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Several analyses were conducted on data from samples of adults between 18 and 58 years of age who
completed the same cognitive tests after an interval ranging from less than 1 week to 35 years. Because
the retest interval varied across individuals, it was possible to determine the length of time needed before
the gains associated with a retest decreased to 0 and to obtain simultaneous estimates of the magnitude
of effects associated with increased age and a prior assessment. The results indicated that for adults
within this age range, 7 or more years were needed before positive retest effects were no longer
detectable. Age effects in longitudinal comparisons could be interpreted in terms of large positive effects
associated with a prior assessment and negative effects associated with age that were comparable in
magnitude to those observed in cross-sectional comparisons.

after an interval of 7 years (e.g., Huppert & Whittington, 1993;
Schaie, 1996).
Because there are dramatically different implications for possible intervention and prevention of age-related cognitive decline if
it starts when people are in their 20s rather than when they are in
their 60s or later, it is important to understand the basis for the
discrepancy between cross-sectional and longitudinal age trends.
Moreover, depending on how the discrepancy is ultimately explained, it may also be relevant to the interpretation of relations
between longitudinal change scores in samples of older adults
because processes that have been underway for many years may
reflect a different phenomenon than processes that are just
beginning.
Three factors are commonly mentioned as potential contributors
to different age trends in cross-sectional and longitudinal comparisons: historical shifts in absolute level of performance (e.g.,
cohort effects), selective attrition, and retest effects. However,
there is still uncertainty about the duration, magnitude, and impact
of each of these influences. For example, two quite different
scenarios could be envisioned if aspects of the physical and cultural environment are changing in ways that lead to higher levels
of cognitive performance as a function of historical time (i.e., the
Flynn effect; Neisser, 1998; see also Tuddenham, 1948). One
scenario is that susceptibility to these environmental changes diminishes with increased age, such that successive generations
achieve higher asymptotic levels of cognitive functioning but then
do not change much until late adulthood. An effect of this type
would be somewhat analogous to the phenomenon of obsolescence
and could result in serious distortions of age-related effects in
cross-sectional comparisons. An alternative scenario is that the
environmental change effects influence the cognitive functioning
of people at all ages, perhaps in a manner analogous to the effect
of inflation on salaries. In this scenario, it is the condition at the
time of assessment that is critical, and thus comparisons across

For decades, a discrepancy has been recognized between the age
trends in measures of cognitive functioning obtained from crosssectional comparisons, which frequently reveal linear declines
beginning when adults are in their early 20s, and the general
absence of age-related declines before about age 60 in longitudinal
comparisons. These different patterns were apparent in the earliest
studies of aging and cognition based on the first groupadministered test of cognitive ability for adults, the Army Alpha.
To illustrate, linear declines in the total Army Alpha score from
about age 20 to age 60 in cross-sectional comparisons were reported by Yerkes (1921) and Jones and Conrad (1933). However,
Thorndike, Bregman, Tilton, and Woodyard (1928) reported that
when adults between 16 and 40 years of age were tested again after
an interval of 5–9 years, their second scores were higher, indicating positive longitudinal change. Recent data sets with longitudinal
comparisons involving adults under the age of 60 also have revealed age-related declines in cross-sectional comparisons but
higher performance on a second assessment, even when it occurred
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different points in time (i.e., longitudinal contrasts) could be misleading about the relations between age and cognitive functioning,
as would likely be the case if one were to attempt to characterize
the relations between age and salary from data collected at different points in time without adjusting for effects of inflation. It does
not appear possible on the basis of available evidence to determine
whether the obsolescence or the inflation analogy of historical
changes in level of cognitive functioning is more appropriate, but
it is important to realize that, depending on the assumptions,
negative age-related effects could be either overestimated by
cross-sectional comparisons or underestimated by longitudinal
comparisons.
Selective attrition refers to the fact that people who return for
subsequent assessments typically perform at a higher level on the
initial assessment than people who do not return. Although this
means that the samples in longitudinal studies are likely to be
positively biased in comparison with the samples in cross-sectional
studies, it does not necessarily follow that this would lead to
different patterns of age relations when comparisons are restricted
to individuals with data at each measurement occasion. The relative age trends in the two types of comparisons would only be
affected if there is a relation between the initial level of functioning and the direction or rate of change, such that those at higher
initial levels change in a different manner than those at lower
initial levels. The question of whether age is kinder to the initially
more able has been addressed in a number of studies, including
three in which that phrase was used in the title of the article (i.e.,
Christensen & Hendersen, 1991; Deary, MacLennan, & Starr,
1999; Owens, 1959). However, results from these and other studies
(e.g., Christensen et al., 2001; Mortensen & Hogh, 2001; Schaie,
1996; Sliwinski & Buschke, 1999) have suggested that the age
trends in cognitive functioning are parallel across different initial
levels. The relation between initial level and subsequent change
warrants further investigation, particularly with long-term longitudinal studies, but on the basis of the available evidence, it does
not appear that selective attrition, per se, is a major factor contributing to different age trends in cognitive functioning across crosssectional and longitudinal comparisons.
Influences associated with a retest can be inferred to exist if
individuals with prior testing experience perform better than otherwise comparable individuals of the same age who were tested at
the same time but without previous testing experience. Although
one might assume that estimates of retest effects could be obtained
by contrasting the performance of individuals with and without a
prior assessment, the situation is complicated by the phenomenon
of selective attrition. That is, as Schaie (1988) noted, people with
prior experience are not necessarily comparable with those without
prior experience because the people who return for a second
assessment often have a higher level of initial functioning than
those who do not return. As a consequence, at least a portion of the
difference in performance between those tested at a second occasion and those tested at the same time but for their first occasion
may be attributable to a higher initial level of functioning among
people who return for a second assessment. Better estimates of
retest effects might therefore be obtained by comparing the performance of the same individuals on successive occasions.
Two aspects of retest effects can be distinguished: amount of
gain across a short interval and the rate at which whatever gain is
achieved decreases as a function of time. Results from comparisons used to compute test–retest reliability in standardized tests are

relevant to the first aspect. At least with cognitive measures that
are sensitive to age in cross-sectional comparisons, performance
on the second assessment is typically higher than that on the first
assessment. This phenomenon is illustrated in Table 1, which
summarizes retest gains in several standardized tests in units of the
standard deviation of the first measurement (i.e., Time 1 standard
deviation [T1 SD] units). Inspection of the table reveals that the
retest gains over a period of about 1 month averaged slightly less
than 0.50 T1 SD units. It also appears that there is a tendency for
the retest gains to be smaller with increased age, although it was
not possible to evaluate the statistical significance of this trend.
Similar results have been reported in other studies with retest
intervals up to 1 year. For example, Dikmen, Heaton, Grant, and
Temkin (1999) found retest gains in performance IQ of 0.46 T1 SD
units in a sample of adults with an average age of 34 and a retest
interval of 9 months, and Snow, Tierney, Zorzitto, Fisher, and Reid
(1989) reported an average retest gain of 0.11 T1 SD units in a
sample of adults with an average age of 67 and a 1-year retest
interval. Other studies with adults from a range of ages and retest
intervals of 1 year or less have also reported retest gains of
between 0.10 and 0.60 T1 SD units across a variety of variables
(e.g., Benedict & Zgaljardic, 1998; Lowe & Rabbitt, 1998;
Mitrushina & Satz, 1991; Salinsky, Storzbach, Dodrill, & Binder,
2001; Uchiyama et al., 1995; see review in Benedict & Zgaljardic,
1998). Furthermore, although the magnitude is typically smaller,
retest gains have been found even when different materials or
forms are used in the retest (e.g., Benedict & Zgaljardic, 1998;
Dikmen et al., 1999; Watson, Pasteur, Healy, & Hughes, 1994;
also see Rabbitt, Diggle, Smith, Holland, & McInnes, 2001).
On the basis of the results just described, it is possible that both
positive retest influences and negative age influences are operating
simultaneously in longitudinal comparisons, particularly among
young adults for whom the positive retest effects may be large.
However, little is currently known about the duration of retest
Table 1
Short-Term Retest Gains (in Time 1 Standard Deviation Units)
From Standardized Tests
Source and
age range
Wechsler (1981, Table II)
25–34
45–54
Wechsler
(1997, Tables 3.6–3.9)
16–29
30–54
55–74
75–89
WASI (1999, Table 5.4)
17–54
55–89
Kaufman & Kaufman
(1993, Table 8.2)
20–54
55–85⫹

Mean retest
interval
(in days)

N

Gain

14–49
14–35

71
48

0.57
0.60

35
35
35
35

100
102
104
88

0.67
0.60
0.40
0.24

31
31

51
55

0.32
0.18

31
31

51
54

0.50
0.43

Note. The variable for Wechsler (1981, 1997) and WASI (Wechsler
Abbreviated Scale of Intelligence; 1999) was the Performance Intelligent
Quotient; the variable for Kaufman and Kaufman (1993) was the composite measure of fluid cognitive abilities.
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effects or of their magnitude relative to effects associated with
increased age. Perhaps the simplest way to investigate the duration
of retest effects is to compare the size of the difference between a
given variable at the first (T1) and second (T2) measurement
occasion as a function of the interval between occasions. A comparison of this type requires that people vary in the length of the
interval between the two assessments (cf. McArdle & Woodcock,
1997), but to the extent that there is variability in the T1 ⫺ T2
interval, it should be possible to estimate both the magnitude of the
retest effect and the time interval required for it to diminish to 0.
Another advantage of a design in which there is variability
among people in the retest intervals is that one can simultaneously
estimate the magnitude of age effects and of retest effects. That is,
in a typical two-occasion longitudinal study, it is difficult to
decompose observed change scores into gains associated with the
retest and possible negative effects associated with increased age,
because when everyone has the same retest interval there is a
confounding between the increment in age and the increment in
occasion number (or amount of prior experience). However, when
people vary in the interval between the first and second assessments, the increase in age is no longer perfectly correlated with the
interval between assessments, and it becomes possible to distinguish the two components.
McArdle, Ferrer-Caja, Hamagami, and Woodcock (2002) recently reported analyses of data collected with a variable retest
interval design in which the intervals from the first to the second
occasion ranged from a few months to 10 years. In addition to
providing estimates of the age relations from cross-sectional and
longitudinal comparisons, the analyses yielded separate estimates
of the effects associated with age and the effects associated with
retest. To illustrate, for the fluid cognitive ability measure, a
simple regression analysis of the first occasion cross-sectional data
for adults between 20 and 49 years of age yielded a slope of
⫺.362, indicating that each year was associated with a decrease of
.362 units.1 In contrast, the estimate of observed longitudinal
change, based on the difference in score from the first to the
second occasion divided by the difference in age from the first to
the second occasion, was 2.0 units. A particularly informative
aspect of the McArdle et al. (2002) study was the use of mixed
effects analyses, based on the following equation, to simultaneously derive estimates of the age and retest effects.
Ym,n ⫽ Y0,n ⫹ Age m,n ⫻ ⌬Yn ⫹ Rm ⫻ ⌬Rn ⫹ em,n

(1)

where Ym,n is the observed score of person n at measurement m,
Y0,n is the latent initial score of person n, Agem,n is the observed
age of person n at measurement m, ⌬Yn is the latent age slope of
person n, Rm is the retest effect at measurement m, ⌬Rn is the latent
retest slope of person n, and em,n is the latent error score of person
n at measurement m. The subscript n refers to the random components of the model in that they represent parameters that can
vary across people. It is important to note that in this type of
analysis, the age variable is scaled in years, but the retest variable
is scaled in terms of number of prior assessments (i.e., 0 for T1 and
1 for T2).
The estimate of the average age slope (i.e., ⌬Y) for adults
between 20 and 49 in this analysis was ⫺.389, and the estimate of
the average practice slope (i.e., ⌬R) was 5.85. The estimated
annual decrease associated with increased age in this analysis was
therefore nearly the same as that found in the cross-sectional
comparison (i.e., ⫺.389 vs. ⫺.362), but the effect of a single retest
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was over 15 times greater than the estimated annual decline. The
combination of the two effects within this age range would have
resulted in the negative age-related effects being completely obscured by the large positive retest effect had it not been possible to
estimate both effects in the analysis.
Similar types of analyses attempting to distinguish age and
retest effects have been reported in other recent studies involving
older adults, and in each case the estimated retest effects were
large relative to the estimated age effects (e.g., Ferrer, Salthouse,
Stewart, & Schwartz, 2004; Rabbitt et al. 2001; Wilson et al.,
2002). Furthermore, each group of researchers reached very similar conclusions. For example, Rabbitt et al. (2001) suggested that
“all studies, which have not taken practice effects into account,
have seriously underestimated the rates of cognitive decline in old
age” (p. 540); Wilson et al. (2002) claimed that, “It is likely,
therefore, that the observed levels of decline in cognitive test
performance underestimate the actual levels of declines in the
abilities being measured” (p. 190); and Ferrer et al. (2004) noted
that “ignoring the retest process in the model tends to underestimate the age effects, with more severe bias occurring when retest
effects are larger” (p. 255).
There were two goals of the present study. The first was to
compare the magnitude of the gains from the first to the second
occasion with the magnitude of the age-related differences derived
from cross-sectional comparisons and to estimate the interval
between successive assessments needed for the gain associated
with a retest to decrease to zero. The second goal of the study was
to apply the same type of mixed effects models used by McArdle
et al. (2002) to six variables previously established to have significant negative relations to age in cross-sectional comparisons of
adults between 20 and 50 years of age (i.e., Schroeder & Salthouse, 2004). Of particular interest was whether we would be able
to replicate the findings of nearly comparable cross-sectional and
longitudinal estimates of age-related declines in cognitive functioning among adults under the age of 60 after taking retest effects
into consideration.
The data available for analysis in the current study consisted of
the cognitive scores on an initial and subsequent assessment occasion for samples of 120 –284 adults between 18 and 58 years of
age. Although participants were only assessed on two occasions,
thus restricting analyses of within-person changes to linear relations, the interval between the first and the second occasion varied
from less than a week to 35 years. This feature of the data allowed
the longitudinal changes to be decomposed into a portion attributable to aging and to a portion attributable to the retest.

Method
The data were collected from individuals (N ⬎ 15,000) who were clients
at various offices of the Johnson O’Connor Research Foundation across the
United States. All of them paid, either directly or through their employer,
for an initial vocational assessment. Some of the individuals (see Table 2
for sample sizes) returned for further consultation, and if so, they were
asked to retake one of the tests. Because any given individual repeated only
one test, the samples for the different tests did not overlap. The retest
intervals ranged from a few days to 35 years.
The present study focuses on six variables that had significant negative
age correlations in a previous cross-sectional comparison (Schroeder &

1

Some of the results described here are based on new analyses of the
data for adults between 20 and 49 years of age.
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Table 2
Descriptive Characteristics (Means and Standard Deviations) of Samples at the First Assessment
Age range
Variable and characteristic
Associative Learning
N
Mean age
Mean retest interval
Wiggly Block
N
Mean age
Mean retest interval
Recognition Memory
N
Mean age
Mean retest interval
Number Memory
N
Mean age
Mean retest interval
Memory for Design
N
Mean age
Mean retest interval
Inductive Reasoning
N
Mean age
Mean retest interval
Note.

18–29

30–39

40–58

All

87
22.5 (3.3)
4.9 (3.8)

42
34.6 (2.8)
3.5 (3.5)

27
44.9 (3.6)
2.5 (2.5)

156
29.6 (9.3)
4.1 (3.6)

65
23.1 (3.3)
2.5 (2.2)

27
34.5 (3.1)
1.8 (1.8)

27
44.8 (3.8)
1.6 (1.8)

120
30.6 (9.5)
2.1 (2.1)

130
23.1 (3.6)
5.8 (4.8)

41
35.1 (2.3)
3.1 (3.7)

25
46.0 (4.0)
4.2 (3.9)

197
28.7 (8.9)
5.0 (4.6)

123
22.1 (3.4)
5.5 (6.1)

33
34.8 (2.8)
3.7 (4.4)

25
46.0 (4.6)
2.9 (2.8)

181
27.7 (9.4)
4.8 (5.5)

110
22.4 (3.3)
5.7 (5.2)

37
34.9 (3.0)
2.6 (3.1)

25
45.4 (3.4)
2.4 (2.6)

172
28.4 (9.2)
4.6 (4.7)

187
22.8 (3.7)
3.2 (3.0)

71
34.8 (2.8)
3.1 (3.3)

26
47.1 (5.0)
1.6 (2.1)

284
28.0 (8.7)
3.1 (3.0)

Age and retest interval are expressed in years. Numbers in parentheses are standard deviations.

Salthouse, 2004). The Associative Learning Test involved pairedassociates learning and memory for verbal material (i.e., words and nonsense syllables). The Wiggly Block Test required manipulation of threedimensional blocks containing curved surfaces to assemble a cube. The
Recognition Memory Test assessed recognition memory for the identity
and position of objects from a set of pictures. The Number Memory Test
assessed recall memory for sets of numbers, and the Memory for Designs
Test assessed accuracy in reproducing line patterns. Finally, the Inductive
Reasoning Test measured quickness in selecting which pictures, from
among a set of six, had something in common.
Characteristics of the retest sample for each variable, including the age
and retest interval, are summarized in Table 2. Note that all of the
participants were under the age of 60 years, with a large proportion under
the age of 30. It is also important to recognize that unlike traditional
longitudinal designs in which everyone is retested at nearly the same
interval, there is considerable variability in the retest intervals for each
variable. In fact, examination of Table 2 reveals that in most cases the
standard deviation of the retest interval was nearly as large as the mean
retest interval. Correlations between age at the first assessment and the
retest intervals ranged from ⫺.15 (for Inductive Reasoning) to ⫺.32 (for
Memory for Designs), indicating that, on the average, the retest interval
was somewhat shorter for older individuals. For none of the variables was
there a significant correlation between the score at the first occasion and
the length of the interval until the second occasion (i.e., range from ⫺.10
to .08, Mdn ⫽ ⫺.01).

Results
The dotted lines in the six panels of Figure 1 portray the
cross-sectional age relations for the total sample of individuals
assessed on these variables, and for the retest sample at the first
(T1) and second (T2) measurement occasions. The solid line
represents the average change across the retest interval for three
age groups. For most of the variables, the absolute level of per-

formance and the relations with age were quite similar in the total
sample and in the retest sample at the first (T1) occasion. The
primary exceptions were that adults in the 18-to-29 age group in
the retest samples for the Associative Learning and Wiggly Block
variables had higher average levels of performance than did the
total sample. Although these individuals may have differed from
the total sample in certain characteristics, for the most part the
individuals who returned for a retest appeared comparable to the
total sample of individuals who were assessed with these tests.
In each of the panels, all three cross-sectional age relations were
negative, which confirms that for these cognitive measures, increased age in the range from 18 to 60 years is associated with
lower levels of performance. It is also apparent in each of the
panels that the level of performance at the second occasion (T2)
was much higher than that at the first occasion (T1) and that the
solid lines representing average within-person changes all had
positive slopes. The results portrayed in Figure 1 therefore replicate the pattern of pronounced age-related declines in crosssectional comparisons (dotted lines) and improvements in longitudinal comparisons (solid lines) for adults under the age of 60.
The initial analyses of the data examined linear and quadratic
effects of age on the score at T1 and of the retest interval on the
change in score from T1 to T2. Nearly all of the linear effects were
significant (i.e., median R2 ⫽ .042 for age and .058 for retest
interval), but none of the quadratic effects were significant (i.e.,
median R2 ⫽ .004 for both age and retest interval). Only linear
relations of age and retest interval were therefore included in the
subsequent analyses. To facilitate across-variable comparisons, all
of the variables were expressed in a common scale by converting
the scores to standard deviations of the first measurement
occasion.
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Figure 1. Cross-sectional (dotted lines) and longitudinal (solid lines) age relations in the total and retest sample at
the first (Time 1) and second (Time 2) measurement occasions. Bars above and below each point are standard errors.

The observed change from T1 to T2 was used as the dependent
variable in the analyses designed to investigate the persistence of
the retest effects. The T2 ⫺ T1 change scores were plotted as a
function of the retest interval in Figure 2. It can be seen that for all
of the variables the values with a retest interval of less than 1 year
were about 0.5 SD units, which is comparable to the values
summarized in Table 1 for adults in this age range.
The T2 ⫺ T1 change scores for each variable were analyzed in
hierarchical regression analyses with age, retest interval, and the

cross-product (Age ⫻ Retest Interval) interaction terms entered
successively. None of the age effects were significant (i.e., R2 ⬍
.018), but all of the effects of retest interval were significantly
different from zero (i.e., R2 ⫽ .023 to .142). Only one interaction
was statistically significant (i.e., R2 ⫽ .045, for the Number
Memory variable), and it was attributable to a smaller effect of
retest interval with increased age. These results suggest that within
this age range the magnitude of the gain in performance from the
first to the second assessment was not related to age, nor did the
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Figure 2. Retest gains in six cognitive variables as a function of retest
interval. Bars above and below each point are standard errors. T1 ⫽ first
measurement occasion; T2 ⫽ second measurement occasion.

relation between the T1 to T2 interval and the retest gain vary as
a function of age.
Two sets of regression equations were next computed relating
the T2 ⫺ T1 difference to the retest interval to determine the
interval required for the difference to reduce to zero. The first set
of equations was based on data from all retest participants, and the
second set was based on data for those participants with a retest
interval equal to or greater than 1 year. The intercepts and slopes
of these equations were then used to estimate the number of years
until the retest gain was eliminated, corresponding to a T2 ⫺ T1
difference of zero. That is, the regression equation, Y ⫽ a ⫹ b(X),
where Y is the T2 ⫺ T1 performance difference, and X is the retest
interval, was rearranged to determine the X value corresponding to
a Y value of zero.
Results of these regression analyses are summarized in Table 3.
Inspection of the table reveals that for every variable, at least 7
years were needed for the gain to diminish to zero. Furthermore,
with the exception of the Number Memory variable, the results
were similar with and without data from participants with retest
intervals of less than 1 year. The anomalous results with the
Number Memory variable are likely attributable to the near-zero
retest gains for intervals greater than 1 year, apparent in Figure 2.
The regression equations based on the data from all retest
participants were then used to estimate the expected retest gain
across a 3-year interval, and these estimated retest gains were
compared with the expected cross-sectional difference across a
3-year age range based on the data from the total sample of adults
and on the data from the retest sample at the first occasion. These
three values are displayed in the right-most columns of Table 3. It
can be seen that the estimated retest gains across a 3-year retest
interval ranged from 0.20 to 0.41 T1 SD units, whereas the average
cross-sectional difference was between ⫺0.04 and ⫺0.10 T1 SD
units. If the cross-sectional age relations are assumed to approximate the true maturational age relations, these results imply that
for adults between about 18 and 60 years of age, the positive retest
effects across a 3-year interval are between 4 and 10 times larger
than the negative maturational effects.
The next set of analyses compared estimates of the age relations
from conventional cross-sectional and longitudinal comparisons.

That is, estimates of the cross-sectional age difference (based on
the slope of the regression equation relating score to age) and of
the longitudinal age change (derived by dividing the difference in
score from T2 to T1 by the difference in age from T2 to T1) were
computed for each variable. These estimates are presented in the
first through the fourth columns of Table 4.
The values in the first and second columns represent the comparison of the total sample and the retest sample at T1. As noted
earlier, for a few variables, the retest sample differed from the total
sample either in the initial level (e.g., Associative Learning, Wiggly Blocks) or in the age relation (e.g., Wiggly Blocks). The higher
intercepts in the third column (T2) compared with those in the
second column (T1) reflect the higher performance at the second
occasion, but the generally similar age slopes suggest that the gains
associated with a retest were comparable at every age. The age
slopes range from ⫺.013 to ⫺.034, which correspond to differences of between 0.65 and 1.7 standard deviation units over 50
years. These latter values are in the range of the estimates obtained
in cross-sectional studies with samples of 200 or more adults
across a wide age range (e.g., Park et al., 2002; Schaie, 1996;
Salthouse, 1993, 1994; Salthouse & Czaja, 2000; Salthouse &
Ferrer-Caja, 2003; Salthouse, Hambrick, & McGuthry, 1998; Verhaeghen & Salthouse, 1997).
The values in the fourth column represent the average withinperson change per year based on the longitudinal comparison (i.e.,
difference in score divided by difference in age). These values are
not only in the opposite direction of the estimated cross-sectional
age effects but are between 13 and 57 times greater in magnitude.
To illustrate, the average estimated age relation for the Associative
Learning variable in the cross-sectional comparisons was ⫺.028
units per year, whereas in the longitudinal comparison it was .980
units per year.
Values in the fifth and sixth columns of Table 4 were obtained
using Equation 1 after first centering the age variable by subtracting the youngest age, 18 years, from all ages.2 Two analyses were
conducted with each dependent variable. The first included age
(scaled in years), retest (coded as 0 for no and 1 for yes), and the
interaction of age and retest as fixed effects, with random effects
for the intercept (initial level of Y) and for age (estimated change
in Y as a function of age). None of the interactions of age and retest
were significant with any of the variables (i.e., all p values greater
than .13), and thus the interaction term was dropped from the
second analysis. In addition, the covariation between the age and
retest variables was set to zero, and random coefficients were
estimated for the intercept, age, and retest effects (as in McArdle
2
Parallel analyses were also conducted when the analyses were repeated
after centering the age variable for each individual on the basis of the
average of his or her ages across the two measurement occasions. Because
the sum of the two person-centered age variables equals the retest interval,
it is not surprising that the correlations between the person-centered age
variable and the binary coded (0 for none, 1 for one) retest variable ranged
from .66 to .75. Nevertheless, the same pattern of small but significant
negative age effects and large positive retest effects was found in these
analyses. In particular, the fixed effects coefficients for the age and retest
effects, respectively, were ⫺.068 and .620 for Associative Learning, ⫺.071
and .573 for Wiggly Block, ⫺.037 and .447 for Recognition Memory,
⫺.043 and .313 for Number Memory, ⫺.066 and .499 for Memory for
Designs, and ⫺.038 and .409 for Inductive Reasoning.
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Table 3
Estimated Duration of Retest Effects and the Magnitude of Retest Gains and of Cross-Sectional
Differences Across a 3-Year Interval
Years until retest gain ⫽ 0

Variable

All
participants

Excluding participants
with retest intervals
⬍ 1 year

Associative Learning
Wiggly Block
Recognition Memory
Number Memory
Memory for Design
Inductive Reasoning

9.0
7.3
11.9
9.0
7.9
9.9

9.2
7.3
12.8
0.4
8.0
13.4

Note.

T1 SD units across 3 years
Cross-sectional
age difference
Retest
gain

Total

Retest

0.41
0.35
0.36
0.20
0.30
0.29

⫺0.05
⫺0.04
⫺0.05
⫺0.06
⫺0.08
⫺0.05

⫺0.08
⫺0.10
⫺0.05
⫺0.05
⫺0.09
⫺0.04

T1 SD ⫽ Time 1 standard deviation.

et al., 2002).3 Parameter estimates from this second set of analyses
are presented in the rightmost columns of Table 4.
There are two important results from these analyses. The first is
that the retest effects were all positive and moderately large, with
a range of between 9 and 20 times greater than the estimated
annual decline associated with age. The second important result is
that after taking effects associated with the retest into consideration, the estimates of the age effects were similar in direction to,
and if anything larger in magnitude than, the estimates derived
from the cross-sectional comparisons. For example, the estimated
annual age effect for the Associative Learning variable in the
cross-sectional analysis at T1 was ⫺.027 standard deviation units,
and it was ⫺.037 standard deviation units in the analysis in which
the age and retest effects were estimated simultaneously.
Because the estimates of the age effects in Equation 1 are based
on both cross-sectional (between-persons) and longitudinal
(within-person) information, and because the range of crosssectional age is considerably larger than the range of longitudinal
retest intervals (cf. Table 2), the estimates of the age effects may
have been dominated by the cross-sectional age relations. In order
to investigate this possibility, the analyses were repeated on the
subsample of adults under the age of 30. This group was selected
because the sample sizes were relatively large, and the standard
deviations for the age and retest interval variables were similar in
magnitude. Results from these analyses (not displayed in tables)
closely resembled those reported in Table 4. To illustrate, for the
six variables listed successively in Table 4, the estimates of the age
effects for adults between 18 and 29 years of age were ⫺.039,
⫺.050, ⫺.042, ⫺.032, ⫺.059, and ⫺.010, respectively, and the
estimates of the retest effects were .458, .482, .539, .318, .482, and
.276, respectively. Not only are these values close in absolute
magnitude to those based on the complete sample (cf. Table 4), but
the ratios of the retest effects to the age effects were also similar
(i.e., range ⫽ 8 –27, Mdn ⫽ 10.3). It therefore does not appear that
the estimates of the age effects in Table 3 are artifacts of the larger
range of between-persons (cross-sectional) ages than of withinperson (longitudinal) retest intervals.
The mixed effects models also yielded estimates of the variability exhibited by the individuals around the average fixed effects.
These estimates, presented in the column labeled Random in Table
4, indicated that people varied considerably in the intercept or
initial level of Y but that there was very little across-individual
variability in the magnitude of the age effects (i.e., ⌬Y). The

absolute values of the estimates of variability for the retest effects
(i.e., ⌬R) were moderately large, but so were the standard errors,
and none of the estimates were significantly different from zero.
These results therefore suggest that although people differ substantially in the initial level of performance, at least within this
range of age and retest intervals, they were relatively similar in the
degree to which their performance changed as a function of age or
retest.

Discussion
Two different types of analyses converged on the conclusion
that, at least in adults under the age of 60, the increases in
performance associated with a prior assessment are quite large
relative to the decreases associated with increased age. One analysis simply compared estimates of the magnitude of the gain from
a first to a second assessment with estimates of the magnitude of
age differences based on cross-sectional comparisons. Because the
interval between the assessments varied from a few days to over 35
years, it was also possible to estimate the interval required for the
retest effects to be eliminated. The analyses revealed that between
7 and 13 years must elapse before the advantage of the prior
assessment was eliminated for these variables. The second analysis
was based on a statistical model of age and retest effects that
capitalized on the fact that the interval between the first and the
second measurement occasion varied across participants. Results
from both sets of analyses indicate that, for adults under the age of
60 and retest intervals less than about 7 years, retest effects may be
greater than age effects by as much as a factor of 15, and thus the
observed longitudinal change will frequently be positive despite
the presence of age-related decline. These findings therefore suggest that a major reason for the discrepancy between age trends
observed in cross-sectional and longitudinal comparisons is that
negative age effects in longitudinal comparisons are completely
obscured by positive retest effects.
Although the two analytical procedures were consistent in yielding estimates of small negative age effects and large positive retest
effects, it is important to recognize that they involved somewhat
3
Because there were only two measurement occasions, the covariance
of the random age effects and random retest effects had to be fixed to zero
for the models to converge.
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Table 4
Estimates of Age and Retest Effects From Cross-Sectional, Longitudinal, and Mixed-Effects
Analyses
Cross-sectional
Variable and parameter
Associative Learning
Intercept
Age
Retest
Wiggly Blocks
Intercept
Age
Retest
Recognition Memory
Intercept
Age
Retest
Number Memory
Intercept
Age
Retest
Memory for Designs
Intercept
Age
Retest
Inductive Reasoning
Intercept
Age
Retest

Mixed-effects

Total

T1

T2

Longitudinal
(⌬Y/⌬age)

.268*
⫺.017*

.796*
⫺.027*

1.323*
⫺.029*

.216*
⫺.013*

1.013*
⫺.033*

.578*
⫺.018*

Fixed

Random

0.980*

.419*
⫺.037*
.493*

.826*
.001
.121

1.544*
⫺.034*

1.435*

.496*
⫺.041*
.508*

.520
.001
.242

.474
⫺.017

1.049*
⫺.023*

0.533*

.240
⫺.022*
.388*

.792*
.000
.187

.659*
⫺.019*

.443
⫺.016

1.249*
⫺.034*

0.817*

.276*
⫺.027*
.260*

.914*
.001
.000

.755*
⫺.027*

.840*
⫺.030*

1.334*
⫺.034*

0.411*

.419*
⫺.040*
.383*

.966*
.001
.000

.348*
⫺.016*

.353
⫺.013

.822*
⫺.017

0.860*

.168
⫺.017*
.345*

.570*
.000
.134

Note. The estimates for the mixed-effects models were obtained with maximum likelihood procedures with
SAS Proc Mixed.
* p ⬍ .01.

different sets of assumptions. For example, the critical assumption
underlying the comparison of T2 and T1 performance to estimate
retest effects is that there were minimal positive changes across
that interval in factors unrelated to retest. If there were increases in
ability from the first to the second assessment or if the environment changed in ways that contributed to increases in performance
on these tasks, then the retest estimates would be overestimated in
this analysis. (Conversely, if there were decreases in ability or
negative changes in relevant aspects of the environment across the
retest interval, then the inferred retest gains would be underestimated with this procedure.) The mixed effects analyses took advantage of the fact that the retest interval varied across individuals
to separate influences associated with age and retest, and it is based
on the assumption that it is meaningful to combine within-person
and between-persons age effects in order to distinguish them from
retest effects. This assumption can be questioned, particularly
because of the difficulty of determining the relative contribution of
the between-persons and within-person influences on the overall
age estimate. However, the critical estimate for the current purposes concerns the magnitude of the retest effect, and that estimate
is only partially influenced by the composition of the estimated age
effect.
The similar patterns of results with different sets of assumptions
is reassuring, but alternative analytical methods should continue to
be explored because of the inherent difficulty of disentangling
between-persons age differences, within-person age changes, and
within-person retest changes in two-occasion longitudinal data.
One possibility worth considering in future longitudinal studies is

to combine variable retest intervals with more than two occasions
to allow more powerful decomposition of the three types of
influences.
The discrepancy between the estimates of the age-related effects
in cross-sectional and longitudinal comparisons might not be expected to be as large among older adults if, as the short-term retest
results summarized in Table 1 suggest, the retest effects are
smaller with increased age. Indeed, Wilson et al. (2002) reported
age relations of similar magnitude in cross-sectional and longitudinal comparisons across seven composite variables in adults with
an average age of 76, and Sliwinski and Buschke (1999) actually
reported larger negative age relations in longitudinal comparisons
than in cross-sectional comparisons for 12 of 13 variables for
adults between 66 and 92 years of age.
Although similar retest effects were observed in each variable in
the analyses reported here, it is also possible that the magnitude of
the retest effects may vary across variables in samples with older
participants. In fact, Ferrer et al. (2004) recently found that this
was the case in which the same type of analytical model used here
was applied to data from a sample of adults between 40 and 72
years of age with annual retests across a period of 4 years. Three
composite variables were analyzed, and large retest effects were
found for a memory variable, small retest effects for a speed
variable, and intermediate effects for a measure of spatial ability.
At least four types of influences may contribute to the retest
gains that occur across successive measurement occasions. The
most obvious are test-specific factors such as remembering the
answers to particular items. General familiarity with the testing
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situation, perhaps accompanied by a reduction in anxiety, may also
contribute to improved performance, even when different forms
are used in each occasion. Another possibility that could contribute
to better performance on subsequent occasions is an increase in the
relevant ability or skills during the interval between measurement
occasions. Finally, in some circumstances, a portion of the gain
from the first to the second measurement occasion might be
attributable to changes that occur in the environment in which the
individual lives. An influence of this type is probably most plausible for general information or vocabulary tests. For example, a
question about the capital of a relatively unfamiliar country might
be easier to answer after there has been considerable publicity
about the country because of a war, epidemic, or famine. Because
the retest effects appear to persist for as long as 13 years, it would
clearly be desirable to disentangle the various types of retest
influences and to determine the relative time course of each.
Although this does not appear possible with the current design and
analytical procedures, it may be feasible in the future by systematically combining variable retest intervals with systematic manipulations of the similarity of the test materials across occasions and
by adding time-lag comparisons in which different people of the
same ages are tested for the first time with each administration of
a retest. Comparison of retest gains across different test versions
should be informative about the role of test-specific factors, and
time-lag comparisons would provide an estimate of gains attributable to cultural or environmental changes.
To reiterate, the results of the analyses reported here suggest that
a substantial proportion of the discrepancy between estimates of
age– cognition relations from cross-sectional and longitudinal
comparisons that involve adults under age 60 is not because
cross-sectional results overestimate the true age relations but because the longitudinal comparisons, at least with retest intervals of
less than 10 years, incorporate large positive retest effects that may
overwhelm the negative age effects. A conclusion of this type
obviously challenges conventional assumptions that little or no
cognitive change occurs before about age 60. However, it is
consistent with findings of nearly linear cross-sectional declines
beginning in the 20s in certain neurophysiological parameters that
might serve as substrates of cognitive functioning, such as the
density of dopamine receptors (e.g., Backman et al., 2000; Kaasinen et al., 2000; Volkow et al., 1998, 2000), relative concentration
of brain metabolites (e.g., Kadota, Horinouchi, & Kuroda, 2001),
measures of the integrity of myelin (e.g., Abe et al., 2002; Nusbaum, Tang, Buchsbaum, Wei, & Atlas, 2001; O’Sullivan, Jones,
Summers, Morris, Williams, & Markus, 2001), volume of white
matter (Guttmann et al., 1998), volume of gray matter (Bartzokis
et al., 2001; Good et al., 2001), density of gray matter (Sowell et
al., 2003), and the volumes of various brain regions (e.g., Raz,
2000; Tisserand, Visser, van Boxtel, & Jolles, 2000).
The suggestion that age-related cognitive decline begins when
people are in their 20s also has implications for the timing of
potential interventions. That is, if the goal is prevention, instead of
remediation, it may be necessary to target the period of young
adulthood. Although interventions at any age may be effective in
increasing the level of performance in specific tasks, they may not
be very successful in altering the relation between age and performance unless they occur when the declines are first occurring.
The findings of significant negative relations between age and
measures of cognitive functioning before age 60 in both crosssectional and retest-adjusted longitudinal analyses also lead to
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questions about how results involving correlations among longitudinal change scores for different cognitive variables in older
adults should be interpreted if the change in both variables actually
started decades earlier. If it is really the case that the phenomenon
of cognitive aging starts when adults are in their 20s or 30s, then
attempting to identify causes of the phenomenon by examining
correlations among change in adults in their 60s or later may be
analogous to attempting to infer which rocks precipitated an avalanche by examining their rate of progress half way down the
mountain. Of course, it is possible that factors in childhood or
earlier serve to determine when, and by how much, cognitive
functioning is affected by increased age in adulthood. However,
results such as those described here suggest that the phenomenon
of age-related cognitive decline can be detected relatively early in
adulthood with both cross-sectional and longitudinal comparisons
when the contribution of retest gains in longitudinal data is taken
into consideration.
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