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Abstract

Increases over birth cohorts in psychometric abilities may impact effects of aging. Data from 2
cohorts of the Long Beach Longitudinal Study, matched on age but tested 16 years apart, were
modeled over ages 55-87 to test the hypothesis that the more fluid abilities of reasoning, list and
text recall, and space would show larger cohort differences than vocabulary. This hypothesis was
confirmed. At age 74, average performance estimates for people from the more recently born
cohort were equivalent to those of people from the older cohort when they were up to 15 years
younger. This finding suggests that older adults may perform like much younger ones from the
previous generation on fluid measures, indicating higher levels of abilities than expected. This
result could have major implications for the expected productivity of an aging workforce as well
as for the quality of life of future generations. However, cohort improvements did not mitigate age
declines.
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Over the last 50 years, there have been systematic increases in fluid intelligence measures
across birth cohorts in many developed countries (e.g., Flynn, 1987). Despite this finding,
the vast majority of studies in cognitive aging (e.g., Salthouse, 2004) have compared people
of different ages and generations to estimate aging effects. Their conclusions therefore rest
on the assumption that cohort does not bias results. In this paper, we test hypotheses about
the role of cohort on age changes on five different cognitive psychometric tests. Cohort-
sequential panel data from the Long Beach Longitudinal Study were analyzed over age
using latent growth modeling, with cohort effects tested as differences between two panels
of participants from the same age ranges but initially tested 16 years apart. Findings of
cohort differences in psychometric aging would not only have implications for theories of
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cognitive decline, but may translate into the lengthening of the productive life span, as well
as to reduced prevalence of cognitive impairment in late old age.

Cohort Change in Intelligence

Flynn (1987) reported increases of up to 1.5 standard deviations in reasoning scores between
19-year-olds tested in 1950 and those in 1980. Those tested in 1950 were born during the
Great Depression and those in 1980 after World War 11. Today, those Depression-era adults
would be in their late 70s and postwar adults would be in their late 40s. The mean
differences between individuals aged 48 and 78 on reasoning in a cross-sectional study
conducted in 2008 would theoretically include that 1.5 standard deviation difference
documented at age 19. This would inflate estimates of the 30-year age difference. Such
biasing effects could have profound consequences for conclusions about cognitive aging
because reasoning, which is considered representative of fluid intelligence, shows earlier
and more substantial age declines than tasks that are more representative of crystallized
intelligence. (e.g., McArdle, Ferrer-Caja, Hamagami, & Woodcock, 2002). Inflated age
estimates could also arise in single-panel longitudinal studies, as they generally include a
wide range of ages over a relatively short retest interval and are often analyzed over age
rather than measurement occasion (e.g., McArdle et al., 2002).

Cohort differences in abilities have been consistently observed in comparisons of different
birth groups in multicohort studies such as the Seattle Longitudinal Study (Schaie, 1996).
Estimates suggest average increases in reasoning performance for people born in 1910
compared to those born in 1896 (e.g., Schaie, 1996) suggesting that such cohort trends have
been a phenomenon of at least the past century. The dramatic rise in fluid reasoning
observed by Flynn (1987) is likely to be based on continuous increments that happened to be
sampled at a wide time interval (see also Flynn, 2003; Raven, 2000).

Despite substantial generational increases in fluid abilities, changes in normative data in
children and young adults for more crystallized abilities have been mixed. For example,
minimal cohort differences have been reported for the Mill Hill Vocabulary tests (e.g.,
Raven, 2000) and also for the arithmetic subtest of the Wechsler Intelligence Scale for
Children—Revised (Flynn, 2003). Alwin (1991; Alwin & McCammon, 2001) suggested that
once effects of education are removed, there is a reversal of the Flynn effect in a population
sample, with more recent cohorts poorer in vocabulary ability than earlier born ones.
However, this finding may be related to a confound between sampling of particular ages and
cohorts in that study; a recent study extending cohort-sequential modeling to the sample and
vocabulary test evaluated by Alwin indicated cohort increases (Bowles, Grimm, & McArdle,
2005; see also Wilson & Gove, 1999).

Although some theorists disagree whether the Flynn effect is based on actual changes in
ability levels or to a lack of psychometric invariance (e.g., Rodgers, 1999)—that is, that
differences across cohorts in intelligence exist because the scores do not have the same
measurement properties such as equal factor loadings, uniquenesses, and factor intercepts—
invariance or at least partial invariance has been established for some indices of fluid
abilities across cohorts of children and young adults in developed countries (Wicherts et al.,
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2004). Despite disagreements about the broad explanations proposed by Flynn and
colleagues (e.g., Dickens & Flynn, 2001) to explain the eponymous effect (Loehlin, 2002;
Rowe & Rodgers, 2002), and some recent studies suggesting that the Flynn effect may have
recently plateaued or reversed for military conscripts in the 1990s in two Scandinavian
countries (e.g., Sundet, Barlaug, & Torjussen, 2004; Teasdale & Owen, 2005), it is likely
that the skills underlying fluid ability performance increased during young adulthood for
cohorts that are now aging.

The most widely cited explanations for the Flynn effect are those of cultural changes,
including improvements in nutrition and hygiene, population movement from rural to urban
areas, increased access to schooling in the first half of the 20th century, increased
educational levels of parents, smaller families, parental engagement in practices that
encourage cognitive development (e.g., Williams, 1998), and changes in processing from
more characteristically verbal to more iconic representations due to the rise of visually
oriented modalities in film, television, computer games, and other media (for descriptions
see Greenfield, 1998). Blair, Gamson, Thorne, and Baker (2005) suggested that recent fluid
ability increases additionally reflect a shift in the content of mathematical curricula in
primary and secondary schools toward fluid-like tasks that involve working memory and
improve frontal functioning.

The less consistent findings of cohort-related increases for some types of crystallized
abilities have also been interpreted as due to historical changes in reinforcement.
Instructional time spent imparting traditional school related knowledge has been reduced
(see Williams, 1998), and people are more likely to watch movies and television than to
read. The visual environment of movies and television promotes basic vocabulary and use of
contextualized grammatical structures rather than the more advanced vocabulary and
complex, decontextualized grammatical forms of written literature, leading to stable
vocabulary scores on intelligence tests yet simultaneously declining verbal SAT scores (e.g.,
Greenfield, 1998). Consistent with this explanation, Bowles et al. (2005) reported that a
cohort-sequential analysis over age showed greater improvement in more recently born
cohorts for basic vocabulary items than for advanced ones.

In summary, it has been suggested that culture affects the cognitive environment so that
cognitive abilities adapt to it (e.g., Barber, 2005). This leads to the hypothesis that
discrepancies in cohort effects in older populations will vary to the extent that larger cohort
increases will be observed for the fluid-like cognitive skills that have been more emphasized
in recent decades than previously, whereas crystallized skills that have been consistently
emphasized over the past century would show less cohort change. The fluid/crystallized
theory (e.g., Horn & Cattell, 1967) also predicts age effects that parallel the cohort effects,
that is, that age declines are larger for fluid than crystallized abilities. However, it is
important to vary age and cohort systematically to determine whether the declines attributed
to age are confounded with cohort.
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Cohort and Aging

Although it has been suggested that cohort differences may be responsible for much of the
observed age decline in fluid abilities (Raven, 2000), it is not likely that they explain all
apparent age-related effects, as there are substantial and reliable declines for a wide range of
cognitive abilities with age, including the crystallized-like abilities (e.g., Salthouse, 2004).
The finding of consistent age differences across abilities suggests that, if tracked over age,
different cohorts would show parallel age declines. However, it is conceivable that cohort
would interact with age due to selective attrition.

People who drop out from longitudinal studies perform more poorly and tend to be older
than those who remain (e.g., Cooney, Schaie, & Willis, 1988; Kennison & Zelinski, 2005).
There are also age differences in initial selection into a sample. Simply being willing to
participate in cognitive testing signals greater selectivity in older adults because advanced
age is associated with higher rates of refusal to complete cognitive tests in a population
survey (e.g., Zelinski, Burnight, & Lane, 2001) and in normative studies of intelligence
(e.g., Raven, 2000). Even if later-born cohorts are intellectually advantaged, elderly
individuals from earlier cohorts may be more select than younger ones just because they
have survived to the age at which they are tested (see Rabbitt et al., 2002; Verhaeghen,
2003). Because there are likely to be stronger survival effects in earlier cohorts, more recent
cohorts may be less likely to show those benefits because they are relatively less select (e.g.,
Singer, Verhaeghen, Ghisletta, Lindenberger, & Baltes, 2003). Thus cohort could
conceivably have no biasing effect in cross-sectional studies because the cohort advantage
may wash out.

Age Declines

Cohort effects may be implicated in the rate of average decline with age, which is not likely
to be constant across the entire span of late adulthood. Neugarten (1975) coined the terms
“young-old” (below age 75) and “old-old” (above 75) to differentiate age groups in the
elderly population. There are clear age differences between the young-old and the old-old,
with worse performance on cognitive tasks in old-old people, even when differences in
education and health have been accounted for (e.g., Zelinski, Crimmins, Reynolds, &
Seeman, 1998). Longitudinal studies generally report an acceleration of estimated declines
in the old-old (e.g., Rabbitt et al., 2002; Singer et al., 2003; Sliwinski, Hofer, Hall, Buschke,
& Lipton, 2003). Hypotheses based on the fluid-crystallized distinction suggest greater
acceleration of declines in the old-old for more fluid than crystallized ones (Horn & Cattell,
1967), which has been supported longitudinally (e.g., Singer et al., 2003). Thus it is
important to evaluate change across a wide range of ages in late adulthood.

Interval Scaling

Tests of the generality of the Flynn effect require direct comparisons across cognitive
measures. However, with raw scores, it is impossible to determine whether an age or cohort
difference of, say, 5 points on a memory task is equivalent to a difference of 5 points on a
reasoning test. Another problem with raw scores is that across individuals, differences
between scores on the same test may not be equivalent at different points of the scale
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Method

(Wright & Stone, 1979). For example, the 2-point difference between scores of 20 and 18 on
a 20-item recall task may not be interpreted as reflecting the same amount of difference in
performance as the difference between scores of 14 and 12, or 2 and 0, even though the
relative ordering of individuals’ scores is clear. This is a problem for testing interactions,
where assumptions of statistical tests require that scores are equivalent across their full range
(Embretson, 1996). Mathematical transformations of raw scores, such as z scores or
proportion correct, do not redistribute them so that differences between points on the scale
are equal (Wright & Stone, 1979). However, Rasch scaling can be applied to data to assure
equivalence of scores across tests and persons by using an algorithm that treats item
difficulty and person ability separately. It ensures that the differences between scores at
every point of the scale are the same and that these differences can be directly compared
across variables through logistic transformation (see, e.g., Zelinski & Gilewski, 2003). Thus,
whether age declines accelerate differentially across psychometric tests has only been
directly evaluated by McArdle et al. (2002), who used the Rasch scaled Woodcock-Johnson
test battery. They found smaller declines that occur later in the life span for crystallized
abilities than for more fluid ones for people under age 75.

In the present study, Rasch scaled scores were used for five measures that are likely to show
differential cohort and age patterns. We evaluated decline patterns in people ages 55-87 and
tested the hypothesis that average decline accelerates with age. We estimated changes with
age and cohort independently with cohort-sequential analyses (Schaie, 1965). Two
longitudinal panels, which were treated as different cohorts studied over the same range of
ages but born 16 years apart, were examined to determine whether patterns of decline are
similar, even if there are cohort differences in performance at the intercept.

Schaie’s (1996) longitudinal estimates, as well as cross-sectional estimates in standard score
scaling for similar tasks by Salthouse (2004), suggest that slopes of age declines should be
comparable for reasoning and space. Using the same items and time restrictions for the
vocabulary test as Schaie, we expected that the age effect for vocabulary would be similar to
those of the other psychometric tests largely because that test has a strong speed component
(Hertzog, 1989; Zelinski & Lewis, 2003). Yet only small cohort effects were anticipated
because the vocabulary subtest of the Schaie-Thurstone Adult Mental Abilities Test
(STAMAT,; Schaie, 1985) is of a crystallized-like ability. Extrapolating from Schaie’s and
Salthouse’s estimates, we expected accelerating age changes for vocabulary, space, and
reasoning. Both Schaie’s and Salthouse’s estimates suggest minimal acceleration of decline
in late old age for recall tasks.

The Long Beach Longitudinal Study design, participants, and measures are described in
detail elsewhere (Zelinski & Burnight, 1997; Zelinski & Lewis, 2003). Participants are
volunteers residing in the communities of Long Beach and Orange County, California. The
convenience sample shows performance characteristics similar to a representative sample of
older Americans who have at least a high school education (e.g., Zelinski, Burnight, & Lane,
2001). This suggests that the sample represents the upper levels of older adult performance.
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The data of two cohorts of participants varying in age from 55-87 were used for the
analyses. Cohort 1 participants (baseline n = 456) were born between 1893 and 1923 and
were tested on as many as five test occasions in 1978, 1981, 1994, 1997, and 2000 (see top
panel of Table 1). Cohort 2 participants (baseline n = 482) were born between 1908 and
1940 and were tested up to four times in 1994, 1997, 2000, and 2003. It is important to note
that the overlap in the birth years of the two cohorts does not confound comparisons because
the age matching held the 16-year cohort difference constant. However, Cohort 1
participants could have an advantage because they had been in the study longer than Cohort
2. To determine whether there might be retest effects for Cohort 1 participants in 1994,
when Cohort 2 was initially tested, participants aged 71-87 were compared on their 1994
scores. There were 76 individuals from Cohort 1 and 294 from Cohort 2 in the analyses of
variance. There were no differences on four of the tasks with Fs(1, 368) ranging from 0.0 to
2.7; however, Cohort 1 participants had significantly better 1994 scores on reasoning, F(1,
368) = 5.8, p < .05, suggesting minimal retest bias.

The mean baseline age for Cohort 1 (M = 69.81, SD = 7.17) was reliably younger than for
Cohort 2 (M =72.15, SD = 8.46), F(1, 935) = 20.81, MSE = 61.74. Members of Cohort 1 (M
=12.54, D = 2.76) reported fewer years of formal education than Cohort 2 (M = 13.69, SD
=2.94), F(1, 935) = 36.42, MSE = 8.12. Cohort 1 consisted of 53.3% women and Cohort 2
consisted of 47.8% women; there were no differences in gender representation across
cohorts, ¥2(1, N = 937) = 0.08.

Test intervals were approximately 3 years apart with the exception of a 13-year interval
between the second (1981) and third (1994) testings of Cohort 1. The irregularity of this
interval is assumed to have no undue influence on data modeling because the data were
analyzed over age rather than time. In addition, Zelinski and Burnight (1997) reported no
differences in 1978 scores for Cohort 1 participants who returned in 1994, regardless of
whether they were tested in 1981 or not. All had better initial scores than permanent
dropouts. This suggests general selection effects for Cohort 1 participants returning in 1994
rather than practice effects.

Psychometric Tests

Five measures of cognitive performance were examined. Three of them were from the
STAMAT: Recognition Vocabulary, reasoning (Letter and Word Series), and space (Figure
and Object Rotation). Recognition VVocabulary required selection of definitions for 50 target
words from an array of four choices in 4 min. Reasoning was a composite score of the
STAMAT Letter and Word Series tests. Letter Series required selection of the next item in
30 series, suchasabccbadeffe in 6 min, and Word Series was a parallel version with
items using days of the week and months. Space was a composite score of the STAMAT
Figure and Object Rotation tests. In these tasks, participants had 6 min to select up to three
rotations of a target from an array of six choices. The items for Figure Rotation were
abstract line figures, whereas those for Object Rotation were line drawings of common
household items such as a bleach bottle. There were 20 items in this test. List recall was
immediate written recall of a list of 20 concrete high-frequency nouns. The words were
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presented on a sheet of paper and participants were given 3.5 minutes to study the list. The
test was not timed. Text recall involved immediate written recall of a 227-word passage
containing 104 idea units. The passage was read by participants while they also listened to
an audio reading of it presented at a rate of approximately 155 words per minute. The
proportion of idea units correctly recalled according to the parsing model of Turner and
Greene (1977) was the dependent measure of text recall.

Rasch Scaling

Interval measurement scaling is based on the following equation (Rasch, 1966):

exp(bn—dﬂ)

fm'l: 1+exp(bn_di1)

v (@)

where fni1 is the person n’s probability of scoring 1 rather than 0 on item i, by, is the ability
of person n, and dq is the difficulty of the item. Rasch scaling assumes that the construct
being measured is unidimensional; difficulty of items on a cognitive test is consistent with
ability such that correct scores on more difficult items reflect greater ability and more
difficult items always have a lower probability of being correctly answered than less
difficult ones, independent of person ability. It also assumes that individuals with greater
levels of ability will be more likely to score correct on more items. They always have a
higher probability of correctly answering any item, independent of item difficulty, than
those with low ability (Wright & Stone, 1979).

In Rasch scaling, person parameters are conditioned out of the model when item difficulties
are being calibrated, and item parameters are conditioned out of the model when person
parameters are being calibrated by repetitive inversion of the items and persons data matrix.
Items are ordered by difficulty and persons by ability, with maximum-likelihood modeling
used to identify items that best discriminate responses and people from one another. The
most discriminating items are those that have an equal likelihood of obtaining a correct or
incorrect response at a given level of ability. The logarithmic transformations of the item
and person data shown in Equation 1 convert the ordinal data into interval data. The size of
the intervals is determined by the item and person performance probabilities. Rasch scaled
person scores are log odds units or logit scores representing the 50% probability of
responding correctly to items at the level of ability, 75% probability of being able to respond
correctly to items 1 logit below the ability level, and 25% probability of being able to
respond correctly to items 1 logit above the ability level (Bond & Fox, 2001). When data are
rescaled, the logit properties remain but vary with the scaling factors used to create the
desired score properties. For example, rescaling list recall in the present study from a
logistic score with a mean of 0 to a 0-100 range involved rescaling the logit units from 1 to
11.15. Thus, if a participant declined 11.15 points, that would indicate a 25% probability of
responding to items that previously would have been associated with a 50% probability. An
increase of 11.15 points on the recall task would indicate a 75% probability of responding
correctly to items associated with a 50% probability previously.

Fit indexes for Rasch analyses are computed separately for persons and items. They use
mean squares to show the amount of distortion in the data relative to the Rasch model. The
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expected value of the mean squares is 1.0. Values substantially less than 1.0 indicate
underfit, with possible unmodeled noise in the data; values substantially greater than 1.0
indicate overfit. Values between 0.5 and 1.5 are productive for measurement, and those
between 1.5 and 2.0 are unproductive but suggest that the measurement is not degraded,;
values over 2.0 are problematic (Linacre, 2006).

The infit mean square is a fit statistic sensitive to unexpected patterns of observations made
by persons on items at their approximate ability level and by items on persons at the item’s
approximate difficulty level. The outfit mean square is a fit statistic sensitive to unexpected
observations made by persons on items that are expected to be either very easy or very
difficult or by items on persons of very low or high ability. The overall root-mean-square
error (RMSE) for the model is the square root of the average error variance computed over
persons or items. It indicates the upper limit to the reliability of measures based on the items
and persons sampled (Linacre, 2006). Reliabilities are computed separately across persons
and items, in contrast to reliabilities such as Cronbach’s alpha, which is computed for
persons only. However, the values of the person and item reliabilities are interpreted as is
alpha, with values close to 1 indicating high reliability.

The WINSTEPS Rasch measurement program Version 3.61.1 (Linacre, 2006) was used for
the interval scaling. Individual items for all tasks were the units of analysis, that is, a 1
(correct) or 0 (incorrect) for each item on each test. For the recall tasks, each word or
proposition in the study materials served as an item. Item scores within each test were
calibrated with the data stacked over occasions and cohorts so that each observation for a
particular subject was treated as independent, as would be done in the computation of z
scores over occasions. Scores were initially scaled so that at the item level they had a mean
of zero. The relative range of mean age performance could be identified from the person
ability scores. Table 2 provides fit information for the Rasch calibration of each of the five
tests. All results were good fitting and discriminating based on their infit and outfit mean
squares, low RMSEs, and high reliability for individuals and for items. Examples of interval
item scores converted from raw total scores for list recall and a mental status test are found
in Zelinski and Gilewski (2003).

For the analyses, we rescaled the Rasch item scores from the logistic scores to a 0-100 range
to increase interpretability. The rescaled means (and standard deviations) of the person
scores were, for reasoning, M = 39.66 (13.07); list recall, M = 54.78 (12.67); text recall, M =
40.29 (7.30); space, M = 63.72 (5.83); and vocabulary, M = 68.25 (15.18). The scaling
factors for the logits were 6.12, 11.15, 7.80, 6.72, and 7.4, respectively.

Longitudinal Analysis

We used growth modeling (McArdle & Bell, 2000) with the Mplus program (Version 4.2;
Muthén & Muthén, 1998-2007) to test hypotheses about age and cohort differences in
longitudinal performance on the Rasch-scaled measures. The models were fit to data
configured over 3-year age “buckets” to increase the number of observations for the ages
studied (e.g., Bowles et al., 2005). The 3-year age ranges at which people were tested were
treated as manifest variables, and those age ranges at which they were not tested as latent
variables. The ranges were 55-57, 58-60, 61-63, 64-66, 67-69, 70-72, 7375, 76-78, 79—
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81, 82-84, and 85-87. For simplicity, we refer to these age buckets by the middle value for a
given bucket. For example, the 73-75 bucket will be referred to as age 74.

Growth models that utilize maximum likelihood methods provide accurate parameter
estimates even with missing data, provided that the missing at random assumption is met
(e.9., McArdle & Hamagami, 1991; Schafer, 1997). This assumption requires that
missingness can be estimated from the data included in the analyses. Logistic regression
analyses predicting dropout from the study by the fourth testing were conducted to aid in the
selection of appropriate covariates to increase the accuracy of estimates (see Kennison &
Zelinski, 2005). Age, cohort membership, gender, and education were included in these
analyses as possible predictors, resulting in a statistically reliable fit to the data, x2(4) = 103.
However, the only significant predictors of dropout were cohort, Wald (1) = 51.6, and
baseline age, Wald (1) = 43.8, with Cohort 1 members and older individuals more likely to
drop out; thus no additional covariates were included in the analyses reported here.

As shown in Table 3, five different growth models were evaluated to determine the best
representation of longitudinal change for the five psychometric tests. Initial analyses were of
age basis coefficients reflecting annualized change intervals. However, because of
convergence problems in the analyses of several of the psychometric scores, coefficients
representing the different age buckets were rescaled so that they represented 6-year effects.
This rescaling resolved convergence issues and permitted consistent application of the basis
coefficients across all analyses. This scaling reflects the suggestion made by Zelinski and
Burnight (1997) that age declines are not generally observed over less than 5 years.

The models to evaluate the age basis were a level-only (no change) model, level plus linear
change, a second-order polynomial model with level, linear and quadratic parameters, a
piecewise model consisting of level and two linear pieces—one from ages 56 to 71 and the
other from 77 to 86, following the young-old/old-old distinction (Neugarten, 1975)—and a
three-piece model, representing spans from ages 56 to 66, 67 to 78, and 79 to 87, to evaluate
age effects separately for early, middle, and late old age (the authors thank an anonymous
reviewer for this suggestion). For all models the intercept was set at age 74. Fit indexes
reported are the -2 log likelihood (-2LL), Akaike’s Information Criteria (Akaike, 1987)—
an index based on —2LL that penalizes for the number of parameters tested, with lower
values indicating better fit—and the root-mean-square error of approximation, with values
less than .05 representing good fit, and .08 indicating adequate fit (Browne & Cudeck,
1993). The Ay2/Adf for differences in —2LL was used to evaluate change in fit.

Table 3 indicates that more complex models provided better fits than linear models. Across
psychometric tests, the two-piece and quadratic models most consistently provided the
greatest improvement in fits. Although quadratic models did not generally differ in fit from
the two-piece models, the main purpose of the study was to make direct comparisons of
young-old and old-old age changes and of cohort effects across psychometric tests, and so
the two-piece model is reported for all variables.

The two-piece latent growth model tested evaluated the effects of cohort on the level and
two age pieces using the equations:
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Yii=mo;+m1; aly+mo; a2i+ey  (2)

m0i=voo+vo1(cohort;)+ro;  (3)

m1=vi0+v21(cohort;)+ri;  (4)

Toi=v20+v31(cohort;)+ra. (5)

Equation 2 is the Level 1 equation representing an individual subject’s scores at a given age.
The alyj term represents ages below the “knot” point of 74, and a2;; represents ages above
74. Age 74 has a zero value and represents the intercept. The term &; represents residual
error. The second-level equations represent the level wg (3); the 56—71 age piece, 7t1; (4); and
the 75-86 age piece, my; (5). Cohort membership (cohort;) was coded as 0 for Cohort 1 and 1
for Cohort 2. The vgg, V10, and vy parameters are the intercepts; and vp1, V11, and voq,
respectively, are the slopes of the second-level equations. Their variance components are rg;
for level, and rqj and ry; for the two age slopes.

Individual data plots of reasoning and vocabulary scores for the participants of each cohort
appear in Figure 1. These plots illustrate individual change and differences in variability
among scores. They include all of the data that were included in the reported age models.
Both sets of plots suggest declines, but variability appears to be greater for vocabulary.

The parameter values of the models for the five psychometric tests appear in Table 4 for the
unconditional models. At age 74, reasoning was the most difficult test, with the lowest
growth intercept parameter, followed by text recall, then list recall, space, and vocabulary.
The 6-year unconditional effect sizes in standard deviation units (Cohen’s d) for the
estimated parameters of the young-old and old-old age pieces were .45 and .71 for
reasoning, .43 and .38 for list recall, .50 and .41 for text recall, .50 and .65 for space, and .25
and .51 for vocabulary.

Table 5 shows effects for the conditional models, which included cohort as a predictor of the
level, young-old, and old-old age pieces and are illustrated in Figure 2. Parameters included
in Table 5 are the fixed effect estimates for the intercept (level) at age 74, and the young-old
(56-71) and old-old (77-86) age pieces. Also included are the estimated regression
coefficients of cohort on the two growth estimates. The random variance estimates for the
intercept (level) at age 74, and the two age pieces appear at the bottom of the table. The
model results indicate that declines were generally observed and that they steepened in the
old-old age piece compared to the young-old age piece for reasoning, space, and vocabulary.
For list and text recall, declines were more modest for the old-old age piece compared to the
young-old age piece.
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Age Changes

We tested hypotheses of different slopes for the two age pieces across psychometric tests
(see McArdle et al., 2002) by evaluating models of the equality of age parameters for each
of the pieces in the conditional models. Fit indices for models with pairs of slopes allowed to
be free were compared to models with the two slopes constrained to be identical. The Ay?2
test was used to determine whether fit declined for the constrained model compared to the
free model, using a nested comparison. Worse fits for the constrained model compared to
the free model would indicate that one slope is steeper than the other. Conversely, if model
fit was not affected by constraining the slopes to be equal, then the rate of age change is best
characterized as similar across the tests.

Results are presented in Table 6. For the young-old, the coefficients for longitudinal declines
were greater for reasoning than space, and for list compared to text, space, and vocabulary.
For the old-old, reasoning and vocabulary declines did not differ, but declines for both tests
were greater than for list or text recall, or space, which did not differ from each other. The
vocabulary decline for the older age ranges is steep and similar to that reported by Schaie
(1996); however, it is likely that the decline observed here occurred not only because of
losses of vocabulary ability, but also due to age-related declines in speed, a major
component of performance on this particular test (see Hertzog, 1989).

Cohort Differences

Positive 16-year cohort effects were expected for reasoning, list recall, text recall, and space,
but not for vocabulary. As shown in Table 5, the coefficient for cohort as a predictor of level
was 4.37 (d = .33) for reasoning, 7.54 (d = .42) for list recall, 1.76 (d = .19) for text recall,
1.72 (d = .29) for space, and 0.71 (d = .03) for vocabulary. Thus, at the intercept of age 74,
the two cohorts differed on their rescaled scores by these parameter values. The 16-year d
values reported here, except for vocabulary, compared favorably with the effect sizes
estimated for 14-year cohort improvements for the same birth cohorts observed by Schaie
(1996).

Pairwise comparisons showed that coefficients for the cohort effect varied significantly.
Table 6 indicates that the cohort effect was significantly larger for list recall than for any of
the other tasks. The cohort effect for reasoning was also greater than for text, space, and
vocabulary, which did not differ from one another.

It has been suggested that cohort may account for cross-sectional age changes (Raven,
2000). Although there were reductions in the effect sizes for age, age declines remained. The
d values from the analyses with cohort as a covariate (conditional models) for the young-old
age piece were .37, .30, .34, .38, and .12 for reasoning, list recall, text recall, space, and
vocabulary. In Table 4, we found no interactions between cohort and the young-old age
piece for any of the psychometric tests as seen in the coefficients. Reductions in age effects
also occurred for the old-old age piece with the inclusion of cohort, with ds of .49, .11, .12, .
42, and .43 for reasoning, list recall, text recall, space, and vocabulary, respectively. There
were interactions between cohort and the old-old age piece for list and text recall, and for
vocabulary. The cohort effect on the 6-year age slopes for the two recall measures was
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negative (d = —0.17 and -0.14) indicating increasing convergence for the slopes of decline
across cohort for those age pieces, as seen in Figure 2. The cohort effect on the slope for
vocabulary was positive (d = .16), indicating that the older cohort had steeper declines and
greater divergence of slopes from that of Cohort 2. That these interactions had small effect
sizes and were significant, despite low power (Hertzog, Lindenberger, Ghisletta, & von
Oertzen, 2006) and paradoxical direction, makes interpretation difficult.

Discussion

The two-piece models tested slopes of change in old age with a knot point of age 74. The d
values for age declines in the unconditional models, that is, without the cohort effect, ranged
from .25 to .71, slightly larger than those estimated from studies using standard scores,
which were extrapolated to range from .2 to .6 over 6 years, suggesting that estimated
longitudinal declines in our sample may be greater with interval scaling than with
uncalibrated scaling. Our finding that the size of age changes differs across tasks— up to
age 75—reinforces the observation by McArdle et al. (2002), who also used Rasch scaled
test scores. Schaie’s (1996) data also suggested that age declines accelerate for reasoning,
space, and vocabulary. In contrast, Salthouse (2004) compared cross-sectional decline
estimates from z scores of a wide range of tasks and concluded that there were similar slopes
of decline across speed, reasoning, and memory.

This is the first study in which direct comparisons of cohort effects on age decline were
made possible with interval scaling. Average 16-year cohort-sequential effects at age 74
indicated that effect sizes varied by task: They were moderate for list recall, reasoning, and
space; small for text recall; and almost nil for vocabulary. These results are the first to
quantify relative cohort differences in tasks in older adults that parallel the conclusions
obtained with children and young adults (e.g., Flynn, 2003). Extrapolating the ds from the
observed 16-year effect to a 32-year effect, the cohort-related increase in performance
standard deviation was about .84 for list recall, .66 for reasoning, .57 for space, about .38 for
text recall, and .07 for vocabulary.

Implications for Gf-Gc¢c Theory

The correspondence between fluid abilities, aging, and cohort effects may be more complex
than Gf-Gc theory suggests. The theory suggests that the size of age declines should reflect
fluid ability involvement in tasks; yet large cohort effects have also been observed for fluid
abilities (e.g., Flynn, 1987). The age/cohort phenomenon was not consistent in this study for
fluid-like abilities. The amount of age decline in recall, controlling for cohort, was not
significant for the old-old, even though the age declines were substantial for reasoning.
Similar age decline rates for list and for text recall in the old-old, which were small, were
accompanied by larger cohort effects for list than for text recall. Despite increasing declines
from age 74 on, the cohort effect for vocabulary did not differ from zero. Taken together, the
findings suggest that the fluid-crystallized distinction may be more closely predictive of
cohort effects than of the size of age declines in the present study.

Interestingly, this conclusion suggests what has been implied in the intelligence literature:
The fluid/crystallized distinction does not arise because fluid abilities are culture-
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independent and more biological in nature and that crystallized ones are culture-specific, as
suggested by Horn and Cattell (1967). Instead, both types of abilities are culture-specific as
they are selectively modified by the cultural reinforcement of relevant skills (see also
McArdle, Hamagami, Meredith, & Bradway, 2000). Following this suggestion, we suggest
that reasoning and recall performance are likely to involve overlapping skills that involve
both retention and the ability to use strategies. We have previously observed that decline in
reasoning is related to decline in recall in Cohort 1 (Zelinski & Stewart, 1998). The present
study does not inform whether either decline in reasoning or in recall, or of some underlying
process such as executive functioning components (e.g., Miyake, Friedman, Emerson,
Witzki, & Howerter, 2000), is the leading indicator of change in the other variable.
However, because increases in text recall were smaller than for list recall in the younger
cohort, it may suggest that the underlying skills for text recall are not as similar to those of
reasoning. Similarly, although visuospatial processing is thought to be reinforced by
mathematical training approaches in elementary schools, especially since the 1970s (Blair et
al., 2005), the cohorts studied would have completed high school before many of these
approaches were implemented, explaining relatively smaller cohort effects for space
compared to reasoning.

The findings suggest that if the model of cultural reinforcement is correct, differential
patterns in cohort effects may be the rule. Thus, cohort effects could change or vary if
educational and other social institutions emphasize certain abilities over others and
depending on when changes are introduced (Blair et al., 2005; Greenfield, 1998). It is
therefore also possible that cohort effects can asymptote as practice changes or as
performance reaches a maximal level. This may explain the apparent plateau or decline of
fluid abilities in more recent military conscripts in Norway (Sundet et al., 2004) and
Denmark (Teasdale & Owen, 2005).

Age and Cohort

Although cohort was a significant covariate for those tests traditionally showing large age
differences, it impacted the magnitude of parameters for only 3 of 10 tested age effects in
Table 5 (2 age pieces x 5 psychometric tests). This suggests that cohort effects do not
completely confound cross-sectional age declines in the abilities studied. That is,
mechanisms related to increasingly poorer performance are not only related to cohort-
specific experiences. Small interactions of cohort with age, for the old-old age piece for list
and text recall, indicated that Cohort 2 experienced steeper recall declines than Cohort 1.
Although one explanation is that there was greater memory decline in the younger cohort, it
is more likely that there was increased selectivity for people over age 74 in the older cohort.
For example, over testing waves, the difference in mean education level between cohorts
became increasingly smaller. Selectivity in the old-old age range may be an important factor
in reducing the apparent acceleration of cognitive decline, with survival effects in late old
age masking apparent decline for the two recall tasks (see also Zelinski et al., 1998).
However, it is then a mystery why Cohort 1, if it represented greater selection, declined
more in vocabulary than Cohort 2 over the old-old age range.
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Cohort did affect cross-sectional age change estimates in the context of the estimated
average performance of subjects at specific ages. In the present study, cohort had an impact
on the predicted means at various ages. Figure 2 shows that the estimated mean for Cohort 2
on reasoning at age 74 was approximately the same as the mean for age 62 from Cohort 1.
The Cohort 2 mean at age 74 was approximately the same as that of Cohort 1 at age 59 for
list recall. The age 74 means for Cohort 2 were about the same as the Cohort 1 age 65 means
for space and for text recall. Thus, 74-year-olds from Cohort 2 were estimated to be
psychometrically up to 15 years “younger” than same-aged people born about 16 years
earlier. Examining performance for the late old age piece of the models, we see that the
cohort effects were slightly less beneficial. On reasoning and space, the mean for Cohort 1 at
age 74 was about the same as the mean for age 80 in Cohort 2. For list recall, the mean for
Cohort 1 at age 74 was about the same as the mean at age 83 in Cohort 2. Finally, for text
recall, the age 74 mean was similar to that of age 77 in Cohort 2. Thus, in the context of the
model, Cohort 2 participants in late old age experienced psychometric aging “delays” of up
to 9 years.

These findings imply that average cross-sectional age declines as estimated by widely used
tasks such as recall and reasoning are likely to be inflated. By including participants from
widely differing cohorts and ages, even short-term longitudinal studies may violate the
convergence assumption (McArdle & Bell, 2000), that is, a strong correspondence between
cross-sectional and longitudinal results (Hertzog & Nesselroade, 2003). Explicit cohort-
sequential evaluations are necessary to separate age from cohort effects in order to confirm
cross-sectional age decline estimates, as demonstrated here (see also Rénnlund, Nyberg,
Béackman, & Nilsson, 2005).

If we are to assume that cohort-related increases affect mean level performance, the
implication is that even with increasing age, people from more recently born cohorts will
perform better on abilities like reasoning or list recall at specific ages than those born earlier.
The cumulative effects of cohort differences in reasoning and list recall showed that people
at age 74 from Cohort 2 were on average as cognitively capable as those in their 60s born as
recently as 16 years earlier. This suggests that for occupations requiring strong reasoning
and memory abilities, more recently born cohorts of older adults should have the functional
ability to remain productively employed into their 70s.

These results are important for theories of cognitive aging, which have generally focused on
declines estimated between college students and young-old adults. Our study did not have
adequate data on a younger sample to make generalizations about these comparisons, which
is an important limitation. However, it is likely that cohort differences are large between
individuals born in the 1980s and those in the 1940s, as there have been larger increments in
fluid abilities after the 1970s in the United States (see Flynn, 1998). Even if there are
measurable age declines in abilities from very early into middle adulthood, it is likely that
these declines are smaller than those we have documented in our study for people aged 55—
87. It would not be surprising if a larger portion of the differences between means in many
current cross-sectional aging studies is due to cohort differences, as we demonstrated for list
recall, which has relatively small age declines compared to reasoning. At the very least, the
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findings clearly suggest that for some abilities, age norms collected in the past are not
directly applicable to contemporary older adults (see also Raven, 2000).

To provide some context to our findings, we note that this is the first analysis of cohort and
age effects at the upper end of the life span, and the psychometric tests evaluated do not
represent the full range of cognitive tasks. Although we found that cohort could affect
selected age estimates, it did not account for age declines in cognition across all variables
and ages. Slope parameters are associated with the intercept in the growth models, and may
not be equally affected by cohort at all possible intercepts.

The sample represents older adults who already have a high school education or better,
indicating that the participants studied here are in the range of the higher end of
performance. We do not know whether individuals with less education would show larger
cohort effects; some studies have suggested that the Flynn effect may partially represent
increases in those who have traditionally had the lowest scores (see Sundet et al., 2004). We
also do not know from the present sample what specific health conditions or other lifestyle
variables might differentiate the cohorts. Clearly, this study is only the beginning of the
work that must be done to fully understand cohort increases in ability.

The first baby boomers turn 65 in 2011. As the largest segment of the population in the
United States and other countries, this cohort’s experience of cognitive aging may be even
more positive than that of people from Cohort 2 in our study, who were largely from the pre-
World War Il generation. It has been suggested that high cognitive functioning in younger
adulthood will be associated with high cognitive performance and possibly survival in later
life because of behaviors that maintain health and cognition (Gottfredson & Deary, 2001). It
is not currently clear whether the longitudinal data for people of recent or upcoming birth
cohorts will bear this out. Paradoxically, the hardiness thought to produce survival in people
born in previous cohorts may wash out cohort differences. In the present study, the very
small effect sizes for the trend towards convergence for the younger cohort for recall tasks
remind us that the benefits of cohort may be limited to specific segments of old age. It will
be increasingly important to examine whether age effects combined with survival into very
old age eliminate the cohort-related improvements seen with younger cohorts (e.g., Singer et
al., 2003), or whether the positive cohort effects we observed will predominate. This could
have major implications for future cohorts as public policymakers develop predictions of
disability and low quality of life due to poor cognitive function in older adults (e.g.,
Freedman, Akyan, & Martin, 2001; Langa et al., 2001).
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Figure 1.
Data plots for individuals on reasoning (top) and vocabulary (bottom) by cohort. Plots

include all data from Cohorts 1 and 2 for ages 55 to 87.
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Figure 2.
Estimated longitudinal changes for vocabulary, space, list recall, text recall, and reasoning

for Cohort 1 (C1) and Cohort 2 (C2) between ages 55 and 87 for the two-piece models. The
line at age 74 represents the intercept of the models.
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Table 6

Page 28

Changes in Fit Statistics (Ay?) for Comparisons of Free Versus Equal Parameter Models Across Psychometric

Tests

Parameter  Both age pieces free vs. ages 55-74 equal ~ Both age pieces free vs. ages 74-86 equal

Cohorts free vs. equal

Compared with reasoning

List recall 0 7* 5*

Textrecall 2 18" 6"

Space 6" 29* 9"

Vocabulary 3 1 4*
Compared with list recall

Textrecall  4* 1 21"

Space 8" 0 25*

Vocabulary  g* 15" 17*
Compared with text recall

Space 2 2 0

Vocabulary 1 29* 1

Compared with space
Vocabulary 0 21* 0

Note. Tests of all differences involve one parameter. Significant values indicate that parameters differ between psychometric tests.

*
p<.05.
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