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Cognitive
Development
in Midlife

Mike Martin and Daniel Zimprich

T he group of middle-aged adults between the ages of roughly 40 and
65 years gains growing interest from the public and scientists alike
because it currently represents one of the largest age groups in Europe and
the United States. A better understanding of midlife cognitive development
and related factors might become increasingly important as these cohorts
reach old age, and cognitive aging affects an increasingly large proportion
of the overall population. In this chapter, we review selected literature on
cognitive development in middle adulthood. Our focus is on cognitive
development because cognition is one of the key competencies needed in
young and old age to meet the challenges of education, job demands, and
everyday life (M. M. Baltes & Lang, 1997; Martin & Mroczek, in press).

Parts of the preparation of this chapter were supported by grant SNF

101411-103525/1 to M. Martin, D. Zimprich, and M. Kliegel.

179

S



06-Willis-4658.gxd 3/24/2005 4:18 PM Pag$80
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Studies of cognitive development in midlife can be characterized by
two main approaches. On one hand, the decline of cognitive resources is a
main concern for persons from middle age onward (Lawton et al., 1999).
Thus, studies on midlife cognition have focused on the question of
whether groups at risk for decline in early old age could be identified. The
timely identification of at-risk individuals would permit preventive mea-
sures targeted at early stages of decline (see Schaie, 2000). One could spec-
ulate that middle age would be an ideal time for preventive measures
because the performance around a lifetime peak level increases the likeli-
hood of training gains. In addition, even though declines in performance
are from a high starting level, these first signs of decline might be salient
enough to motivate persons to participate in cognitive trainings. On the
other hand, midlife might be characterized by cognitively demanding
activities and relatively high levels of cognitive performance. Thus, there
is an interest in examining if and how demanding activities and a wide
spectrum of interests in middle age may protect middle-aged adults from
cognitive decline or at least provide compensatory potential for the later
years of life.

Although studies observe high mean levels of cognitive performance
across middle age, it can be argued theoretically that middle age differs
from both young and old age in several ways. First, different develop-
mental tasks and everyday demands (Havighurst, 1948/1982; Sternberg,
Grigorenko, & Oh, 2001) in midlife versus young and old age make
person-environment interactions hardly comparable between midlife and
other ages. For instance, it is hard to see in which way the challenge of
schooling in young age or of retirement in old age is comparable to chal-
lenges at midlife, which consist of work and family environments requir-
ing the particular skills of organizing, planning, problem solving, and
multitasking (Schooler, 1999). For example, family obligations peak in
middle-aged adults who are in good health, have numerous elderly kin,
and have children just moving out and establishing their own families
(Hogan, 1987; Rossi & Rossi, 1990). In the same vein, raising children is
a typical demand around the ages of 25 to 40, but rarely so at age 60
(Hogan, 1987). In the work domain, average job demands and workloads
increase from age 25 to age 40 and then decrease toward age 60 to 70
(Townsend, 2001).

Second, in young age, cognitive development is strongly influenced by
formal training and characterized by shared and homogeneous environ-
ments such as school classes or peer groups (Espy, Molfese, & DilLalla, 2001).
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In old age, cognitive development becomes increasingly dependent on
physiological factors such as sensory and sensorimotor functions (P. B.
Baltes & Lindenberger, 1997; Li & Lindenberger, 2002; Lindenberger &
Baltes, 1994; see also Hofer, Berg, & Era, 2003). In middle adulthood, after
having reached a high level, cognitive performance will be shaped strongly
by individual environments (see Sternberg et al., 2001). Different job envi-
ronments have been shown to influence development of cognitive skills
(Kirlik & Bisantz, 1999). This can be explained by assuming that in particular
job environments, individuals will engage in similar cognitive activities, for
example, reading particular instructions, thinking about how to achieve par-
ticular goals, planning particular behaviors, or regulating success or failure
in achieving subgoals. All individuals may achieve their goals, all will have
used at least some of the same underlying abilities, and all will have prac-
ticed particular skills. Thus, compared to young and old age, in midlife one
would expect more differentiated, that is, less correlated, patterns of particu-
lar cognitive functions. This expected differential influence of developmen-
tal contexts, such as from professional, family, or social life, would suggest
large individual differences within age groups and across middle adulthood
that are potentially enlarged by individual differences in activities aiming at
improving or maintaining current levels of cognitive functioning, such as
participating in memory trainings (West & Tomer, 1989).

Third, developmental potential in young age is needed to support
natural maturation and academic achievement (Rees & Palmer, 1970) and
to prepare for job demands (Havighurst, 1948/1982). In old age, cognitive
training may serve to prevent consequences of age-associated decline,
although effects are typically small (Ball et al., 2002; Willis & Schaie, 1986).
In middle age, cognitive potential is typically used to develop job-specific
skills, thus contributing to the development of highly job-specific and
individualized change trajectories (Moen & Wethington, 1999). In addi-
tion, the effects of and transfer from cognitive trainings are likely to be
higher in midlife than in young or old age (Kliegl, Philipp, Luckner, &
Krampe, 2001), and different biological or hormonal changes may influ-
ence cognition in middle compared with young and old age (Seeman,
Singer, Ryff, Dienberg-Love, & Levy-Storms, 2002).

Fourth, cognitive development in middle age can be characterized by
rather high mean levels of cognitive performance (Willis & Schaie, 1999).
In young age, the level of cognitive performance across many different
tasks increases; thus, development is generally characterized by increases
in performance from low to high levels. In old age, cognitive performance
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eventually demonstrates declines; thus, development is characterized by
decreases in performance from a high starting level. Overall, the high or
even peak level of performance at middle age (Willis & Schaie, 1999),
combined with a different direction of mean change, may represent a
qualitative difference from other age groups. In fact, changes from peak
performance are less likely to influence everyday life, and thus might not
be comparable to increases from a lower level, such as in young age
groups, or decreases from a high level until potentially affecting the level
of independence in everyday life as in very old age.

Cognitive Development Across Middle Ade

The Seattle Longitudinal Study (Schaie, 1996) has provided detailed
insights into the developmental trajectories of several intellectual func-
tions across middle age (see Willis & Schaie, 1999). The data suggest that
for inductive reasoning, vocabulary, verbal memory, and spatial orienta-
tion, the average performance peaks occur in the ages from the early 40s
to 60s, with fluid intelligence abilities showing earlier declines than crys-
tallized abilities. For perceptual speed and numerical ability, performance
peaks before midlife and declines through midlife and into old age. Willis
and Schaie conclude that “for four of the six abilities studied, middle-
aged individuals are functioning at a higher level than they did at age 25”
(p- 238). Examining the mean trajectories of the four abilities peaking in
midlife would suggest that middle adulthood could be characterized as
stable with relatively small mean changes. This explains why a number of
longitudinal studies include middle-aged adults as a comparison group,
but only few include the examination of changes in cognitive perfor-
mance across midlife (Bosma, van Boxtel, Ponds, Houx, & Jolles, 2003;
Finkel, Pedersen, & Harris, 2000; Lamar, Resnick, & Zonderman, 2003;
Maitland, Intrieri, Schaie, & Willis, 2000). However, the data based on
mean changes of all six cognitive and intellectual functions demonstrate
that within the same time period, patterns of increases, declines, and sta-
bility can be observed with substantial intraindividual variability. This
suggests that middle age should not be taken as a period of the life span
that is mainly, or only, characterized by stability. Instead, in middle age,
different types of cognitive change occur within and across abilities
(Dixon, De Frias, & Maitland, 2001). Thus, the different types of changes
in particular cognitive functions across middle age require explanations.
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Examining Different Types of Change

The question of whether cognitive performance changes during middle
adulthood is not just a yes-or-no question. In fact, change in cognitive per-
formance may manifest itself along several dimensions, each of which
covers different aspects of change. One might distinguish between struc-
tural change, absolute change, differential change, change in divergence,
and general versus specific change (Hertzog & Dixon, 1996). In what fol-
lows, we discuss these different aspects of change and related empirical
findings in turn. Note that although the emphasis is on longitudinal
change, one might argue that some of these aspects of change might also
be examined by comparing different age groups, conditional on the
assumption that cohort effects do not play a major role in cognitive devel-
opment in middle adulthood.

Structural change (or stability) refers to the persistence of covariation
patterns among variables across time or in different age groups. Although
in principle it is possible to compare the equality of covariance matrices
directly (Perlman, 1980), the usual procedure is to utilize factor analysis
techniques in order to exclude covariance differences due to measurement
error (Bollen, 1989). Within factor analysis models, structural stability is
labeled measurement invariance, which implies that the variables in ques-
tion are unbiased with respect to specific selection variables, for example,
time of measurement or age at measurement.

Measurement invariance is an issue of degree (Bollen, 1989; Meredith,
1993) regarding the level of invariance obtained and is based on whether
increasingly stringent constraints result in model misfit. Configural invari-
ance refers to the same pattern of factors and factor loadings in different
subgroups (e.g., age groups). Configural invariance holds, for example, if
in a sample of persons aged 40 and a sample of persons aged 60, a battery
of six cognitive measures would be described adequately by two corre-
lated factors with the same measures loading on the first factor (say, Tests
1-3) and the same measures loading on the second factor (say, Tests 4-6)
in both age groups. Metric or pattern invariance requires the (unstandard-
ized) factor loadings to be equal in different subgroups. On a conceptual
level, metric or pattern invariance ensures that there is no interaction
between group membership and factor scores. Such an interaction would
be a form of bias because for a given factor score on a latent variable, the
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regression of observed scores on it would depend on group membership.
In addition to metric invariance, strong invariance requires the latent inter-
cepts of the observed indicators to be equal across groups. Conceptually,
the requirement of equal latent intercepts tests whether one group scores
consistently higher (or lower) on the measures than other groups for each
value of the factor (weighted by the factor loadings). Eventually, strict
invariance adds the requirement of equal residual variances across groups.
To understand the requirement of equal residual variances on a conceptual
level, suppose that a test is utilized for an admission decision and a certain
ability level as measured by the factor is needed. If the decision were based
on the observed scores, the number of incorrect admissions and incorrect
rejections would be higher in groups with larger residual variances.

As Meredith (1993; see also Meredith & Horn, 2001) has demonstrated,
for structural stability to hold, strong invariance should be established; in
other words, across time or across different age groups (or both), the con-
figuration of factors, the factor loadings, and the latent intercepts of the
manifest indicators should be equal. As some developmental psycholo-
gists argue (P. B. Baltes, Reese, & Nesselroade, 1977), the importance of
structural stability stems from the fact that it represents a prerequisite for
interpreting change (or stability). Specifically, only the existence of strong
invariance renders the comparison of cognitive measures meaningful,
either across time or across different age groups (or both). Thus, strong
invariance or structural stability has to be established before other forms
of change (or stability) can be investigated.

Empirical research on structural stability of cognitive abilities in mid-
dle adulthood is sparse at present. Taub, McGrew, and Witta (2004), for
example, found metric invariance to hold for the Wechsler Adult
Intelligence Scale-3rd edition (WAIS-III) across 13 age groups in 2,450
individuals aged 16 to 89, implying that, across the whole adult lifespan
and, thus, also across middle adulthood, factor loadings of the WAIS-III
subtests remained stable. Schaie, Maitland, Willis, and Intrieri (1998)
investigated longitudinal measurement invariance of six primary mental
abilities (Inductive Reasoning, Spatial Orientation, Perceptual Speed,
Numeric Facility, Verbal Ability, and Verbal Recall) across a 7-year period
in a sample of 984 individuals, disaggregated into six age groups (32, 46,
53, 60, 67, and 76 years at first testing). They found that, longitudinally,
strong invariance was present in the middle-aged groups only. Schaie
(1996) established metric invariance for the same primary mental abilities
in a sample of 1,621 individuals subdivided into nine age groups (29-90).
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Horn and McArdle (1992) reported that in the standardization sample
(N=1,880) of the Wechsler Adult Intelligence Scale-Revised (WAIS-R),
strong invariance was found for a complex two-factor model of the sub-
tests in four age groups (16-22, 3040, 50-60, and 67-72 years of age). To
summarize, previous findings indicate that the structure of cognitive abil-
ities is rather stable in middle adulthood in the sense that metric invari-
ance or strong invariance seems to hold. Note, however, that different
degrees of factorial invariance have to be reexamined and, possibly,
reestablished in every new sample and for the measures used in a study to
assess cognitive abilities. Thus, measurement invariance is an essential
part of research that should be investigated in studies that aim to examine
the other aspects of cognitive change in middle adulthood.

A special field of empirical research with respect to structural change
or stability is the question of differentiation or dedifferentiation of cognitive
abilities with advancing age (Ghisletta & Lindenberger, 2003; Zelinsky &
Lewis, 2003). Note that differentiation or dedifferentiation of cognitive abili-
ties in middle adulthood does not exclude structural stability, because (de-)
differentiation commonly involves the covariances between measurement-
invariant factors. Hence, structural stability and (de-)differentiation do not
contradict each other, but, again, a prerequisite for (de-)differentiation is
structural stability. Some cross-sectional studies have provided empirical
support for cognitive dedifferentiation in the elderly (Babcock, Laguna,
& Roesch, 1997; P. B. Baltes et al., 1980; Hertzog & Bleckley, 2001). By con-
trast, in other cross-sectional studies, contrary findings (i.e., a differentiation
of cognitive abilities with age) have been reported (Cunningham, Clayton, &
Overton, 1975; Schmidt & Botwinick, 1989; Tomer & Cunningham, 1993), or
results supported neither differentiation nor dedifferentiation (Bickley,
Keith, & Wolfle, 1995; Cunningham & Birren, 1980; Juan-Espinosa, Garcia,
Colom, & Abad, 2000; Juan-Espinosa et al., 2002; Park et al., 2002). Thus, the
question of dedifferentiation would profit from a longitudinal examination.
To our knowledge, the only longitudinal study examining dedifferentiation,
albeit in old age, was conducted by Anstey, Hofer and Luszcz (2003). In a
sample of 1,823 individuals aged 70 years and older, they did not find con-
sistent patterns of dedifferentiation. Hence, at present, the evidence for
dedifferentiation in middle adulthood is sparse.

Absolute change (or stability) refers to constancy in the quantity or

amount of a cognitive ability over time or across age. Although one might
be interested in cognitive change in individual persons, absolute change
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is usually examined using average (i.e., sample values of groups of)
persons. Traditionally, sample means of cognitive abilities have been com-
pared across time or in different age groups in order to test for absolute
continuity (Schaie, 1996). Using latent growth models, Finkel, Reynolds,
McArdle, Gatz, and Pedersen (2003) found that across a 6-year period, the
longitudinal rate of decline in a sample of 590 adults aged 44 to 88 years
accelerated from middle to later adulthood for four of five cognitive abili-
ties, the common element of which was perceptual speed. A single-slope
estimate provided sufficient description of the data for another five cogni-
tive measures, meaning that the rate of decline in these abilities did not
differ by age group. Thus, accelerating decline at the transition from
middle to late adulthood seems to be evident for some, but not all, cogni-
tive abilities. Similarly, Finkel, Pedersen, Plomin, and McClearn (1998)
reported that middle-aged adults (55 years) performed significantly
better than old adults (83 years) in all of a battery of 14 cognitive vari-
ables. The largest age differences in mean performance were found for
measures of perceptual speed. Soederberg Miller and Lachman (2000)
investigated whether midlife is a time of peak performance in the area of
cognitive functioning. Comparing the average performance of 84 young
adults (25-39 years), 108 middle-aged adults (40-59 years), and 67 older
adults (60-75 years) in speed reasoning, short-term memory, and vocabu-
lary, they found that middle-aged adults showed little or no cognitive
declines on speed, reasoning, and short-term memory measures relative
to the young and outperformed the young on vocabulary. Relative to the
elderly, middle-aged adults scored higher on all tasks except vocabulary,
for which there were no differences.

An alternative procedure would consist of establishing structural sta-
bility and then testing for differences in factor means across time or differ-
ent age groups. Doing so would minimize the influence of measurement
error and, at the same time, assure that the measures used are unbiased
with respect to time and age. Horn and McArdle (1992), for example, after
establishing strong invariance, found that compared to young (16-22
years) and old (67-72 years) adults, the average verbal cognitive compo-
nent in the WAIS-R was highest in both middle-aged adults groups
(30—40, 50-60 years), whereas the average performance cognitive compo-
nent was highest in the younger age group and the younger of the two
middle-aged cohorts. Specifically, the effect size for the verbal cognitive
component was about Cohen’s d = .40, indicating a small to medium per-
formance difference favoring middle-aged adults (Cohen, 1987). A similar
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effect size was found for the performance cognitive component, showing
that the 50- to 60-year-old participants scored, on average, about d = .38
below the younger adults and the 30- to 40-year-olds. Schaie et al. (1998),
after establishing strict invariance, reported that across a 7-year longitudi-
nal time period, those aged 60 to 67 declined on the primary mental ability
factors Inductive Reasoning, Spatial Orientation, Verbal Comprehension,
Numeric Facility, and Perceptual Speed, but not Verbal Recall; those aged
53 to 60 remained stable on five of the six cognitive abilities with statisti-
cally significantly decline evidenced only for Numeric Facility; and those
aged 46 to 53 were stable on four of the six abilities and showed improved
performance for the Verbal Comprehension and Verbal Recall factors (see
also Schaie, 1996, pp. 126-129). Overall, with respect to the more crystal-
lized or pragmatic cognitive abilities, middle-aged adults show a peak
performance, whereas for the more fluid or mechanic cognitive abilities at
the end of the period of midlife, a decline in performance is present.

A limitation of comparing means across time, different age groups, or
both is that mean stability in middle adulthood might mask individual dif-
ferences in cognitive development. That is, mean stability might appear in
the presence of individually differing changes; for example, one half of the
sample might increase in cognitive abilities and the other half decreases to
the same amount (Hertzog & Dixon, 1996). To check for individual differ-
ences in change, stability of individual differences over time is required.
That is, examining absolute change in middle age requires longitudinal
data to determine the influence of environmental factors on cognitive
development, the effects of chronic stressors on cognitive performance,
the interaction between changes in different cognitive domains, and cohort
differences between early and late middle age in the amount of cognitive
performance change.

Differential change (or stability) refers to the consistency of individual
differences in cognitive abilities across time. Empirically, the consistency
of individual differences is often indexed by a correlation coefficient
between two adjacent measurement occasions. For this reason, differen-
tial change can only be assessed longitudinally (and not cross-sectionally,
i.e., across age groups). Conceptually, differential change implies that
some individuals change to a larger (or smaller) amount than others, such
that the rank order of individuals is different at different time points.
Traditionally, correlations across time have been computed for observed
measures of cognitive abilities (e.g., sum scores). Although according to
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classical test theory, random errors should cancel out across repeated
assessments such that the correlation of scores should be uncontaminated
by (random) measurement error, there might be other systematic influences
that may qualify the comparison of observed scores across time. Again, a
possible strategy to diminish such unwanted influences might be to estab-
lish strong invariance and to calculate the correlation across time between
factors. However, to protect against unique systematic influences such as
some forms of retesting effects (e.g., reduced test anxiety, learning, etc.), no
statistical approach is optimal. Rather, this would require considering
possible retesting effects in the design of a study, for example, by including
independent samples at later measurement occasions (Schaie, 1996).

A problem with differential change is that it is difficult to judge when
stability is low enough to consider it practically important. Thus, a stabil-
ity of .90 might be considered high enough by some researchers to regard
change of relative positions as negligible, whereas other researchers may
emphasize the fact that stability is not perfect, from which one could
conclude that there is differential change.

A strength of examining differential change is that relative change, that
is, the degree to which individuals’ cognitive performance changes in simi-
lar directions over time, is considered. However, from a low stability
implying pronounced differential change, we do not know whether the
sample of persons—let alone an individual person—increases or decreases
in their cognitive ability level. Moreover, using correlations, we also do
not know whether variances (i.e., the amount of interindividual differ-
ences) change across time.

Change (or stability) of divergence refers to the fact that using correla-
tions, we do not know whether variances change over time. That is, across
time there might be perfect differential stability and no absolute change,
but variances might increase or decrease (Preece, 1982). This would still
be indicative of individual differences in change, although both the mean
level and rank order of individuals might be perfectly preserved across
time (Hertzog & Dixon, 1996).

Examination of the age-related changes in variances in cognitive perfor-
mance across middle age is needed to determine the degree to which there
might be differential developments between populations at risk for further
and stronger declines and populations repeatedly profiting from gains in
performance because they are starting from high levels of performance.
A Dbetter understanding of the processes leading to this dissociation of

e



06-Willis-4658.gxd 3/24/2005 4:18 PM Pag$89

Cognitive Development in Midlife 189

development could point to events or ages in the life course when persons
respond particularly strongly to] even small improvements or declines in
performance, thus setting the stage for a developmental trajectory of life-
long gains or lifelong losses in performance.

General versus specific change (or stability). Change in different cognitive
abilities might or might not be correlated across persons. The question is
whether or not there is an overall commonality in change of different cogni-
tive abilities. If changes in cognitive abilities are highly related, this would
suggest one factor, or at least very few factors, responsible for the individ-
ual changes observed; this factor would explain a similarly large degree of
cognitive change in most individuals. This could occur in stable environ-
mental conditions leading to very similar cognitive activations or when
similar physiological processes are strongly influencing performance
despite environmental variations between persons and over time (Pedersen
& Lichtenstein, 1997; Pedersen, Spotts, & Kato, Chapter 3, this volume).

Intraindividual variability (or stability). Until recently, most longitudinal
studies of cognitive aging have focused on mean changes and declines in
cognitive performance as people age (Schaie & Hofer, 2001). Although the
focus on mean change has not emphasized between-person differences in
intraindividual variability in cognitive functioning, intraindividual variabil-
ity has long been considered an interesting outcome in itself (Nesselroade,
1991). There is now sufficient empirical evidence to establish that intrain-
dividual variability is a substantial source of systematic performance vari-
ability between people, especially in adults (Hultsch, Hertzog, Small,
McDonald-Miszczak, & Dixon, 1992; Martin & Hofer, 2004; Nesselroade,
2001). In fact, recent studies suggest that intraindividual variability may
predict later cognitive difficulties in older age (MacDonald, Hultsch, &
Dixon, 2003; Rabbitt, Osman, Moore, & Stollery, 2001; Rowe & Kahn, 1997;
Schaie, 2000). Even within the middle adult age range, there seem to be
substantial interindividual differences in intraindividual change in partic-
ular cognitive functions (Ghisletta, Nesselroade, Featherman, & Rowe,
2002; Zimprich & Martin, 2002). Willis and Schaie (1999), in their review
of longitudinal data on cognition, point out that there are significant indi-
vidual differences above and beyond differences depending on design
(i.e., cross-sectional vs. longitudinal) and length of longitudinal interval.
This renders it meaningful to examine individual differences in change in
cognitive functioning across midlife.
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Once sufficient data on midlife cognition are available, it can be
established to which degree individual differences in developmental
changes might be due to (a) individual differences in usage and training
(Bosma et al., 2003; Hultsch, Hertzog, Small, & Dixon, 1999), (b) individ-
ual differences in the interaction between environmental demands and
age-related levels of performance (Sparrow & Davies, 1988), or (c) indi-
vidual differences in resilience (Staudinger, Marsiske, & Baltes, 1995) and
compensatory processes individuals apply to maintain a high level of
everyday functioning (Freund & Baltes, 2002). It would also be possible to
examine the role of individual differences in the effects of differentiation
in early middle age and dedifferentiation processes in the transition from
middle to old age (Reinert, Baltes, & Schmidt, 1965). Finally, it could be
examined to which degree interindividual differences in intraindividual
change across middle adulthood are related to changes in other cognitive
(and noncognitive) domains.

It should be noted that as the six aspects of change discussed so far refer
to groups of persons (the way persons are investigated empirically), it is
impossible to conclude that the same change takes place for all individuals.
Strictly speaking, with the exception of general versus specific change, the
change observed in groups of middle-aged individuals might not capture
the change of any individual person. Assuming, however, that the group
change is representative of individual changes, the merit of examining
groups is the generalizability of findings due to more representative selec-
tions of samples and more reliable measurements of cognitive functioning.

Changes in Cognitive Performance
in Early and Late Middle Age

To examine changes in cognitive performance across middle adulthood,
a number of different approaches and data may be used. For illustrative
purposes, we will be using longitudinal data from the Interdisciplinary
Study on Adult Development (ILSE; Martin, Griinendahl, & Martin,
2001). ILSE is an ongoing interdisciplinary longitudinal study of the psy-
chological, physical, and social antecedents and consequences of aging
among two groups of participants: a cohort born in the years 1930 to 1932
and a cohort born 1950 to 1952. Earlier analyses with the older cohort
demonstrated substantial amounts of interindividual differences in several
aspects of cognitive change over time (Martin & Zimprich, 2003; Zimprich,
Martin, & Kliegel, 2003). However, similar questions have not yet been
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addressed with the early middle-aged cohort of the study. Currently
available for this cohort are data from two measurement occasions, the
first (T1) in 1995 and the second (T2) in 1999, that is, a longitudinal time
period of approximately 4 years. We selected those N =479 participants
from the 1950-1952 cohort—of originally 501 participants at Tl—who had
complete data records for the variables of interest at both measurement
occasions. Mean age of the sample at T1 (1995) was 43.8 years (SD = 0.91
years). Of the 479 participants, 226 (47%) were female.

Measures
Processing Speed

Processing speed was assessed using the Digit Symbol Substitution
subtest of the German Version of the WAIS-R (Tewes, 1991) and the d2-Test
(Brickenkamp & Zillmer, 1998). The Digit Symbol Substitution (DS) subtest
requires using a code table of numbers paired with symbols in order to fill
in as many correct symbols under the numbers of the answer sheet as possi-
ble. Scored are the numbers of correctly copied symbols within 90 seconds
(possible range: 067 points). The d2-Test is composed of items that consist
of the letters “d” or “p” with one, two, three, or four dashes arranged either
individually or in pairs above and below the letter. There are 14 lines of 47
characters each for a total of 658 items. The participant is given 20 seconds
to scan each line and mark all “d’s” with two dashes. According to the
authors, the d2-Test measures processing speed, rule compliance, and quality
of performance (Brickenkamp & Zillmer, 1998). For the analyses (described
next), two manifest indicators of processing speed were constructed from
the d2-Test by summing the results of the first seven lines (d2_1, possible
range: 0-329 points) and the results of the second seven lines (d2_2, possible
range: 0-329 points). All three indicators of processing speed were divided
by 10 in order to make them numerically more comparable to the memory
indicators (see Marsh, Hau, Balla, & Grayson, 1998).

Memory

At both measurement occasions, memory was assessed using three
different measures—an immediate picture recall task (PR), an immediate
word recall task (WR), and a delayed word recognition task (DW)—from
a major German gerontological test battery (Nuremberg Inventory of
Old Age; Oswald & Fleischmann, 1995). For the immediate picture recall
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task (PR), seven pictures of objects were presented to the participants for
3 seconds each. Immediately after presentation of all pictures, participants
were asked to recall as many objects as possible. Scored was the number
of correctly recalled objects (possible range: 0-7 points). For the immediate
word recall task (WR), a list of 12 common, two-syllable German words was
read aloud to the participants. Instantly after presentation, participants
were asked to recall as many words as possible. Scored was the number of
correctly recalled words (possible range: 0-12 points). For the delayed word
recognition task (DW), after a 30-minute interval, 24 words (12 identical to
previously presented words and 12 distractor words) were read aloud to
the participants. Participants had to decide which words they had been pre-
sented already in the immediate word recall task. Scored was the number of
correctly recognized words (possible range: 0-12 points).

Modeling Different Types of
Change in Early Middle Adulthood

The goal of our analysis was to examine absolute change, differential
change, change of divergence, general change, and specific change in the
age group of persons in early middle adulthood, that is, in their forties.
Despite relatively high individual levels of performance that could poten-
tially lead to ceiling effects in memory assessments, the examination of
different types of changes in early middle age may highlight the impor-
tance of examining change in an age group that has mostly been seen as
stable in their performance. The final model displays the relations between
measures at the two measurement occasions. Before discussing the impli-
cations, we will briefly go through the findings.

Structural Stability

In a first model, configural invariance across the 4-year period was
tested by specifying the same confirmatory factor model, that is, a process-
ing speed and a memory factor at both measurement occasions, but with-
out any across-time constraints. To scale the latent variables, the means
and variances were fixed to zero and one, respectively, for processing
speed and memory at T1 and T2. Additionally, we freely estimated the
across-time covariances between the residuals of the d2-Test indicator
(d2_2) at T1 and T2, the digit symbol substitution test (DS) at T1 and T2,
the picture recall test at T1 and T2 (PR), and the delayed word recall test
(DW) at T1 and T2 (see Figure 6.1). Model 0 achieved an excellent fit
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Figure 6.1 A Longitudinal Model of Different Aspects of Cognitive Change in
Early Midlife Based on Data From 41- to 43-Year-Olds Followed
Up for 4 Years

NOTES: N =479, y* = 146.14, df = 61, p < .05, CFI = 0.996, RMSEA = 0.054. I = intercept, M =
mean, V = variance, ¢ denotes a parameter constrained to be equal over time, a denotes a
fixed parameter. Except from correlations, all parameter estimates are nonstandardized. DS
= Digit Symbol Substitution, d2_1 = First half of the d2-Test, d2_2 = second half of the
d2-Test, Mem = Memory, PR = Picture Recall, WR = Word Recall, DW = Delayed Word
Recognition.
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(x2=88.94, df=44, p<.05, CFI=0.998, RMSEA =0.046), implying that
configural invariance holds across the two measurement occasions. Next,
in Model 1, pattern or metric invariance was imposed by constraining
factor loadings to be equal across time, while at the same time the vari-
ances of processing speed and memory at T2 were estimated freely.
Although Model 1 also evinced an excellent fit (x2 = 103.89, df =48, p < .05,
CFI=0.997, RMSEA =0.049), it represented a statistically significant
decrease in fit compared to Model 0 (Ay2 =14.95, Adf=4, p <.05). Note,
however, that the change in the CFI was only 0.001, which indicated a fit
difference of virtually no practical relevance. Thus, from Model 1, one
might conclude that pattern or metric invariance holds for both the pro-
cessing speed and the memory factors across the 4-year period.
Subsequently, in Model 2, strong invariance was tested by constraining the
latent intercepts of the manifest indicators to be equal across time, whereas
the means of processing speed and memory at T2 were estimated freely.
Model 3 showed an excellent fit as well (x2=116.29, df=52, p <.05,
CFI=0.997, RMSEA =0.051), but with a statistically significant loss in
model fit compared to the previous model (Ay2 =12.40, Adf=4, p <.05).
However, because there was no change in the CFI, one might consider this
loss in fit as of no practical importance, implying that the hypothesis of
strong invariance could not be rejected. Eventually, in Model 3, strict
invariance was introduced by setting across-time equality constraints on
the residual variances of all manifest indicators. Despite these restrictions,
Model 3 exhibited an excellent fit (x2 = 143.20, df =58, p <.05, CFI = 0.996,
RMSEA = 0.055), even though compared to Model 2, fit had decreased sig-
nificantly (Ax2 =26.91, Adf=4, p <.05). A comparison of the CFIs of both
models (ACFI =-0.001) indicated that the loss in fit due to imposing equal
residual variances across time was negligible from a substantive point of
view (ACFI = -0.001). Therefore, we kept Model 3 as adequately describing
the data of both the processing speed and memory indicators at T1 and T2.
Parameter estimates of Model 3 are depicted in Figure 6.1.

To summarize, a comparison of nested models imposing more and
more equality constraints showed that strict variance holds with respect
to processing speed and memory across the 4-year longitudinal time
period. From this, one might conclude that at both T1 and T2, the mea-
surement of processing speed and memory was identical in the sense that
at both occasions, the same entity was assessed. At the same time, the fact
that strict invariance was established rendered the analyses of the other
aspects of change meaningful.
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Absolute Change

After having established strict invariance, the means of the processing
speed and the memory factor were tested for statistically significant differ-
ences across time. Because the means of both variances were constrained
to equal zero at T1, factor means significantly different from zero at T2
reflected a significant change in average performance across time.

The mean of the processing speed factor at T2 was 0.057 (SE = 0.028)
and significantly different from zero (p <.05). Hence, on average, partici-
pants increased in processing speed performance across the 4-year period.
However, the effect size of this increase was small (d = 0.05), implying
that, although the average change in processing speed was statistically
significant, there were only minor, but reliable, enhancements in process-
ing speed across 4 years.

The statistically significant mean of the memory factor at T2 was esti-
mated as 0.281 (SE = 0.058, p <.05). This implied that, on average, mem-
ory performance increased between T1 and T2. Effect size was d=0.27,
which, according to common standards, would be considered a small
effect. Compared to the average increase in processing speed, however,
the average increase in memory performance was more pronounced, indi-
cating that, longitudinally, participants improved their memory perfor-
mance more than they improved their speed performance.

To sum up, for both processing speed and memory performance,
an average longitudinal increase was found. Although in both cognitive
abilities the effect size of this mean increase was small, for memory the
average improvement across the 4-year longitudinal period was more
pronounced.

Differential Change

Differential change was assessed by correlating the processing speed
and memory factors at T1 and T2. For processing speed, the covariance
between T1 and T2 factor scores was 0.96 (SE = 0.03, p < .05), correspond-
ing to a correlation of r = 0.87, indicating a relatively high level of differen-
tial stability or, in turn, a comparatively small amount of differential
change. By contrast, the longitudinal covariance for memory performance
was 0.53 (SE=0.06, p <.05), corresponding to a correlation of r=0.52.
Hence, differential change across the 4-year period was more pronounced
in memory performance than in processing speed, implying that relative
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positions of participants changed more in memory functioning than in
speed of processing.

Change of Divergence

As mentioned earlier, the variances of both the processing speed and
the memory factor at T1 were fixed to equal one in order to scale the latent
variables. At T2, the variance of the processing speed factor was 1.21
(SE = 0.06) and significantly different from zero (p <.05). To test for change
in the variance of the speed factor across time, the variance of processing
speed at T2 was fixed to equal one and the fit of the resulting model was
compared to the fit of Model 3. The difference in model fit amounted to
Ay2 =13.4, which, with df=1, was statistically significant (p <.05). Thus,
the variance increase of processing speed across the 4-year period was reli-
able, indicating that individual differences increased over time. The vari-
ance of memory at T2 was 1.012 (SE = 0.11) and significantly different from
zero. Following the same procedure as for processing speed, the difference
in model fit was Ax2 = 0.05, which, with df = 1, was not statistically signifi-
cant. Hence, by contrast to processing speed, the variance of memory did
not change reliably across time, showing that the amount of individual
differences in memory performance remained stable.

General Versus Specific Change

So far, the investigation of different aspects of change in processing
speed and memory in middle-aged adults has led to a rather complex pic-
ture. In both cognitive abilities, after establishing structural stability, an
average increase of performance was observed across the 4-year period,
albeit the increase was more pronounced for memory. With respect to
differential change, longitudinal change in relative positions was present
in both processing speed and memory; however, it was more pronounced
in memory performance. Eventually and only in processing speed was
there a change in diversity, indicating that individual differences increased
over time.

One way to combine all this information into one model, but from
a different perspective, is to utilize latent change models (McArdle &
Nesselroade, 1994). In these models, the explicit focus is on change, not
stability. Figure 6.1 depicts the finally accepted latent change model for
processing speed and memory. By constraining the regression of speed at
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T2 on speed at T1 to equal one, perfect stability was imposed on the
covariance, mean, and variance for processing speed across time. All depar-
tures from perfect stability are then captured in a latent residual variable
named “speed change.” The same constraint is applied to memory perfor-
mance, resulting in latent variable named “mem(ory) change.” Change is
modeled on the latent level, which has the advantage that the contami-
nation by measurement error—a typical problem of differences between
manifest variables—is reduced. Note that the means of speed change and
memory change latent variables correspond to the mean changes reported
earlier. The variances of the speed change and memory change latent
variables are different, however, which is due to the fact that perfect stabil-
ity is imposed. Both variances are statistically different from zero (p <.05),
implying that there are reliable individual differences in the amount of
change across time in processing speed and memory. In other words,
diverging from the perspective of testing for a change in variance across
time, now the focus is on whether individuals differ in their amount of
change across time.

The utilization of latent change models allows for examining the fifth
aspect of change, namely, whether cognitive changes are general or spe-
cific. For general changes to be present, one would expect that a change
in speed would be accompanied by a proportional change in memory.
Empirically, this would correspond to a strong correlation between speed
and memory changes. For specific changes, in turn, the relation between
longitudinal changes in speed and memory should only weakly be corre-
lated, implying that the change in both cognitive abilities is only loosely
coupled. For the model depicted in Figure 6.1, the correlation between
changes was r = .19, showing that, although statistically significant, indi-
vidual differences in processing speed changes were weakly associated
with individual differences in memory changes in early middle adult-
hood. More specifically, speed and memory changes shared about 4% of
common variance, from which one might conclude that the changes in
these cognitive abilities are rather independent.

Discussion

We started out by claiming that the examination of cognitive develop-
ment in middle age profits from going beyond a focus on mean changes
or mean stability and that it is essential to examine the validity of theoreti-
cal approaches to lifespan development. It is, for instance, of theoretical
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importance whether speed and memory changes are related or unrelated
across middle adulthood. If unrelated, this suggests a process of differenti-
ation across middle age; that is, performance changes in different domains
of cognitive functioning are differentially dependent on particular envi-
ronmental or individual conditions, such as provided by the work and
family environment. A strong relation would suggest a high degree of
interdependence of cognitive functions and would also support the view
of a common factor explaining most changes in most domains of cogni-
tive functions (Baltes & Lindenberger, 1997). The combination of examin-
ing relations between intraindividual changes across several cognitive
domains in early versus late middle adulthood also allows us to examine
whether, as would be suggested by the lifespan literature and mean-based
findings of peak performances in middle age, early middle adulthood is
characterized by increasing differentiation and late middle adulthood by
increasing dedifferentiation.

Examining different aspects of individual differences in change across
middle adulthood can also help to relate changes in cognitive functioning
to current theoretical explanations of lifelong cognitive development.
Some theoretical concepts have related individual differences in cognitive
functioning changes to the onset of physiological decline, for example, by
centering the examination of longitudinal change around the occurrence
of a particular event that has the potential of influencing many facets of
cognitive functioning, such as hormonal changes in midlife or indications
of dementia (Sliwinski, Hofer, Hall, Bushke, & Lipton, 2003). Others have
suggested relating individual differences in performance changes to dif-
ferences in usage and training of particular cognitive skills (Schooler,
1999) and have highlighted the potential influence of age by contextual
demands effects, for example, when one assumes that the amount of indi-
vidual training becomes more important for successful job performance.
Finally, individual differences in different aspects of cognitive change
may be related to individual differences in resilience and compensatory
processes to maintain high and stable levels of cognitive performance. In
this case, examining individual differences in change, other than mean
level changes, allows us to examine individual trajectories of compen-
satory behaviors, relate trajectories across cognitive functioning domains,
and focus on explaining the level of stability in a particular outcome that
is achieved by the interaction of these trajectories (Martin & Hofer, 2004;
Zimprich, Hofer, & Aartsen, 2004; Zimprich, Martin, & Kliegel, 2003).

The analysis we presented examines different aspects of change in
early middle adulthood, and we have related these changes to observed
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developmental trends in young old age. We have demonstrated that
structural stability in factors explaining cognitive performance exists; that
absolute change exists with respect to processing speed and memory over
several years of observation; that differential change was much higher for
memory performance than for speed; that change in variance of speed,
but not in memory, occurred; and that, when examining individual differ-
ences in speed and memory changes, changes in speed and memory per-
formance were specific, and not general.

First of all, these results substantiate earlier findings of mean levels of
cognitive performance across middle age (Willis & Schaie, 1999). In addi-
tion, they provide new information on the types of changes occurring in
early versus late middle adulthood. The findings suggest that there are
substantial differences in the types, direction, and size of different types
of change between early and late middle age. For example, the relation
between individual differences in 4-year longitudinal speed and memory
changes is minimal in early middle age (4% shared variance) and in the
range of 25% in late middle age (Zimprich & Martin, 2002). We also
observed more differential change in memory than speed in early middle
age. This might suggest that individually different and varying environ-
mental demands and conditions in early middle age are related to mem-
ory performance, but not speed. In other words, memory performance is
more malleable by environmental factors, whereas speed performance
depends on a different, environment-independent influence, such as phys-
ical functioning. If that were true, then the question of differentiation and
dedifferentiation in adulthood could be asked differently. Differentiation
of particular cognitive functions in this case would depend on the influ-
ence of different factors, that is, an environmental and a physiological
one. It would be important to know if, for cognitive functions that can
be influenced by environmental factors, we would find differentiation
(due to the differential influence of the environment) or dedifferentia-
tion (due to the influence of shared environments). In fact, we might
expect both, depending on the kind of environmental influence and the
cognitive domain examined. Once we have more data on the environ-
mental demand characteristics across middle age, including larger age
ranges within middle age, and add longer periods of observation, it will
be possible to elaborate a clearer picture of the influence of environmen-
tal demands on the level of differentiation and dedifferentiation across
middle age.

A limitation in the theorizing and empirical examination of cognitive
development across adulthood has been the use of more or less extended
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longitudinal studies with single measurement occasions. As Willis and
Schaie (1999) have pointed out, there are differences in the reported longi-
tudinal findings due to differences in the length of the longitudinal mea-
surement interval (Zimprich et al., 2004). From a theoretical standpoint,
the use of measurement-intensive designs with repeated measures within
each measurement occasion might be another aspect of change that, in the
future, could provide more insights into the processes responsible for the
empirical relation between functioning in different cognitive domains or
even between cognitive and noncognitive domains such as emotional or
affective development (Martin & Hofer, 2004; Martin & Zimprich, 2003;
Neiss & Almeida, 2004). This would support a process-oriented account
of longitudinal change in cognitive functioning. In fact, compensatory
processes might explain which declines in particular cognitive functions
may lead to increases in other domains of cognitive or noncognitive func-
tioning. Within the same person, the burst design allows researchers to
examine to what degree individual differences in cognitive functioning
can be accounted for by environmental influences such as stress, and may
determine the relations between variability of earlier stress, of current
stress, and of later stress and cognition or health variables (to see if short-
term stress reactivity might be predictive of long-term changes in stress
reactivity and long-term effects on cognition or health).

Overall, examining different aspects of change in middle age poses
new theoretical challenges and new empirical questions that complement
the existing findings on mean level changes in adulthood. In fact, the
focus on individual differences in different aspects of change in cognitive
functioning across middle adulthood highlights that despite relatively
high mean levels of performance, a large amount of developmental
change occurs in midlife. Focusing on these aspects of change clearly sug-
gests a need for more data and more specific change theories on develop-
ment across middle adulthood.
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