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Glossary

Covariance Dedifferentiation — Stronger associations
between the fluid mechanics and the crystallized
pragmatics in old age as compared to young adult-
hood.

Crystallized Pragmatics - Content-rich abilities
strongly driven by cultural systems of influence;
typical examples are verbal knowledge and pro-
fessional expertise.

Directionality Dedifferentiation — Decline in both the
fluid mechanics and the crystallized pragmatics
seen in very old age.

Fluid Mechanics — Abilities representing measurable
outcomes of biological influences on intellectual
development; basic information processes that are
content poor and universal, such as processing
speed and working memory.

Terminal Decline - Changes in intelligence associ-
ated with impending death. These changes may
reflect causal structures other than those under-
lying normative age-graded changes, including
cognition-influencing diseases.

Two-Component Models of Life Span Cognition —
Models of intelligence disputing the existence of a
unitary general intelligence construct and positing

that development of intellectual abilities can be
mapped onto biological versus cultural ensembles
of influence.

Introduction

This article summarizes psychometric theorizing and
evidence about intelligence in old age, with a focus
on normal aging. First, two-component theories of
life span changes in intelligence are introduced, and
evidence regarding average population age gradients
in intellectual abilities is summarized. Then, hypo-
thesized normative and basic determinants of decre-
ments in intellectual performance in old age as
well as the extent and possible causes of individual
differences in such decrements are reviewed. Finally,
evidence is highlighted suggesting that many aging
individuals possess sizable capacity for learning
and plasticity, despite aging-related losses in average
intellectual performance.

Two-Component Models of Life Span
Changes in Intelligence

Two-component models of life span changes in in-
telligence posit that development of intellectual abil-
ities can be mapped onto biological versus cultural
ensembles of influences (see Figure 1). Typical con-
temporary examples for two-component models
are the distinction between fluid and crystallized in-
telligence advanced by Raymond B. Cattell and John
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Figure 1 Two-component models of cognition. The top section
defines the two categories of intellectual abilities and the bottom
section illustrates postulated life span trajectories. In very old
age, the trajectories become less differentiated because the fluid
mechanics increasingly constrain the acquisition, expression, and
representation of pragmatic knowledge.

Horn and the decomposition of cognition into me-
chanics and pragmatics proposed by Paul Baltes.
Two-component models of life span changes in in-
telligence have a long history dating back to Johann
Nicolaus Tetens (1736-1807), a philosopher and
psychologist of the enlightenment era who noted that
well-trained skills are less likely to decline with
advancing age than the basic abilities underlying
their acquisition. Thus, and most importantly, two-
component theories dispute the validity of a unitary
general intelligence construct in understanding intel-
lectual development across the life span. Instead, at
least two broad, ontogenetically intertwined bur sep-
arable categories of abilities are needed to describe
the basic properties of intellectual development.
The first collection of intellectual abilities represents
measurable outcomes of the influence of the biological
component on development. It manifests itself in cog-
nitive processes involving extrapolation, reorgani-
zation, and transformation of novel information
(Le., reasoning) and in basic information processes
such as working memory (i.e., the ability to maintain
information online while manipulating it), processing
speed (i.e., the speed with which elementary process-
ing operations can be performed), and cognitive con-
trol (i.e., the top-down coordination and control of
lower-level processing). Henceforth, these processes
are referred to as the fluid mechanics of intelligence.
The second, more disparate category of intellec-
tual abilities refers to procedural and declarative

Fluid mechanics

e Working memory: Actively
maintaining information online
while processing it.

* Processing speed: Information
processing rate.

* Reasoning: Extrapolating,
reorganizing, and transforming
novel information.

* Cognitive control: Top-down
coordination of lower-order
processes.

¢ [nhibition: Suppressing irrelevant

stimuli and responses.

Crystallized pragmatics

* Procedural and declarative
knowledge common to a given
culture.

* Specialized knowledge such as
professional expertise.

e  Wisdom: Knowledge about the

meaning and conduct of life.

Figure 2 Exemplary functions and abilities in the broad do-
mains of the fluid mechanics and the crystallized pragmatics.

knowledge common to a given culture (e.g., verbal
knowledge), but also to specialized and sometimes
highly idiosyncratic (person-specific) knowledge such
as occupational expertise, as well as to knowledge
about the meaning and conduct of life. Henceforth,
these processes are referred to as the crystallized
pragmatics of intelligence. For examples of specific
abilities and functions related to each of the two
components, see Figure 2.

Average Aging Patterns of Fluid
Mechanics and Crystallized Pragmatics

The fluid mechanics are expected to decline after
maturity. In contrast, the crystallized pragmatics are
proposed to increase over the life span as long
as knowledge maintenance and knowledge acquisi-
tion outweigh the adverse consequences of losses in
the mechanics (see Figure 1). Empirical evidence is
largely consistent with these propositions. Starting in
young or middle adulthood, cross-sectional evidence
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Figure 3 Cross-sectional life span age gradients for five different intellectual abilities. Verbal knowledge is a marker of intellectual
ability from the domain of the crystallized pragmatics, whereas reasoning, perceptual speed, and episodic memory are intellectual
abilities from the domain of the fluid mechanics. Fluency is generally regarded as a hybrid intellectual ability because it requires fast
access to stored knowledge. The empirically observed age gradients are consistent with two-component theories of life span cognition.
Adapted from Li S-C, Lindenberger U, Hommel B, Aschersleben G, Prinz W, and Baltes PB (2004) Transformations in the couplings
among intellectual abilities and constituent cognitive processes across the life span. Psychological Science 15: 158.

reveals continuous decrements for abilities in the
broad fluid domain. Age gradients in the domain
of the crystallized pragmatics show greater variation
within and between individuals in the transition from
early to late adulthood, with the modal patterns of
increments in young adulthood typically followed by
asymptotic plateaus in middle and late adulthood,
until modest decrements are discernible in old age
(e.g., around 60-80 years of age) or very old age
(e.g., over 80 years of age). For illustration, see
Figure 3.

The maintenance of levels of intellectual per-
formance in abilities belonging to the crystallized
pragmatics well into old age is not confined to psy-
chometrically assessed intellectual abilities from this
domain such as verbal knowledge. Rather, mainte-
nance is also observed for specialized and person-
specific bodies of knowledge and for knowledge
about the meaning and conduct of life. For example,
reasoning about difficult life problems (e.g., a 14-
year-old pregnant girl seeking advice) is unrelated to
chronological age from early adulthood up to old
age, and older individuals with an idoneous constel-
lation of enabling personality dispositions, life expe-
riences, and cognitive styles are among the top
performers.

Longitudinal findings suggest a greater degree
of similarity between the age gradients of the fluid
mechanics and the crystallized pragmatics than
cross-sectional evidence. Here, the fluid mechanics
show decelerating increases across young adulthood,

peaks in middle age, and accelerating declines there-
after. The dominant pattern of the pragmatics is one
of stable, or even increasing, performance until old
or very old age. Note, however, that longitudinal
findings are often obtained from individuals who
show more positive changes than the population
from which they originate, and that retest effects may
further bias age gradients in the positive direction.

In summary, and as predicted by two-component
theories of life span cognition, available evidence
underscores the multidirectionality of adult intellec-
tual development. Considerable decline in the fluid
mechanics and stability followed by late-life decline
in the crystallized pragmatics constitute the classical
pattern of the aging of adult intelligence.

The Dedifferentiation Hypothesis

The onset and amount of decline in the crystallized
pragmatics during the transition from old to very old
age is more variable than the divergence in age gra-
dients between the fluid mechanics and the crystal-
lized pragmatics observed during earlier periods of
the life span. Whereas some studies report small
negative age trends in crystallized pragmatics during
early old age, with noticeable decrements appearing
only at later ages, others report age-related decre-
ments starting at about age 50. There is general
agreement, however, that the preservation of crys-
tallized pragmatics often observed for groups of
older adults does not generalize to groups of very old
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individuals. That is, for the period from early to late
adulthood, cross-sectional evidence reveals mono-
tonic decline in the fluid mechanics but stable or
increasing performance levels for the crystallized
pragmatics. However, in very old age, negative
age gradients generally prevail for both the fluid
mechanics and the crystallized pragmatics. Hence, in
very old age, the difference in the directionality of
the age gradients diminishes and eventually ceases to
exist. In relation to the life span development of
the fluid mechanics and the crystallized pragmatics,
this pattern has been termed directionality dediffer-
entiation. Importantly, this pattern of directiona-
lity dedifferentiation also holds for longitudinal
data. Furthermore, age-associated changes in the
structure of intelligence are consistent with the
notion of stronger relations among different intellec-
tual abilities in old age relative to early adulthood.
This finding has been referred to as covariance
dedifferentiation.

A long-standing hypothesis in life span develop-
mental research asserts that the functional organiza-
tion of intellectual abilities undergoes decompression
(differentiation) during maturation and again be-
comes more compressed (dedifferentiated) in old
age. The differentiation-dedifferentiation hypothesis
promotes a dynamic and process-oriented view of
the structure of intellectual abilities. During child-
hood and old age, the operations and expressions
of the diversity of cognitive abilities are posited as
being constrained by the developmental status of
the biological substrates of intelligence. In contrast,
during maturation and in adulthood, biological-
developmental constraints are relaxed, and other
factors, such as interest and educational opportuni-
ties, occupy more prominent roles as determinants of
individual differences in intellectual performance and
development, leading to greater diversity in levels of
functioning in different abilities. In old and very old
age, the space of intellectual abilities becomes again
increasingly dominated by an ensemble of common
biological constraints on intellectual development.
In terms of the two-component view of life span in-
telligence, old age decrements in abilities belonging
to the domain of the crystallized pragmatics are in-
duced by decline in the fluid mechanics. Put differ-
ently, the biological changes indicated by declines in
the fluid mechanics hinder the acquisition, expres-
sion, and representation of pragmatic knowledge in
old age when falling below thresholds that may vary
from skill to skill. Conversely, at higher levels of
functioning, development of the crystallized pragma-
tics is more dependent upon cultural-experiential
factors, though biological factors continue to play
a role.

The dedifferentiation hypothesis was sparked
by early findings of increasing associations among
different intellectual abilities from early adulthood
to old age. More recent empirical evidence has gen-
erally bolstered the early findings, but some promi-
nent exceptions are also available. Importantly,
recent findings by Paolo Ghisletta and Ulman
Lindenberger support the specific account of the
dedifferentiation hypothesis, suggesting that decline
in the fluid mechanics ultimately limits the acquisi-
tion, expression, or maintenance of the pragmatics in
old age and thus drives late-life decline in the crys-
tallized pragmatics. It follows that, with advancing
adult age, between-person differences in levels of
crystallized pragmatics, such as verbal knowledge,
are increasingly determined by the functioning of
the fluid mechanics, such as processing speed. Thus,
in old age, expressing, maintaining, and acquiring
knowledge are more and more dependent on bio-
logical vitality.

Basic Determinants of Decline in Fluid
Mechanics

If decline in the fluid mechanics drives late-life
decline in the crystallized pragmatics, then what
drives decline in the fluid mechanics? Recent decades
have witnessed a great number of predominantly
cross-sectional studies attempting to identify infor-
mation-processing mechanisms that act as domain-
general pacemakers of decline in the fluid mechanics
in old age. Among the most prominent constructs are
processing speed, working memory capacity, and the
ability to suppress irrelevant information (inhibi-
tion). Evidence supporting each of these three con-
structs as primary determinants of decline in a wide
variety of fluid mechanics is available. However,
all three constructs are relatively weakly grounded
at the neurophysiological level, suffer from difficul-
ties in making differential predictions, and often
have been investigated in age-heterogeneous cross-
sectional data sets, which are severely limited in
inferential conclusiveness. Strengthening the link be-
tween aging changes at behavioral and neuronal
levels of analysis probably offers a more viable route
toward the identification of domain-general mecha-
nisms of decline in the fluid mechanics.

In this vein, the emerging field of the cognitive
neuroscience of aging has highlighted the central
role of adult age changes in neuromodulation for
intellectual aging. In particular, theoretical work by
Shu-Chen Li and colleagues using neurocomputa-
tional modeling has suggested that age-based reduc-
tions in levels of the neurotransmitter dopamine is
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apt to explain key phenomena of intellectual aging
such as decrements in mean levels of performance,
greater age deficits with more difficult tasks, lower
maximum levels of performance, as well as incre-
ments in covariation between tasks across individu-
als, performance fluctuation, and interindividual
differences. In addition, there are strong empirical
relations among dopamine markers, adult age, and
intellectual performance.

Morphological alterations and decreases in brain
volume of the prefrontal cortex also have been as-
sociated with normal aging. Given that brain activity
in the prefrontal cortex is functionally related to
performance in central abilities of the fluid mechan-
ics, such as reasoning and working memory, these
findings suggest that anatomical, chemical, and func-
tional changes in the prefrontal cortex and associated
neuronal circuitries play a central role in late-life in-
tellectual decline. Brain alterations in the medial
temporal lobe and diencephalic systems are observed
to a lesser extent with normal aging and appear to be
more specifically linked to the onset and progression
of age-associated dementing illnesses.

Normative and Non-normative Influences
on Intellectual Development in Old Age

Average age gradients and the search for basic de-
terminants of cognitive decline in old age serve
important purposes. However, to understand the
development of intelligence in old age, it is necessary
to unpack the ingredients contributing to a particular
score, for a particular individual, at a particular
point in time. Intellectual development in old age is
shaped by a wealth of additional developmental
sources such as learning history, health status,
distance from death, onset of pathology, and non-
normative events, all of which are only loosely linked
to chronological age. Thus, as suggested by Paul
Baltes and others, three distinct but overlapping in-
fluences on intellectual changes in old age need to
be set apart: normative age-graded influences, nor-
mative history-graded influences, and non-normative
(idiosyncratic) influences. Normative in this context
refers to influences that are relatively general to the
population of aging individuals, such as declines in
basic determinants of the fluid mechanics. Age-gra-
ded influences refer to those biological and environ-
mental factors that are highly related to age and
therefore shape the intellectual aging processes of
most individuals. History-graded influences differ
across birth cohorts, historical periods, or both.
For example, substantial associations between birth
cohorts and intelligence scores have been observed

during the past century at the age of enrollment into
military services. Finally, non-normative influences
are more or less individualized conditions and events
(e.g., rare illnesses, winning a lottery).

Between-Person Differences in Old-Age
intellectual Change: Risk and Protective
Factors

Differences in intellectual performance between in-
dividuals are pronounced in groups of older indivi-
duals. In addition to stable differences in levels of
intellectual performance, which are large throughout
life, between-person differences in intellectual
changes are also substantial within old age and are
actually more pronounced in old age than during
earlier periods of the adult life span. Furthermore,
for the periods of old and very old age, between-
person differences in change tend to be greater for
the fluid mechanics than for the crystallized prag-
matics, suggesting a predominantly biological origin.
The following sections list some of the causal factors
that contribute to the diversity of developmental
patterns in intellectual functioning observed in old
and very old age.

Terminal Decline

One important source of between-person differences
in intellectual development in old age is terminal de-
cline, denoting changes associated with impending
death. These changes may reflect causal structures
other than those underlying normative age-graded
changes, for example, specific cognition-influencing
diseases or global breakdowns of the biological
system. Mounting evidence points to an association
between performance on intelligence tests and long-
evity as well as between changes in intelligence and
mortality. Importantly, directionality dedifferentia-
tion might be driven by a subset of individuals in
close proximity to death. Put differently, in a person
entering the terminal decline phase, the crystallized
pragmatics may grow increasingly dependent on
the fluid mechanics, whereas the intellectual ability
structure of a person of the same age who is more
distant from death may remain more differentiated.

The existence of mortality-related changes in in-
telligence is suggestive of profound heterogeneity in
development and warns against the uncritical prac-
tice of averaging individual differences in intelligence
over a particular age. Average trends based on groups
that are made up of mixtures of different types of
individuals may vyield a picture of intellectual deve-
lopment in old age that approximates, at best, an
unknown proportion of the individuals constituting
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this mixture. Thus, a focus on the individual, or at
least on subgroups of individuals, is needed to un-
derstand intellectual development in late adulthood
and old age. In the case of distance to death, aging-
related changes and dying-related changes are con-
founded when performances of relatively healthy
individuals and individuals experiencing terminal de-
cline are averaged. Of course, if some of the causal
structures promoting intellectual decline in old age
are indeed mortality related, one would expect most
individuals to sooner or later evince a pattern of de-
differentiation; that is, from a life span perspective,
normally aging and terminally declining individuals
do not denote mutually exclusive groups, but differ-
ent sections of a developmental pathway.

Preclinical Dementia

Dementing illnesses, such as dementia of the Alzheimer
type, are often preceded by a prolonged preclinical
phase. During this period of time, dementia-related
cognitive deficits are present but have not yet reached
a diagnostic threshold. For instance, cognitive impair-
ments several years prior to diagnosis have been shown
to be sensitive markers of later dementia diagnosis.
Preclinical cognitive deficits tend to be global,
with impairments in episodic memory apparently
being most prominent. Furthermore, impairments in
functions that are normally relatively well preserved in
old age, such as the crystallized pragmatics, may dis-
tinguish early dementia from aging. Given the accel-
erating increase of dementia incidence in old age, the
proportion of individuals with preclinical dementia in
the population is also bound to increase. This age-
associated increase in the proportion of individuals
suffering from preclinical dementia has led researchers
to reconsider conclusions about normative age-related
changes in intelligence. In analogy to removing
individuals with terminal decline, removing individu-
als who later will develop dementia reduces the esti-
mated size of the negative relation between intellectual
performance and age.

Other Diseases

Many specific health-related conditions that affect in-
tellectual performance increase in old age. Much re-
search has addressed the effects of disorders to the
circulatory system on intellectual performance. In
general, this research has shown that circulatory dis-
turbances, ranging from hypertension and cardiovas-
cular conditions to stroke and vascular dementia, have
profound effects on the brain and intellectual per-
formance, especially in the fluid mechanics. Medial-
temporal structures such as the hippocampus and
related intellectual functions such as episodic memory

appear to be especially sensitive to cardiovascular
conditions including hypertension.

Elderly adults with diabetes tend to evince im-
paired intellectual performance. Furthermore, non-
diabetic older individuals who have impaired glucose
tolerance tend to show similar but less pronounced
impairments in performance. Thus, there might be a
continuum of intellectual performance deficits in dia-
betes that progresses from subclinical to the clinical
phase.

As in earlier age periods, depression is related to
lower performance on intelligence tests in old age.
Again, the severity of depressive symptoms is related
to intellectual performance, with individuals suffer-
ing from depressive symptoms performing at higher
levels than clinically depressed individuals but at
lower levels than non-symptomatic individuals.

Finally, various markers related to nutrition show
an association with intellectual performance in old
age. For example, relatively small (e.g., subclinical)
deficiencies in vitamin B, and folic acid appear to
negatively affect intellectual performance.

Engaged Lifestyle

On the positive side, older individuals living an
engaged and active life on average perform better
on tests of intelligence than less active individuals. In
addition, changes in intellectual performance in old
age are associated with changes in lifestyle factors,
such as engagement in leisure activities, activities in
a social context, and intellectually stimulating
activities. When analyzing longitudinal data from
the Berlin Aging Study with dynamic modeling tech-
niques, Martin Lévdén, Paolo Ghisletta, and Ulman
Lindenberger recently provided direct evidence for
the widely held but untested assumption that staying
mentally and socially active attenuates intellectual
decline in old and very old age.

The mechanisms through which engaged lifestyles
influence intellectual development in old age are not
yet well understood. The disuse hypothesis proposes
that changes in lifestyle during old age (e.g., retire-
ment, loss of spouse, and subsequent social isolation)
may result in reduced levels of mental stimulation
and subsequent magnification of cognitive decline.
The cognitive reserve hypothesis asserts that life ex-
periences during earlier periods of the life span, such
as educational attainment, provide greater readiness
for compensatory changes in response to age-related
and disease-related neurophysiological decline and
thus contribute to the resilience of late-life intelli-
gence. Finally, lifestyle factors may also modify the
course of neurophysiological changes underlying in-
tellectual aging in more direct ways. For instance,
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mechanisms of neuronal plasticity (see below) may
function more efficiently in individuals with engaged
lifestyles.

Most likely, several of these causal paths are opera-
ting in concert. Some of the behaviors associated
with engaged lifestyle, such as physical activity and
healthy nutrition, may reduce age-related negative
influences on non-neural components of the brain,
such as vascular changes including decreased blood
flow, oxygen extraction, and glucose transport. For
instance, mental stimulation may directly influence
neurophysiological processes, whereas physical exer-
cise may improve brain functioning indirectly but
effectively through the cardiovascular route. Recent
evidence based on animal models suggests that the
two forms of stimulation may interact and reinforce
each other.

Genetic Influences

Examination of associations between genetics and
intellectual functioning in late life has been divided
into two types. One class of studies has examined
the overall influence of genetic variation by com-
paring dizygotic and monozygotic twins. In general,
heritability in intellectual functioning (i.e., between-
person differences accounted for by genetic differ-
ences) increases from about 35% during childhood
to about 80% in middle adulthood. In old age, heri-
tability tends to decrease to about 60%, perhaps
pointing to a gradual breakdown of genome expres-
sion during the postreproductive period of the
human life span. The other class of studies has
focused on the role of specific genetic polymorphisms
on intellectual functioning in old age. Here, the gene
coding for the apolipoprotein E (APOE) has received
most attention because carriers of a variant of
this gene are considerably more likely to develop de-
mentia. Even in samples of older adults screened for
dementia, genetic variations in the APOE poly-
morphism are related to intellectual functioning. It
remains to be seen whether this association reflects
the presence of preclinically demented individuals.
The influence of genetic variations on individual dif-
ferences in neuronal organization and intellectual
functioning is likely to become an active area of
research in coming years.

Intellectual Plasticity in Old Age

Intellectual plasticity, or the ability to improve one’s
intellectual performance through experience (e.g.,
learning), continues to be present in healthy old age.
For instance, training programs targeted at intellectual
performance in the domain of the fluid mechanics do
indeed lead to performance improvements. However,

training gains are considerably smaller in older adults
than in young adults. For instance, after instruction
and training in a mnemonic technique for the recall
of word lists, the distributions of young and older
adults’ memory performances become close to non-
overlapping. In very old age, training gains are further
restricted in size and compromised in quality.

Intellectual plasticity in old age probably reflects,
for the most part, reactivation of existing and, to
some extent, acquisition of novel intellectual strate-
gies, rather than modification of fluid mechanic
efficiency per se. As a consequence, positive transfer
of training gains in a specific intellectual task to other
tasks from the same or related intellectual abilities is
generally small or absent. On a more promising
note, recent aerobic fitness interventions with healthy
older adults have been found to positively affect per-
formance on a range of cognitive tasks that impose
high demands on executive functions or cognitive
control, that is, on mechanisms that are at the heart
of the fluid mechanics. These positive changes appear
to be accompanied by structural and functional alter-
ations in relevant parts of the brain such as areas in
the prefrontal cortex. Future research needs to fur-
ther examine the amount, mechanisms, and moder-
ators of neuronal and behavioral plasticity in late
adulthood and old age.

Conclusion

Intelligence is a multidimensional construct that un-
dergoes structural transformation from early to late
adulthood and advanced old age. Two-component
theories of life span intelligence posit two broad sys-
tems of influence, one biological and the other cul-
tural. In early adulthood, the biology-based fluid
mechanics and the culture-based crystallized prag-
matics of intelligence are loosely coupled and display
different age gradients, with decline for the fluid me-
chanics and stability or increase for the crystallized
pragmatics. In old and very old age, declines in the
fluid mechanics compromise the acquisition, expres-
sion, and representation of the pragmatic knowledge.
The onset and nature of this transition differ from
person to person and may be more dependent upon
distance from death or cognition-related pathology
than upon distance from birth. In the course of their
lives, individuals experience unique constellations of
normative, age-graded, and nonnormative influences.
Intelligence is not necessarily structured similarly in
different individuals just because they happen to be
born at similar points in time. General regularities
across groups of aging individuals in patterns of in-
tellectual change in old and very old age can be dis-
cerned after sources of individual differences, such as
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age-related pathology and terminal decline, have
been identified and taken into account. Thus, under-
standing intellectual development in old age requires
a multivariate, dynamic, and person-centered per-
spective.

See also: Information Processing/Cognition; Learning;
Life Span Theory.
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