similar investigations
with purer measures of speed and response. strength w111 of course,
be requlred to. confirm thls inferenc
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~‘Index,g§;1ntellectual Ability.- -This index ig merely a compasite

_-of the five PMA variables weighted apprggima¢e1yiinyérée1y,%oftﬁéir
. standard deviations. It.should give & reasonable estimate of a .

_person's general level of intellectual functioning. . The cross-sectional

data place,phe‘pgakffppﬁthis:globalﬁmeésure;at,agefSSjand_Yield{a'

. decrement gradient in excess of 1% standard deviations. The cross-

. - sequential study. shows incpemept.pn'tﬁisLméasﬁre'dntilﬁagéﬁ35 and

decrement for all ages thereafter. The longitudinal gradient

vg~for_this;measureuisfggmarkably_similaffﬁo,theférds;ésé@tipnal_gradient.

‘The absolute maximum decrements are almost alike, but the longitudinal

gradient is not quite as steep. It appears that inclusion of Word
Fluency, with its. steep longitudinal decrements at older ages, has the
effect -of matching the decpemenﬁ_graﬁientAwithin,ggher@tigns closely

. :to that. between -generations ‘for af¢omp9sité;hsasnre'bffintglligén¢e.
" The meaning of composite measures of intelligence for developmental
- .studies must therefore be viewed with great caution.. t 1

.. 'Index of Biucations) Aptitude. Thurstone (1958) has advocated

that the combination 2V.+ R has been found to be & convenient .
schqlastic, aptitude measure which may also be used as a verbal IQ

messure similar in.meaning to the quotients yielded by tests such

- .as the Otis or Kuhlmann-Anderson. This index does not coptain any
- - highly speeded measures and our findings. therefore differ markedly

from those given for the global index af intelligence.  The cross-
sectional ‘gradient ggain‘attainSva:pe@%;at_agg’3S_§ndbﬁhE,ma$imH@
decrement amounts to 1% standard deviations. Actual age changes,

" -However, shaw. increments-up to age 55, the peak estimated by the

‘lopgitudinal data. The meximum decrement for this index is less

than-%-sigma, ‘and the estimated level at age 70 is above that found

- at-age 25. -The -eohort gradient for the index of educational aptitude

appears to-have reached an asymptptgfyipg1cqmpépabie“lé¢e;8f6f o
ability.fér the last three cohorts.. These results have obvious

. -implications for educational -pelicies and points to-the éver increasing

importance- of gﬁult,eduqatibp;prqgrqms,A;It'mdreover'sqggeSts thét

. future manpower ‘retraining prograus.mey well be effectiyely utilized

. " throughout the adult working force yithout particular age limitations.

- Motor-gognitive Rizidity. (MCR). Thisimeaéu?é'i@di¢éte§'£héf
individual's -ability to shift from one .activity to another, It is a

.. ‘measure of effective adjustment to shifts in familiar patterns and
. .continously changing situational demands. The cross-sectional

gradient for. MCR peaks at age .25, shows\éffairlywétabledplateau;from

30 to 50.years and then declines steeply, with a paximum decrement of

PENE A standgrqﬂdeviations..,Thevqrosgfsquentialustuéy found increments
.for:all cohorts except the. next to the oldest group, ‘As a result the

" < ran <

.festimatedqlongitgqingl.gradientjshows;positivq,acceleratioh’Wiﬁh,a

peak ‘at age 60.and & virtual plateau until age 70, This variable

-.-shows -a prediqtgdLléngitudihal4ga;nJinzéxc¢ss'Qfﬁ%wSigma;,,Thé;¢6hort
" gradient is correspondingly steep, and has not yet reached an asymptote.

We find some difficulty in evaluating these unexpected findings, It
is, of course, conceivable that as a result of a life-long practice
people do get more proficient and flexible in dealing with the demands
of femiliar situations. We are somewhat concerned, however, that
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there may have been some. practice effect. on this meagure which involves
somewhat unususl tasks which may have been remembered by the Ss.
Another problem is the possibility that more careful administration
-and scoring might have led to some systematic increase in scores
obtained for the second testing. Nevertheless, the results are such
that it should at least be. concluded that there is no MCR decrement
- within geneérations, but that there are highly significant and still
ongoing positive shifts in the level of performance-on this variable
over successive generationds.- 7 - . R v ‘ .

Personality-perceptual ‘Rigidity (PPR). This measure indicates
the individual's ability to adjust readily to new surroundings:and
change in cognitive ‘and environmental patterns. It is a measure.
of ability to pereieve and adjust to unfamiliar and new patterns
and situations: The average cross~sectional peak here is placed:at
age 25.% Maximum decrement for PPR amounts to slightly above 1
standard deviation. The cross-sequential analysis shows decrements
beginning with age 35, but there are several reversals, with an
increment appearing as late as the next to the oldest cohort. There
is no distinct longitudinal peak but instead a peak plateau extending
from 30 to 50 years.  Maximum' décrement is approximately 2/3 sigma,
'indicating that there ik’ some'within generation loss in flexibility
in adjusting to unfamilisr patterns. This loss becomes noteworthy

~enly in-the late sixties and éven seventy is predicted to be only
approximately % sigma below the status at age 25. The cohort
gradient, while significant, is muchless’steep’than for most other
" ‘varisbles. It is positively accelerated, however; and has not yet
reached its asymptote. - ’ o T

quchOmofor Speed (PS). ' This measure indicates the individual's
‘rate of emission of familiar: tognitive responses. 'This measure is
“the other variable in our battery:which is highly speeded and the

" resulting age gradients are conséquently quite similar to the ones

"obtained for the PMA measure of Word Fluency.  The: cross-sectional
gradients peaks at age 30 with a maeximum decrement of 1.2 standard
deviations. - The within generation decrement here is' larger than the
- ‘between generation differences:  Decrements over time are noted for
‘every cohort studied. The longitudinal gradient peaks at age 25 and
" shows & predicted decrement in excess of 2 standard deviations. It
appears then that the cross-sectional data on PS underestimate the
within generation decrement and that this is another characteristic
‘where the level of ability for the population has declined for
successive generations. : The inter-generation decrement curve appears
to have reached its asymptote sinhce the ability for the last-‘two.
cohorts are roughly comparable. PS shows sex differences. in favor
of the female Ss. The age gradients, however, asre similar for both
sexes. R B ) L . o !

'yThis.waéAthe 6@1&‘variable,fof,ﬁh1¢h the peak ageb;bbtainéd’in‘the
cross~-sectional gradients differed between the two test occasions.
In 1956 the peak appeared in the 31-35 year old group, but the 21-

25 year olds obtained the highest mean score in the retest.
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 Social Responsibility(SR). The final variable to be examined
has slightly different characteristics\from,the.rem&inder.Gf;eur
‘measures in that.it is strictly.an. attitude geale. This is the.only
variable for which.cohort differences failed to reach the .0l level
.. of confidence in the variance analysis. -However, cohort differences
' were found:to be significant ati the 5% level, and the crossrsectional
gradient peaks: at age 55, with an- increment of 3/U sigmg-from . @ -
..ithe youngest age.and a decremeni of % sigma until ege 70. Imcrements
-over time occur for SR for all cohorts until age 55. The longitudinal
gradients peaks at ages 50 and 55, . Increments and decrements are
. .quite similar to.the eross-sectional  findings with a somewhat ‘smoother
_decrement gradient after age 55.. We must conclude that the cohort
differences for SR are adequately accounted for by maturational.
changes in attitudes, except for the'thrée oldest cohortis where some
. ghift over generations in favor of more responsible. attitudes seems
£0 0CQUYN © . vt bl ey T R e o ‘ .

Conc;usiods

...  Thé most important conclusion to:be drawn from this.spudy -
aféohsists;of>the-fiﬁding.that_a;majerﬁpoxtionﬁoﬂ;the,variance‘attributed
. to age differences-in:past cross-sectional studies must properly be
assigned . to differences in.ebility between successive generations.
Age changes over time within the individual appear to be much smaller
<. than: differences-between. cohorts,and text-book age gradients may
.. represent no mbre,than‘the‘effectaAof;increased‘epvixonm@ntal'opportu-
nity and/or genetic¢ improvement in the species. .- The. findings on.
1ongitudinél age changes suggest further that levels of functioning
" attained -at maturity.may be retained until late in life except where
- decrement in response strength. and latency interferes. The finding
that many of the cohort,diffarence.cgrvés'appearnto reach asymptotic
levels moreover,isuggests;many-implications;fop'aQult,edqcationgand
. retirement: practices. - S T ST
. . -There are. several serious limitations to' the present study. All
. our estimates are based on two points in time and it:is conceivable
- that we have selected a particularly atypical time span for our study.
*"* The only remedy for this problem is, of course, replication gver a
different time span. The>second problem is dye to the possible effect
_of practice on test performance; A4 seven year span appears long-
enough to take care .of this. problem,.but. it:ecannot be. dismissed as
.~ - being altogether trivial. Moreover, it is conceivable that the
subjects whom we were able to retest do not represent a truly random
sanmple of:the. original population, a problem implicit in any repeated
measurement study. . The latter problem is currently being dealt with
by repeating the present study with an independent sampling design.

A new random sample was drawn and tested in 1963, the results from
which will be compared with the entire original 1956 sample. These
data will permit estimation of the effects of practice and contribute

“ further iniformation on the validity of our’ estimated age gradients.
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Table 2.

Megn Scores for Verbel Meaning

Female

E ‘Male CTotal " Average  Average
Cohort S o Cross- - Longi-
{Age) 1956 1963 1956 1963 "~ 1956 - . 1963 .. Sectional tudinal
1:(70) 42,1 © ho.7 LML bl B3.10 0 b0 b2l 55,7
2 (65) 2.9 L40.6  U5.7 ¢ ML.T- bh.3 o MLL 42,7 . 57.6
3 (60) 48.2 §7.9 - 48.5 .. 5.4 4B.3 . k6.6, . WT.5. - 59.3
v (55) 53k 55.1 o WT.B . b9.3 . 50.6.  52.2. . SLh 59.6
5 (50) 50.2  52.1  56.b.: 53.1. 53.3 54.6: - 53.9 | 1 58.6
6 (45) 49.6 - 51.8 s54.2 . 54.r . 51.9 . 52.9" 52.4 5T7.8
T (kO) 55.0 56.7- 55.8 . 56.4 . 55.h  56.6. 56.0 57.0
8 (35) 55.9°  57.5 56.2 -~ 57T.F. 56.1. 571.6. 56.9. - 56.0
9 (30) 53.% s4.7 © ST.7T ..+ S58.4. 7. 55.5 56.6 56.1 1 55.1
10 (25) 7.3 Sh.5 - 5.7 ¢ 56.3. 0 51.0 © . 55.h 53.2 53.2

.:Table 3.: -Mean Scores for Space

e Male " Female . Total Average  Avérage
“Cohort - - . - - ‘ Cross- +-Longi-
‘(Age) 1956 1963 1956 . 1963 = 1956 1063 = | Sectionsl __tudinal

1 (70) Lkh.9 40.3 ... k0.3 - 39.9 = k2.6  Lo.1. 4.3, © 53.5

2 (65) 47.2 L4 .8 43.1. . 39.8 4s.2 - k2.3 43.7 . 854

3 (60) 53.7.. 51.0 - k2,2 - Lk2.8 . 18.0 46.9 Ty 56.8

4 (55) k9.5 Yr.7.. h4h.3 - b6.3 46.9 47.0. 46.9 S 5T7.3

5 .(50) 50,7  48.7 -+ 51.1..: 50.5.°  50.9 49.6 50..3 © 56.7T

6 (k45) 51.2 51.8 - 46.6 - 148.3 - L9.0 50.1 49.5  56.7

T (40) 53.6 - 53.L. 49.9 - ko - 51L.T  50.8 . 51.3 - .56.6

8 (35) 56.4 - 57.3 . 52.4 © 50.5. . sh.b. 53.9.° 5k.2 L 5T.1

9 (30) 57.5 58.9 .~ 56.1. . 56.r.  56.8 - 5T.5.. 57.2 .56.6.
10 (25) 58.0 58.7 51.7 . 5k .k sk.8 . 56.6. 55.7 . 55



i Table Wi Mean-Scores for Reasohing

- €ohort

—are

1956 ..

1963 .

19567

. Female

1963 <

T Total

. 1956 0.

1963 B zzwl e

" Average

Cross-

Seetional

‘ Average
- Longi-~

tudinal

Y’ (7o)
2 (65)
3 {60)
¥'{55)
5 {50)
6 {(45)
T (40)
8'(35)
9 (30)
10'(25)

39.9
41.6 ¢
L7.5 -
50.6 -
49.5 ¢
52.0°
51.5
5.0
56.1
5k,5 .

37.8.0°
39.8. -
RS
49.9.. "

b9k
52.00

k9.7

56.2
55.9°
55,k

43.0: .7
Lh.5
46.6 -
BT.6
54.8 .0
52,301
52.5 .

UosT.2
G. 56,577
- 5802"

39.9° .-
h1.27.:0
45,5 ..
KT.3 .
53.T-«
51.5. -+
sh.3.
58.0 ..
58.6 . ‘.

60.0 <

b1.5 .
43.00 -
h7,0; ?
52,20 i
52.2.
52.0° "
55.6:.
5.5
56.4

38.9 !
M5
45.0 "
48,1
51.5.

f 51.8 . ¢
52.0, ¢
57.% ¢
57.3 - %,
5T.7

. Tgble'S. ‘Mesn Secores for Number

40.2
41,8
b6.1

49.9
51.9-
52,0+
5.9
56.3 .
56.8
57.0 ¢

T53L kL
155.2.
56,9
{581
. 58.k:
5941
T59L3
58, T
1 5T.9
" 57.0.

S Cofert i
_ g5

1963

Femte

1956 %

e T

1956 -

i963. L

J-A&érage

Cross-
Sectional

Average

: Longi-

mudingl

= {Aee).
1(70)
"2 (65)
3 (50)
U (55)
- 5(50)
6 as)
"7 (o)
8 (35)
9'(30)
10 -(25)

ST
CORTA
9.5
51,5
sh.1
55.0:"
51T
g
49.2%
2.6

h3v3: " g

Bh.5. -

48.5. ¢

52.0 -

55.7 « -
54.3. ¢
54,55
50.5
51.3"‘--;‘-'

48.0:-
ks.2. -
48.0"-
50.T
53.5 -
B7.50
53.2 -7
h8.2 .

' 51.3- -

49.7 7

1963 ':
hs_ 50
R T i

©48.g BT

48.8 .
5.k
51.F. <
51.7 °

50.0.

RN R
Sh.k .o

4.9
h6.2..0-

51.% .
53.8 '
51.00 ©

S TR

51.5 <
50.2 -
L6.2

bl
43.9.. |
8.7

50.8 .7
53.7 -
52.3.
53.%
53.1 .7
51.1. -

'50.6 . -

: [

45.6
45.0'"
L8.7"
51.0
53.8
51.7

52.9 "
52.3:¢
50.6

Y SHAN

505
. 52,2
~:53.0

- 53,Y
532
.:52.8°
(52,0

< 51.1
50,3
hBLL



.. ...Table 6. Mean Scores for Word Fluency

Male Temale Total “Average  Average

Cohort "~ 5 : Cross- Longi-

(Age) 1956 1963 . 1956 - 1963 1956 1963 || Sectional  tudinal
1 (70) b7.4 h2.0" 46.1 hl.é 46.8 h1.7 ‘b2 25.6
2 (65) 50.1 43.6 51.1 - u3.é 50.6  b43.7 u7.2 29.9
3 {60) 52.1 48.7 - 51.0 . k42.0 . 51.6 47.6. 49.6 33.8
b (55) 53.4 48.1" 53.4 . 49.9 53.4 k9.0 "51.2 36.8
5 (50) 50. b 4b7.9 . 7 59.T . 55.1 55.1  51.5 || 53.3 39.6
6 (L5) 51.2 k9.1 . 56}h‘, - 52.7.. 53.8 - 50.9 52,4 k1.9
T (%0) 53.4 " 48.8.  55.1 . 52.5 54.3. 50.7 52.5 k.2
8 (35) 55.8 - 52.3 58.6 < 51.h4 57.2 51.9 54.5 WT.h
9 (30) 51.9  50.6 53.5 52.3 52.7 © 49.9 52.1 k9.8
10 (25) 48.3 51.1 ~ Sh.3 49.2 51.3 %9.9 i 50.7 50.7

" Table T.. Mean Scores for Intellectual Ability

, Male | Female Total | Tverage  Average

Cohort - L Cross-~ .Longi-

(Age) 1956 1963 . 1956 1963 1956 1963 | Sectional tudinal
1(70) k2.3 3.2 433 39.6 k2.8 38.9 |l k0.8 40.8
2 (65) k4.6  L0.5 Lh.6 39.7 44,6 4o.1 h2.h k5.5
3 (60) 50.7" L7.b4 46.9 45.1.  48.8 46.3 47.3 - k9.9
4 (55) 52.0 50.6 ~ L8.9.  L8.0 50.5 k9.3 49.9 51.2
5 (50)  s52.h4 50.7 . 56.6.  55.8 5.5 53.3 53.9.- ~ 52.0
6 (45) 53.9 53.% . 50.3 .. 51.1 53.6 - 50.T 52.2 53.5
7 (40) 53.7 53.4..  55.1. . 53.8 ©  sk.b 53.6 54.0 - 54.8
8 (35) 57.0 57.1 55.1 ~ 55.%. . 56.0 56.2 56,1 155.0
9 (30)  Sk.0  Sh.T 55.7  56.5  5h.9  55.6 55.2. - 5k.5
10 (25) 49.3 54.9 sh. k. 54.7. 51.9. 54.8 53.3 53.3




Table 8. Mean Scores for Educationgl Aptitude

':ééhbftb .
(age)

'Q.vﬂMalé :b;”

-df:fFemale

1956

1963.

1956 -

.~ Total

-?;1963?l

| Average '
‘Cross-
vaecpional

Average

Longi-
-tudinal

1 (70)
2“(§S)
3 (60)
¥ (55)
5 (50)
6(15)
7 (ho)
8'(35)
9 {30)
10 (25)

11956 . 1963
8.9 ko.2 -

¥2.9 - %0.9 -

48.3°  U7.3

T 8.3

53.0 ©  53.8 . -

50.3 51.6-

50.4  52.1

Sl  55.25

©ogh.g o

55.5  5T.4
54,3 ;ss.2~
ngaf' 54,6 -

59;

T

45.7

56.2"
54.0 -

©57.6

55.8 "

©o 1.8

ho.9;iﬂf

s T

4.0 - 9.1

56.2.

o 53.6..

56.1° "o
58.0 .
58,7 .77
57.#:{f

. 5303‘ .

. 52.26

43.0:

- Ly, 3:
8.3 -
50.57 . .

5h_7;.:.

56.1
55.90.
52.8

o 53,
52,

.. ho.s.

L1,
L6.

51.

55.
5T.

57.0:,
- 56.0

Mear: Scores’ for Motor. Cognitive

=

- o v v U w

T 41.8

42.8
4.4
51.0: .
53.6
52.5;
5L.k .
56.9 -
56.4- -
Skl

< Rigidity

554
57.3.
i59;of
%§9vh{

58,8

.58;3

57,8

568
(Sy\h

~ Cohort

" Female

1956 "

1963 -

::'Total

1956 .

1963

Average

Cross-
Sectignal

Average

- Longi-

(Age).

© 1+(70)
2 (65)
3-(60)
b-(55)
5-(50)
6 (15)
7- (o)
8-(35)
9 {30)
10-1{25)

';1956ﬁ7WwA1963,;.

I R
hgsﬁf ‘§h5-8‘ g

L7:3° 49,3

5%:9 ;53.H-r<

53:4 - 55.0. 7

51:3°  56.3

53.5 . 54.9

s5h.5  53.8

56.0-  57.3-

ho.9 .-
48.2. °
R
k6.9
53.7
51.1 <
49.9- .
53.9.
54.2.
56.6.

41.9-

45.6. -

48.7.

51.4
54.9. ¢
52.7. .
Sh.T.7%
53.3..7
52.2 ¢

55.1

§3.2.
b7,
MT.
49.

o € O

52.

|9}
w
= o~ o W

56.3

Lh.6 .
45.7 .0
49.0
53.3 -
54.2.
53.9.."
55.5 -

54,1,
53.0 .
56.2 -

13.9
46.5 -
48 .b

51.5

53.5.
53,1
53.1-
53.9.

53,7
56,3

4ftudinal
640
6.1
6u.2
{\6?}5
 60.7
. 59.7
57.4
. 7b3.5
.55.T
.56.3;



Table 10. Mean Scores for Personality-Perceptual Rigidity

“Male Female Total 1 Average Average

Cohort Cross- Longi-

(Age) 1956 1963 . 1956 1963 = 1956 1963 _Sectional tudinal
1 (70) 46.6 43.3. - 45,3 k.1 k5.9 43.7 44,8 - 49.6
2 (65) 46.6 L3.7 . L8.h 45.3 42.5 L4.5 i 46.0 51.5
3 (60) 49.9.  L4k.o. . 19.0 46.7 k9.5 b5,k 47.5 54.0
L (55) k9.0 47.8 49.0 ¥7.8 . . 9.0 L7.8 48.4 55.9
5 {50) 51.1°  50.0 53.5 = 52.5 52.3 . 51.3 . 51.8 56.8
6 (45) 48.1 bo.1 . h9.2  52.1. WB.T 50.6 49.6 56.8
T (40) 55.1 52.3 50.5 52.3 52.8 52.3 52,4 - 56.3
8 (35) 55.7 54.3 . 53.5 53.k . s54.6 53.9 . 54.3 56.8
9 (30) 53.9 ©  55.4 - s5hk.3 ., sh.h o 5h.1 54.9 54,5 56.9
10 (25) 52.1 57.8 53.9 56.7 . - 53.0 - 57.3 55.1 55.1

Table 11. Mean Scores for Psychomotor Speed

Male Female Total Average Average

Cohort Cross=- Longi-

(Age) 1956 1963 1956 1963 1956 1963 Sectional tudinal
1 (70) Lk.s5 36.5 L6.2 40.3 45.3 38.4 k1.9 28.7
2 (65) 42.9 37.2 49.0 k2.0 45.9 39.6 Lz.8 33.4
3(60) 47.0 k2.8 s50.2 kb6 8.6 b3 46.2 37.6
L (55) 51.8 ¥7.9 50.9 bh.6 51.4 46.3 48.8 k1.2
5 (50) k9. b 45.6 55.6 51.5 52.5 L48.6 50.5 Lh.2
6 (45) 51.8 k9.1 51.7 51;6 51.8 50.3 51.0 46.1
7 (40) 53.6 b9 56.3 53.2 s5k.9 49.1 52.0 48.7
8 (35) 48.6 49.1 5L.2 52.9 51.4 51.0 51.2 51.0
9 (30) 49.8 b9 .k 59.0 57.4 5r1+.1+ 53.4 53.9 51.5
10 (25) 49.8 48.1 57.2 55.0 53.5 51.6 52.5 52.5




. Table 12. Mean Scores for Social Responsibility

' TMale ' : * Female o "I..‘otal' S Aﬁferaéé """Average
Cohort : B e ' R Cross- - Longi~
. (Age) 1956 . 1963 .~ 1956. . 1963 . 1956 . 1963. . Seetional  tudinal

1(70)  bo.l .50.7 523 526, 50.7 5.6 5.2 51.3
2 (65) '5“°3"l 51.8 - 53.h4 47.7 - 53.8 . ° k9.T . 51.8_ " 52.4
-3 °(60) 51,3 L6.2 - si.h. - 50.7 © S1.3:.. W84 &9@5 ' '54.9
L(ss)  s6a 585 ssT.oishe 559 563 ] s61 558
5 (50) W3 553 - S5 5300 sk sh6 |l ST 5.8
6°(45)  b9u5 © 55.k . 52,00 SL.To 0 50.8... . 55.10 .. 52.9 54,3

T (40) 52.7 - 55.5 -. k9.9 =~ 52.2..° 51.3".. 53.9 .. 52.6 . 51.8-
8(35) M7.T 49.0.  50.9 .. 50.2° . ¥9.3 . 496 - [i 9.5 /50.8-

{1
‘o

9 (30) 49.6  50.7 " 50.7--  52.0°.  50.1 .. 51.3 - | 5067 . 50.3

10 (25) 43.8° .. 52.3 . 49,2 ' W8N . k6.5 - 50.4 . ,! 48,k Lg.h
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CROSSySECTIONAL AGE GRADIENTS Bducational Aptitude
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