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50NCEN The paradox of cognitive change
Paradox of Cognitive Change Timothy A. Salthouse
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Properties of cognitive change scores were compared in adults over age 70, for whom longitudinal changes are
often negative, and in adults in two age groups under age 70, for whom the changes are often close to zero. Longi-
tudinal assessments of three measures of memory and three measures of speed across an average interval of 2.4
years were obtained from a sample of 1,282 healthy adults between 18 and 92 years of age. Although substantial
longitudinal declines were primarily apparent in adults 70 years of age and older, adults under and over age 70
were similar with respect to the variability and reliability of the cognitive changes, and in the magnitude of the
correlations of the changes with each other and with variables that have been identified as risk factors for late-life
cognitive decline and dementia. It is suggested that longitudinal changes in cognition can be considered to repres-
ent a paradox in that the mean values of the changes are more negative at older ages, but the change scores have
similar measurement properties, and appear to be just as systematic, among adults under and over 70 years of age.
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Most prior research on longitudinal changes in cognitive
functioning has found significant declines primarily
among adults over about 70 years of age (e.g.,
Ronnlund, Nyberg, Backman, & Nilsson, 2005; Schaie,
2005). The dominant interpretation of these results,
which is often implicit if not explicit, is that little mean-
ingful change occurs at younger ages. Although this
interpretation may be valid, it is also the case that very
little is currently known about the nature and determi-
nants of cognitive change at any age. The primary purpose
of the current project was to investigate the implication
that there may not be meaningful change under about 70
years of age by comparing several characteristics of lon-
gitudinal change in adults of different ages. Specifically,
adults in three age groups were compared with respect
to: (a) the magnitude of individual differences in change;
(b) estimates of the reliability of change; (c) correlations
among the changes; and (d) correlations of the changes
with variables reflecting aspects of lifestyle, personality,
and mood.

Cognitive changes were examined in six cognitive
variables representing perceptual speed and episodic
memory abilities because these abilities tend to be among
the most sensitive to effects of aging (cf. Salthouse, in
press). The data are derived from a project employing a

measurement burst design (e.g., Nesselroade, 1991; Salt-
house, 2007) in which research participants performed
three different versions of each cognitive test on each of
two measurement occasions. The scores are designated
T11, T12, and T13 for the three versions at the first occa-
sion, and T21, T22, and T23 for the three versions at the
second occasion. The availability of three scores for each
test at each occasion allowed more sensitive evaluation
of change than that possible with conventional single
assessment procedures.

Longitudinal data are available from a total of 1,282
adults. All of the participants had a measurement burst
with three assessments at the second occasion, and 419
of them (the double-burst subsample) also had three
assessments at the first occasion. The other 863 partici-
pants were only administered the first version of each
test on the initial occasion and all three versions on the
second occasion. In order to contrast properties of cog-
nitive change at different ages, the participants were
divided into three groups, with the first group composed
of adults between 18 and 44, the second group composed
of adults between 45 and 69, and the third group consisting
of adults between 70 and 92 years of age.

Several of the analyses of longitudinal change were
based on the latent change model portrayed in Figure 1,
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2 SALTHOUSE

in which the scores on the three test versions at each
occasion serve as indicators of latent constructs. The
model is based on one introduced by McArdle and
Nesselroade (1994) and essentially creates a latent con-
struct at each measurement occasion based on the scores
from the three versions of each test and then derives esti-
mates of change from the residual of the construct on the
second occasion after partialling influences from the first
occasion. In addition to minimizing the impact of meas-
urement error by focusing on the systematic variance
shared among multiple variables, this approach to meas-
uring change uses all of the available data in the analyses
by relying on the full-information maximum likelihood
algorithm for estimation (Enders, 2001). In other words,
even the data from the participants who performed the
three versions only on the second occasion contributed
to the estimates in these analyses.

The participants in the project also completed a set of
questionnaires on the second test occasion to evaluate
aspects of lifestyle, mood, and personality. The data
from these questionnaires were used to examine correla-
tions of measures of lifestyle (i.e., cognitive stimulation
and physical exercise), personality (e.g., neuroticism,
openness), and mood (e.g., depression, anxiety) with the
longitudinal change in the measures of cognition. Variables
within these categories are particularly interesting as
potential predictors of cognitive change because a
number of studies have reported that they are related to
cognitive decline and to the onset of dementia (e.g.,
Fratiglioni, Paillard-Borg, & Winblad, 2004; Hendrie
et al., 2006). However, it is not known whether these
relations are unique to the period of late adulthood, in
which case they should not be present among young and
middle-aged adults, or if they reflect a phenomenon

apparent across all of adulthood, in which case they may
be evident to nearly the same degree at all ages.

METHOD

Table 1 contains descriptive characteristics of the three
groups of research participants. Inspection of the entries
in the table reveals that the groups are generally similar
in most respects, although the older group had some-
what higher age-adjusted scaled scores for the Vocabu-
lary, Digit Symbol, and Logical Memory variables,
which suggests that they may be more cognitively select
relative to their age peers than were the adults under 70
years of age.

The bottom portion of Table 1 reports the demo-
graphic characteristics only for the subset of participants
with three assessments at each occasion (i.e., the double-
burst subsample). It can be seen that these individuals
are very similar to the complete samples with the excep-
tion that the retest intervals were somewhat shorter
because the double-measurement-burst procedure was

Figure 1. Illustration of the latent change model. Measured
variables (V) are represented by boxes, and latent variables
(constructs representing level, Lvl, or change, Chng, or residu-
als representing unexplained variance) are represented by cir-
cles. Lines with one arrow correspond to regression relations,
and lines with two arrows represent correlations (bidirectional
relations).

V11 V21 V31 V12 V22 V32

Lvl Chng

Predictor

1
1

1 1
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1
1
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TABLE 1 
Characteristics of sample

Age group (years)

18–44 45–69 70–92

Total sample

Number 352 665 265
Age (years) 31.4 (8.6) 56.3 (6.9) 76.8 (5.1)
Proportion females .66 .68 .57
Self-rated health 2.1 (0.8) 2.1 (0.9) 2.5 (0.9)
Years of education 14.9 (2.4) 16.1 (2.5) 16.0 (3.0)
MMSE 28.5 (1.7) 28.7 (1.6) 28.1 (2.0)
Scaled scores

Vocabulary 12.2 (3.3) 13.1 (2.7) 13.5 (3.1)
Digit Symbol 11.0 (2.8) 11.7 (2.8) 12.0 (2.7)
Logical Memory 11.4 (2.8) 12.3 (2.8) 12.6 (2.8)
Word Recall 11.7 (3.3) 13.1 (3.2) 12.3 (3.0)

Retest interval (years) 2.5 (1.1) 2.5 (1.1) 2.4 (1.0)
Double-burst sample

Number 109 203 107
Age (years) 29.1 (8.6) 56.9 (6.6) 77.3 (5.1)
Proportion females .60 .68 .55
Self-rated health 2.2 (0.9) 2.3(0.8) 2.6 (0.9)
Years of education 15.0 (2.3) 15.9 (2.5) 16.2 (3.0)
MMSE 28.6 (1.6) 28.7 (1.6) 27.9 (1.9)
Scaled scores

Vocabulary 12.6 (3.0) 13.0 (2.70 13.6 (2.9)
Digit Symbol 11.0 (2.6) 11.6 (2.9) 12.4(2.6)
Logical Memory 11.2 (2.6) 12.0 (2.8) 12.8 (2.5)
Word Recall 11.9 (3.5) 13.0 (3.4) 12.5 (2.9)

Retest interval (years) 2.2 (0.6) 2.1(0.6) 2.2 (0.5)

Note Self-reported health is on a scale from 1 for excellent to 5
for poor. MMSE is the Mini-Mental Status Examination (Fol-
stein, Folstein, & McHugh, 1975). Scaled scores for tests from
the Wechsler Adult Intelligence Scale–Third Edition (WAIS–
III; Wechsler, 1997a) and from the Wechsler Memory Scale–
Third Edition (WMS III; Wechsler, 1997b) are adjusted for age.
The means for the scaled scores in the nationally representative
normative sample are 10 with a standard deviation of 3.
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PARADOX OF COGNITIVE CHANGE 3

implemented after the initial occasions in the longitudinal
project.

The three memory tests were the Word Recall and
Logical Memory subtests from the Wechsler Memory
Scale–Third Edition (WMS–III; Wechsler, 1997b) and a
locally developed paired-associates test involving two
lists that each contained six unrelated word pairs (for
details see Salthouse, Fristoe, & Rhee, 1996). The speed
tests were the Wechsler Adult Intelligence Scale–Third
Edition (WAIS–III; Wechsler, 1997a) Digit Symbol Sub-
stitution Test and two locally developed comparison
tests requiring written same/different responses regard-
ing pairs of letters or patterns (for details see Salthouse
& Babcock, 1991).

RESULTS

All variables were converted into z score units based on
the mean and standard deviation of the scores from the
complete sample on the first assessment.1 Means and
standard errors for the T11 and T21 scores (i.e., the first
version of the test at each occasion) for the six variables
in each age group are portrayed in Figure 2. It is appar-
ent that the means in each successive age group were
lower than those in the preceding group, which reflects
the cross-sectional age differences in the variables. The
T21–T11 declines among adults between 70 and 92 years
of age were significant in all variables, and the effect
sizes for the longitudinal changes were in the small to
medium range (i.e., d values between 0.20 and 0.36).
Four of the longitudinal changes were significantly negative
in the 45–69 group, but the effect sizes were smaller than
those in the 70–92 group (i.e., d values between 0.09 and
0.11 with the exception of a d of 0.21 for the Pattern
Comparison variable). None of the longitudinal changes
was significantly negative in the 18–44 group, and two
(Logical Memory and Digit Symbol) were significantly
positive rather than negative, indicating better perform-
ance on the second occasion. The results in Figure 2
therefore replicate earlier findings of substantial longitu-
dinal decline primarily among older adults.

The subsequent analyses were designed to compare
properties of the longitudinal changes in the three age
groups. One possibility is that very few of the young and
middle-aged adults exhibited any longitudinal decline,
whereas in the older group there might have been a mix-
ture of some people with large declines and others with
little or no decline. A mixture of this type might be
expected to result in larger individual differences in
change in the older group, and this was examined by
using the standard deviation of the T21–T11 change
score as the measure of variability. Standard deviations
of the changes for each variable in the three groups of
adults are portrayed in the top left panel of Figure 3. The
change variance was largest in the 70-and-over group for
the Word Recall and Logical Memory variables, but that

group had the smallest variance for the Paired Associates,
Pattern Comparison, and Letter Comparison variables.
Taken in combination, these results suggest that there
are few systematic age-related effects on individual dif-
ferences in change.

Another factor that could be contributing to the age
differences in longitudinal change is that the individual
differences might be more systematic in the older group.
That is, the total variability in change might be similar in
the three groups, but the longitudinal change might be
more consistent or reliable in the older group. Reliability
of the longitudinal change in the double-burst subsample
with three assessments at each occasion was computed
with coefficient alpha by using the three separate
changes as the “items” (i.e., change in the first test version
T21–T11, change in the second test version T22–T12,
and change in the third test version T23–T13). The
estimated reliabilities computed in this manner are por-
trayed in the top right panel of Figure 3.

It can be seen that all of the reliability estimates were
quite modest, with a range from about .1 to .5. The relia-
bility estimate was highest in the 70-and-over group for
the Word Recall and Logical Memory variables, but it
was smallest in that group for the Paired Associates, Pat-
tern Comparison, and Letter Comparison variables. At
least based on these results, therefore, longitudinal
change does not appear to be any more systematic at
older ages than at younger ages.

Estimates of the reliabilities of the changes can also be
derived from the formula that the reliability of the
change is equal to reliability at each occasion minus the
correlation across occasions divided by 1 minus the cor-
relation across occasions (i.e., Cohen & Cohen, 1983,
p. 414). Data from the complete sample of participants
were used in these analyses because the correlation
between the scores on the first and the second versions at
the second occasion was used as the estimate of reliability,

1Because of the moderately large sample sizes, a significance
level of .01 was used in all statistical analyses.

Figure 2. Means and standard errors in z score units for the first
(T11) and second (T21) occasion scores for adults in three age
groups. Asterisks represent significant (p < .01) differences
between scores at the first and second occasions.
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PARADOX OF COGNITIVE CHANGE 5

and the T21–T11 correlation was used as the across-
occasion correlation. The estimated reliabilities com-
puted in this fashion are presented in Table 2, along with
the T21–T11 correlations. It can be seen that all of the
reliability estimates were less than .44, with medians of
.14 in the youngest group, .08 in the middle group, and
.17 for the 70-and-over group. The low values are prima-
rily attributable to the fact that the T21–T11 correlations
were nearly the same magnitude as the single-occasion
reliabilities. However, the important point to note in the
current context is that the values are similar in each age
group, and just as with the direct estimates of change
reliability, there is no evidence that the changes were
more consistent or systematic in the 70-and-over group.

The remaining analyses were based on the latent
change model portrayed in Figure 1.2 Data from all par-
ticipants were used in these analyses even though only a
subset of the participants had complete three-assessment
data at both occasions because the full-information max-
imum likelihood algorithm uses all of the available data
in deriving the estimates. As noted earlier, an advantage
of the latent change procedure is that it provides more
sensitive measures of change than conventional differ-
ence scores. As an illustration of this differential sensitiv-
ity, the simple correlation of the longitudinal difference
in the Digit Symbol variable with the longitudinal differ-
ence in the Word Recall variable was .12, whereas the
correlation between the corresponding latent changes
was .47.

An initial set of analyses examined the variance of the
latent changes. These estimates, along with their standard
errors, are presented in Table 3. Inspection of the entries

reveals that the change variance was largest in the oldest
group for three of the variables, but it was smallest in
that group for two variables. As with the measures of
variability in the simple difference scores, therefore,
there was no consistent relation between age and the
magnitude of individual differences in cognitive change.

The next analyses consisted of computing correlations
among the latent changes for the three variables repre-
senting the same cognitive ability (e.g., Recall with
Paired Associates, and Recall with Logical Memory).
The averages of the two correlations for each variable
are portrayed in the bottom left panel of Figure 3. It can
be seen that the average correlations for the Recall variable
in the 70-and-over group were very high, and most of the
correlations in this group were somewhat larger than
those in the other two groups. However, all of the corre-
lations among the latent changes were significantly
greater than zero except for the Word Recall–Logical
Memory and the Digit Symbol–Letter Comparison cor-
relations in the 18–44 group.

Correlations between the change in variables from the
same ability (e.g., memory) and in variables from different
abilities (i.e., memory and speed) were also examined.
The median correlations between variables from the
same ability were .45, .48, and .50 for the young, middle,
and old groups, respectively, and the median correla-
tions between variables from different abilities were .17
for the young group, .26 for the middle group, and .38
for the older group. The higher change correlations for
variables within a given ability than those for variables
from different abilities suggests that there is a stronger
coupling of change for variables representing the same
ability than among variables representing different abilities.
Of particular importance in the current context, how-
ever, was that this difference was evident in adults within
each age group and not just among adults over 70.

Finally, correlations of the latent change parameters
with various mood and personality variables (e.g.,
depression: Radloff, 1977; anxiety: Spielberger, Gorsuch,
Lushene, Vagg, & Jacobs, 1983; positive and negative
affect: Watson, Clark, & Tellegen, 1988; satisfaction
with life: Diener, Emmons, Larsen, & Griffin, 1985; need
for cognition: Cacioppo, Petty, Feinstein, & Jarvis, 1996;

2Fit statistics for the models were generally in the good to
excellent range. To illustrate, the comparative fit index (CFI)
and root mean square error of approximation (RMSEA) values
for the models examining correlations among variables for the
same cognitive ability were .93 and .04, respectively, for the
memory variables, and .94 and .04, respectively, for the speed
variables.

TABLE 2 
Estimated reliabilities of cognitive changes

Age group (years)

18–44 45–69 70–92

T1–T2 Rel. T1–T2 Rel. T1–T2 Rel.

Word Recall .64 .18 .60 .17 .65 .18
Paired Associates .64 .19 .65 −.01 .51 .17
Logical Memory .68 .05 .63 .19 .58 .31
Digit Symbol .73 −.43 .80 −.82 .72 −.32
Pattern Comparison .61 .44 .56 .31 .68 .37
Letter Comparison .70 .07 .67 −.12 .73 .11

Notes. T1–T2 refers to the (stability) correlation of the score on
the first test version on each occasion across the retest interval.
Rel. is the estimate of reliability computed by subtracting the
T1–T2 correlation from the T21–T22 correlation, and dividing
the difference by 1 minus the T1–T2 correlation.

TABLE 3 
Variance of latent cognitive changes

Age group (years)

18–44 45–69 70–92

M SE M SE M SE

Word Recall .06 .02 .04 .01 .07 .03
Paired Associates .09 .02 .02 .01 .02 .02
Logical Memory .03 .02 .03 .01 .11 .03
Digit Symbol .13 .03 .10 .02 .14 .03
Pattern Comparison .18 .04 .13 .02 .11 .02
Letter Comparison .16 .03 .10 .02 .08 .02

Note. Variances of latent changes are derived from the latent
change model portrayed in Figure 1.

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
S
a
l
t
h
o
u
s
e
,
 
T
.
]
 
A
t
:
 
1
3
:
1
3
 
1
1
 
J
a
n
u
a
r
y
 
2
0
1
0



6 SALTHOUSE

and the “Big 5” personality traits: Goldberg et al., 2006)
were examined. Two lifestyle variables were also
included; physical exercise, represented by the total
number of hours per month devoted to either running or
walking, and cognitive activity, represented by the
number of hours per week participating in seven activi-
ties with high-rated cognitive demands (i.e., reading
newspapers, using a computer, driving a car, reading
nonfiction books, working on crossword puzzles, hand-
ling finances, and writing).

As is apparent in the bottom right panel of Figure 3, the
medians of the correlations of these variables with longitu-
dinal changes in the cognitive variables were very close to
zero in all three age groups. Similar analyses were con-
ducted on a composite cognitive score created by averag-
ing z scores across the six cognitive variables. The median
correlations with the composite cognitive variable were –
.02 for the 18–44 group, .02 for the 45–69 group, and .03
for the 70–92 group. There were also few systematic trends
in any of the predictor variables. To illustrate, the correla-
tions between the composite cognitive variable and the
physical activity variable were .02, .05, and –.13, respec-
tively, in the young, middle, and older groups, and those
between the composite cognitive variable and the cognitive
activity variable were .07, .02, and –.03, respectively.

DISCUSSION

The combination of results described above can be con-
sidered to represent a paradox in that substantial longi-
tudinal declines in measures of cognitive functioning
occur primarily among adults 70 years of age and older,
but adults under and over 70 are very similar in various
properties of the changes, such as the magnitude of indi-
vidual differences and the estimated reliability of the
changes, and the size of correlations of the changes with
changes in other cognitive variables and with various
predictor variables.

How can this paradox of substantial decline primarily
in the older group, despite nearly equivalent magnitude
of individual differences, reliability, and correlations
with other variables, be explained? It should be noted
that the failure to detect significant decline in the young
and middle-aged groups is unlikely to be a simple problem
of low power because the sample sizes in the 18–44 and
45–69 groups were larger than that in the 70–92 group.

One possibility that might contribute to the paradox is
that the factors affecting the mean value of change are
not necessarily the same as the factors contributing to
individual differences in change. For example, positive
benefits of prior test experience could diminish with
increasing age, such that the mean values of change
become progressively more negative at older ages. How-
ever, if individual differences in the magnitude of retest
effects are independent of individual differences in other
determinants of longitudinal change, there could be age
differences in mean change without age differences in
various properties of change. Retest effects are only one
possible factor that might operate in this fashion, and
other factors could occur in addition to, or instead of,

retest effects. Regardless of the number or identity of
these other factors, however, the key point for the current
argument is that the mean value of longitudinal change
could be affected without influencing properties of the
change measures.

It is noteworthy that there were no consistent correla-
tions of the longitudinal cognitive changes with measures
of personality, mood, or aspects of lifestyle. Some corre-
lates of change might have been expected at least in the
70-and-over adults based on reports in the published
literature. However, it is important to recognize that the
prior research in this area has been inconsistent, as is evi-
dent by considering results with three categories of
predictor variables—cognitive stimulation, physical
activity, and neuroticism. Smaller longitudinal declines
in cognitive performance among people with more cog-
nitive activity have been reported several times, but this
pattern was apparent in only 1 of 18 comparisons in the
Hultsch, Small, Hertzog, and Dixon (1999) study (i.e., in
0 of 9 variables with “active lifestyle” as the measure of
cognitive activity, and in 1 of 9 variables with “novel
information processing” as the measure of cognitive
activity), in only 2 of 6 variables in the Bosma et al.
(2002) study, and in different combinations of composite
variables across two studies by Wilson and colleagues
(Wilson et al., 2002; Wilson, Scherr, Schneider, Li, &
Bennett, 2007b). That is, in the 2002 study there were
significant relations with working memory and percep-
tual speed but not with episodic memory, semantic mem-
ory, or visual spatial ability, and in the 2007 study there
were significant relations with episodic memory, seman-
tic memory, and perceptual speed, but not with working
memory or visual–spatial ability. With respect to phys-
ical activity, smaller longitudinal declines in cognition
among people with higher levels of self-reported physical
activity have been found in several studies (e.g., Weuve,
Kang, Manson, Breteler, Ware, & Grodstein, 2004;
Yaffe, Barnes, Nevitt, Lui, & Covinsky, 2001), but not in
others (e.g., Barnes, Yaffe, Satariano, & Tager, 2003;
Hultsch et al., 1999; Sturman, Morris, Mendes de Leon,
Bienias, Wilson, & Evans, 2005; Wilson et al., 2002).
Finally, larger cognitive declines among people with
higher levels of neuroticism have been reported in some
studies (e.g., Wilson et al., 2006; Wilson, Arnold, Schneider,
Li, & Bennett, 2007a; Wilson et al., 2003), but not in oth-
ers (e.g., Arbuckle, Maag, Pushkar, & Chaikelson, 1998;
Hultsch et al., 1999; Jelicic et al., 2003; Wetherell, Reynolds,
Gatz, & Pedersen, 2002).

Some of the inconsistency in the prior results could be
attributable to different studies using different measures
of the predictor variables—for example, evaluating cog-
nitive activity as 0 or 1 based on no or any engagement
in “mentally active sports (e.g., chess, puzzles)” or as the
sum of the frequency of engagement in several activities
rated as cognitively demanding; different measures of
the cognitive outcome variables (e.g., single scores or
composite scores); different types of samples (e.g., vary-
ing according to the age range, or with respect to the
procedures used to exclude possible dementia cases); and
different analytical methods (e.g., simple correlations or
complex structural equation models).
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PARADOX OF COGNITIVE CHANGE 7

A distinctive feature of the current project was the use
of powerful latent change analyses to eliminate measure-
ment error and maximize sensitivity to change. The
existence of generally significant correlations among the
change measures indicates that the measures of change
had at least a moderate level of sensitivity. Furthermore,
many of the predictor variables—that is, need for cogni-
tion, Center for Epidemiologic Studies Depression Scale
(CES-D), Positive and Negative Affect Schedule
(PANAS)-Positive, PANAS-Negative, satisfaction with
life, openness, cognitive stimulation—were significantly
correlated with the level parameter from the latent
change model in one or more of the cognitive variables,
which indicates that the potential predictors also had
moderate sensitivity. Despite this evidence of sensitivity
at the level of both predictor and criterion variables,
relations to the change variables were very weak in all
age groups. Until the reasons for the different results
across projects are understood, researchers should be
cautious in reaching conclusions regarding correlates of
cognitive change in healthy adults.

To summarize, the combination of results reported
above represents a paradox because substantial negative
longitudinal change primarily occurs in the 70-and-over
group despite similar magnitude of individual differences
in change, reliability in change, and correlates among the
changes in adults under and over age 70. This paradox
must be resolved in order to fully understand the nature
and determinants of cognitive change at any period in
adulthood.
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