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Life span developmental psychology, now often abbrevi-
ated as life span psychology, deals with the study of in-
dividual development (ontogenesis) from conception
into old age (P. B. Baltes, 1987, 1997, 2005; P. B. Baltes
& Goulet, 1970; P. B. Baltes & Smith, 2004; Brim &
Wheeler, 1966; Dixon & Lerner, 1988; Li & Freund,
2005; Neugarten, 1969; J. Smith & Baltes, 1999;
Staudinger & Lindenberger, 2003; Thomae, 1979). A
core assumption of life span psychology is that develop-
ment is not completed at adulthood (maturity). Rather,
ontogenesis extends across the entire life course and
lifelong adaptive processes are involved. A further
premise is that the concept of development can be used
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to organize the evidence about lifelong adaptive
processes, although it is necessary to reformulate the
traditional concept of development for this purpose
(Harris, 1957). The reformulation required highlights
that adaptive changes across life can be more open and
multidirectional than the traditional concept of develop-
ment with its strong focus on development as growth in
the sense of maturation and advancement may suggest.
Sequencing in the life span gives temporal priority to
earlier times and events in life. Aside from this tempo-
ral order of any developmental process, however, life
span researchers expect each age period of the life span
(e.g., infancy, childhood, adolescence, adulthood, old
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age) to have its own developmental agenda and to make
some unique contribution to the organization of the
past, present, and future in ontogenetic development.
Moreover, life span developmental scholars, if they
focus on processes and mechanisms of mind and behav-
ior (such as identity of self or working memory) rather
than on age, proceed from the assumption that these
processes and mechanisms themselves express manifes-
tations of developmental continuity and change across
the entire life span.

Psychology deals with the scientific study of mind
and behavior, including practical applications that can
be derived from such scientific inquiry. Within this sub-
stantive territory of psychology, the objectives of life
span psychology are: (a) To offer an organized account
of the overall structure and sequence of development
across the life span; (b) to identify the interconnections
between earlier and later developmental events and
processes; (c) to delineate the biological, psychological,
social,
which are the foundation of life span development; and
(d) to specify the biological and environmental opportu-
nities and constraints that shape life span development
of individuals including their range of plasticity (modi-
fiability). With such information, life span developmen-
talists further aspire to determine the range of possible
development of individuals, to empower them to live
their lives as desirably (and effectively) as possible, and
to help them avoid dysfunctional and undesirable behav-
ioral outcomes.

To this end, life span researchers have focused on
searching for models and definitions of successful (ef-
fective) development. In general, and despite the search
for universal considerations, life span researchers have
highlighted individual and cultural variations in what is
considered success or healthy. One general approach
to this topic has been to define successful development
as the maximization of gains and the minimization
of losses and to consider in the definition of what con-
stitutes gains and losses individual, group, and cultural
factors (M. M. Baltes & Carstensen, 1996; P. B. Baltes,
1987; P. B. Baltes & Baltes, 1990a, 1990b; Brandt-
stiadter & Wentura, 1995; Marsiske, Lang, Baltes, &
Baltes, 1995). Such an approach is consistent with the
postulate that there is no development (ontogenetic
change) without a loss, just as there is no loss without a
gain (P. B. Baltes, 1987). What is considered a gain in
ontogenetic change and what is considered a loss is a
topic of theoretical as well as empirical inquiry and de-

and environmental factors and mechanisms

fies an absolutist definition. The nature of what is con-
sidered a gain and what is considered a loss changes
with age, involves objective and subjective criteria, and
is conditioned by theoretical predilection and cultural
context, as well as historical time.

We offer one more introductory observation on the ob-
jectives of life span psychology that it shares with other
developmental specialties. Methodologically speaking,
the study of ontogenesis is inherently a matter of general
and differential psychology. Thus, life span research and
theory is intended to generate knowledge about three
components of individual development: (1) commonali-
ties (regularities) in development, (2) interindividual
differences in development, and (3) intraindividual plas-
ticity in development (P. B. Baltes, Reese, & Nessel-
roade, 1977; R. M. Lerner, 1984; S.-C. Li & Freund,
2005; J. R. Nesselroade, 1991a, 1991b; Staudinger & Lin-
denberger, 2003). Joint attention to each of these compo-
of individual variability and intra-individual
potential, and specification of their age-related inter-
plays, are the conceptual and methodological foundations
of the developmental enterprise. Recognizing the
methodological significance of the distinction among,
and subsequent theoretical integration of, commonalities
in development, inter-individual differences in develop-
ment, and intra-individual plasticity has been a continu-
ing theme in life span research and theory since its
inception (Tetens, 1777).

What about the status and location of life span psy-
chology within the territory of developmental psychol-
ogy? Is life span developmental psychology a special
developmental psychology, is it the overall integrative
developmental conception of ontogenesis, or is it simply
one of the many orientations to the study of development
(P. B. Baltes, 1987)? Perhaps most scholars view life
span psychology as one of the specializations in the
field of developmental psychology, namely, that special-
ization that seeks to understand the full age spectrum of
ontogenesis. In this case, the lens of life span psycholo-
gists is focused on the entire life course with less con-
sideration for the details of age-related specificities.

Life span theory, however, can also be seen as the co-
ordinated integration of various age-based developmental
specializations into one overarching, cumulative frame-
work of ontogenesis. Using such a life span-coordinating
lens, one could argue that, if there is a general theory of
ontogenetic development, it needs to be a theory that
takes into account that ontogenesis extends from concep-
tion into old age. Thus, even if one is primarily inter-

nents



ested in the study of infants and infant development, part
of one’s intellectual agenda requires attention to life
span development (Brim, 1976). One example relevant
for infancy researchers is the interest in the sequelae of
infancy, in the search for its long-term consequences.
Another example is the developmental context of infancy,
which includes adults as socialization agents who them-
selves develop. Thus, to understand infant-adult inter-
action, it is important to recognize that adults are not
fixed personages but that they are themselves subject to
developmental goals and challenges (Brim & Wheeler,
1966; Hetherington, Lerner, & Perlmutter, 1988; Lach-
man, 2001; see also Elder & Shanahan, Chapter 12, this
Handbook, this volume).

What about the organizational frame of life span the-
ory? On a strategic level, there are two ways to con-
struct life span theory: Person-centered (holistic) or
function-centered. The holistic approach proceeds from
consideration of the person as a system and attempts to
generate a knowledge base about life span development
by describing and connecting age periods or states of
development into one overall, sequential pattern of life-
time individual development (see also Magnusson,
2001; Magnusson & Strattin, Chapter 8; Thelen &
Smith, Chapter 6, this Handbook, this volume). An ex-
ample would be Erikson’s (1959) theory of eight life
span stages. Often, this holistic approach to the life
span is identified with life course psychology (Biihler,
1933; see also Elder, 1994; Elder & Shanahan, Chapter
12, this Handbook, this volume). Part of a holistic ap-
proach includes also efforts where behavioral profiles
across a wide range of psychological functioning are in
the center of attention and different age groups are
contrasted in their profiles and longitudinal intercon-
nections (J. Smith & Baltes, 1997).

The second way to construct life span theory is to
focus on a category of behavior or a function (such as
perception, information processing, action control,
identity, personality traits, etc.) and to characterize the
life span changes in the mechanisms and processes asso-
ciated with the category of behaviors selected. An ex-
ample would be the life span comparative study of the
developmental organization, operation, and transforma-
tion of working memory, fluid intelligence, or the cogni-
tive system as a whole (Craik & Bialystok, in press;
Salthouse, 1991).

To incorporate both approaches to life span ontogen-
esis, the holistic person-centered and the function-
centered one, the concept of life span developmental
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psychology (P. B. Baltes & Goulet, 1970) was advanced.
From our point of view, then, life course psychology is a
special case of life span psychology. However, this
distinction between life course and life span develop-
mental psychology should not be seen as categorically
exclusive. It’s more a matter of pragmatics and scien-
tific history. In the history of the field, scholars closer
to the social sciences, the biographical study of lives,
and personality psychology display a preference for
using the term life course development (e.g., Biihler,
1933; Caspi, 1987; Elder, 1994; Settersten, 2005).
Scholars closer to psychology, with its traditional inter-
est in mechanisms and processes as well as the decom-
position of mind and behavior into its component
elements, seem to prefer life span developmental psy-
chology, the term chosen when the West Virginia Con-
ference Series on the field was initiated (Goulet &
Baltes, 1970).

HISTORICAL INTRODUCTION

While this section may seem to speak more about the
past than the present, it is important to recognize that
present theoretical preferences are in part the direct re-
sult of historical contexts of science and cultural scenar-
ios rather than of carefully elaborated theoretical
arguments. Some of the current issues surrounding life
span psychology and its location in the larger field of
developmental psychology are difficult to appreciate un-
less they are seen in their historical and societal con-
texts (P. B. Baltes, 1983; Brim & Wheeler, 1966; R. M.
Lerner, 1983; Lindenberger & Baltes, 1999; Reinert,
1979). For instance, how is it that, especially in North
America, life span developmental psychology is a rela-
tively recent advent? This is not true for Germany where
life span thinking has a long history.

Many German developmental historians, for in-
stance, consider Johann Nicolaus Tetens as the founder
of the field of developmental psychology (P. B. Baltes,
1983; Lindenberger & Baltes, 1999; Miiller-Brettel &
Dixon, 1990; Reinert, 1979). To Anglo-American devel-
opmentalists, however, Tetens is a relatively unknown
figure. When Tetens published his two-volume monu-
mental work on human nature and its development Men-
schliche Natur and ihre Entwicklung more than 200
years ago, in 1777, the scope of this first major opus
covered the entire life span from birth into old age (see
also Carus, 1808, for another early contribution to the



572 Life Span Theory in Developmental Psychology

field of developmental psychology). In addition, the con-
tent and theoretical orientation of this historical classic
by Tetens included many of the current-day signatures
of what has become known as the life span developmen-
tal theoretical orientation. For instance, development
was not only elaborated as a lifelong process by Tetens,
but also as a process that entails gains and losses, a pro-
cess embedded in and constituted by sociocultural con-
ditions, and as a process that is continuously refined and
optimized (vervollkommnet) by societal change and his-
torical transformations (see Table 11.1).

The second major early work on human development,
written some 150 years ago by the Belgian Adolphe
Quetelet (1835/1842), continued in a similar tradition.
His treatment of human qualities and abilities was en-
tirely life span in orientation, and because of his analy-
sis of the dynamics between individual and historical
development, Quetelet prefigured major developments
in developmental methodology (P. B. Baltes, 1983). For
instance, he anticipated the distinction between cross-
sectional and longitudinal study designs as well as the
need to conduct successions of age studies in order to
disentangle effects of age from those of secular change
and historical period (P. B. Baltes, 1968; Schaie, 1965;
Schaie & Baltes, 1975).

The 1777 work of Johann Nicolaus Tetens was never
translated into English. It is unfortunate because read-
ing Tetens’ deep, although largely conceptual and not
empirical insights into the interplay among individual,
contextual, and historical factors is a humbling experi-
ence. Equally impressive are his many concrete every-
day examples and analyses of phenomena of human

TABLE 11.1 Table of Contents

Chapter Title

1 On the perfectability of human psyche (Seelennatur) and
its development in general

2 On the development of the human body

3 On the analogy between the development of the psyche
(mind) and the development of the body

4 On the differences between men (humans) in their
development

5 On the limits of development and the decline of
psychological abilities

6 On the progressive development of the human species

7 On the relationship between optimization
(Vervollkommnung) of man and his life contentment
(Gliickseligkeit)

Source: From On the Perfectability and Development of Man, volume 2,
by J. N. Tetens, 1777, Leipzig, Germany: Weidmanns Erben und Reich.

development (e.g., in the area of memory functioning),
which make clear that ontogenetic development is not
simply a matter of growth but the outcome of complex
and multilinear processes of adaptive transformation.
Because of these consistencies between the early work
of Tetens and Quetelet and modern research in life span
development, life span researchers like to argue that
these are examples of why and how a life span orienta-
tion spawns a particular theoretical and methodological
manner of looking at human development (P. B. Baltes,
1987; P. B. Baltes, Reese, & Lipsitt, 1980; Staudinger
& Lindenberger, 2003).

There are several reasons why German developmen-
tal psychology treated and treats ontogenesis as lifelong
development (P. B. Baltes et al., 1980; Groffmann, 1970;
Reinert, 1979). In German-speaking countries, for in-
stance, philosophy, in addition to biology, was a major
springboard for the emergence of life span psychology.
Because of this close tie to philosophy and the humani-
ties, human development in Germany was widely under-
stood to reflect factors of education, socialization, and
culture. In addition, there was also a focus on the topic
of human development beyond early adulthood. The
widespread knowledge and discussion of essays on old
age, such as the ancient texts of Cicero (44B.c./1744) or
the then contemporary text of Grimm (1860), are exam-
ples of this nineteenth-century interest among German
scholars in issues of development beyond early adult-
hood. According to these traditions, fueled primarily by
philosophy and the humanities, a widely held position
among German scholars was that it was within the
medium of “culture” that individuals “developed.” With
very little biological science on maturity or growth at
that time, there was no reason to assume that develop-
ment should be identified with physical growth and,
therefore, should stop at adolescence or early adulthood.

In contrast, the Zeitgeist in North America and also in
some other European countries, such as England, was dif-
ferent when developmental psychology emerged as a spe-
cialty around the turn of the century (1900). At that time,
the newly developed fields of genetics and biological
evolution (such as Darwinism) were in the forefront of
ontogenetic thinking. From biology, with its maturation-
based concept of growth, may have sprung the dominant
American emphasis in developmental psychology on
child psychology and child development. In North Amer-
ica, at least until the advent of social-learning and oper-
ant psychology-based theory in the 1960s (Bandura &
Walters, 1963; Reese & Lipsitt, 1970), biological con-



ceptions of growth and maturation (Harris, 1957) led
the organization and intellectual agenda in ideas about
development. Not surprisingly, therefore, in combina-
tion with other political and social forces, children be-
came the primary focus of attention in North American
developmental psychology.

The focus on childhood was so pervasive that histori-
cal accounts of developmental psychology published in
the centennial birth year of American psychology
(Parke, Ornstein, Rieser, & Zahn-Waxler, 1991) were
entirely devoted to child and adolescent development.
No mention was made of the major historical life span
scholars such as Tetens, Biihler, or Pressey. Even Shel-
don White (1992), the author of the centennial article
on G. Stanley Hall, one of the major figures in early
American developmental psychology who late in his ca-
reer turned to adulthood and old age to complete his
agenda of developmental studies (see Hall, 1922), ig-
nored this opportunity to treat ontogenesis as a lifelong
phenomenon.

Before the life span view of ontogenesis entered the
field of developmental psychology more forcefully in
North American circles in the 1960s and 1970s, several
earlier contributions attempted to broaden developmen-
tal psychology toward a consideration of the entire life
span (e.g., Hollingworth, 1927; Pressey, Janney, &
Kuhlen, 1939; Sanford, 1902). These early American
publications on themes of life span development resulted
not so much in redirecting developmental psychology
from child psychology, but in setting the foundation for
the emergence of the field of adult development and
aging (gerontology). Indeed, many of the active life span
psychologists who promoted life span thinking were
closely affiliated with efforts to build a psychological
science of aging (Goulet & Baltes, 1970; Havighurst,
1948, 1973; Kuhlen, 1963; Neugarten, 1969; Riegel,
1958; Schaie, 1970; Thomae, 1959, 1979).

As a consequence, in American psychology there
evolved a strong bifurcation between child developmen-
talists and researchers on adult development and aging.
One indication of this bifurcation was the creation of
two relatively independent divisions concerned with
lifelong ontogenesis within the American Psychological
Association (Division 7: Developmental Psychology;
Division 20: Maturity and Old Age, later renamed into
Adult Development and Aging). This divide was also re-
flected in scholarly publications involving age-specific
specialties. On the one hand, the creation of a multitude
of organizations and journals heralded the arrival of a
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comprehensive behavioral science of ontogenesis, a
trend that continues. The most recent addition of a
“new” age specialty is midlife, and not inappropriate for
the beginning of a new century, the first handbook on
the topic was published (Lachman, 2001). The emer-
gence of this field of midlife development was much en-
hanced by the work of a MacArthur Network on Midlife
Development chaired by one of the early leaders of the
life span field, Orville G. Brim (e.g., Brim & Wheeler,
1966; see also Brim, Ryff, & Kessler, 2004). On the
other hand, for life span developmental scholars, these
age-specific creations were unfortunate events because
they did not promote an integrative effort at construct-
ing life span theory.

That a life span approach became more prominent
during the recent decades was dependent on several
other factors and historical trends. A major factor was a
concurrent concern with issues of life span development
in neighboring social-science disciplines, especially so-
ciology and economics. In sociology, life course sociol-
ogy took hold as a powerful intellectual force (Brim &
Wheeler, 1966; Elder, 1985, 1994; Mayer, 2003; Riley,
1987; Riley, Johnson, & Foner, 1972; Settersten, 2005).

Within psychology, and aside from the intellectual
forces that may have been inherent in the life span field
itself (see later sections in this chapter), three external
conditions nurtured the burgeoning of interest in life
span development (P. B. Baltes, 1987). First, demo-
graphically speaking, the population as a whole was
aging. Meanwhile, this historical change in the demo-
graphic context of human development has been fully
reflected in the organization of the American Psycho-
logical Association (APA). Perhaps surprising to child
developmentalists, the Division (20) devoted to adult de-
velopment and aging has grown larger than Division 7,
called developmental psychology but which, when using
the focus of the work of the scholars elected to its presi-
dency, or the scope of its primary journal as indicators,
is more or less entirely devoted to the topic of develop-
ment from infancy through adolescence.

The second related historical event of life span work
in the study of ontogenesis was the concurrent emer-
gence of gerontology (aging research) as a field of spe-
cialization, with its search for the lifelong precursors of
aging (Birren, 1959; Birren & Schaie, 1996; Cowdry,
1939). The Gerontological Society of America, for in-
stance, is as large or larger than its counterpart organi-
zation, the Society for Research in Child Development.
In fact, linking the study of gerontology to the study of
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life span development is a critical task of current devel-
opmental theory. Are theories of development the same
as theories of aging? Do we need different conceptions
of ontogenesis to characterize development and aging
(P. B. Baltes & Smith, 2004)? For instance, does one ap-
proach deal with phenomena of growth, and the other
with decline?

A third factor, and a major source of rapprochement
between child developmentalists and adult developmen-
talists, was the “aging” of the participants and of the re-
searchers in the several classical longitudinal studies on
child development begun in the 1920s and 1930s (Elder,
1974; Kagan, 1964). What are the effects of child devel-
opment on later life? Which childhood developmental
factors are positive or risk-prone for later healthy devel-
opment? These were questions that were increasingly
pursued beginning in the 1970s as the children of the
classical longitudinal studies reached early adulthood
and midlife. Some of these studies have even provided
a basis for a better understanding of processes in the
last phases of life (Block, 1971, 1993; Eichorn, Clausen,
Haan, Honzik, & Mussen, 1981; Elder, 1985, 1986,
1994; Holahan, Sears, & Cronbach, 1995; Kagan &
Moss, 1962; Sears & Barbee, 1977).

Out of these developments has emerged new territory
in developmental scholarship. The need for better col-
laboration among all age specialities of developmental
scholarship, including child development, has become an
imperative of current-day research in developmental
psychology (Hetherington et al., 1988). But for good life
span theory to evolve, it takes more than courtship and
mutual recognition. It takes a new effort and serious ex-
ploration of theory that—in the tradition of Tetens
(1777)—has in its primary substantive focus the struc-
ture, sequence, and dynamics of the entire life course.

TOWARD PSYCHOLOGICAL THEORIES OF
LIFE SPAN DEVELOPMENT: FIVE LEVELS
OF ANALYSIS

We approach psychological theories of life span devel-
opment in five sequential but interrelated steps. Each
step will bring us closer to specific psychological theo-
ries of life span development. As shown in Table 11.2,
we move from the distal and general to the more proxi-
mal and specific in our treatment of life span ontogene-
sis. This movement also implies a movement from the
metatheoretical to the more empirical.

TABLE 11.2 Toward Psychological Theories of Life Span
Development: Five Levels of Analysis

Level 1: Biological and Cultural Evolutionary Perspectives: On
the Incomplete Architecture of Human Ontogenesis and
the Life Span Developmental Dynamics between Biology

and Culture

Level 2: Dynamics of Gains and Losses: Life Span Changes in the
Relative Allocation of Resources in Development to
Functions of Growth versus Maintenance/Resilience

versus Regulation of Loss

Level 3: A Family of Metatheoretical Propositions about the

Nature of Life Span Development

Level 4: An Example of a Systemic and Overall Theory of
Successful Life Span Development: Selective

Optimization with Compensation
Level 5: Life Span Theories in Specific Functions and Domains:

Intelligence, Cognition, Personality, Self

Specifically, we consider five levels of analysis.
Level 1, the most distal and general one, makes explicit
the cornerstones and “norms of reaction” or “potentiali-
ties” (P. B. Baltes, 1997; P. B. Baltes & Smith, 2004;
Brent, 1978a, 1978b; R. M. Lerner, 2002; S.-C. Li,
2003; Schneirla, 1957; see also Gottlieb, Wahlsten, &
Lickliter, Chapter 5, this Handbook, this volume) of life
span ontogenesis. With this approach, which is also con-
sistent with the levels of integration notion of Schneirla
or more recently S.-C. Li (2003), we obtain information
on what we can expect about the general scope and shape
of life span development based on evolutionary, histori-
cal, and interdisciplinary views dealing with the inter-
play between biology and culture during ontogenesis.

Levels 2 and 3 move toward psychological theories of
individual development. On these levels of analysis,
while keeping the initial overall framework in mind, we
shall describe, using an increasingly more fine-grained
level of analysis, specific conceptions of life span devel-
opmental psychology. On Level 4, we advance one con-
crete illustration of an overall life span developmental
theory, a theory that is based on the specification and
coordinated orchestration of three processes: Selection,
optimization, and compensation. Subsequently, and cor-
responding to a putative Level 5, we move to more
molecular phenomena and functions. Specifically, we
characterize life span theory and research in areas of
psychological functioning such as cognition, intelli-
gence, personality, and the self.

We have chosen this approach—of proceeding from a
broad level of analysis to more and more specific and mi-
crolevels of psychological analysis—because it illustrates
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one of the central premises of life span psychology, that
development is embedded in a larger evolutionary, histor-
ical, and cultural context (P. B. Baltes et al., 1980;
Durham, 1991; Elder & Shanahan, Chapter 12, this
Handbook, this volume; Finch & Zelinski, 2005; Hagen &
Hammerstein, 2005; R. M. Lerner, 2002; S.-C. Li, 2003;
Magnusson, 1996; Riegel, 1973; Schaie, Willis, & Pen-
nak, 2005). Recognizing the powerful conditioning of
human development by biological and cultural evolution
and co-evolution emphasizes that the future is not fixed
either, but includes features of an open system. In other
words, the future is not something we simply enter but
also something that we help create and that is dependent
on the partially always novel co-construction of genetic,
environmental, and cultural conditions (P. B. Baltes,
Reuter-Lorenz, & Rosler, 2006). This is especially true
for the second half of life and old age. It is there that the
relative incompleteness of the biology- and culture-based
architecture of human development becomes most con-
spicuous (P. B. Baltes, 1997; P. B. Baltes & Smith, 2004).

The Overall Architecture of Life Span
Development: A First View from the
Perspectives of Biological and
Cultural Co-Evolution and Biocultural
Co-Construction (Level 1)

We now turn in our quest for understanding life span de-
velopment to the first level of analysis chosen, the over-
all biological and cultural architecture of life span
development (P. B. Baltes, 1997).

Questions about the how and why of the role of biol-
ogy (heredity) and culture (environment) have formed
one of the main intellectual frames in developmental
psychology. What is the role of cultural and biological
factors in ontogenesis, how do they interact, condition,
and modify each other? What is the “zone of develop-
ment,” the “norm of reaction,” the “range of plasticity”
that we can expect to operate during ontogenesis? Based
on genetic and evolution-based factors and on cultural
structures, for instance, only certain pathways can be
implemented during ontogenesis, and some of these are
more likely to be realized than others. Despite the size-
able plasticity of humans, not everything is possible in
ontogenetic development. Development follows princi-
ples that make universal growth impossible (Hagen &
Hammerstein, 2005; S.-C. Li & Freund, 2005).

With a view on the future and future societal
changes, we need to recognize first that the overall ar-

chitecture of human development is incomplete (P. B.
Baltes, 1997; P. B. Baltes & Smith, 2003): The overall
biological and cultural architecture of human devel-
opment continues to evolve and in this process co-
constructs and modifies each other (P. B. Baltes, et al.,
2006). A second insight is that what is most “undevel-
oped” in the gene-environment interplay is both the ge-
netic base and the culture of old age. While earlier age
periods of the life course have a long tradition of biolog-
ical and cultural co-evolution and co-construction (P. B.
Baltes et al., 2006; Durham, 1991; Finch & Zelinski,
2005; Tomasello, 1999) and fine-tuning, the anthropo-
logical tradition of biological and cultural co-evolution
for later phases of life, historically speaking, is younger.
As we move from childhood to old age, the evolutionary
(biological and cultural) incompleteness of the overall
architecture of the life span increases.

Figure 11.1 illustrates the main lines of argument
(P. B. Baltes, 1997; see also Kirkwood, 2003). Note first
that the specific form (level, shape) of the functions
characterizing the overall life span dynamics is not crit-
ical. What is critical is the overall direction and recipro-
cal relationship between these functions. Figure 11.1
identifies three such directional principles that regulate
the nature of ontogenetic development.

Evolutionary Selection Benefits Decrease with Age

The first part of Figure 11.1 represents a conclusion that
derives from an evolutionary perspective on the nature
of the genome and its age-correlated changes in
expressivity (Charlesworth, 1994; Finch, 1990, 1996;

More Culture to
Extend Stages of Life

Biological Plasticity:
Decreases with Age

Efficacy of Culture:
Decreases with Age

AN
\

AN
\

AN\

Figure 11.1 Schematic representation of basic facts about
the average dynamics between biology and culture across the
lifespan. There can be much debate about the specific forms
of the functions but less about directionality. From “On the
Incomplete Architecture of Human Ontogeny: Selection, Op-
timization, and Compensation as Foundation of Developmen-
tal Theory,” by P. B. Baltes, 1997, American Psychologist, 52,
pp. 366-380.
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Kirkwood, 2003; Martin, Austad, & Johnson, 1996;
Medawar, 1946). The central argument is that the bene-
fits resulting from evolutionary selection display a
negative age correlation, that is, that there is an age-
associated declining process of evolution-based natural
selection.

During evolution, the older the organism, the less the
genome benefited from the genetic advantages associ-
ated with evolutionary selection. As a consequence, and
certainly after maturity, the expressions and mecha-
nisms of the genome lose in functional quality as organ-
isms age. Evolutionary selection was tied to the process
of reproductive fitness and its midlife location in the
life course. As a consequence, reproductive fitness-
based evolutionary selection pressure—which in the
long run resulted in a better and better genome—oper-
ated primarily and more strongly during the first half of
life. This general statement holds true even though there
are “indirect” positive evolutionary selection benefits
carried into and located in old age, for instance, through
processes of grandparenting, coupling, or exaptation
(Gould, 1984).

During evolution, this age-associated diminution of
evolutionary selection benefits was further enhanced by
the fact that in earlier historical times only few people
reached old age. Thus, evolutionary selection could not
operate as frequently to begin with when it came to
older individuals. Most individuals died before possible
negative genetic attributes were activated or possible
negative biological effects of earlier developmental
events became manifest. Therefore, and quite aside from
other factors of the biological processes of aging (Finch,
1990; Kirkwood, 2003; Martin et al., 1996; Osiewacz,
1995; Yates & Benton, 1995), it has been argued that
genes active at later stages of the life course are more
often deleterious or dysfunctional genes than those op-
erative at earlier times in the life span.

One concrete illustration of this aging-based weak-
ening of evolutionary selection benefits is the existence
of late-life illnesses such as Alzheimer dementia (for
other examples see Martin et al., 1996). This disease
typically does not become manifest until age 70. After
age 70, however, it increases markedly in frequency
such that among 90- to 100-year-olds Alzheimer de-
mentia has a prevalence of about 50% (Helmchen et al.,
1999). This disease is at least in part a late-life disease
because reproductive fitness based evolutionary pres-
sure was unable to select against it. Martin et al. (1996)
called such an outcome “selection neutrality.”

There are other aspects of a biology of aging that
imply an age-associated loss in biological functioning.
One is the disposal soma theory of aging that attributes
senescence to the accumulation of damage and faults in
cells and tissues. Related models of biological aging are
wear-and-tear theories, entropy-based conceptions as
well as interpretations related to the sources of age-
accumulated increases in mutations. Note that some of
the factors involved are associated directly with the
mechanisms and operative processes of ontogenesis it-
self. Currently, for instance, age-associated increases in
oxidative damage are proffered as a key possibility to
account for aging-associated losses in biological effi-
cacy (Kirkwood, 2003; Martin et al., 1996). One variant
is the so-called counterpart theory of aging (Birren,
1988; Yates & Benton, 1995). It proffers that aging
processes in part are the negative by-products of the
early life process of growth. Related to this view is the
genetic mechanism of “antagonist pleiotropy” (Martin
et al., 1996).

These various considerations about the role of ge-
netic factors result in a converging conclusion regarding
the biological architecture of life span development
(P. B. Baltes, 1997). Where evolutionary selection and
the ontogenetic biology of aging are concerned, the life
span of humans displays a loss in plasticity and, in addi-
tion, an increasingly unfinished architecture. These in-
sights may be captured with the sentence: “Biology is
not a good friend of old age.” With age, the genetic ma-
terial, associated genetic mechanisms, and genetic ex-
pressions become less effective and less able to generate
or maintain high levels of functioning.

Increase in Need for Culture as Human
Development Is Extended in Level and Age Range

What about the role of culture and culture-related fac-
tors in preparation of and during ontogenesis? By
culture, we mean the entirety of psychological, social,
material, and symbolic (knowledge-based) resources
which humans developed over millennia; and which,
as they are transmitted across generations, make
human development as we know it possible (P. B. Baltes
et al., 2006; Cole, 1996; Damon, 1996; D’Andrade,
1995; Durham, 1991; S.-C. Li, 2003; Shweder, 1991;
Tomasello, 1999; Valsiner & Lawrence, 1997). These
cultural resources include cognitive skills, motiva-
tional dispositions, socialization strategies, physical
structures, the world of economics as well that of med-
ical and physical technology.
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Figure 11.1 summarizes our view of the life span
dynamics associated with culture and culture-based
processes (P. B. Baltes, 1997; P. B. Baltes, Staudinger,
& Lindenberger, 1999). The middle section represents
the proposition that for ontogenetic development to be
extended in level and span of life, an increase in the
level and quality of cultural resources is required to con-
tinue a productive interplay between culture and age
across the life span. There are two parts to the argument
for an age-related increase in the need for more culture.

The first argument is that for human ontogenesis to
have reached higher and higher levels of functioning and
to extend itself longer spans of life, whether in physical
(e.g., sports) or cultural (e.g., reading and writing) do-
mains, there had to be a conjoint evolutionary increase in
the richness and dissemination of culture. Thus, human
development the way we know it in the modern world is
essentially and necessarily tied to the evolution of cul-
ture and its impact on genetic evolution and the kind of
life environments individuals transact with as they
develop during ontogenesis. And the further we expect
human ontogenesis to extend itself into adult life and old
age, the more it will be necessary for particular cultural
factors and resources to emerge to make this possible.

To appreciate the power of the evolution of such
culture-based resources in the process of biocultural
co-production consider what happened to average life ex-
pectancy during the twentieth century in industrialized
countries. It was not the genetic make-up of the individual
or the population that evinced marked changes during
this time. Economic and technological innovations were
the central factors. Similarly, the dramatic increase in lit-
eracy rates over the past centuries in industrialized na-
tions was not the result of a change in the genome, but
above all a change in environmental contexts, cultural re-
sources, and strategies of teaching.

To prevent a possible misunderstanding: The trajec-
tory depicted in the middle panel of Figure 11.1 does
not mean that children require little cultural input and
support. Biocultural co-construction always operates
though in varying combinations (P. B. Baltes et al., 2006;
P. B. Baltes & Singer, 2001; Li, 2003). Early in ontoge-
netic life, because the human organism is still undevel-
oped biologically, infants and children need a wide
variety of psycho-social-material-cultural support. But in
terms of overall resource structure, this support in child-
hood is focused on basic levels of functioning such as en-
vironmental sensory stimulation, nutrition, language, and
social contact. Subsequent age stages, however, require

increasingly more and more differentiated cultural re-
sources, especially if one considers the high levels of
knowledge and technology that adults need to acquire in
order to function well in modern societies. Thus, it is pri-
marily through the medium of more advanced levels of
culture in the biocultural co-construction process that in-
dividuals have the opportunity to continue to develop
across the higher ages of the life course.

There is a second argument for the theory that, with
age, the need for the supportive role of culture in-
creases. Because of the age-related biological weaken-
ing and reduced plasticity described in the left part of
Figure 11.1, an age-associated increase in “need” for
culture is also necessary because more environmental
support is necessary to maintain efficacy. Thus, if and
when individuals aspire to maintain their previous levels
of functioning as they age, culture-based resources (ma-
terial, social, economic, psychological) are necessary to
maintain high levels of functioning. In the aging litera-
ture, the work of Craik (1986; Craik & Bialystok, in
press) on the role of environmental support to maintain
memory efficacy is exemplary.

Age-Related Decrease in Efficiency of Culture

The right panel of Figure 11.1 illustrates a further over-
all characteristic of the life span developmental dy-
namic between biology, culture, and age. Here, the focus
is on a third cornerstone of the overall architecture of
the life course, that is, the efficacy or efficiency of cul-
tural factors and resources (P. B. Baltes, 1997).

During the second half of life, we submit that there is
an age-associated reduction in the efficiency of cultural
factors. With age, and conditioned primarily by the neg-
ative biological trajectory of the life course, the relative
power (effectiveness) of psychological, social, material,
and cultural interventions becomes smaller and smaller.
Take cognitive learning in old age as an example (P. B.
Baltes, 1993; Craik & Salthouse, 2000; Lindenberger,
2001; Salthouse, 2003; T. Singer, Lindenberger, &
Baltes, 2003). The older the adult, the more time, prac-
tice, and more cognitive support it takes to attain the
same learning gains. And moreover, at least in some do-
mains of information processing, and when it comes to
high levels of performance, older adults may never be
able to reach the same levels of functioning as younger
adults even after extensive training (P. B. Baltes &
Kliegl, 1992; Kliegl, Smith, & Baltes, 1990; T. Singer,
Lindenberger, et al., 2003).
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We submit that the three conditions and trajectories
outlined in Figure 11.1 form a robust fabric, a biocul-
tural, and because of its incompleteness, dynamic archi-
tecture of the life span (P. B. Baltes, 1997). This
biocultural is not fixed, but subject to further processes
of biocultural co-construction. We argue that the gen-
eral script of this biocultural fabric represents a first
tier of life span theory. They represent constraints on
the degree of openess of the developmental life span sys-
tem. Whatever the specific content and form of a given
psychological theory of life span continuity and change,
we maintain that it needs to be consistent with the frame
outlined in Figure 11.1. For instance, we conclude that
any theory of life span development positing “general”
positive advances across broad domains of functioning
in later adulthood is probably false.

The immediate future of old age, therefore, will de-
pend to a large measure on our ability to generate and
employ culture and culture-based technology in compen-
sating for the unfinished architecture of biology, for the
age-correlated decrease in biological functioning, for
the growing gap between mind and body. In the long
run, the changing dynamics in the relative impact of
genome- and culture-based influences also suggests that
interventions into the biogenetic system itself are neces-
sary to generate more desirable states of aging, especially
in the oldest-old. Biocultural co-construction is a concept
that reflects the need for both biology and culture to
cooperate in such aspirations (P. B. Baltes et al., 2006;
P. B. Baltes & Singer, 2001; S.-C. Li, 2003).

Life Span Changes in the Relative Allocation of
Resources to Distinct Functions of
Development (Level 2)

Having characterized the overall biocultural landscape
of human development, we move toward a level of orga-
nization closer to central concepts of developmental
psychology. In Table 11.2, this was designated as Level
2. We take this next step by reflecting about functions
(goals) and outcomes of development.

Growth versus Resilience (Maintenance) versus
Regulation of Loss

To what degree does the overall biocultural architecture
outlined in Figure 11.1 prefigure pathways of develop-
ment and the kind of adaptive challenges individuals
face as they move through life? One possibility is to dis-
tinguish between three functions of ontogenetic devel-

opment. The first two are known from research in child
development: growth and resilience (maintenance and
recovery) of functioning (Cicchetti, 1993; Garmezy,
1991; Rutter, 1987). Life span researchers have added to
these two functions that of management or regulation of
losses (P. B. Baltes, 1987, 1997; Brandtstddter & Baltes-
Go6tz, 1990; Brandtstidter & Greve, 1994; Brim, 1988;
Dixon & Bickman, 1995; Heckhausen & Schulz, 1993;
Labouvie-Vief, 1982; Staudinger, Marsiske, & Baltes,
1993, 1995). This addition was invoked because, as the
growing incompleteness of the biocultural architecture
postulates, the foundational frame of lifelong develop-
ment includes not only conditions of growth and health,
but also conditions of permanent loss that, in principle,
are not avoidable.

Figure 11.2 displays our general life span develop-
mental script about the allocation of available resources
for these three major adaptive tasks of growth, mainte-
nance/recovery (resilience), and regulation of loss (P. B.
Baltes, 1987; Staudinger et al., 1993, 1995). With the
adaptive tasks of growth, we mean behaviors aimed at
reaching higher levels of functioning or adaptive capac-
ity. Under the heading of maintenance and resilience, we
group behaviors which are aimed at maintaining levels
of functioning in the face of challenge or returning to
previous levels after a loss. With the adaptive task of
management or regulation of loss, we identify those be-
haviors which organize adequate functioning at lower
levels when maintenance or recovery, for instance, be-
cause of external-material or biological losses, is no
longer possible.

Allocation of Reserve Capacity

Toward
Maintenance/Recovery
Regulation of Loss

Toward Growth

Life Span Development

Figure 11.2 Life span changes in the allocation of resources
into distinct functions (objectives) of development: growth,
maintenance and recovery (resilience), and regulation (manage-
ment) of loss. Source: From “Resilience and Reserve Capacity
in Later Adulthood: Potentials and Limits of Development
across the Life Span” (pp. 801-847), by U. M. Staudinger, M.
Marsiske and P. B. Baltes, in Developmental Psychopathology:
Vol. 2. Risk, Disorder, and Adaptation, D. Cicchetti & D. Cohen
(Eds.), 1995, New York: Wiley.
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In childhood and early adulthood, the primary allo-
cation of resources is directed toward growth. During
adulthood, allocation toward maintenance and recovery
(resilience) is on the increase. Research by Freund and
colleagues has shown that individuals of different ages
hold mental scripts and preferences that are consistent
with this life span change in the focus of allocation
(Freund & Ebner, 2005; Riediger & Freund, in press).
In advanced adulthood and especially in old age, more
and more resources are directed toward regulation
(management) of loss, although this need may not be re-
alized as often as desired since the application of com-
pensatory behaviors is effortful (P. B. Baltes & Baltes,
1990a; Freund & Baltes, 2002b). In old age, few re-
sources remain available to be allocated to growth.
Consistent with this general view, older adults invest
more time into compensation than optimization (M. M.
Baltes & Carstensen, 1996; Freund, in press). However,
some targets for positive change continue to be realis-
tic, such as advances in emotional and spiritual regula-
tion or wisdom (P. B. Baltes & Staudinger, 2000;
Carstensen, 1995; Carstensen, Isaacowitz, & Charles,
1999; Kunzmann, 2004; Staudinger, Freund, Linden, &
Maas, 1999). Such a characterization is an oversimpli-
fication because individual, domain, and contextual
differences need to be taken into account. Thus, the
characterization is one about relative probability.

In our view (e.g., P. B. Baltes, 1987; Freund & Baltes,
2002b; Staudinger et al., 1995; for related arguments,
see also Brandtstidter & Greve, 1994; Brim, 1992;
Edelstein & Noam, 1982; Heckhausen, 1997; Labouvie-
Vief, 1982), the life span shift in the relative allocation
of biology- and culture-based resources to the functions
of growth, resilience, and the management of loss is a
major issue for any theory of life span development.
This is true even for those theories that, on the surface,
deal only with growth or positive aging (e.g., Erikson,
1959; Perlmutter, 1988; Ryff, 1984, 1989a). In Erik-
son’s theory, for instance, the acquisition of generativ-
ity and wisdom are the positive developmental goals of
adulthood. Despite the growth orientation of these con-
structs, even in Erikson’s theory their attainment is in-
herently tied to recognizing and managing issues of
generational turnover as well as of one’s finitude and
impending death. Another example is research on an-
other facet of positive aging, wisdom (P. B. Baltes &
Staudinger, 2000; Kunzmann & Baltes, 2003a, 2003b;
Sternberg & Jordan, 2005). The expression of wisdom
becomes more and more difficult as the oldest ages are

reached, and its very content includes the recognition
and mastery of the losses of life.

To illustrate this dynamic of coordinating in an adap-
tive manner facets of growth, maintenance, and regulation
of loss, see Margret Baltes and her colleagues’ research
(M. M. Baltes, 1995, 1996; M. M. Baltes & Silverberg,
1994; M. M. Baltes & Wahl, 1992). This work focuses on
the interplay between autonomy and dependency in differ-
ent age groups including children and the old. While the
primary focus of the first half of life is the maximization
of autonomy, the developmental agenda changes in old age.
In old age, to deal effectively with age-based losses and to
retain some independence, the productive and creative use
of dependency becomes critical. By invoking dependency
and support, resources are freed for use in other domains
involving personal efficacy and growth.

According to Margret Baltes, for older adults to
maintain autonomy in select domains of functioning, the
effective exercise and use of dependent behavior is a
compensatory must. By invoking dependency and sup-
port, resources are freed up for use in other domains in-
volving personal efficacy and growth. Furthermore, this
program of research also showed that the three-fold de-
velopmental-function script is present in how others ap-
proach behavioral with members of
different age groups. In children, the primary script in

interactions

the social world is one of supporting independence. The
reverse (a dependency-support script) is true when in-
teracting with older persons (M. M. Baltes, 1996).

In sum, a further step in developing life span theory
is to recognize and specify the nature of the dynamics of
individual as well as social resource allocation for
growth, maintenance (resilience), and regulation of loss.
Of particular importance is the nature of the shift in this
systemic interplay and orchestration over the life
course. Research presented later in this chapter on the
theory of selective optimization with compensation
(P. B. Baltes & Baltes, 1990a; Freund & Baltes, 2002a)
will show how this general conceptual emphasis is trans-
lated into the study of specific domains such as cogni-
tion or motor behavior.

Deficits as Catalysts for Progress (Growth)

The attention given to the age-related weakening of the
biological foundation in Figures 11.1 and 11.2 may
have suggested that the consequences of such a loss in
biological quality implies also a pervasive age-related
loss in behavioral functioning, in other words, that
there may be no opportunity for growth at all in the
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second half of life in those domains where biological
factors are important.

To prevent this possible misunderstanding, we next
describe why this is not necessarily so, why deficits
in biological status also can be the foundation for prog-
ress, that is, antecedents for positive changes in adaptive
capacity. At least since the publication of “Limits of
Growth” by the Club of Rome, there has been increasing
public awareness that more is not always better and that
progress is possible even in the context of limitations and
constraints. Biocultural co-construction was already in-
troduced as a metascript. Similar perspectives derive
from considerations of the adaptive processes in evolu-
tion as well as from consideration of the function of com-
pensation during ontogenesis (see also P. B. Baltes,
1991, 1997; Brandtstiddter, Chapter 10, this Handbook,
this volume; Dixon & Biackman, 1995; Durham, 1991).

The most radical view of the notion that deficits can
spell progress is contained in the notion of culture as
compensation. That is, the condition of a limitation or a
loss generates new forms of mastery and cultural inno-
vation. As researchers study what is not yet known, cul-
tural attention shifts to those areas where there is an
objective or subjectively perceived lack or a deficit. In
this line of thinking, the human organism is by nature a
“being of deficits” (Mdngelwesen; Gehlen, 1956) and
social culture has developed or emerged in part to deal
specifically with biological deficits.

Memorization strategies, for instance, were devel-
oped in part because human memory is not optimal. To
give another example: The fact that humans are biologi-
cally vulnerable regarding outside temperatures (lack of
perfect thermo-regulation) is among the reasons for a
highly developed body of knowledge, values, and tech-
nology about textiles and clothing. This applies both to
cultural evolution on the societal level and to individual
ontogenesis. Research on psychological compensation is
a powerful illustration of the idea that deficits can be
catalysts for positive changes in adaptive capacity
(Bickman & Dixon, 1992; M. M. Baltes & Carstensen,
1996; P. B. Baltes & Baltes, 1990b; Dixon & Béickman,
1995; Marsiske et al., 1995; Rowe & Kahn, 1987).

A Family of Metatheoretical Propositions about
Life Span Developmental Theory (Level 3)

Because of the complexities associated with life span
ontogenetic processes and the challenge involved in the
articulation of adequate theoretical concepts, there has

been much discussion in life span work about metathe-
ory of development (e.g., P. B. Baltes, 1987; P. B. Baltes
et al., 1980; Labouvie-Vief, 1980, 1982; R. M. Lerner,
1991, 2002; J. R. Nesselroade & Reese, 1973; Overton &
Reese, 1973; Reese, 1994; Riegel, 1976). Included in
this discussion was a continuing dialogue about the
shortcomings of extant conceptions of development as
advanced primarily by child developmentalists (e.g.,
Collins, 1982; Harris, 1957). A family of metatheoretical
propositions intended to characterize the nature of life
span development was one outcome of this extensive dis-
cussion (P. B. Baltes, 1979a, 1987; R. M. Lerner, 1983).

In the following discussion, we attempt to update
this effort at a metatheory of life span development
(Table 11.3). In doing so, we also point out that similar
metatheoretical work exists in other quarters of devel-
opmental theory, particularly in conceptual work
associated with cultural psychology, evolutionary psy-
chology, and systems theory (see also Fischer & Bidell,
Chapter 7; Gottlieb et al., Chapter 5; Thelen & Smith,
Chapter 6, this Handbook, this volume). In the present
context, however, we emphasize the uniqueness of the
positions advanced by life span scholars.

Reformulating the Concept of Development from a
Functionalist Perspective: Development as Change
in Adaptive Capacity

From a life span theory point of view, it was important
to articulate concepts of development that go beyond
unidimensional and unidirectional models that had
flourished in conjunction with the traditional biological
conceptions of growth or physical maturation. In these
traditional conceptions (Harris, 1957; Sowarka &
Baltes, 1986), attributes such as qualitative change, or-
dered sequentiality, irreversibility, and the definition of
an end state played a critical role. Primarily by consid-
ering ontogenetic development from a functionalist per-
spective (Dixon & Baltes, 1986),
conception of development was challenged.

the traditional

Development as Selection and Selective Adapta-
tion (Optimization). The traditional concept of
development emphasizes a general and universal devel-
opment of an entity geared toward a higher level of func-
tioning which, in addition, continuously incorporates
most if not all previously developed capacities (Harris,
1957; R. M. Lerner, 1983, 2002; H. Werner, 1948). His-
torically, this view of ontogenetic development has been
pictured as the unfolding and emergence of an entity,
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TABLE 11.3 Family of Theoretical Propositions Characteristic of Life Span Developmental Psychology

Life span development: Ontogenetic development is a lifelong process that is co-constructed by biology and culture. No age period holds
supremacy in regulating the nature of development.

Life span changes in the dynamic between biology and culture: With age and certainly after adulthood, there is a growing gap between
biological potential and individual-cultural goals. This gap is fundamental to ontogenesis as the biological architecture of life is incomplete
and inevitably results in loss of adaptive functioning and eventually death.

Life span changes in allocation of resources to distinct functions of development:growth versus maintenance versus regulation of loss:
Ontogenetic development on a systemic level involves the coordinated and competitive allocation of resources in three distinct functions:

(1) growth, (2) maintenance including recovery (resilience), and (3) regulation of loss. Life span developmental changes in the profile of
functional allocation involve a shift from the allocation of resources for growth (more typical of childhood) toward an increasingly larger and
larger share allocated to maintenance and management of loss.

Development as selection (specialization) and selective optimization in adaptive capacity: Development is inherently a process of selection
and selective adaptation. Selection is due to biological, psychological, cultural, and environmental factors. Developmental advances are due
to processes of optimization. Because development is selective and age-associated changes in potential, compensation is also part of the
developmental agenda.

Development as gain/loss dynamic: In ontogenetic development, there is no gain without loss, and no loss without gain. Selection and selective
adaptation are space-, context-, and time-bound. Thus, selection and selective adaptation imply not only advances in adaptive capacity but also
losses in adaptivity for alternative pathways and adaptive challenges. A multidimensional, multidirectional, and multifunctional conception of
development results from such a perspective.

Plasticity: Much intraindividual plasticity (within-person variability) is found in psychological development. The key developmental agenda is
the search for the range of plasticity and its age-associated changes and constraints.

Ontogenetic and historical contextualism as paradigm: In principle, the biological and cultural architecture of human development is
incomplete and subject to continuous change with biological and cultural factors, conditions, and co-constructing and modifying each other.
Thus, ontogenetic development varies markedly by historical-cultural conditions. The mechanisms involved can be characterized as principles
associated with biocultural contextualism. As an illustration, development can be understood as the outcome of the interactions (dialectics)
between three systems of biological and environmental influences: (1) normative age-graded,

(2) normative history-graded, and (3) nonnormative (idiosyncratic). Each of these sources evinces individual differences and, in addition, is
subject to continuous change.

Toward a general and functionalist theory of development: The effective coordination of selection, optimization, and compensation: On a

general and functionalist level of analysis, successful development, defined as the (subjective and objective) maximization of gains and
minimization of losses, can be conceived of as resulting from collaborative interplay among three components: (1) selection, (2) optimization,
and (3) compensation. The ontogenetic pressure for this dynamic increases with age, as the relative incompleteness of the biology- and culture-
based architecture of human development becomes more pronounced.

Updated from “Erfolgreiches Altern als Ausdruck von Verhaltenskompetenz und Umweltqualitit” (pp. 353-377), by M. M. Baltes, in Der Men-
sch im Zusammenspiel von Anlage und Umwelt, C. Niemitz (Ed.), 1987, Frankfurt-am-Main, Germany: Suhrkamp; see also P. B. Baltes, 1987,

1997, and P. B. Baltes et al., 2006.

primarily formed from sources within that entity and by
mechanisms of transformation or stage-like progression.
Such a unidirectional, growth-like view of human de-
velopment appeared contradictory to many findings in
life span psychology, which included negative transfer
from earlier development to later developmental out-
comes, differences in rates, age-onsets, and age-offsets
of developmental trajectories, multidirectional patterns
of age-related change, as well as discontinuities in pre-
diction. Figure 11.3 represents an early representation of
this differentiated view of development elicited by life
span thinking and findings, which posed a challenge to
traditional conceptions of development as unilinear and
holistic growth (see also Labouvie-Vief, 1980, 1982).
Historically, one approach to this gap between theory
and findings was to explore the usefulness of the distinc-
tion between development and aging (Birren, 1964).
Life span theorists, at least within psychology, opted for

a different strategy (P. B. Baltes, 1987). They attempted
to either modulate the traditional definitional approach
to development or to offer conceptions that highlighted
the view that ontogenetic development was not identical
with the notion of holistic and unidirectional growth.
In these efforts, life span scholars shared the goal of re-
formulating the concept of development, although they
differed in the degree of radicality and in specifics.
Labouvie-Vief (1980, 1982; see also Pascual-Leone,
1983; Riegel, 1976), for instance, introduced new forms
(stages) of systemic functioning for the period of adult-
hood, based on conceptions of development as adaptive
transformation and structural reorganization, thereby
opening a new vista on Neo-Piagetian constructivism.
In our work (e.g., P. B. Baltes, 1983, 1987; P. B. Baltes
et al., 1980), but also that of others such as Brandt-
stidter, Featherman, and Lerner (Brandtstiddter, 1984,
Featherman & Lerner, 1985; Featherman, Smith, &
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Behavior-Change Process

Ontogenetic Time

Figure 11.3 Hypothetical examples of life span developmen-
tal processes. Developmental functions (behavior-change
processes) differ in onset, duration, termination, and direc-
tionality when charted in the framework of the life course.
Moreover, developmental change is both quantitative and qual-
itative: Not all developmental change is related to chronologi-
cal age, and the initial direction is not always incremental.
Source: From “Plasticity and Variability in Psychological
Aging: Methodological and Theoretical Issues” (pp. 41-66),
by P. B. Baltes and M. M. Baltes, in Determining the Effects of
Aging on the Central Nervous System, G. E. Gurski (Ed.), 1980,
Berlin, Germany: Schering.

Peterson, 1990; R. M. Lerner, 1983), we were perhaps
more radical in our departure from extant theoretical
models of development. We attempted to approach the
conceptualization of development by a theoretical
framework of neofunctionalism (Dixon & Baltes, 1986)
and contextualism (R. M. Lerner, 1991; Magnusson,
1996). Within that approach, the nature of adaptive
change with life span development was driven by consid-
eration of a larger set of influences and the kind of chal-
lenges that people face as their lives unfold. In our view,
such a neofunctionalist approach was the most open to a
full consideration of the new facets of ontogenetic
change (such as multidirectionality, multifunctionality,
adaptive specificities, and predictive discontinuity) that
life span researchers were confronted with. At the same
time, this broadened conception of development permit-
ted maintaining traditional growth-like conceptions of
development as a special class of developmental phe-
nomena.

The result was to go beyond the traditional conception
of development as growth and open the concept of devel-
opment to a larger framework of changes. In our own
work, we opted for defining development as selective age-
related change in adaptive capacity. Development as se-

lection and selective adaptation displays many attri-
butes. For instance, it can be active or passive, conscious
or subconscious, internal or external, and continuous or
discontinuous. Moreover, in the long run or in different
circumstances, it can be functional or dysfunctional.

This intellectual movement toward a broadly based
functionalist conception of ontogenesis entailed a num-
ber of features. For instance, to reflect more accurately
their understanding of the empirical evidence about life
span changes, and also drawing from alternative concep-
tions of ontogenesis such as canalization and selective
neuronal growth (Edelman, 1987; Waddington, 1975),
self-organization (Barton, 1994; Maturana & Varela,
1980; Prigogine & Stengers, 1984), as well as expert sys-
tems (Chi, Glaser, & Rees, 1982; Ericsson & Smith,
1991; Weinert & Perner, 1996), life span researchers
began to emphasize that any process of development is
not foremost the unfolding of an entity. Rather, they fo-
cused on development as ontogenetic selection from a
pool of more or less constrained potentialities and the
subsequent selective optimization of the entered path-
ways including the construction of novel pathways that
were not part of the original system (P. B. Baltes, 1987;
Labouvie-Vief, 1982; Marsiske et al., 1995; Siegler,
1989). As a given pathway of ontogenetic development is
chosen and optimized, others are ignored or suppressed.
In short, some life span theorists ventured a new start
and suggested treating ontogenetic development as a pro-
cess of dynamic and selective adaptation reflecting the
interaction of biological, cultural, and contextual factors
as well as the proactive role of individuals in shaping
their course of development (P. B. Baltes, Reuter-
Lorenz, et al., 2006; Brandtstidter & Lerner, 1999).
Thus, with the focus on selection and selective adapta-
tion, life span researchers were able to be more open
about the pathways of lifelong ontogenesis.

Development as a Gain-Loss Dynamic. Not sur-
prisingly, a related change in emphasis advanced in life
span theory and research was on viewing development as
always being constituted by gains and losses (P. B.
Baltes, 1979a, 1987; P. B. Baltes et al., 1980; Brandt-
stiadter, 1984; Brim, 1992; Labouvie-Vief, 1980, 1982;
J. Smith, 2003). Aside from functionalist arguments,
there were several empirical findings that gave rise to
this focus.

One example important to life span researchers was
the differing life span trajectories proposed and ob-
tained for the fluid mechanics and crystallized prag-
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matics of intelligence (P. B. Baltes, 1993; Cattell,
1971; Horn, 1970; Horn & Hofer, 1992; S.-C. Li, Lin-
denberger, et al., 2004; McArdle, Ferrer-Caja, Ham-
agami, & Woodcock, 2002; Schaie, 1996, 2005). Very
much in line with the life span dynamic between biol-
ogy and culture expressed in Figure 11.1 (pp. 575), in-
tellectual abilities that are thought to reflect the
neurobiologically based mechanics of intelligence—
like working memory and fluid intelligence—typically
showed normative (universal) declines in functioning
beginning in middle adulthood. Conversely, intellec-
tual abilities that primarily reflect the culture-based
pragmatics of intelligence—such as professional
knowledge, language competence, and wisdom—may
show stability or even increase into late adulthood. As
to the ontogenesis of intelligence, then, gains and
losses do co-exist.

Thus, as some life span theorists considered substi-
tuting the concept of an age-related selection-based
change in adaptive capacity for the concept of develop-
ment, one of the topics that motivated their agenda was
the importance of viewing as fundamental to any ontoge-
netic change the notion of simultaneous gains and losses
associated with these changes. From a functionalist
point of view (Dixon & Baltes, 1986), it is more or less
understood that changes in adaptive capacity can be pos-
itive or negative, that a given change in developmental
capacity may imply different consequences depending
on the outcome criteria and the adaptive contexts in-
volved. Thus, the radical view was advanced that, con-
trary to traditional conceptions of development, there
was no gain in development without loss, and no loss
without gain (P. B. Baltes, 1987). Life span researchers,
then, conceive of ontogenetic development not as a
monolithic process of progression and growth, but as an
ongoing, changing, and interacting system of gains and
losses in adaptive capacity. Throughout life, develop-
ment always consists of the joint occurrence of gains and
losses, both within and across domains of functioning.
Such an approach does not preclude that on some level of
systemic analysis (i.e., considering the entirety of adap-
tive capacity in a fixed cultural context), ontogenetic
development evinces an overall increase or decrease in
adaptive capacity.

To strengthen the general case for reformulating the
concept of development, life span researchers also sug-
gested applying this multifunctional, multidimensional,
and multidirectional view of development to the field of
child development (P. B. Baltes, 1976, 1987; Labouvie-

Vief, 1982). Consider as an example the ontogenesis of
language recognition and language acquisition in child-
hood. When one language is acquired as mother tongue,
sound recognition and sound production capacity for
other languages decreases, especially if such second and
third languages are acquired after early childhood (Lev-
elt, 1989).

The study of tasks requiring probability-based imper-
fect rather than logic-based perfect solutions is another
example (P. B. Baltes, 1987). The more advanced the
cognitive status of children (in the sense of capacity for
formal-logical reasoning), the less children are able to re-
spond to cognitive problems that are essentially not per-
fectly therefore require
maximization rather than optimization strategies. Weir
(1964) conducted an early critical experiment on this
question in the domain of probability-based learning. In
probability learning tasks without perfect solutions, there
is the seemingly paradoxical finding that very young
children outperformed older children and college stu-
dents. Considering adaptive trade-offs between levels
(stages) of cognitive functioning, this finding becomes
meaningful. It is likely that the older children and young
adults achieved lower performance outcomes because
they understood the experimental task as a logical prob-
lem-solving task and, therefore, continued to employ
task-inappropriate but developmentally more “advanced”
cognitive strategies aimed at “perfect” optimization.

In retrospect, it is perhaps not surprising that the
gain-loss dynamic was identified primarily by life span
researchers as a central topic of ontogenetic analysis. On
the one hand, life span researchers, because of their
concern for long-term processes, were pushed toward
recognizing the varied forms of developmental change
associated with cultural evolution. On the other hand,
on a subjective-phenomenological level, the issue of
gains and losses becomes more conspicuous as one con-
siders adult development and aging. In this phase of life,
declines and losses, especially those due to biological
aging, are difficult to ignore.

Recently, one additional concept has been advanced
to characterize the nature of life span changes in adap-
tive capacity. This concept is equifinality. Equifinality
highlights the fact that the same developmental outcome
can be reached by different means and combination of
means (Kruglanski, 1996). The role of equifinality (a
related notion is the concept of overdetermination) is
perhaps most evident when considering the many ways
by which individuals reach identical level of subjective

solvable and the use of
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well-being (P. B. Baltes & Baltes, 1990b; Brandtstiadter
& Greve, 1994; Staudinger et al., 1995). Other examples
come from research on goal attainment conducted in the
framework of action psychology (Brandtstidter, Chapter
10, this Handbook, this volume; Gollwitzer & Bargh,
1996). In this approach, researchers have distinguished
between two general categories of equifinality: equifi-
nality associated with contextual (contingency) match
and equifinality based on substitutability (Kruglanski,
1996). In life span research, notions of equifinality are
important, for instance, when attempting to speak of
general-purpose mechanisms and ways to compensate,
both in the domains of intelligence and personality. The
potential for developmental impact is larger if the re-
sources acquired during ontogenesis in the sense of
equifinality carry a broad scope of generalization and
use in rather different contexts.

A Focus on Plasticity and Age-Associated
Changes in Plasticity

Arguably, plasticity is the concept most emphasized by
life span researchers (P. B. Baltes & Schaie, 1976; P. B.
Baltes & Willis, 1982). Note that plasticity does not
refer to complete or arbitrary malleability of behavior.
Rather, it denotes that behavior is always open and con-
strained at the same time. Hence, the focus on plasticity
highlights the search for the potentialities of develop-
ment including its boundary conditions. This notion of
plasticity also implies that any given developmental out-
come is but one of numerous possible outcomes, and that
the search for the conditions and ranges of ontogenetic
plasticity, including its age-associated changes, is funda-
mental to the study of development. Taken to the ex-
treme, the notion of plasticity can be taken to challenge
the conceptual foundation of any genetically based fixity
in ontogenesis including the notion of an immutable norm
of reaction (see also Gottlieb, 1998). While such vistas
are intellectually stimulating, they are likely overextend-
ing the scope of the empirical evidence as well as the
constraints of evolutionary theory (Hagen & Hammer-
stein, 2005). The very concept of plasticity of biological
plasticity depends on genetically based prerequisites and
related constraints for life and its developmental course.

For several reasons, life span researchers increas-
ingly moved in the direction of making the study of plas-
ticity a cornerstone of their metatheoretical posture and
empirical work. In retrospect, we emphasize three such
reasons. First, as many life span researchers did work in
the field of aging, plasticity-related ideas were invoked

to counteract the prevailing negative stereotype of aging
as a period of universal decline with no opportunity
for positive change (P. B. Baltes, 1987; P. B. Baltes &
Labouvie, 1973; P. B. Baltes & Willis, 1977; Labouvie-
Vief, 1977; S.-C. Li, 2003; Perlmutter, 1988). Thus,
when aging researchers demonstrated in intervention-
oriented research the enhancement possibility of the
aging mind, even in domains such as fluid intelligence
and memory in which decline was the norm, this was
counterintuitive evidence. Such evidence made clear
that aging, as we observe it today, is but one expression
of what is possible in principle. It makes conspicuous
why the intellectual and societal project of constructing
aging is still in the making (P. B. Baltes, 1987, 1997;
Rowe, 1997).

Second, the concept of plasticity accentuated that life
span development does not follow a highly constrained
(fixed) course, especially when culture- and knowledge-
based phenotypic expressions are concerned. Thus, the
focus on plasticity brought into the foreground that “hu-
mans have a capacity for change across the life span
from birth to death . .. [and that] the consequences of
the events of early childhood are continually trans-
formed by later experiences, making the course of
human development more open than many have be-
lieved” (Brim & Kagan, 1980, p. 1). Such views of life-
long plasticity have become prominent in biological
quarters as well (e.g., Cotman, 1985; Finch & Zelinski,
2005; Kempermann, in press).

Third, the concept of plasticity opens new vistas on
interdisciplinary perspectives. A view, more recently
developed (P. B. Baltes et al., 2006) is that the basic
questions of plasticity can be linked to similar con-
cepts in the social sciences. Thus, the insistence on
lifelong plasticity in human development is also consis-
tent with the argument advanced most prominently by
social scientists that much of what happens in the life
course is a direct reflection of the goals, resources, and
norms of a given society and that societal contexts dif-
fer in the structure, emphases, and sequential ordering
of such factors (Brim & Wheeler, 1966; Mayer, 1990;
Riley, 1987; Settersten, 2005). For this purpose, Figure
11.4 specifies three types of plasticity: neuronal/bod-
ily, behavioral, and societal (see also P. B. Baltes &
Singer, 2001; Baltes, Reuter-Lorenz, & Rosler, 2006; S.-
C. Li, 2003; S.-C. Li & Linderberger, 2002).

Neuronal/bodily, behavioral, and societal plasticity,
as defined in Figure 11.4, form a frame within which the
contributions to questions of potential and its realiza-
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Biocultural Co-Constructivism:
Toward Completing the Unfinished Biocultural Architecture of Aging
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Figure 11.4 Each of the major scientific disciplines con-
cerned with human development have developed a focus on
plasticity to understand mechanisms and variations in out-
comes: Genetic/neuronal/bodily, behavioral, and societal plas-
ticity are important examples. Research Report of the
Max Planck Institute for Human Development, 2003-2004.
See P. B. Baltes, P. Reuter-Lorenz, & F. Rosler, 2006, for fur-
ther elaboration.

tion offered by the various life, behavioral, and social
sciences engaged in the study of human development can
be understood and interrelated. Each of the components
depicted does not operate in isolation. Rather, in the
sense of biocultural constructivism they interact and
modify each other.

Research on neuronal/bodily plasticity uses out-
comes such as neurogenesis, synaptic powering, and
other indicators of brain differentiation to represent in-
dividual brain development and interindividual differ-
ences therein. Work on behavioral plasticity highlights
outcomes on the level of mind and behavior associated
with differing conditions of life experiences, including
cognitive practice. Societal plasticity illustrates varia-
tions at the macrolevel (e.g., resources and norms asso-
ciated with gender, social class, ethnicity, etc.) and the
role of social constraints and opportunities. Relevant
evidence is typically collected by comparative social-
science work on groups or nations rather than individu-
als and on theories of societal influences (e.g., norms,
socialization) that shape developmental trajectories and
their social differentiation. A societal plasticity per-
spective presumes that individuals belonging to differ-
ent groups have similar potentialities which, however,
are realized to different degrees and qualities (see also
Settersten, 2005).

Returning to developmental psychology: As work on
individual behavioral plasticity progressed and showed
large variation in developmental manifestations, the
concept of plasticity became a mental script that sup-
ported the general idea of development as being more

open and pluralistic than traditional views of behavioral
development during childhood and beyond seemed to
suggest. Thus, the concept of plasticity highlighted the
metatheoretical posture that any course of development
is but one of a pool of potentialities; that the “nature” of
human development is not fixed; and that (aside from
the fact of finitude) there is no single end state to human
development.

The perhaps most important line of inquiry was the
quest for understanding interindividual differences and
age-related developmental changes in plasticity. While
plasticity as a phenomenon was extended beyond child-
hood, there were theoretical and empirical reasons why
plasticity should not be age-less but changing with age.
Thus, the search for the range of plasticity resulted not
only in evidence for malleability and plasticity; it also
produced new evidence on individual and age-based con-
straints in the range (norm of reaction) of possible devel-
opment (P. B. Baltes & Lindenberger, 1988; Kliegl et al.,
1990; Plomin & Thompson, 1988). In work on cognitive
aging, for instance, the goal was to learn about maxi-
mum potential in different age groups.

This line of inquiry suggested different facets of
behavioral/developmental plasticity. One was the dif-
ferentiation between baseline reserve capacity and de-
velopmental reserve capacity. Baseline reserve capacity
identifies the current level of plasticity available to in-
dividuals. Developmental reserve capacity is aimed
at specifying what is possible in principle if optimizing
interventions are employed to test future ontogenetic
potential. Furthermore, major efforts were made to
specify the kind of methodologies, such as developmen-
tal simulation, testing-the-limits, and cognitive engi-
neering, that lend themselves to a full exploration of
ontogenetic plasticity and its limits (P. B. Baltes, 1987;
P. B. Baltes & Willis, 1982; Kliegl & Baltes, 1987;
Kliegl, Mayr, & Krampe, 1994; Lindenberger & Baltes,
1995b).

Within the frame of sizeable plasticity, then, the ex-
pression of human development is a matter of collabo-
ration and co-construction between different factors
and mechanisms. Indeed, an increasingly more
full-blown constructivist perspective on human poten-
tialities has become a modern theme of developmental
research (Aspinwall & Staudinger, 2003; P. B. Baltes
et al., 2006; P. B. Baltes & Smith, 2004; Brandtstadter
& Lerner, 1999; S.-C. Li, 2003; S.-C. Li & Linden-
berger, 2002). With a constructivist perspective
one highlights the notion that human development is
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constructed by the interplay of biological, psychologi-
cal, and social forces. Part of this construction relies
on agentic behavior of individuals. Individuals are
contributors to their own development. The result-
ing concept is that of developmental biocultural co-
constructivism (P. B. Baltes, Freund, & Li, 2005;
P. B. Baltes & Smith, 2004; S.-C. Li, 2003). With the
advent of biocultural co-constructivism, the quest for
interdisciplinary collaboration has attained a new
state of urgency. In our view, the life span approach
with its emphasis on viewing the conditions of human
development as historically incomplete and more open
than traditionally assumed has been a major partner in
advancing this intellectual position.

Ontogenetic and Historical Contextualism
as Paradigm

Highlighting the notion of plasticity as a cornerstone
of life span research on human development alludes to
another key feature of life span metatheory, the para-
digm of contextualism. In evolutionary selection theory
and the evolutionary basis of adaptive fitness, the role
of context is paramount. Recently, P. B. Baltes and
Smith (2004) have shown how modern versions of con-
textualism include the perspective of biocultural co-
constructivism to avoid the idea that context is strictly
environmental in origin.

Therefore, as developmental psychologists attempted
to move beyond microgenetic representations of the
learning process as a marker of experience to capture
context as a system of influence, they engaged them-
selves into metatheoretical perspectives on contextual-
ism. Such a contextualist view, rather than a focus on
“mechanist” or “organismic” models of development
(Overton & Reese, 1973; Reese & Overton, 1970),
evolved with force in the 1970s (Datan & Reese, 1977,
Riegel, 1976), and as already described in the preceding
section, it continues into the present. This approach was
similar to the evolution of ecological-contextualist per-
spectives offered by cultural psychology (Bronfenbren-
ner, 1977; Bronfenbrenner & Ceci, 1994; Cole, 1996).

According to contextualism and also action theory
(see Brandtstidter, Chapter 10, this Handbook, this vol-
ume), individuals exist in contexts that create both spe-
cial opportunities for, and limitations to, individual
developmental pathways. Delineation of these contexts
in terms of macrostructural features, like social class,
ethnicity, roles, age-based passages and historical peri-
ods, is a major goal for the sociological analysis of the

life course (e.g., Elder, 1994; Elder & Shanahan, Chap-
ter 12, this Handbook, this volume; Heckhausen, 2000;
Kohli & Meyer, 1986; Mayer, 2003; Riley, 1987; Setter-
sten, 2005). In fact, this was a time when sociologists
and developmental psychologists attempted to interre-
late their various endeavors (e.g., Sorensen, Weinert, &
Sherrod, 1986). For life span psychologists, and perhaps
also for child developmentalists (P. B. Baltes, 1979b),
this dialogue opened their vista on the scope, temporal
patterning, and differentiation of biological and social
forces (incidentally much instigated by various commit-
tees on human development arranged by the U.S. Social
Science Research Council).

A Macro-Model of Developmental Influences

During this time of intensive collaboration between
life course sociologists (e.g., Riley et al., 1972) and
life span psychologists, the first author and his
colleagues (P. B. Baltes, Cornelius, & Nesselroade,
1979; P. B. Baltes et al., 1980) proposed a heuristic
model that attempted to integrate biological, sociolog-
ical, and psychological considerations in one frame-
work in order to understand the entire fabric of
development-producing contexts: Three biocultural
components were considered at the foundation of
human ontogeny: Normative age-graded influences,
normative history-graded influences, and nonnorma-
tive (idiosyncratic) influences. Normative in this
context refers to a high degree of generality. Nonnor-
mative factors highlight the more individualized con-
ditions such as winning in a lottery.

To understand a given life course, and interindividual
differences in life course trajectories, this model sug-
gests that it is necessary to consider the operation and
interaction among these three classes of influences
(Figure 11.5). Note that these sources contribute to sim-
ilarities in development, but also, because they exist in
systematic group variations, for instance by social
class, genetic dispositions, and ethnicity, they also
contribute to systematic interindividual variations and
subgroup-specific patterns of life span development
(P. B. Baltes & Nesselroade, 1984; Dannefer, 1989; Riley
et al., 1972).

Age-graded influences are those biological and envi-
ronmental aspects that, because of their dominant
age correlation, shape individuals in relatively norma-
tive ways for all individuals. Consider the temporal
and domain structure of life span developmental tasks
(Havighurst, 1948), the age-based process of physi-
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Figure 11.5 Representation of the operation of three major
biocultural influence systems on life span development: (1)
normative age-graded, (2) normative history-graded, and (3)
nonnormative life events. These influence systems vary in
their level and interactions for different individuals and for
different behaviors. As a whole, the operation of these sys-
tems produces commonalities and individual differences in
ontogenesis. Source: From “Plasticity and Variability in Psy-
chological Aging: Methodological and Theoretical Issues”
(pp- 41-66), by P. B. Baltes and M. M. Baltes, in Determining
the Effects of Aging on the Central Nervous System, G. E.
Gurski (Ed.), 1980, Berlin, Germany: Schering.

cal maturation, or the sequential arrangement of
developmental contexts (family, school, work, etc.) as
examples.

History-graded influences are those biological and
environmental aspects that may make ontogenetic
development different across historical cohort and pe-
riods. Consider the historical evolution of the educa-
tional and professional system as an example, or, for a
more punctuated period-specific example, the advent
of a war. Thus, a given ontogeny proceeds at the same
time in the contexts of age-based ontogenetic time as
well as historical cohort time. This position has been
argued most fervently by Matilda Riley (1987). In the
early phases of life span psychology, research on birth-
cohort effects has made the strongest case for consider-
ation of historical contextualism (Elder, 1974, 1990;
J. R. Nesselroade & Baltes, 1974; Schaie, 1965, 1996).
The topic of historical embeddedness, and the extricat-
ing of age-based versus cohort-based differences in on-
togenetic development, was also the foundation for the
formulation of new developmental methodologies such
as cross-sectional and longitudinal sequences (see the
following discussion).

Nonnormative influences on development, finally, re-
flect the individual-idiosyncratic biological and envi-
ronmental events that, while not frequent, can have
powerful influences on ontogenetic development (Ban-

dura, 1982; Brim & Ryff, 1980). The influence of these
nonnormative events (such as winning a lottery, losing a
leg in an accident) is especially powerful because they
generate conditions that are less predictable, less
amenable to social control and support, and therefore
may represent extreme situations of challenge (ap-
proaching testing-of-limits), not unlike the concept of
Grenzsituation introduced by the philosopher Karl
Jaspers (Kruse, 1992; Maercker, 1995).

In life span theory, these three sources of influence
create the contexts within which individuals act, react,
organize their own development, and contribute to the
development of others. None of these patterns of biolog-
ically and environmentally based influences is likely to
operate independently from the other. They are part of
biocultural co-construction with reciprocal and modify-
ing influences. Such a focus on the dynamics of biocul-
tural co-construction also makes explicit the lack of full
predictability of human development as well as the
boundedness that individuals experience as they engage
in the effort to compose and manage their lives (Brandt-
stadter, 1984; Brandtstiddter & Lerner, 1999; R. M.
Lerner, 1984, 1991). And finally, such a focus on con-
textualism places individual development in the context
of the development of others. It is not surprising, there-
fore, that life span researchers have easily embraced
concepts such as collaborative development, collabora-
tive cognition, or interactive minds (P. B. Baltes &
Staudinger, 1996a; Resnick, Levine, & Teasley, 1991).
However, what remains underdeveloped in life span psy-
chology is the empirical counterpart to this theoretical
position. Only more recently have we witnessed re-
search efforts to include these contextual- and social-in-
teractive approaches in the study of interactive networks
such as communities of learning (Mandl, Gruber, &
Renkl, 1996), life course convoys (Kahn & Antonucci,
1980), mentors (Bloom, 1985), cohort formations
(Riley, 1987), kinship relationships (Hammerstein,
1996), cohort-related changes in education and health
(Schaie, 1996, 2005), the role of neighborhoods, or
changing policies in retirement and elderly care.

Methodological Developments

Life span research opened new territories and because of
the temporal, contextual, and historical complexities in-
volved required much attention to developmental
methodology (P. B. Baltes, Reese, & Nesselroade, 1988;
Cohen & Reese, 1994; Hertzog, 1985; Magnusson,
Bergman, Rudinger, & Torestad, 1991; J. R. Nesselroade
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& Reese, 1973). In our view, this concern about adequate
methodology was so important to life span researchers
because their orientation toward long-term ontogenetic
processes and linkages and the decomposition of the bio-
cultural dynamic represented an extreme challenge to the
goals and methods of developmental analysis.

From Cross-Sectional to Longitudinal to Sequen-
tial Methodology. A first example is the development
of methods appropriate to the study of age-related
change, interindividual differences in age-related change,
and the role of historical changes in the contexts of de-
velopment. Traditionally, the main designs used in de-
velopmental psychology were the cross-sectional and the
longitudinal method (P. B. Baltes & Nesselroade, 1978,
for historical review). The focus on the interplay between
age-graded, history-graded, and nonnormative factors
suggested, however, that such methods were insufficient
(P. B. Baltes, 1968; N. B. Ryder, 1965; Schaie, 1965).
This challenge to track both historical and individual-
ontogenetic change resulted in the formulation of so-
called sequential methods (P. B. Baltes, 1968; Schaie,
1965, 1996, 2005).

Figure 11.6 depicts the basic arrangement of what
Schaie and Baltes (1975) have come to label as cross-
sectional and longitudinal sequences. Cross-sectional se-
quences consist
studies; longitudinal sequences of successions of longi-
tudinal studies. When applied in combination, the two
types of sequential designs produce, on a descriptive
level, exhaustive information about age- and cohort-
related change as well as about interindividual differ-
ences in change trajectories. The sequential design also
permits the identification of punctuated historical ef-
fects, so-called period effects. In contrast to cohort
effects, which extend over longer time spans of histori-
cal change (such as effects associated with mass educa-
tion or the introduction of computer technology), the
concept of period effects is typically applied to more
transient historical events and their consequences, such
as a natural catastrophe or a war.

There is much research in human development that
has demonstrated the important role of historical cohort
effects. Schaie (1996, 2005), for instance, has compared
both in cross-sectional and longitudinal sequences the
adult-age development of several birth cohorts from
1956 to the present and presented impressive evidence
that, during middle adulthood, cohort effects can be as
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Figure 11.6 Illustration of cross-sectional and longitudi-

nal sequences (bottom). Source: From “Longitudinal and
Cross-Sectional Sequences in the Study of Age and Genera-
tion Effects” by P. B. Baltes, 1968, Human Development, 11,
pp- 145-171; From “A General Model for the Study of Devel-
opmental Problems” by K. W. Schaie, 1965, Psychological
Bulletin, 64, pp. 92-107.

large as age effects. Schaie’s work has also shown that
the directionality of age and cohort gradients can differ.
Similarly, J. R. Nesselroade and Baltes (1974), in an
early application of longitudinal sequences to the study
of adolescence, presented evidence that personality de-
velopment during adolescence in such measures as
achievement and independence evinced major cohort
differences over time intervals as short as 2 years. Their
interpretation focused on the role of the Vietnam War as
the critical modulator variable and its impact on U.S.
youth culture, including how adolescents changed in
their developmental personality gradients.

Meanwhile, through application of sequential meth-
ods, there is a large body of evidence on cohort effects
available in developmental psychology, but especially in
comparative sociology; evidence that makes explicit one
of the important ingredients to life span theory, namely,
the interplay between individual development and a
changing society (cf. Elder & Shanahan, Chapter 12, this
Handbook, this volume; Settersten, 2005). Also important
in this work is the growing recognition of when cohort ef-
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fects are likely to be relevant and when not. For instance,
life span researchers now distinguish between at least
three types of cohort effects requiring different kinds of
interpretative efforts (J. R. Nesselroade & Baltes, 1979):
(1) cohort as a theoretical process denoting historical
change that alters fundamental aspects of human on-
togeny (e.g., changing gender roles); (2) cohort as a di-
mension of quantitative generalization (e.g., higher levels
of cognitive skills due to an increase in education); and
(3) cohort as a transitory disturbance (e.g., fluctuant
changes in attitudes due to singular events as often re-
ported in opinion survey research).

In part as a response to the growing availability of
longitudinal and sequential data sets, methodologists
from different research traditions including life-span
psychology have refined and expanded statistical meth-
ods for the study of interindividual differences in devel-
opmental trajectories (Baltes, Reese, & Nesselroade,
1977; for a recent overview, see Hertzog & Nessel-
roade, 2003). Various longitudinal modeling techniques
such as multilevel modeling, latent growth curve mod-
eling, and latent difference score modeling allow re-
searchers to examine the structure of interindividual
differences in change (e.g., Ghisletta & Lindenberger,
2004). These methods attenuate complications com-
monly associated with change scores such as lack of re-
liability (e.g., Cronbach & Furby, 1970), and some of
them, such as multivariate extensions of the dual
change score model, permit testing of dynamic hy-
potheses linking one aspect of behavior to changes in
another aspect (e.g., McArdle, Hamagami, Meredith, &
Bradway, 2000; for applications to changes in intellec-
tual and sensory functioning, see Ghisletta & Linden-
berger, 2005). A related methodological development
spurred on by life-course sociologists, in particular,
concerns methods to organize and study the temporal
flow, correlates, and consequences of life events. Mod-
els of event-history analysis and associated methods
such as hazard rate analysis are especially important
(Blossfeld, Hamerle, & Mayer, 1991; Blossfeld & Roh-
wer, 2001; Featherman & Lerner, 1985; Greve, Tuma,
& Strang, 2001; Magnusson et al., 1991; Schaie, 1988;
Willett & Singer, 1991). Note, however, that advanced
statistical methods for analyzing multivariate longitu-
dinal change often are based on strong assumptions
such as sample homogeneity, in general, and cross-
sectional/longitudinal convergence, in particular. Also,
the psychometric properties of these methods have not

yet been fully explored and understood (Hertzog, Lin-
denberger, Ghisletta, & Oertzen, 2004).

The Experimental Simulation of Development.
A further strategy developed primarily by life span re-
searchers is the explicit use of simulation paradigms in
the study of human development. Again, use of such an
approach was enhanced by the fact that life span ontoge-
netic processes are time-extensive and, therefore, diffi-
cult to study without simulation (P. B. Baltes & Goulet,
1971; Lindenberger & Baltes, 1995b).

Table 11.4 summarizes the approach of developmen-
tal simulation. In a general sense, the experimental sim-
ulation approach is a theory-testing device that
arranges for conditions thought to be relevant for the
phenomenon of interest. Thus, experimental develop-
mental simulations simulate or mimic variations that
are thought to exist in real-time and real-world ontogen-
esis. As a research strategy, the design of developmen-
tal simulation consists of a coordinated sequence of
seven steps that, however, do not need to be performed
in the sequence specified. A developmental phenome-
non is considered to be well understood if knowledge
based on all steps is available.

In life span research, such simulations have been used,
for instance, to examine the effects of aging-associated
changes in sensory input. For this purpose, auditory and
visual acuity of adults was reduced to the level of older

TABLE 11.4 The Logic of Experimental Simulation in the
Study of Development: A Coordinated Sequence of Steps

1 Definition and description of target developmental phenomenon
to be studied

2 Postulation of a causal hypothesis or causal structure about
underlying mechanisms and contextual conditions

3 Experimental manipulation of relevant variables in the laboratory

Test of experimental data against target phenomenon: isomorphism
check

5 Reexamination of causal hypothesis or causal structure
(confirmation/rejection/modification) and search for
alternative explanations

6 Evaluation of external validity: Descriptive evidence
7 Evaluation of external validity: Interventive evidence

Source: Modified from “Testing-the-Limits and Experimental Simula-
tion: Two Methods to Explicate the Role of Learning in Development,”
by U. Lindenberger and P. B. Baltes, 1995b, Human Development, 38,
pp. 349-360; and Life-Span Developmental Psychology: Introduction to
Research Methods, by P. B. Baltes, H. W. Reese, and J. R. Nesselroade,
1988, Hillsdale, NJ: Erlbaum. Reprint of the 1977 edition.
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persons and then tested for cognitive performance
(Dickinson & Rabbitt, 1991; Lindenberger, Scherer, &
Baltes, 2001). Another example is a research program by
Margret Baltes on the many faces of dependency and
autonomy in old age (1988, 1996; M. M. Baltes & Wahl,
1992). In this research program, the key questions were
concerned with the conditions and range of autonomy
and dependence including their multifunctional charac-
teristics and plasticity.

The opening steps (1 to 3 in Table 11.4) of this re-
search on autonomy and dependency in old age
conducted by Margret Baltes and her colleagues
were observations in the living environments of elders
concerning their transactions with others. Negative
aging stereotypes were assumed to play a major role
in the observed age-associated emergence of depend-
ent rather than independent behavior. To examine
this hypothesis, a series of experimental laboratory
studies were conducted to explore the effects of learn-
ing conditions (stimulus control, practice, reinforce-
ment schedules) on self-care behavior in older adults.
This work demonstrated that many aspects of older
adults’ dependent behaviors were found to be re-
versible, supporting the notion that environmental fac-
tors (e.g., behavioral contingencies) exert some
influence on the aging-associated emergence of depen-
dency or loss of autonomy. In subsequent work, re-
flective of steps 4 to 6 in Table 11.4, Margret Baltes
and her colleagues observed the social conditions sur-
rounding the occurrence of self-care in the elderly in
the natural environment. Supportive of their position,
a dependency-support script and an independence-
ignore script were identified. In other words, social
partners of older persons in the context of self-care ex-
hibited a high frequency of behaviors indicative of
support of dependence. Finally, research was con-
ducted to manipulate the relevant causal variables in
the natural environment of older persons. For this pur-
pose, the researchers (see M. M. Baltes, 1996; M. M.
Baltes, Neumann, & Zank, 1994) intervened in the so-
cial environment of older persons in nursing homes.
This was done by training nursing home staff to down-
play the dependence-support script, and to move to-
ward an independence-support script. By and large,
these changes in the natural environment resulted in
the expected outcome. Older persons displayed a
higher level of independence in self-care.

Researchers interested in more narrow age spectrums
use similar strategies of experimental simulation of de-

velopment (Siegler, Chapter 11, this Handbook, Volume
2). However, we claim that life span researchers are par-
ticularly dependent on the creative use of such arrange-
ments; and, moreover, that life span researchers are
especially aware of the many methodological limitations
(such as lack of measurement equivalence, isomorphy,
and external validity) associated with such and with
other age-comparative research. The explicit use of the
term of simulation to denote these limitations under-
scores this awareness.

Testing-the-Limits. An additional example of meth-
odological innovations involves a strategy that life span
researchers have developed to examine the scope and
limits of behavioral plasticity (P. B. Baltes, 1987; Kliegl
& Baltes, 1987), another key aspect of the family of
propositions advanced in life span theory. This method
is similar to efforts in child development to study the
zone of proximal development, for instance, through
methods of microgenetic analysis or cognitive engineer-
ing (Brown, 1982; Kliegl & Baltes, 1987; Kuhn, 1995;
Siegler & Crowley, 1991).

Again, because of the long timeframe of life
span ontogenesis, it is very difficult in life span re-
search to identify the sources and scope of intraindi-
vidual plasticity (malleability) and its age-related
changes. At the same time, one key question for life
span researchers is: What is possible in principle in
human development across the life span? One of the
perennial questions of cognitive aging researchers,
therefore, was whether aging losses in functions reflect
experiential practice deficits with cognitive activities
rather than effects of biological aging (P. B. Baltes &
Labouvie, 1973; Denney, 1984; Salthouse, 1991; Willis
& Baltes, 1980).

The resulting method has been labeled the testing-the-
limits paradigm (Kliegl & Baltes, 1987; Lindenberger &
Baltes, 1995b; Schmidt, 1971). In testing-the-limits re-
search, the goal is to compress time by providing for high
density developmental experiences; and by doing so
to arrange for the best conditions possible and to identify
asymptotes of performance potential (plasticity). These
asymptotes, obtained under putatively optimal condi-
tions of support, are expected to estimate the upper
range of the age-specific developmental potentiality
comparable to the traditional notion of the upper limit of
the “norm of reaction.” The use of testing-the-limits pro-
cedures has generated new insights into what is and what
is not possible in development.
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Testing-the-limits research, however, is not only rel-
evant for the study of long-term ontogenetic processes.
It is equally relevant for other important aspects of
developmental research and theory. Two examples il-
lustrate this. The first is the question of sex or gender
differences in cognitive functioning. What would
be most necessary is to depart from simple, noninter-
ventive comparative research and to invest scientific
resources into testing-the-limits work. A testing-the-
limits approach would be based on the premise that the
relevant information is knowledge about differences in
asymptotic (peak) levels of functioning. Small, care-
fully selected samples could be used for this purpose
(e.g., P. B. Baltes & Kliegl, 1992; Kliegl & Baltes,
1987; Lindenberger, Kliegl, & Baltes, 1992). The same
perspective would hold true for another hotly debated
topic; that is, research into genetic differences. Rather
than investing most of the available resources into
largely descriptive behavior-genetics studies, an alter-
native would be to expose smaller samples of partici-
pants to time-compressed experiential interventions
and to search for interindividual differences at the
upper or lower levels of functioning (e.g., S.-C. Li,
Huxhold, & Schmiedek, 2004; Lindenberger &
Oertzen, in press).

An Example of a Systemic and Overall Theory
of Life Span Development: Selective
Optimization with Compensation (Level 4)

Next, we take one further step toward a more psycholog-
ical level of analysis of the nature of life span de-
velopment. For this purpose, we describe a model of
development, selective optimization with compensa-
tion (SOC), which Margret Baltes, Paul Baltes, and
their colleagues have developed over the past decade
(M. M. Baltes, 1987; M. M. Baltes & Carstensen, 1996;
P. B. Baltes, 1987; P. B. Baltes & Baltes, 1980, 1990b;
P. B. Baltes, Dittmann-Kohli, & Dixon, 1984; Freund &
Baltes, 2002b; S.-C. Li & Freund, 2005; Marsiske et al.,
1995; Riediger, S.-C. Li, & Lindenberger, in press; see
also Featherman et al., 1990). This model offers a sys-
temic view of human development across the life span
involving many of the features of life span development
presented in the previous sections. Heckhausen and
Schulz (1995; Schulz & Heckhausen, 1996) developed a
similar model. Finally, the notion of vicariance, promi-
nent in francophone differential and developmental psy-
chology (e.g., Lautrey, 2003; cf. Reuchlin, 1978), bears

much resemblance to the notion of compensation in SOC
theory.

The SOC model in its generality is still located at a
level of analysis that is distant from specific theory.
Thus, as the model is applied to specific domains of
psychological functioning (such as autonomy or profes-
sional expertise), it requires further specification to be
derived from the knowledge base of the domain of func-
tioning selected for application (e.g., Abraham & Hans-
son, 1995; B. B. Baltes & Heydens-Gahir, 2003; M. M.
Baltes & Lang, 1997; Featherman et al., 1990; Freund
& Baltes, 1998, 2002b; S.-C. Li & Freund, 2005; Mar-
siske et al., 1995). At the same time, however, because
of this generality in formulation, the model of SOC is
rather open as to its deployability and domain-specific
refinement.

In principle, the theory of SOC is considered a
general theory of proactive and adaptive development
(P. B. Baltes, 1997; Li & Freund, 2005). As a general
theory of development, it pursues two objectives: First,
an account of how developmental resources are gener-
ated, and second, how resources once they are devel-
oped are allocated to master the tasks of life including in
situations where resources are insufficient.

Definition of Selection, Optimization,
and Compensation

As mentioned earlier, we proceed from the assumption
that any process of development involves selection and
selective changes in adaptive capacity (P. B. Baltes,
1987; Featherman et al., 1990; Freund & Baltes, 2002b;
Krampe & Baltes, 2003; Marsiske et al., 1995). Selection
from a potential pool of developmental trajectories makes
directionality in development and higher levels of func-
tioning possible. We further assume that for selection to
result in successful development (maximization of gains
while minimizing losses), it needs to work in conjunction
with processes of optimization and compensation.

If approached within an action-theoretical frame-
work, which is only one of the many possible theoreti-
cal frames, the following characterizations of the three
components hold: Selection involves goals or outcomes;
Optimization involves goal-related means to achieve
success (desired outcomes); and Compensation involves
a response to loss in goal-relevant means in order to
maintain success or desired levels of functioning (out-
comes). Table 11.5 summarizes this approach and offers
as illustrations items from a study on proverbs and
items from a self-report measure developed to assess
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TABLE 11.5 Selection, Optimization, and Compensation: Brief Definitional Frames and Examples from Proverbs and

Questionnaire Items

Role in Sample Proverb Sample Questionnaire Item
Strategy Development (Freund & Baltes, 2002a) (Freund & Baltes, 2002b)
Selection1® Concerns directionality and focus of Jack-of-all-trades, master of none. I always focus on the most important
developmental outcomes such as goals. goal at a given time.
Those who follow every path, never When I think about what I want in life, I
reach any destination. commit myself to one or two important
goals.
Between two stools you fall to the To achieve a particular goal, I am willing
ground. to abandon other goals.
Optimization Concerns the acquisition and Practice makes perfect. I keep working on what I have planned
refinement of means and their until I succeed.
coordinaton to achieve goals/outcomes. If at first you don’t succeed, try, I keep trying until I succeed at a goal.
try, and try again.
Strike the iron when it’s hot. When I want to achieve something, I can
wait for the right moment.
Compensation  Concerns maintenance of functioning Those without a horse walk. When things don’t work the way they

by substitution of means in situation
of losses of means.

There are many hands; what one
cannot do, the other will.

When there’s no wind, grab the oars.

used to, I look for other ways to achieve
them.

When things aren’t going so well, I accept
help from others.

When things don’t go as well as they
used to, I keep trying other ways until I
can achieve the same result I used to.

2Two facets of selection are distinguished in SOC theory: (1) elective selection and (2) loss-based selection, which encompasses restructur-
ing of goal hierarchy, reducing the number of goals or various processes such as adjusting the level of aspiration, or developing new possible

goals to match available resources.

the degree to which individuals report to use SOC-
related behaviors. The resulting definitions of selection,
optimization, and compensation may suggest that the
relevant processes are often conscious and intentional.
This is not necessarily so. Each of these elements or
components can be active or passive, internal or exter-
nal, conscious or unconscious.

Six additional characterizations help to place SOC
into a larger perspective. First, we postulate that SOC is
akin to a general-purpose mechanism of development.
If available and well practiced, it will produce higher
functioning in all domains of functioning. Second, we
assume that SOC behaviors are universal processes
generative of development. Third, we assume that SOC
are inherently relativistic in that their phenotypic
expressions depend on person- and context-specific
features. Fourth, SOC in itself is a developmental con-
struct. We assume that its peak expression is in adult-
hood. In childhood and adolescence, the system is
acquired and honed, in old age, individuals work on
maintenance (see Freund & Baltes, 2002b, for data on
age trajectories). Fifth, we acknowledge that the func-

tional utility of SOC is not given but remains a question
of empirical validity. There are contexts where SOC
may not be adaptive. Sixth, the function of the SOC
components such as compensation in a given behavioral
unit are not fixed. Their logical status can change, for
instance, from active to passive. Similarly, a behavior
that originally evolved in the context of a compensation
for a loss may later be activated in a process where it
serves as an optimizing means.

An everyday example may help to clarify the dis-
tinctions, drawn from the context of aging research
that we used in our early efforts at developing the SOC
model (P. B. Baltes, 1984). Into his late 70s and early
80s, the concert pianist Arthur Rubinstein continued
to perform with great success. When asked how he
managed to maintain such a high level of expert piano
playing, he hinted in several interviews at the coordi-
nation of three strategies. First, he mentioned that he
played fewer pieces (selection); second, he indicated
that he now practiced these pieces more often (opti-
mization); and third, he counteracted his loss in me-
chanical speed of playing by producing larger contrasts
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in speed so to make the faster pieces appear faster
(compensation).

Selection: Elective and Loss-Based. As noted al-
ready, selection involves directionality, goals, and speci-
fication of outcomes. There are two kinds of selection:
elective selection and loss-based selection. Elective se-
lection involves directionality that is self-initiated and
considered desirable. Its motivational force is agent-
driven. Loss-based selection is the consequence of a loss
in functioning and typically involves making adjust-
ments such as changes in level of aspiration or a change
in goal structures or goal priorities.

Strictly speaking, selection already begins in embry-
onic development with features of the sensory system,
such as differential sensitivity to light and pattern con-
figurations. Neurophysiological processing of informa-
tion represents another fundamental example of
selection and selection-based specialization. Selective
pruning of cells in early biological development is an-
other example. Another concrete illustration of selec-
tion in development can be associated with a concept
from developmental biology: Selection as the “canal-
ized” (Waddington, 1975) realization of a set of
outcomes from the “potentialities of ontogenesis” (plas-
ticity). Another example of selection is the goal system
(ranging from skills to attitudes and values) that defines
the social and personal frames of desirable development.
Selection can also involve the avoidance of specific out-
comes of development such as the undesired self. In fact,
life span development can be seen as involving a system-
atic age-related shift in the relative weight and fre-
quency of approach versus avoidance goals (Freund &
Ebner, 2005).

Optimization. The focus of optimization is on
goal- or outcome-relevant means or resources. Thus,
while selection is a necessary condition for achieving
development (defined as the maximization of gains and
minimization of losses), selection is not a sufficient
condition for development to become manifest.

In addition, conditions and procedural mechanisms of
goal-attainment are required, that is, methods or means
of optimization. Optimization, then, involves processes
aimed at the generation and refinement of means-ends
resources and motivational-goal explication to achieve
development-oriented positive outcomes (goals). For a
psychologist, means include such processes as the learn-
ing of a skill or the acquisition of the motivational abil-

ity to persist or delay gratification. In general, the com-
plexity of the system of optimization depends on the
goal or outcome pursuit. If these are complex, optimiza-
tion is not the refinement of a single means. Rather, in
more complex situations, optimization requires a mutu-
ally enhancing coalition of factors, including health, en-
vironmental, and psychological conditions.

As was true for selection, optimization can be active
and passive, conscious and subconscious, internal or ex-
ternal. Moreover, optimization can be domain- and
goal-specific as well as domain- and goal-general. The
most domain-general notion of optimization is the gen-
eration of what in our work we have called developmen-
tal reserve capacity (P. B. Baltes, 1987; Kliegl & Baltes,
1987), or what developmental life scientists might call
general plasticity at the neuronal, behavioral, and social
level. Because of its investability into many activities,
generating a high level of general plasticity is the per-
haps most significant target for successful development.

Compensation. The component process called
compensation involves a functional response to the loss of
goal-relevant means (see also Brandtstiddter & Wentura,
1995; Dixon & Biackman, 1995). This definition of com-
pensation is more specific or restricted than the one
proposed by Bickman and Dixon (1992)—that is, it re-
stricts compensation to responses to losses of means (re-
sources) once available for goal attainment.

Two main causes give rise to a compensatory situa-
tion (Freund & Baltes, 2002b; Marsiske et al., 1995).
Compensation can be the consequence of the very fact
of selection and optimization. For reasons of limited ca-
pacity of time and effort, selection of and optimization
toward a given goal implies the loss of time and means-
related resources, relevant for the pursuit of other goals.
Development is always a gain-loss dynamic. When an
athlete aims for a high level performance in the shot put,
it is unlikely that comparable high levels of performance
can be achieved in other types of sports such as gymnas-
tics. Another example is negative transfer. The acquisi-
tion of a targeted expert skill system A can result in
negative transfer to another skill system B (Ericsson &
Smith, 1991).

A second category of causes of compensation stems
from negative changes in biological, social, and environ-
mental resources in the conditions that represent
the foundation of resources and their use for develop-
ment (see also Hobfoll, 2001, on resource theory).
Changing from one environment to another may involve a
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loss in environment-based resources (means) or may
make some acquired personal means dysfunctional.
Losses due to the biology of aging are perhaps the best
known age-associated negative changes in resources.
With aging, there is a reduction in the rate and scope of
plasticity (Cotman, 1985; Finch & Zelinski, 2005; S.-C.
Li & Freund, 2005; Nelson, 2006; Reuter-Lorenz, 2002).
As a result, the evolution of compensatory responses, in
addition to loss-based selection, is a continuously chang-
ing dynamic of development in the second half of life.

Understanding this changing developmental dynamic
is particularly important regarding the conceptual dis-
tinctiveness of optimization and compensation (Mar-
siske et al., 1995). At the point of origin, for instance,
some behavior may have been compensatory (such
as acquiring nonverbal techniques of communication
due to a loss of foreign language proficiency), at later
points in ontogeny or in different contexts these same
compensation-based behavioral means (nonverbal tech-
niques of communication) can be used as a technique of
optimization, such as when improving one’s perfor-
mance as an actor. It is important, therefore, to specify
the context and the developmental space in which a
given behavioral event is considered when deciding
about its category allocation to either selection, opti-
mization, or compensation.

Because the model of SOC does not designate the spe-
cific content and form of desirable developmental out-
comes, it is applicable to a large range of variations in
goals and means of development. In this sense, then, SOC
is at the same time universal and relativistic. Its universal-
ism rests in the argument that any process of development
is expected to involve components of selection, optimiza-
tion, and compensation (P. B. Baltes & Baltes, 1990b;
Marsiske et al., 1995). Its relativity lies in the variations
of motivational, social, and intellectual resources, as well
as in the criteria used to define successful development,
which can be multivariate and involve both objective and
subjective indicators (P. B. Baltes & Baltes, 1990a).

In the following two sections, which deal with life
span developmental theory and research in two domains
of functioning, we occasionally return to SOC-related
interpretations. However, our intent is not to elevate that
model or theory to the one overarching model of life
span development. This would be inappropriate. In our
view, the model of selective optimization with compen-
sation is but one of the theoretical efforts that life span
research and theory have spawned. However, we believe
SOC to be a theory that displays much consistency

across levels of analysis and can be usefully linked to
other current theoretical streams in developmental psy-
chology, such as to dynamic systems theory. Krampe
and Baltes (2003) have illustrated in another area, the
field of intelligence, how application of SOC theory
leads to a different conceptualization of the structure
and function of intelligence.

Empirical Evidence on SOC Theory

The articulation and testing of SOC theory is proceed-
ing in a variety of domains. In general, the evidence has
been supportive of the theoretical approach. People who
report the use of SOC-related behaviors show higher
levels of functioning. Moreover, on the behavioral level,
research has shown that individuals manifest behaviors
that are consistent with SOC theory. These outcomes
carry a promissory note.

Age Gradients. Figure 11.7 summarizes evidence on
cross-sectional age gradients. Young, middle-aged, and
older adults answered a self-report instrument to assess
preferred use of SOC strategies. As expected, the peak of
using all SOC components was obtained for adults. In ear-
lier and later phases of life, the SOC system seems less
fully acquired, activated, or coordinated. In young adult-
hood, the task of life planning in a focused and concerted
manner needs practice and refinement (e.g., J. Smith,
1999). Desires and volitions are less orchestrated. Simi-
larly, in aging individuals, they need to master situations
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Figure 11.7 Age-group mean differences in four components
of SOC (elective selection, loss-based selection, optimization,
and compensation): Middle-aged adults report the highest and
perhaps most integrated endorsement of SOC. Source: Modi-
fied from “Life-Management Strategies of Selection, Opti-
mization, and Compensation: Measurement by Self-Report and
Construct Validity” by A. M. Freund and P. B. Baltes, 2002b,
Journal of Personality and Social Psychology, 82, pp. 642—662.
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in which they have fewer resources. SOC behaviors them-
selves are effortful and require resources. Therefore, it is
not surprising that older individuals show lesser frequency
of use of optimization and compensation. As shown in
Figure 11.7, the primary focus in older ages is on elective
selection and loss-based selection.

Processes of selection, optimization, and compensa-
tion also are present in mental representations associ-
ated with the management of everyday lives. Freund and
Baltes (2002a) have used proverbs to examine this ques-
tion. They presented life problems to people and asked
which proverb fits this situation best. Adults preferred
proverbs that indicated SOC behaviors. Moreover, the
choice reaction times of the oldest adults, when select-
ing the fitting proverb, was as fast as those of younger
adults. Because reaction speed typically decreases with
age during the age span studied, the finding suggests that
SOC-based mental representations are well exercised.

Management and Mastery of Life Tasks. An-
other area of research is the management of the family
career interface (B. B. Baltes & Heydens-Gahir, 2003;
Wiese, Freund, & Baltes, 2002). Partners who reported
higher use of SOC-related behaviors obtained higher
scores on perceived developmental status in the two do-
mains and higher levels of well-being; cross-sectionally
and longitudinally. Similar findings were obtained with
the task of college study behavior (Wiese & Schmitz,
2002). Regarding tasks of old age, work by Margret
Baltes, Frieder Lang, and their colleagues is relevant
(e.g., Lang, Rieckmann, & Baltes, 2002). They demon-
strated that older individuals, especially when in situa-
tions of high difficulty,
behaviors that were consistent with SOC theory. An-
other topic of life span research concerns the manage-
ment of critical life events including illness. In this line
of inquiry, Gignac, Cott, and Badley (2002) have shown
that older people suffering from osteoarthritis managed
their illness by use of behaviors that are consistent with
selection, optimization, and compensation.

benefited from showing

Dual-Task Research and Behavioral Indicators.
An additional area where SOC theory turned out to be
promising is dual-task research. Dual- or multiple-task re-
search explores the degree to which individuals can per-
form several tasks concurrently and whether concurrent
performance of several tasks (such as walking and memo-
rizing) facilitates or interferes. Such multitask situations
are prototypical of the ecology of everyday behavior.

Moreover, with age children become better in handling
multiple tasks simultaneously and minimize what is usu-
ally called dual-task costs. With aging, the reverse is true.

Dual-task research is a prime model to study develop-
ment as a system of co-changing and collaborative
processes, and of the process of differential allocation
of resources. Several studies have tested SOC theory
within this model or examined whether the findings are
consistent with predictions from the theory. In a later
section, we will describe these studies in more detail.
Here, suffice it to briefly mention one series of studies.

In our laboratories, we focused on the joined perfor-
mance of motor behavior (such as walking and keeping
one’s motor balance) and various processes of memory
and solving cognitive tasks. Although older adults showed
greater dual-tasks costs, they also exhibited clear prefer-
ence in their task allocation. For instance, they invested a
larger share of their resources into motor behavior (likely
because falling is a high-risk in aging) and were more
ready to de-invest from the cognitive task. Moreover, on
the behavioral level, older adults were effective in using
compensatory skills to maintain a higher level of perfor-
mance (K. Z. H. Li, Lindenberger, Freund, & Baltes,
2001; Lindenberger, Marsiske, & Baltes, 2000).

These initial self-report and observational as well as
experimental studies lend support to the perspective of
the SOC theory of adaptive development. The pattern of
findings suggests that individuals who select, optimize,
and compensate are better able to generate new develop-
mental resources and through effective allocation more
effective available resources to manage the tasks of life.
Thus, SOC functions like a development-enhancing and
loss-preventing general-purpose mechanism. As a general
theory of adaptive development, it characterizes a system
of strategies that permits individuals to master the gen-
eral tasks of life, including those that result from the
overall life span script outlined earlier when we outlined
a systematic change toward a greater proportion of deal-
ing with losses rather than gains.

FIRST LEVEL 5 EXAMPLE:
INTELLECTUAL FUNCTIONING ACROSS
THE LIFE SPAN

In the following two sections, we focus on two broad
areas of human development—intellectual functioning
and personality—to present more specific life span
research and theory. In general, our approach is to
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present this work such that the general theoretical per-
spectives outlined provide an umbrella under which
this research can be positioned and interpreted.
Throughout, we attempt to highlight also the pervasive-
ness of the concept of developmental biocultural co-
constructivism (P. B. Baltes et al., 2006).

The productivity of a life span orientation to develop-
mental change depends critically on articulating the the-
oretical propositions regarding the macroscopic overall
landscape of the entire course of ontogeny with more
microscopic research on specific developmental func-
tions, processes, and age periods. Specifically, the
knowledge bases generated by researchers interested in
different aspects of infancy, childhood, adolescence,
adulthood, and late life need to be combined and com-
pared with each other, and organized by the themes and
propositions that guide the life span approach. The re-
sulting life span integration of perspectives and find-
ings, in turn, is hoped to feed back into the more age-
and process-specific developmental specialties, provid-
ing for larger interpretative frameworks and provoking
the investigation of new or formerly neglected research
questions (Lindenberger, 2001).

The field of intellectual development, that captured
early (Hollingworth, 1927; Sanford, 1902) and continuing
attention in life span psychology (e.g., Craik & Bialystok,
in press) is ideally suited to demonstrate the potential
of this dynamic. Central themes of intellectual develop-
ment such as relative stability (i.e., covariance change
over time), directionality (i.e., mean change over time),
plasticity (i.e., the malleability of mean and covariance
changes), and the role of knowledge-based processes in
cognitive development also have played a prominent role
in life span theorizing, and are well suited to exemplify
the dynamics between specialized research contexts and
overarching conceptions of life span development.

The Biology and Culture of Life Span
Intellectual Development

Our proposed view of the overall landscape of ontogene-
sis as summarized in Figure 11.1 puts constraints on the
possible form and content of theories about life span in-
tellectual development. Foremost, any model or theory
on life span intellectual development needs to recognize
that ontogenesis is a co-construction of two intertwined
streams of inheritance, the biological and the cultural
(Durham, 1991; see also P. B. Baltes et al., 2006; S.-C.
Li, 2003), and needs to provide a framework for the de-
velopmental investigation of these two streams of inher-

itance in different domains, and at different levels of
analysis. Specifically, the model should be consistent
with the three-fold characterization of the life span dy-
namics between biology and culture summarized in Fig-
ure 11.1, and with the family of theoretical propositions
summarized in Table 11.3.

The Two-Component Model of Life Span
Cognition: Mechanics versus Pragmatics

In the past, initiated by one of us (P. B. Baltes, 1987,
1993, 1997) but soon co-developed with others (e.g., P. B.
Baltes et al., 1984; P. B. Baltes, Staudinger, & Linden-
berger, 1999; S.-C. Li, 2002; Lindenberger, 2001), have
proposed a theoretical framework for the study of intel-
lectual development in which two main categories or com-
ponents of intellectual functioning are set apart: The
mechanics and the pragmatics of cognition. Juxtaposing
the two does not imply that they are independent or exclu-
sive; rather, they interact across ontogenetic and microge-
netic time in the production of intelligent behavior. As a
general principle, the cognitive mechanics, because of
their evolutionary base, evolve earlier in human ontogeny,
and are being “invested” into the acquisition of higher and
knowledge-based cognitive functions (for similar assump-
tions in the context of Gf/Gc theory, see Cattell, 1971).
Historically, our views on the overall landscape
of human development were developed in close connec-
tion with the broadening and systematization of the
mechanic-pragmatic distinction (P. B. Baltes, 1987,
1997; P. B. Baltes, Lindenberger, & Staudinger, 1998;
S.-C. Li, 2003). Specifically, we construe the mechanics
of cognition as an expression of the neurophysiological
architecture of the mind as they evolved during biologi-
cal evolution (cf. Gigerenzer & Todd, 1999) and unfold
during ontogeny (McClelland, 1996; W. Singer, 1995).
In contrast, the pragmatics of cognition are associated
with the bodies of knowledge available from and medi-
ated through culture (see upper portion of Figure 11.8).

The Cognitive Mechanics. The mechanics of cog-
nition are closely linked to biological including neuro-
physiological brain conditions, and the predominant
age-graded ontogenetic pattern is one of maturation,
stability, and aging-induced decline. Especially early
and late in ontogeny, age-based changes in this compo-
nent are assumed to primarily reflect factors closely re-
lated to biological brain status, albeit in fundamentally
different ways (P. B. Baltes, 1997; S.-C. Li, Linden-
berger, et al., 2004; Lindenberger, 2001). Early in on-
togeny (i.e., during embryogenesis, infancy, and early
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Figure 11.8 Life span research on two components of cog-
nition: (1) fluid mechanics and (2) crystallized pragmatics.
The top section defines the categories; the bottom section
illustrates postulated lifespan trajectories. Source: Modified
based on “Psychological Aspects of Aging: Facts and
Frontiers” (pp. 427-459), by P. B. Baltes and P. Graf, in The
Life-Span Development of Individuals: Behavioural, Neurobio-
logical and Psychosocial Perspectives, D. Magnusson (Ed.),
1996, Cambridge, England: Cambridge University Press;
From “Major Abilities and Development in the Adult Period”
(pp- 44-99), by J. L. Horn and S. M. Hofer, in Intellectual De-
velopment, R. J. Sternberg & C. A. Berg (Eds.), 1992, New
York: Cambridge University Press.

childhood), age-based changes in the mechanics are as-
sumed to consist, for the most part, in the unfolding and
active construction of more or less domain-specific and
genetically predisposed processing capabilities (Elman
et al., 1996; Wellman, 2003). In contrast, negative
changes in the mechanics of cognition late in life pre-
sumably result from brain-related consequences of less
effective phylogenetic selection pressures operating
during this period (Kirkwood, 2003; Thaler, 2002; see
“The Mechanics and Pragmatics in Very Old Age”). In
that sense, the life span trajectory of level changes in the
mechanics of cognition can be derived from the life span
changes shown in the left panel of Figure 11.1.

The cognitive mechanics, then, reflect fundamental
organizational properties of the central nervous system
(W. Singer, 1995). In terms of psychological operations,
we assume that the cognitive mechanics are indexed by
the speed, accuracy, and coordination of elementary

processing operations as they can be assessed in tasks
measuring the quality of information input, sensory and
motor memory, discrimination, categorization, and se-
lective attention, as well as reasoning ability in highly
overlearned or novel domains (Craik, 1986; Craik & Bi-
alystok, in press; Craik & Salthouse, 2000; Hommel, Li,
& Li, 2004; Salthouse & Kail, 1983). At the neuronal
level, age-graded anatomical, chemical, and functional
changes in the brain and their complex relations to the
cognitive mechanics are being uncovered with increas-
ing precision and scope (P. B. Baltes et al., in press;
Cabeza, Nyberg, & Park, 2004; Craik & Bialystok, in
press; Lindenberger, Li, & Béackman, in press).

The Cognitive Pragmatics. In contrast to the me-
chanics, the cognitive pragmatics of the mind reveal the
power of human agency and culture (Boesch, 1997; Cole,
1996; Valsiner & Lawrence, 1997; S.-C. Li, 2003;
Shweder, 1991). The cognitive pragmatics also are at the
center of socialization events that follow the principles
of co-construction (P. B. Baltes et al., in press; S.-C. Li,
2003). Some of these events are normative but specific to
certain cultures (e.g., formal schooling), others are more
universal (e.g., mentoring), and still others are idiosyn-
cratic or person-specific (e.g., specialized ecological
and professional knowledge). In any case, the correspon-
ding bodies of knowledge are represented both internally
(e.g., semantic networks) and externally (e.g., books).

The pragmatics of cognition direct the attention of life
span developmentalists toward the increasing importance
of knowledge-based forms of intelligence during on-
togeny (P. B. Baltes & Baltes, 1990a; Ericsson & Smith,
1991; Hambrick & Engle, 2002; Krampe & Baltes, 2003;
Labouvie-Vief, 1982; Rybash, Hoyer, & Roodin, 1986).
Typical examples include reading and writing skills, edu-
cational qualifications, professional skills, and varieties
of everyday problem-solving, but also knowledge about
the self and the meaning and conduct of life (P. B. Baltes
& Staudinger, 2000; Blanchard-Fields, 1996; Bosman &
Charness, 1996; Marsiske et al., 1995; Staudinger et al.,
1995; see “Face and Facets of the Study of Personality
Development across the Life Span”). Such bodies of prag-
matic knowledge are acquired during ontogeny but may
build on evolutionarily prestructured, domain-specific
knowledge (Charness, 2005; Elman et al.,, 1996;
Tomasello, 1999).

Divergence in Life Span Trajectories between Me-
chanics and Pragmatics. The preceding considera-
tions imply specific predictions regarding the shape of
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ontogenetic trajectories for mechanic and pragmatic as-
pects of intellectual functioning (see lower portion
of Figure 11.8). Specifically, two different sources of in-
fluence are assumed to govern the level of performance
within these two categories: biological-genetic for the
mechanics, and environmental-cultural for the pragmat-
ics. The expected divergence in age trajectories is seen as
a consequence of this difference in composition.

Empirical evidence in support of a two-component
conceptualization of life span cognition comes from a
great variety of different research traditions (see dis-
cussion that follows). Probably the most longstanding
supportive evidence is the difference between main-
tained and vulnerable intellectual abilities (Salthouse,
1991; cf. Jones & Conrad, 1933). Abilities that critically
involve the mechanics, such as reasoning, memory, spa-
tial orientation, and perceptual speed, generally show a
pattern of monotonic and roughly linear decline during
adulthood, with some further acceleration of decline in
very old age. In contrast, more pragmatic abilities, such
as verbal knowledge and certain facets of numerical
ability, remain stable or increase up to the 6th or 7th
decade of life, and only start to evince some decline in
very old age.

Figure 11.9, based on the fifth data collection of the
Seattle Longitudinal Study (Schaie, 1996; see also
Schaie et al., 2005), may serve as an illustration. It dis-
plays cross-sectional adult age gradients based on mul-
tiple indicators for six intellectual abilities (Schaie &
Willis, 1993). Verbal ability and number ability peak
during middle adulthood and show little or no age
decrements before the age of 74, whereas perceptual
speed, inductive reasoning, spatial orientation, and ver-
bal memory show steady monotonic decline. Recent
analyses based on longitudinal as well as longitudinal/
cross-sectional convergence data provide additional and
more direct support for a basic divergence between me-
chanic and pragmatic age gradients in adulthood and
old age (Salthouse, 1991; Schaie, 1996; Schaie, Mait-
land, Willis, & Intieri, 1998; T. Singer, Verhaeghen,
Ghisletta, Lindenberger, & Baltes, 2003).

In arecent cross-sectional study, Shu-Chen Li and col-
leagues (2004) investigated whether dissociations in age
trajectories between mechanic and pragmatic intellectual
abilities across can be observed across the entire life
span, as life span psychology would predict. The authors
administered a psychometric battery comprising fifteen
tests assessing three marker abilities of the fluid mechan-
ics (perceptual speed, reasoning, and fluency) and two
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Figure 11.9 Cross-sectional age gradients in six primary
mental abilities (N = 1628). Abilities were assessed with 3 to 4
different tests and are scaled in a T-score metric (i.e., mean =
50, SD =10). Verbal ability and number ability peak during
middle adulthood and show little or no age decrements before
the age of 74. In contrast, perceptual speed, inductive reason-
ing, spatial orientation, and verbal memory show steady mo-
notonic decline. This differential pattern of prevailing growth,
maintenance, and subsequent loss supports two-component
theories of life span intellectual development such as the dis-
tinction between fluid and crystallized intelligence made by
Cattell (1971) and J. L. Horn (1982) or the juxtaposition of the
mechanics and the pragmatics of cognition proposed by P. B.
Baltes (1987, 1993). Source: From “Age Difference Patterns
of Psychometric Intelligence in Adulthood: Generalizability
within and across Ability Domains,” by K. W. Schaie and S. L.
Willis, 1993, Psychology and Aging, 8, pp. 44-55.

marker abilities of the crystallized pragmatics (verbal
knowledge and fluency) to individuals aged 6 to 89 years.
Participants were classified into six age groups, child-
hood (6 to 11 years), adolescence (12 to 17 years), early
adulthood (18 to 35 years), middle adulthood (26 to 54
years), late adulthood (55 to 69 years), and old age (70 to
89 years). In addition, S.-C. Li et al. (2004) also adminis-
tered basic reaction time tasks to index processing speed
(i.e., a person’s average speed of responding across the
five tasks) and processing robustness (i.e., the inverse of
a person’s average within-task reaction-time fluctuation).
As expected, the life span trajectories of the two infor-
mation processing and the fluid-mechanic composite
stood in contrast to the trajectory of the crystallized-
mechanic composite (see Figure 11.10). Moreover,
within the mechanic domain, the trajectories for the two
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Figure 11.10 Intellectual abilities across the life span. (A) Cross-sectional age trajectories for crystallized intelligence, pro-
cessing robustness, processing speed, and fluid intelligence. Crystallized intelligence represents the cognitive pragmatics,
whereas processing robustness, processing speed, and fluid intelligence represent the cognitive mechanics. The divergence in
age gradients between pragmatics and mechanics lends support to two-component theories of cognitive development. (B, C) Re-
sults from principal component analyses of 15 intellectual ability tests for each of six age groups. The arrows indicate the esti-
mated number of principal components with eigenvalues greater than unity. (D) Correlations between broad fluid and
crystallized intelligence for the same six age groups. Panels B-D support the hypothesis that the structure of intellectual abili-
ties is less differentiated in childhood and old age than during adolescence and adulthood. Source: From “Transformations in
the Couplings among Intellectual Abilities and Constituent Cognitive Processes across the Life Span” by S.-C. Li, U. Linden-
berger, B. Hommel, G. Aschersleben, W. Prinz, and P. B. Baltes, 2004, Psychological Science, 15, pp. 155-163.
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information-processing composites showed an earlier
cross-sectional life span peak than the trajectory for the
fluid-mechanic component, supporting the contention
that the admixture of pragmatic variance contaminates
standard assessments of broad fluid intelligence.

The Two-Component Model: Relations to
Other Multiple-Component Theories

Arguably, Tetens (1777) provided the earliest compre-
hensive formulation of a two-component model of life
span cognition (Lindenberger & Baltes, 1999); his defi-
nition of absolute and relative capacities closely approx-
imated the definition of the mechanics and pragmatics
of cognition, respectively. The closest relative, both
conceptually and historically, to the two-component
model of life span intellectual development is the theory
of fluid (Gf) and crystallized (Gc) abilities by Cattell
(1971) and Horn (1982; for comparative discussion, see
P. B. Baltes et al., 1998; Lindenberger, 2001). Other ap-
proaches related to the two-component model include
Ackerman’s (e.g., 1996) process, personality, interests,
and knowledge (PPIK) model, Hebb’s (1949) distinction
between intelligence A (i.e., intellectual power) and in-
telligence B (i.e., intellectual products), the encapsula-
tion model of adult intelligence proposed by Rybash
et al. (1986; Hoyer, 1987), and Sternberg’s (1985) tri-
archic theory of intelligence, especially its developmen-
tal interpretation by Berg and Sternberg (1985a).

Here, the two-component model will be further elabo-
rated in three separate sections: Mechanics, pragmatics,
and their interrelations. The aim of these three sections
is not to be comprehensive, but to further specify the two
components of cognition as well as their interaction.

The Fluid Mechanics of Cognition

We start this section with a life span summary of re-
search on constructs that have been proposed to cause or
mediate age-based changes in the mechanics of cogni-
tion. We then argue that much of the available evidence
about age-based changes in the mechanics derives from
measures that are contaminated by pragmatic influence,
and we underscore the need to arrive at more valid
estimates of individual differences in upper limits of
mechanic functioning. In line with the two-component
model, we predict that age differences in the mechanics
are magnified under purified measurement conditions
and provide an empirical example from adulthood in
support of this prediction.

The Search for Determinants of
Mechanic Development

Despite a large overlap in approaches to the study of in-
tellectual development, there are surprisingly few at-
tempts to pursue the themes of infant and child
development into adulthood and old age, or to identify
thematic and predictive antecedents of adulthood and old
age in childhood (see S.-C. Li, Lindenberger, et al.,
2004). An important exception in this regard concerns
work on age changes in general information-processing
constraints on intellectual functioning across the life
span, or what we would call research on the determinants
of age-based changes in the mechanics of cognition. Re-
searchers both in the fields of child development (Bjork-
lund, 1997; Case, 1992; McCall, 1994; Pascual-Leone,
1983) and cognitive aging (Birren, 1964; Cerella, 1990;
Craik & Byrd, 1982; Hasher & Zacks, 1988; S.-C. Li,
Lindenberger, & Sikstrom, 2001; Salthouse, 1996) have
been trying to identify developmental determinants or
“developables” (Flavell, 1992) that regulate the rate of
age-based changes in cognitive and intellectual function-
ing. Some scholars have begun to link these two lines of
inquiry by attempting to provide unified accounts of age-
based changes in the structure and/or efficiency of infor-
mation processing (e.g., Craik & Bialystok, 2006;
Hommel, Li, & Li, 2004; S.-C. Li, Lindenberger, et al.,
2004; Salthouse & Kail, 1983; Wellman, 2003).

In many cases, the central goal of these endeavors is
to identify the number (dimensionality), nature, and
causal dynamics of age-graded changes in the mechanics
of cognition. Though this task seems conceptually
straightforward, it is methodologically quite intricate
(P. B. Baltes & Labouvie, 1973; Hertzog, 1985; Hertzog
& Nesselroade, 2003; Lindenberger & Potter, 1998;
Reinert, Baltes, & Schmidt, 1966). Chronological age
carries a multitude of causal agents with different and
intertwined temporal dynamics and timescales such as
distance from birth, distance from death, distance from
disease inception, but also number of hours of practice
or formal training. For instance, when two variables as-
sumed to index two causal agents follow a similar path
over ontogenetic time, this does not imply that the two
causes are functionally related. Therefore, evidence
about determinants of mechanic development needs to
be evaluated with caution, especially if based on age-
heterogeneous cross-sectional data sets (Lindenberger
& Potter, 1998).

In the following section, we selectively review re-
search on possible determinants of life span changes in
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the mechanics of cognition. We start with three con-
structs located at the information-processing level of
analysis, and end with a consideration of select age-
graded changes at the neuronal level. Progress in under-
standing determinants of life span changes in the
mechanics of cognition field will depend on integrating
these two levels of analysis both empirically and con-
ceptually (Buckner, 2004; Craik & Bialystok, in press;
S.-C. Li, in press; S.-C. Li & Lindenberger, 1999; Lin-
denberger, Li, & Bickman, in press).

At the information-processing level, processing rate
(Cerella, 1990; Salthouse, 1996), working memory
(Baddeley, 2000; Just, Carpenter, & Keller, 1996), and
inhibition (Hasher & Zacks, 1988) have been studied
most extensively. Apparently, functional levels of these
three mechanisms follow the inverse U-shape pattern
predicted by the two-component model for the mechan-
ics of cognition. In principle, then, any combination of
these mechanisms could act as a pacemaker of life span
development in the mechanics of cognition.

Processing Speed. Across a wide variety of cogni-
tive and perceptual tasks, speed of responding increases
dramatically from childhood to early adulthood, and
continuously decreases thereafter. This observation has
led to the processing rate hypothesis of life span cogni-
tive development. Probably, this hypothesis holds a more
central place in cognitive aging research (e.g., Birren,
1964; Cerella, 1990; Salthouse, 1996; Welford, 1984)
than in research on child development (e.g., Hale, 1990;
Kail, 1996). In the case of cognitive aging, the general
slowing-down of cognitive behavior with advancing age
is portrayed as the consequence of a general decrement
in information processing rate. In cross-sectional stud-
ies, psychometrically assessed perceptual speed ac-
counts for most or all negative adult age differences in
other intellectual abilities, even if these other abilities
are assessed under time-relaxed or untimed testing con-
ditions (for a summary, see Verhaeghen & Salthouse,
1997). However, psychometrically assessed perceptual
speed is not a unitary construct or processing primitive
but a factorially complex entity whose composition may
change as a function of age. Also, attempts at identify-
ing neuronal correlates of age-based differences in pro-
cessing speed have yielded mixed results (e.g., Bashore,
Ridderinkhof, & van der Molen, 1997).

Working Memory. Generally, working memory
denotes the ability to preserve information in one or

more short-term stores while simultaneously transform-
ing the same or some other information (Baddeley,
2000; Just et al., 1996). Age differences in working
memory have been invoked as a possible cause for intel-
lectual growth during childhood (Case, 1985; Chapman
& Lindenberger, 1992; Halford, 1993; Pascual-Leone,
1970), and for age-based decrements during adulthood
and old age (Craik, 1983; Oberauer & Kliegl, 2001).
With respect to childhood, Neo-Piagetian theorists have
argued that changes in working memory are among the
primary pacemakers of intellectual child development
(e.g., Pascual-Leone, 1970).

Positive age differences during childhood and nega-
tive age differences during adulthood are more pro-
nounced when demands on processing are increased
(Mayr, Kliegl, & Krampe, 1996). Despite this support-
ive evidence, the explanatory power of the working-
memory construct is difficult to judge. For instance,
age-based changes in working memory are often ex-
plained by alluding to changes in processing efficiency
or processing speed (Case, 1985; Salthouse, 1996). An-
other problem concerns our limited knowledge about a
central function of working memory—the (conscious)
control of action and thought. In the most influential
working-memory model (Baddeley, 2000), this task is
assigned to the central executive. Evidence from devel-
opmental psychology (Houdé, 1995; McCall, 1994),
cognitive-experimental and differential psychology
(Engle, Kane, & Tuholski, 1999), and the cognitive neu-
rosciences (Miller & Cohen, 2001) suggests that the
abilities to inhibit actions and thoughts and avoid inter-
ference from competing processing streams are crucial
for the efficient functioning of this component, rather
than working-memory capacity per se.

Inhibition and Interference. During the past
decades, developmentalists from different traditions and
fields of research have intensified their interest in mech-
anisms of inhibition and interference (Bjorklund, 1997;
Engle, Conway, Tuholski, & Shishler, 1995; Hasher &
Zacks, 1988; Houdé, 1995; McCall, 1994). Curvilinear
life span age gradients that resemble those found for
measures of perceptual speed have been obtained with
typical tests of interference proneness such as the
Stroop color-word test, suggesting that children and es-
pecially older adults have greater difficulties in sup-
pressing currently irrelevant action tendencies than
young adults (Dempster, 1992; Hommel et al., 2004;
Mayr, 2001). However, it has proven difficult to separate
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inhibition-based explanations of this phenomenon from
activation-based explanations of selective attention and
working memory capacity (Engle et al., 1995; Hommel
et al., 2004).

Cognitive Neuroscience Approaches to Mechanic
Development: The Sample Case of Prefrontal Cir-
cuitry. The advent of brain imaging methods has al-
lowed researchers to intensify empirical links between
behavioral and neuronal levels of analysis. The concep-
tual and empirical implications of this trend for devel-
opmental psychology are discussed more fully elsewhere
(e.g., P. B. Baltes et al., in press; Cabeza et al., 2004;
Craik & Bialystok, in press; S.-C. Li, 2002; Linden-
berger et al., in press). In the following discussion, we
restrict our presentation to maturational and senescent
changes in prefrontal circuitry. Available evidence sug-
gests that these changes may contribute in important
ways to changes in the cognitive mechanics during child-
hood and old age.

We begin with some evidence on regional brain devel-
opment. In early ontogeny, prefrontal cortex and associ-
ated neural networks undergo profound anatomical,
chemical, and functional changes that extend well into
adolescence. Neural plasticity during corticogenesis
entails the production and experience-dependent elimi-
nation of neuronal connections (Huttenlocher & Dab-
holkar, 1997). During brain development, the zone of
maximum plasticity moves from primary sensory and
motor over secondary association to prefrontal areas
(Chugani, Phelps, & Mazziotta, 1987). Computational
models suggest that later maturing areas require input
from earlier maturing areas to represent higher-order
concepts (Shrager & Johnson, 1996). Arguably, the
gradual and orderly progression of the corticotrophic
wave provides a chronotopic constraint for cerebral cor-
tex organization.

In later adulthood, prefrontal cortex and the function-
ally connected basal ganglia also show greater and earlier
signs of decline than most other areas of the brain. In
a comprehensive review of the neuroanatomical litera-
ture, Raz (2000) reported average linear reductions
in brain weight and volume of about 2% per decade
during adulthood, which were more pronounced for ante-
rior parts of the brain (for longitudinal evidence, see Raz,
Lindenberger, et al., 2005). At the neurochemical level,
changes in the catecholaminergic system, most notably
dopamine, play a prominent role (Bdckman & Farde,
2004). Finally, neurofunctional studies point to profound

age-associated changes in the functional organization of
prefrontal cortex such as a reduction in the asymmetry of
hemispheric activation (e.g., Cabeza, 2002).

The links between behavioral development and re-
gional brain differentiation are only beginning to emerge
(e.g., Lindenberger et al., in press), and the precise rela-
tions between life span changes in prefrontal circuitry
and behavioral changes remain to be uncovered. Func-
tions similar to working memory and typically subsumed
under the heading of “executive functions” or “cognitive
control” appear to be involved (Engle et al., 1999; Kliegl,
Krampe, & Mayr, 2003). Situations deemed to be partic-
ularly dependent on prefrontal circuitry require the co-
ordination of multiple tasks or task components. Typical
examples include the suppression of stimulus-driven ac-
tion tendencies (Metcalfe & Mischel, 1999; Salthouse &
Meinz, 1995), multitasking (Mayr et al., 1996; Salt-
house, Hambrick, Lukas, & Dell, 1996) and response se-
lection under high stimulus ambiguity (Kramer, Hahn,
& Gopher, 1999; Kray & Lindenberger, 2000). Differen-
tial susceptibility to coordinative demands may help to
explain why life span age differences in marker tests of
fluid intelligence such as Raven’s matrices tend to per-
sist when participants are given unlimited amounts of
time to solve the items (cf. the simultaneity mechanism
in Salthouse, 1996).

Future research needs to explicate the link between
life span changes in prefrontal circuitry and the mechan-
ics of cognition with greater precision. Given the funda-
mentally different etiology of changes in prefrontal
circuitry early and late in ontogeny, and given that late-
life changes are taking place in a cognitive system with a
rich and idiosyncratic learning history, any expectation
of a close resemblance between brain-behavior mappings
early and late in life seems unwarranted.

Age-Based Differences in the Mechanics
of Cognition: The Need for Purification
of Measurement

Observed age differences or age changes on intellectual
tasks and tests, as obtained in standard cross-sectional
and real-time longitudinal research, cannot be regarded as
direct and pure reflections of age-based changes in the
mechanics of cognition. Rather, in addition to the me-
chanics, such differences or changes are influenced by a
wealth of additional factors, ranging from pragmatic com-
ponents of cognition (e.g., task-relevant preexperimental
knowledge) to other person characteristics (e.g., test anx-
iety or achievement motivation; cf. Fisk & Warr, 1996). A
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likely indication for this admixture of pragmatic variance
to supposedly mechanic measures is the secular rise in
performance on typical psychometric marker tests of
fluid intelligence (cf. Flynn, 1987; Schaie et al., 2005). In
our view, it seems an open question whether the preferred
interpretation by Flynn that these historical changes re-
flect changes in fluid intelligence per se is correct. Unless
more pure measures of basic fluid intelligence were in-
cluded, we hold it more likely that these historical
changes are changes in the pragmatics rather than the me-
chanics (see also Schaie et al., 2005).

The need for better estimates of individuals’ perfor-
mance potential in the mechanics of cognition is further
nurtured by the life span proposition that epigenesis is
probabilistic but not random; hence, plasticity is more
or less constrained (P. B. Baltes, 1987; Gottlieb, 1998;
Hagen & Hammerstein, 2005; R. M. Lerner, 1984; see
Table 11.3). If the goal is to separate the possible from
the impossible over age, and to solidify the evidence on
age differences in the mechanics of cognition, the con-
text of measurement needs to be moved toward upper
limits of performance potential. This line of reasoning
resembles claims made by other research traditions,
such as clinical and developmental diagnostics (Carlson,
1994; Guthke & Wiedl, 1996), the differentiation be-
tween performance and competence, gestalt and cultural-
historical theoretical orientations (Vygotsky, 1962;
H. Werner, 1948), and early work on life span differ-
ences in learning (B. Levinson & Reese, 1967). Discrep-
ancies in epistemology and purpose notwithstanding, all
these traditions are inspired by an interest in exploring
individuals’ upper limits of intellectual performance.

Testing the Limits of Age Differences in the
Mechanics of Cognition. Within life span develop-
mental psychology and as alluded to earlier, the testing-
the-limits paradigm has been introduced as a research
strategy to uncover age differences in the upper limits of
mechanic functioning across the life span (P. B. Baltes,
1987; Kliegl & Baltes, 1987; Lindenberger & Baltes,
1995b). The main focus of this paradigm is to arrange
for experimental conditions that produce maximum
(i.e., asymptotic) levels of performance. Thus, similar to
stress tests in biology and medicine (M. M. Baltes,
Kiihl, Gutzmann, & Sowarka, 1995; Fries & Crapo,
1981), testing-the-limits aims at the assessment of age
differences in maximum levels of cognitive perfor-
mance by providing large amounts of practice and/or
training combined with systematic variations in task

difficulty. Furthermore, and in line with the microge-
netic approach to the study of change (Siegler & Crow-
ley, 1991; Siegler, Chapter 11, this Handbook, this
volume), the testing-the-limits paradigm is based on the
assumption that the study of microgenetic change and
variability may help to identify mechanisms underlying
ontogenetic change (see H. Werner, 1948). Thus, in
addition to the more general goal of measurement pu-
rification, the detailed analysis of time-compressed de-
velopmental change functions is assumed to enhance our
understanding of the mechanisms and the range of
medium- and long-term developmental changes (Hultsch
& MacDonald, 2004; S.-C. Li, Huxhold, et al., 2004;
Lindenberger & von Oertzen, in press).

A Prototypical Example: Adult Age Differences in
Upper Limits of Short-Term Memory (Serial
Word Recall)

Figure 11.11 shows the result of a study involving a total
of 38 sessions of training and practice in the Method of
Loci, a mnemonic technique for the serial recall of word
lists. Two findings from this study are noteworthy. First,
adults in both age groups greatly improved their mem-
ory performance. This finding confirms earlier work on
the continued existence of cognitive plasticity in cogni-
tively healthy (i.e., nondemented) older adults (P. B.
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Figure 11.11 Testing-the-limits research, which is aimed
at the identification of asymptotes of performance
potential, suggests the existence of robust age-related losses in
the mechanics of cognition. The example given involves a
memory technique, the Method of Loci. After 38 sessions
of training, most older adults did not reach the level of
performance reached by younger adults after only a few ses-
sions. In the final distribution, no older person was performing
above the mean of the young adults. Adapted from P. B. Baltes
& Kliegl, 1992.
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Baltes & Lindenberger, 1988; P. B. Baltes & Willis,
1982; Verhaeghen, Marcoen, & Goossens, 1992). Sec-
ond, practice and training resulted in a close-to-perfect
separation of the two adult age groups, thereby demon-
strating the existence of sizeable negative age differ-
ences at limits of functioning. Even after 38 sessions of
training, the majority of older adults did not reach the
level of performance that young adults had reached after
only a few sessions. Moreover, at the end of the study,
not a single older person functioned above the mean of
the young-adult group. A more recent investigation
has shown that upper limits of performance are further
reduced in very old age (T. Singer, Lindenberger, &
Baltes, 2003).

The findings obtained with the testing-the-limits para-
digm are consistent with our general notion that the me-
chanics of cognition decrease during adulthood and old
age. Given our assumptions regarding life span changes in
adaptive capacity of the mechanics of the mind and the
knowledge-contaminated nature of standard assessments,
we predict that life span peaks in performance levels are
shifted toward younger ages when individuals are given
the opportunity to come close to their upper limits of me-
chanic potential. Results from a recent experimental
study have confirmed these expectations (Brehmer, Li,
Miiller, Oertzen, & Lindenberger, 2005).

In addition to encompassing wide age ranges, future
explorations of life span differences in behavioral plas-
ticity may also include functional and anatomical neural
measures to identify life span differences in the relation
between behavioral and neuronal plasticity (for exem-
plary work, see Kramer et al., in press; Nyberg et al.,
2003). Also, the focus on age differences in maximum
level should be complemented by an emphasis on age-
differential changes in variances and covariances with
practice (Hertzog, Cooper, & Fisk, 1996; Labouvie,
Frohring, Baltes, & Goulet, 1973). Specifically, to bet-
ter understand neuronal correlates of age differences in
the acquisition of expertise, it seems productive to study
life span differences in the brain’s adaptation in re-
sponse to intensive training programs.

At present the major conclusion regarding the plastic-
ity of the mechanics across the lifespan is that plasticity
may be substantial in childhood, that it decreases
markedly with age, and that it’s demonstrated plasticity
after middle adulthood is modest at best. This conclu-
sion holds especially, if one defines a high threshold for
assessing whether a given training program resulted in a
true improvement of the mechanics themselves (Baltes

& Lindenberger, 1988). For instance, it is not easy to
argue against alternative interpretations, such as that the
improvement in the cognitive system is due to adding
pragmatic rather than mechanical components to the so-
lution process. We would need more purist measures of
the cognitive mechanics than are currently available.
Moreover, issues of transfer and maintenance are at
stake. If the results were an improvement in the mechan-
ics themselves, the evidence should include the demon-
stration of improvement in learning gains across a wide
range of new tasks, or at least within the “modularity”
class within which the training tasks are putatively lo-
cated. The absence of such evidence my be due to the
fact that many training programs are behavioral in ori-
gin. It will be interesting to see whether biochemical in-
terventions, such as memory pharmaceuticals to
improve the transmission from primary to secondary
memory might be more powerful in improving the cogni-
tive mechanics in a more direct manner. Here, the newly
evolving cooperation between biochemically oriented
neuroscientists and behaviorally-oriented learning psy-
chologists may offer a new window on the plasticity of
the cognitive mechanics during adulthood as well (see
also Goldberg & Weinberger, 2004; Kempermann,
2000).

The Crystallized Pragmatics of Cognition

We now direct our attention to the ontogeny of the cog-
nitive pragmatics, or the cultural and knowledge-rich
dimension of intellectual life span development. First,
we discuss the relation between mechanics and prag-
matics from an evolutionary perspective. Then, we
introduce the distinction between normative and person-
specific forms of pragmatic knowledge, and discuss
stage- and knowledge-oriented approaches. We end this
section with examples from our own research on expert
knowledge about the fundamental pragmatics of life
(wisdom).

Mechanics and Pragmatics in
Evolutionary Perspective

In recent decades, nativist approaches to infant cogni-
tive development have revealed the evolutionary in-
formed nature of the human processing system (e.g.,
Spelke, Vishton, & von Hofsten, 1995). Through innova-
tive advances in experimental methodology, it has be-
come increasingly clear that infants and young children
cannot be considered a cognitive tabula rasa, as extreme
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interpretations of  constructivist (e.g., Piaget,
1967/1971, but see Piaget, 1980, pp. 11-12) or behavior-
ist (e.g., B. F. Skinner, 1966) theorizing may suggest.
Rather, not unlike members of other species, humans
begin their with a
orchestrated set of domain-specific constraints and ex-
pectations that guide behavior and form the basis for
later acquisitions (Elman et al., 1996; Saffran, Aslin, &
Newport, 1996).

We assume that the pragmatics of cognition, or the
bodies of knowledge provided by culture build on, ex-
tend, and reorganize these prestructured core domains,
both during evolution and during ontogeny (Gigerenzer,
2003; Wellman, 2003). These processes of extension and
transformation eventually give rise to forms of knowl-
edge and behavior that are, in part by virtue of necessity,
compatible with the biological architecture of the mind,
but cannot be characterized as the direct consequence of
evolutionary selection pressures.

The resulting potential of human ontogeny to create
and adapt to the new (Gottlieb, 1998), or the productive
tension between current functions and evolutionary his-
tory, has been referred to as exaptative generalization or
exaptation (Gould & Vrba, 1982). As a mechanism of
biocultural co-construction, exaptation helps to explain
why members of the human species are good at doing
things that were certainly not directly at the focus of
natural selection, such as reading a book or driving a car
(Sherry & Schacter, 1987). Put more generally, exapta-
tion reminds us that the evolution of culture must reflect
some degree of match with, and reciprocal influence on,
evolution-based genetic disposition (Durham, 1991;
Gottlieb et al., Chapter 5, this Handbook, this volume).
For instance, pragmatic knowledge may evolve from
and/or mimic predisposed knowledge in evolutionarily
privileged domains but come with the advantage of being
tuned to the idiosyncratic demands of specific cultures,
biographies, and contexts (Siegler & Crowley, 1994).

Note, however, that culture sometimes appears to
have produced bodies of knowledge that are antithetical,
disconnected, or at least not easily articulated to biolog-
ical predispositions. For instance, Gigerenzer and Todd
(1999) have argued that formal-logical expressions such
as Bayes’ theorem do not take advantage of humans’ pre-
disposition to base judgments about feature conjunction
probabilities on frequency counts. Put differently, math-
ematical formalisms about conditional probabilities do
not build on mechanisms of perception and action that
directly support the detection of conjunctive feature fre-

extra-uterine lives well-

quencies; rather, such formalisms are cultural products
whose acquisition requires specialized instruction. An-
other example from a completely different field is the
need to culturally countershape the manifestation of
evolution-based aggressive and interpersonal power ten-
dencies.

Normative versus Person-Specific
Pragmatic Knowledge

An important, albeit necessarily imperfect, distinction
within the pragmatics of cognition concerns normative
versus person-specific knowledge. Normative bodies of
knowledge are of general value to a given culture. Typi-
cal examples include verbal ability, number proficiency,
and basic general knowledge about the world (e.g.,
Ackerman, Beier, & Bowen, 2000). Individual differ-
ences in these domains are closely linked to years of ed-
ucation and other aspects of social stratification, and
are amenable to psychometric testing (Cattell, 1971). In
contrast, person-specific bodies of knowledge that
branch off from the normative knowledge-acquisition
path are less closely tied to mandatory socialization
events, and result from specific combinations of experi-
ential settings, personality characteristics, motivational
constellations, and cognitive abilities or talent (Mar-
siske et al., 1995). As a consequence, these bodies of
knowledge often escape psychometric operationaliza-
tion, and are more amenable to study within the expert-
ise paradigm (Ericsson & Smith, 1991; Gobet et al.,
2001; Krampe & Baltes, 2003). Therefore, psychometric
research on crystallized abilities needs to be supple-
mented by approaches with a more explicit focus on
knowledge acquisition and utilization to more fully cap-
ture the diversity and specificity of pragmatic knowl-
edge.

For the most part (but see Brown, 1982; Chi &
Koeske, 1983; Schneider & Bjorklund, 2003; Weinert &
Perner, 1996; Wilkening & Anderson, 1990), develop-
mental research on person-specific bodies of knowledge
has been undertaken with adults. A typical approach has
been to identify the effects of domain-specific knowl-
edge by comparing the performance of experts and
novices both inside and outside their domain of expert-
ise. Examples include the classical domains of expertise
research such as chess (Charness, 1981) and card games
(Bosman & Charness, 1996), but also domains such
as baseball knowledge (Hambrick & Engle, 2002) or
professional expertise (e.g., Salthouse, 2003; for an
overview, see Charness, 2005).
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Two main conclusions can be drawn from this re-
search. First, expertise effects, or the consequences of
specific bodies of declarative and procedural knowl-
edge, rarely transcend the boundaries of the target do-
main. Specifically, there is little evidence to suggest
that the mechanics of cognition are transformed by
domain-specific knowledge (Salthouse, 2003). When-
ever there is evidence for effects of a more general kind,
at least after the age periods of childhood and adoles-
cence, transfer of pragmatic knowledge (positive or
negative) appears to be a more plausible explanation
than a basic change in the mechanics. One example
comes from longitudinal work by Kohn and Schooler
(1983; Schooler, Mulatu, & Oates, 1999) on the rela-
tionship between the substantive complexity of work
and ideational flexibility. Kohn and Schooler found that
work complexity predicts increments in ideational flexi-
bility over a period of 10 years, even after controlling
for initial differences in ideational flexibility. A related
finding is the recent observation that social participa-
tion attenuates decline in the cognitive mechanics in old
and very old age (Lovdén, Ghisletta, & Lindenberger,
2005). Note, however, that the interpretation of findings
of this type in terms of experiential factors is compli-
cated through nonrandom placement of individuals into
experiential settings and the fact that the measures of
the cognitive mechanics used include crystallized prag-
matic components (Scarr & McCartney, 1983).

The second major conclusion concerns the power of
pragmatic knowledge to make up for losses in the mechan-
ics within the domain of expertise (Charness, 2005;
Krampe & Baltes, 2003). Here, the results from several
studies suggest that acquired knowledge endows aging in-
dividuals with a form of natural and local (e.g., domain-
bound) ability to withstand or at least attenuate the
consequences of aging-induced losses in the mechanics.
This finding is of central importance for the issue of suc-
cessful intellectual aging, and supports the general life
span theory of selective optimization with compensation
(P. B. Baltes, 1993; Freund & Baltes, 2000; Staudinger
etal., 1995). The postulate of a compensatory relation be-
tween pragmatic knowledge acquisition and mechanic de-
cline receives additional support by attenuated adult age
differences in knowledge-rich domains of everyday rele-
vance. For instance, compared to standard psychometric
or cognitive-experimental assessments, negative adult age
differences tend to be less pronounced or absent in practi-
cal problem solving (Sternberg, Wagner, Williams, &
Hovath, 1995), social intelligence (Blanchard-Fields,
1996), memory in context (Hess & Pullen, 1996), and

interactive-minds cognition (P. B. Baltes & Staudinger,
1996b; Dixon & Gould, 1996; T. Singer et al., 2004;
Staudinger, 1996; Staudinger & Baltes, 1996).

Intellectual Growth during Adulthood: Stage
Conceptions versus Functionalist Approaches

Historically, much of the search for more advanced
forms of reasoning and thought in adulthood originated
from Piaget’s theory of cognitive development (Chap-
man, 1988b; Pascual-Leone, 1983; Piaget, 1970; Riegel,
1976), positing the emergence of one or more postfor-
mal or dialectical stages of cognitive development after
the advent of formal operations. The conceptual de-
scription of these stages often connects personality de-
velopment (e.g., generativity in the Eriksonian sense)
with logical considerations (e.g., awareness and accep-
tance of contradiction). As a consequence of this partic-
ular linkage, the emergence of such stages is assumed to
bring about increments in reflexivity and general aware-
ness for the human condition (see the next section). Evi-
dence in support of such stages is scarce, which is not
surprising given the difficulties in obtaining reliable in-
dicators of stage-like cognitive change (e.g., Molenaar,
1986; L. B. Smith & Thelen, 2003).

Despite his constructivist and dialectical epistemol-
ogy (e.g., Chapman, 1988; Lourenco & Machado, 1996;
Piaget, 1980), Piaget himself was reluctant to posit any
stages beyond formal operations. Instead, he argued on
one occasion (Piaget, 1972) that the notion of horizon-
tal décalage gives sufficient room to adult intellectual
growth and variability within his theory. Specifically,
he expected that late adolescents and adults would ex-
hibit formal-operational reasoning within their areas of
expertise but not necessarily across all possible domains
of knowledge. This view seems consistent with the two-
component model of fluid-crystallized or mechanic-
pragmatic intelligence in that the potential for adult
intellectual growth is linked to factors operating within
rather than across domains (Flavell, 1970; Krampe &
Baltes, 2003).

Nevertheless, the quest for identifying structural
transformations in the organization of thought and ac-
tion in the course of life span development continues to
be of great theoretical appeal (L. B. Smith & Thelen,
2003). To ease the detection of such transformations, if
they exist, it seems advisable to increase the density of
observations within persons, and to use data-analytic
tools as well theoretical approaches that highlight rather
than cover the structural dynamics one seeks to identify
(e.g., Lindenberger & von Oertzen, in press; Molenaar,
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Huizenga, & Nesselroade, 2003; C. S. Nesselroade &
Schmidt McCollam, 2000). Empirically, the emergence
of automaticity during skill acquisition provides per-
haps the best evidence for structural change (e.g., Ack-
erman & Cianciolo, 2000), albeit of a different kind
than envisioned by structuralist life span theoreticians.

Expanding the Concept of Cognitive Pragmatics:
Wisdom as Expertise in the Fundamental
Pragmatics of Life

Individual differences in intellectual functioning also
reflect and influence individual differences in person-
ality and motivation. In the child development litera-
ture, a good example is school achievement, which is
studied in relation to ability, effort, and other person-
ality characteristics. In life span psychology, such a
view becomes conspicuous when attempting to under-
stand expert levels of intellectual performance, for
instance, by means of models of expertise (Ericsson &
Smith, 1991). Similarly, investment theories of intelli-
gence emphasize that cognition pervades cognitive,
motivational, and emotional aspects of behavior
(Krampe & Baltes, 2003).

To illustrate the point of viewing intelligence in a
larger context of human functioning, we use research
on wisdom (see also P. B. Baltes & Kunzmann, 2004,
Kunzmann & Baltes, 2003a). Wisdom is close to con-
ceptions of intelligence broadly conceived, as it de-
notes a high level of performance in the domain of
practical and social intelligence. At the same time, wis-
dom also is a personality characteristic since its acqui-
sition and expression depends
motivation. For instance, it is part of wisdom-related
knowledge to understand that wisdom is oriented si-
multaneously toward the well-being of oneself and that
of others. This commitment to the common good high-
lights the constituent role of personality and motiva-
tion in wisdom-related thought and behavior. Hence,
we see wisdom as an ideal combination of mind and
virtue (P. B. Baltes & Kunzmann, 2004; P. B. Baltes &
Smith, 1990; P. B. Baltes & Staudinger, 2000). Cogni-
tive, motivational, and emotional attributes need to
converge to produce wisdom as the highest form of
human excellence in mind and character. Thus, strictly
speaking, intelligence is only a part of wisdom, unless
one was to expand the concept of intelligence produc-
tion to cover personality as well (for a further discus-
sion of these issues, see Ardelt, 2004; Aspinwall &
Staudinger, 2003; P. B. Baltes & Kunzmann, 2004;
Krampe & Baltes, 2003; Sternberg, 2004).

on values and

In the Berlin work on wisdom (e.g., P. B. Baltes &
Kunzmann, 2004; P. B. Baltes & Smith, 1990; P. B.
Baltes & Staudinger, 2000), we treat wisdom as the high-
est form of knowledge and judgment about human excel-
lence involving the meaning and conduct of life.
Specifically, we define wisdom as “an expertise in the
fundamental pragmatics of life permitting exceptional in-
sight and judgment involving complex and uncertain mat-
ters of the human condition including its developmental
and contextual variability, plasticity, and limitations.”
Operationally, this definition corresponds to a family of
five criteria, factual knowledge, procedural knowledge,
contextualism, value relativism, and uncertainty. Clearly,
advances along these dimensions require the joint opera-
tion of cognitive, motivational, and emotional factors.

Thus far, our main methodological strategy in inves-
tigating wisdom as an expertise in the fundamental prag-
matics of life has been to ask persons to think aloud
about difficult life problems such as, “Imagine a 14-
year-old girl who wants to leave home and get married,
what should one think about this?” The think-aloud re-
sponses to such or similar life problems are then evalu-
ated on the five wisdom-related criteria by a trained
rater panel. Figure 11.12 displays the results of one of
these studies (P. B. Baltes, Staudinger, Maercker, &
Smith, 1995). In the figure, an overall wisdom score
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Figure 11.12 Wisdom-related performance of four different
groups of individuals averaged across two wisdom-related tasks
and five evaluative criteria (factual knowledge, procedural
knowledge, contextualism, relativism, and uncertainty). There
were no age differences in the age range from 25 to 80 years. In
addition, wisdom nominees and clinical psychologists provided
significantly more high-level (top 20%) performances than the
old control group. Max. = maximum. Source: From “People
Nominated as Wise: A Comparative Study of Wisdom-Related
Knowledge,” by P. B. Baltes, U. M. Staudinger, A. Maercker,
and J. Smith, 1995, Psychology and Aging, 10, pp. 155-166.
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based on all five criteria is plotted against age for four
different groups: Wisdom nominees (i.e., distinguished
individuals nominated as being wise in a two-step Del-
phi technique), experienced clinical psychologists, and
two control groups involving adults with comparable ad-
vanced levels of education (young and old).

Two findings are noteworthy. First, there was no in-
dication of a negative age trend in wisdom-related per-
formance when comparing adults of about 25 to 75
years of age. This finding has been replicated in five
other studies (Staudinger, 1999a). Second, older per-
sons with wisdom-facilitative experiences (e.g., older
clinical psychologists and wisdom nominees) con-
tributed a disproportionately large share to the top re-
sponses (see also J. Smith, Staudinger, & Baltes, 1994;
Staudinger, Smith, & Baltes, 1992). Both findings stand
in clear contrast to the negative age gradients observed
for the cognitive mechanics (see Figure 11.10, both
panels), thereby providing further support for the two-
component model.

The findings also underscore that living long (age) in
itself is not a sufficient condition for the development of
wisdom (or for any other form of expertise). Rather, as
suggested by our working model of wisdom ontogeny
(see Figure 11.13), it appears that favorable macro-
structural contexts (e.g., historical period), expertise-
specific factors (e.g., experience and training in the
fundamental pragmatics of life, strive for excellence,
mentorship), and general person factors (e.g., fluid me-
chanics, cognitive style, openness to experience) need to
work in coalition to move people toward wisdom (e.g.,
Staudinger, 1999b). Some of these wisdom-facilitative
factors, such as generativity, are age-associated; how-
ever, there are also wisdom-debilitating influences, such
as rigidity and decrease in the cognitive mechanics, that
might come with age. On average, the net result of age-
related facilitators and debilitators seems to equal out.
Only under favorable conditions, facilitators outweigh
debilitators and permit increase of wisdom-related per-
formance with age.

The theoretical framework of our work on wisdom,
and its close connection with dimensions of personality
and emotionality, has been supported by a variety of
findings (P. B. Baltes & Kunzmann, 2004; P. B. Baltes
& Staudinger, 2000; Kunzmann & Baltes, 2003b). For
instance, in adulthood, personality and cognitive style
measures are more important predictors of wisdom-
related performance than traditional measures of intel-
ligence (Staudinger, Lopez, & Baltes, 1997; Staudinger,
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Figure 11.13 A research framework describing antecedent
factors and mediating processes for the acquisition and main-
tenance of wisdom-related knowledge and skills across the
life span. The likelihood of attaining expert levels of perfor-
mance in this prototypical domain of the cognitive pragmatics
is assumed to depend on an effective coalition of experiential,
expertise-specific, and general person-related factors (modi-
fied after Baltes & Smith, 1990; Baltes & Staudinger, 2000).
Adapted from “The Psychology of Wisdom and Its Ontogene-
sis” (pp. 87-120), by P. B. Baltes and J. Smith, 1990, in Wis-
dom: Its Nature, Origins, and Development, R. J. Sternberg
(Ed.), New York: Cambridge University Press; and “Wisdom:
A Metaheuristic to Orchestrate Mind and Virtue Towards Ex-
cellence,” by P. B. Baltes and U. M. Staudinger, 2000, Ameri-
can Psychologist, 55, pp. 122-136.

Maciel, Smith, & Baltes, 1998). In contrast, intelligence
is a more salient predictor in adolescence, when intellec-
tual prerequisites for wisdom-related characteristics
such as the abilities to self-reflect and decenter are un-
dergoing rapid developmental advances (Pasupathi,
Staudinger, & Baltes, 2001). To embed wisdom into a
more holistic context involving personality and the self,
we also examined the correlation between wisdom-
related knowledge and virtue-related outcomes such as
prosocial values and interpersonal conflict-resolution
styles (Kunzmann & Baltes, 2003b; see also Sternberg,
1998). People high on wisdom-related knowledge exhib-
ited a more complex and modulated structure of emo-
tions and preferred conflict resolution strategies that are
based on dialogue rather than power. Of special interest
is that high wisdom-related knowledge correlates nega-
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tively with the search for personal enjoyment and mate-
rial happiness.

In addition to illustrating how the pragmatics of cogni-
tion are intertwined with other sectors of human develop-
ment, our research on wisdom also illustrates how culture
and culture-based activities shape development during
adulthood. During normal adulthood, the biology of the
body and brain is sufficiently developed and ready for in-
vestment. It is culture-based learning and development
that defines the agenda (see also P. B. Baltes, Freund, &
Li, in press; Lachman, 2001). In this sense, work on
wisdom serves to highlight the relative independence of
the pragmatics of cognition vis a vis the biology-based
mechanics. Within the normal range of adult mechanic
functioning, the mechanics’ contribution to individual
differences on wisdom-related tasks is small, both in
absolute terms and relative to other factors such as per-
sonality and task-relevant life experience. The most im-
portant contributors to wisdom-related performance
during the adult life span tend to be personality character-
istics as measured by the Neuroticism Extraversion Open-
ness Questionnaire (NEO) as well as wisdom-relevant
professional training and the nature of lifetime experi-
ence, rather than psychometrically assessed intelligence
or chronological age. In very old age, however, the me-
chanics of cognition again appear to delimit wisdom-
related performance if they fall below a critical threshold
of functional integrity (P. B. Baltes et al., 1995).

Varieties of Mechanic/Pragmatic
Interdependence

As has become clear by now, the mechanics and prag-
matics of life span intellectual development are inter-
twined in many ways and at various levels of analysis
(cf. Charness, in press; Salthouse, 2003), both among
each other and with other aspects of behavior. Phyloge-
netically, they are connected in the sense that members
of the human species are biologically predisposed to ac-
quire cultural knowledge (e.g., Plessner, 1965; Wellman,
2003). Ontogenetically, the interdependence also runs
both ways. For instance, the potential to acquire and use
pragmatic knowledge is conditioned by the development
of the mechanics. At the same time, mechanics alone are
of little use for problem solving in highly specialized do-
mains of knowledge; in many cases, domain-specific
knowledge is critical (Gobet et al., 2001).

In the following discussion, we further elucidate dif-
ferent facets of this interdependence. This approach is

in line with the view of biocultural co-construction
(P. B. Baltes et al., 2006; S.-C. Li, 2003) mentioned ear-
lier. We then argue, with respect to the overall land-
scape of life span development, or the ontogenetic
dynamics of gains and losses, that the mechanic-prag-
matic interdependence converges on the notion of a com-
pensatory relation between mechanic efficiency and
pragmatic knowledge. As SOC theory suggests, this
compensatory relation is reciprocal and part of the en-
tire life course. However, we submit that the role of
compensation increases in importance and culminates
in old age.

The Mechanic-Pragmatic Interdependence:
Evidence at the Cortical Level

An early neurocognitive demonstration for the interde-
pendence between mechanic and pragmatic develop-
ment concerns the increased cortical representation of
the left hand in players of string instruments (Elbert,
Pantev, Wienbruch, Rockstroh, & Taub, 1995; for other
examples, see Draganski et al., 2004; Petersson & Reis,
in press). Compared to normal individuals, areas of the
somatosensory cortex representing the fingers of the
left hand occupy more space in string players. Most
likely, this increase in cortical representation has been
induced by large amounts of goal-directed and deliber-
ate practice (cf. Ericsson, Krampe, & Tesch-Romer,
1993). In line with the notion of a bio-culturally co-
constructed brain (P. B. Baltes et al., in press; S.-C. Li
& Lindenberger, 2002), this research finding illustrates
the potential of individuals to acquire and represent
pragmatic knowledge.

Elbert et al. (1995) also provided evidence in support
of age-graded differences in cortical plasticity. Specifi-
cally, the brain’s physiological aptness to provide more
cortical space for the fingers of the left hand was found
to depend on the chronological age at inception of musi-
cal practice. As this example illustrates, the ability to
acquire pragmatic knowledge (e.g., the potential for de-
velopmental change in the pragmatic component) is con-
ditioned by the age-graded status of the mechanics
(Giintiirkiin, in press; Kempermann, in press).

The Age of Peak Performance in Complex Skills

The mechanics of cognition not only condition the ac-
quisition but also the expression of pragmatic knowl-
edge, especially at high levels of performance (Bosman
& Charness, 1996; Hambrick & Engle, 2002; Molander
& Bidckman, 1993). A good example is the difference in
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peak age for tournament versus correspondence chess
(Charness, in press). The mean age at which a world
championship is first won is about 46 years of age for
correspondence chess, but about 30 years of age for
tournament chess. In correspondence chess, players are
permitted 3 days to deliberate a move; in tournament
chess, deliberation averages three minutes per move.
Thus, the difference in peak age between the two activi-
ties seems to reflect differences in the relative impor-
tance of cognitive/perceptual speed and knowledge
(e.g., Burns, 2004).

This example points to a general dilemma governing
the relation between the mechanics, the pragmatics, and
age/time. The acquisition of expertise takes time. For
instance, Simon and Chase (1973) argued that 10 years
of deliberate practice are needed to reach excellence in a
particular domain of functioning. For this reason alone,
experts tend to be older than novices (cf. Lehman,
1953). On the other hand, decrements in certain aspects
of the mechanics, such as perceptual speed, can be reli-
ably identified by age 30 (S.-C. Li, Lindenberger, et al.,
2004; Salthouse, 1991). Therefore, differences in peak
age across domains can be seen as ontogenetic compro-
mises between biology and culture, and are probably
good indicators of the relative importance of pragmatic
knowledge and mechanic processing efficiency.

An exclusive focus on ages of peak productivity or
peak achievement would hide essential and unique
features of late-life intellectual growth. For instance,
some exceptional individuals seem to escape mechanic
decline well into the 9th decade of their lives. If these
individuals also happen to be experts in a particular
domain, they can produce outstanding works through-
out their life. One example would be Sophocles
(497-4068B.c.), who won his first prize for the best
drama of the year at age 28, wrote over 120 dramas,
and developed a new dramatic style in his 80s. Com-
menting on his own late-life artistic development,
Sophocles said that he finally had liberated himself
from the artificiality of his earlier style, and had found
a language that was the best and the most ethical
(Schadewaldt, 1975, p. 75; for related evidence on clas-
sical composers, see Simonton, 1988, 1989).

A Third Prototypical Example: Speed and
Knowledge in Aging Typists

A good empirical demonstration of the gain/loss
dynamic between the cognitive mechanics and the cogni-
tive pragmatics comes from a study on aging typists
using the so-called molar equivalence/molecular decom-

position approach (Salthouse, 1984). In this paradigm,
adults of different ages are equated in general (e.g.,
molar) task proficiency to investigate whether equal lev-
els of criterion performance are attained through age-
differential profiles of “molecular” component processes
(Charness, 1989). Thus, age differences at the molecular
level of analysis are seen as a reflection of age-based
changes in the relative contribution of knowledge and
basic processing efficiency to criterion performance.

Salthouse (1984) studied a total of 74 transcription
typists ranging from 19 to 72 years of age. Figure 11.14
displays an interpretation of the main findings of this
study in terms of the two-component model. In this
sample, age and level of typing skill (i.e., net words per
minute) were uncorrelated (e.g., molar equivalence). Age
was negatively related to measures of perceptual/motor
speed (e.g., tapping speed), but positively related to eye-
hand span. In other words, older typists were slower in
tapping speed but looked further ahead in the text to be
typed. These findings are consistent with the interpreta-
tion that aging typists extend their eye-hand span to
counteract the consequences of aging losses in perceptual/
motor speed, and illustrate the compensatory relation-
ship between knowledge and speed.

To the extent that selective attrition does not play a
prominent role, the performance pattern of older typ-
ists may, in part, reflect loss-induced development, or
compensation in the strict sense of the term (P. B.
Baltes & Baltes, 1990b; Dixon & Bidckman, 1995; Salt-
house, 1995). With respect to methods, this example

Slower Reaction Time

210;1?@031 — When Seeing and Typing
ging Individual Letters
>

Pragmatics | Knowledge-based Anticipatory Reading

Compensation of the Amount of Text

Figure 11.14 Older typists can maintain a high level of
functioning by reading farther ahead in the text to be typed,
despite a loss in reaction time when typing individual letters.
The example illustrates the compensatory relationship be-
tween the pragmatics and the mechanics of cognition and sug-
gests that selective optimization with compensation may play
an important role in successfully adapting to aging-induced
losses in the mechanics of cognition. Source: From “Effects
of Age and Skill in Typing,” by T. A. Salthouse, 1984, Jour-
nal of Experimental Psychology: General, 113, pp. 345-371.
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demonstrates how the combination of expertise and
information-processing approaches may lead to a better
understanding of the compensatory relation between
acquired bodies of cultural knowledge and basic as-
pects of information processing efficiency (cf. Abra-
ham & Hansson, 1995; Lang et al., 2002).

Malleability (Plasticity) in Intellectual
Functioning across Historical and
Ontogenetic Time

As is true for development in general, life span changes
in intellectual functioning represent the overdetermined
antecedents, correlates, and outcomes of a large variety
of different sources of influence (e.g., mechanics, prag-
matics, motivation, personality, societal opportunity
structures). Therefore, differences in level of intellec-
tual performance reflect, within the age-graded bound-
aries provided by the mechanics, variations in physical
and sociocultural aspects of environmental conditions
(P. B. Baltes et al., in press; Klix, 1993). In the follow-
ing, we report two interrelated lines of research in sup-
port of this contention. The first line of research
addresses environmental change at a large (i.e., histori-
cal) time scale. The second example refers to the mal-
leability of adult-intellectual functioning in the context
of cognitive intervention studies.

Cohort Effects, Period Effects, and
Environmental Change

As expected on the basis of life span contextualism, on-
togenetic processes unfold in a constantly changing so-
cial and cultural environment. As a consequence, age
gradients in intellectual abilities are not fixed but re-
flect history-graded systems of influence, such as en-
during differences between individuals born at different
points in historical time (cohort effects), specific in-
fluences of historical events across chronological age
(period effects), or generalized and enduring shifts in
the environment affecting individuals of all ages and
subsequent cohorts (general environmental change). For
methodological reasons, discriminating among these va-
rieties of environmental change is not easy (P. B. Baltes,
1968; P. B. Baltes et al., 1979; Lovdén, Ghisletta, &
Lindenberger, 2004; Magnusson et al., 1991; Schaie,
1965, 1994, 2005).

A first step to discern effects of large-scale environ-
mental change is to compare the performance of
same-aged individuals across historical time (i.e., time-
lagged comparisons). With some exceptions (e.g., num-

ber ability; cf. Schaie, 1989; Schaie et al., 2005), the
general picture resulting from such comparisons is that
higher test scores are obtained at more recent times
(Flynn, 1987; Schaie, 1996). Probably, this historical
increase in test scores across historical time is not due
to changes in the genetic composition of the population
or differential sampling bias, but reflects some general
change (i.e., improvement) in health- and education-
related conditions. The magnitude of these effects can
be quite large. For the U.S. population during the twen-
tieth century, for instance, they sometimes exceeded a
standard deviation within a 30-year range of historical
change (Schaie, 1996). It should be cautioned, however,
that we do not know whether environmental-change
effects of the same order of magnitude would be ob-
served with pure indicators of the mechanics of intelli-
gence. For instance, much of the measures used in the
battery of the Seattle Longitudinal Study (Schaie,
1996) have a strong cultural-knowledge component,
and are more likely to be affected by historical change
and dissipation than other, less knowledge-loaded mea-
sures of brain efficiency. With respect to the Seattle
Longitudinal study (Schaie, 1996), the convergence
between cross-sectional and independent-sample same-
cohort comparisons suggests that the more positive age
gradients found with longitudinal samples may be
partly due to practice effects and selective attrition
(see also Salthouse, 1991). Analyses of longitudinal
data from the Berlin Aging Study (BASE) are fully
consistent with both predictions (Lindenberger, Singer,
& Baltes, 2002; Lovdén, Ghisletta, & Lindenberger,
2004; T. Singer, Verhaeghen, et al., 2003).
Theoretically, the direction and precise magnitude of
historical-change effects is generally of little impor-
tance. From a history-of-science point of view, however,
such effects, and especially their interpretation as
culture-based cohort effects, were instrumental in point-
ing to the substantial malleability (plasticity) of intel-
lectual performance during all periods of the adult life
span (P. B. Baltes, 1973). The resulting growth in
awareness for the existence of life span plasticity even-
tually led to advances in life span theorizing, and to
more controlled investigations into the range of intellec-
tual plasticity and its age-based limits (P. B. Baltes &
Kliegl, 1992; P. B. Baltes & Lindenberger, 1988; P. B.
Baltes & Willis, 1982; T. Singer, Lindenberger, & Baltes,
2003; Willis, 1990). Specifically, multidirectional co-
hort differences in intellectual trajectories may entice
interdisciplinary collaboration with medicine and nutri-
tional sciences, educational neuroscience, and sociology
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to understand their proximal antecedents and conse-
quences (Schaie et al., 2005).

Cognitive Intervention Work: Activation of
Learning Potential among Older Adults

Intervention work (P. B. Baltes & Willis, 1982; Kramer
& Willis, 2002; Willis, 2001) is a more direct (i.e., ex-
perimentally controlled) way to explore the degree
of plasticity in intellectual functioning than cohort-
comparative research. In the field of adult development
and aging, intervention studies have been undertaken to
examine whether age-based decrements in standard
psychometric tests of intellectual functioning are re-
versible, in full or in part, through training and practice
(Willis & Nesselroade, 1990). For the most part, inter-
ventions involved older adults only, and focused on tests
from the broad fluid domain.

The major results of this cognitive intervention work
can be summarized in five points (e.g., P. B. Baltes &
Lindenberger, 1988; Kramer & Willis, 2002): (1) Train-
ing gains in the practiced tests among healthy older
adults are substantial (i.e., they roughly correspond to
the amount of naturally occurring longitudinal decline
between 60 and 80 years of age); (2) transfer, however,
is limited to similar tests of the same ability; (3) train-
ing gains are maintained over lengthy periods of time up
to several years (Neely & Bickman, 1993; Willis &
Nesselroade, 1990); (4) the factor structure of the abil-
ity space is not altered substantially through training
(Schaie, Willis, Hertzog, & Schulenberg, 1987); and
(5) in persons at risk for Alzheimer’s disease or af-
flicted by other forms of brain pathology, training gains
have been found to be restricted to experimental condi-
tions of high external support (Bickman, Josephsson,
Herlitz, Stigsdotter, & Viitanen, 1991) or to be nonexis-
tent (M. M. Baltes et al., 1995; M. M. Baltes, Kiihl, &
Sowarka, 1992).

These results indicate that the majority of healthy
older adults, including those who display the typical pat-
tern of age-related losses in the mechanics of cognition
(e.g., fluid abilities) under untrained conditions, are able
to greatly improve their performance after a few ses-
sions of task-related training or practice. Thus, among
healthy older adults, the mechanics of cognition are suf-
ficiently preserved to permit the acquisition of task-
relevant declarative and procedural knowledge. How-
ever, there is little evidence to suggest that training
gains generalize to related abilities or to everyday func-
tioning. Moreover, the results of testing-the-limits re-

search presented above clearly indicate that the amount
(scope) of plasticity decreases with advancing age, at
least during adulthood. At limits of mechanic function-
ing, older adults definitely display less potential. To
what degree such cognitive training in older adults
changes the mechanics themselves is unclear but possi-
ble (Kempermann, 2006).

A related line of intervention research has found that
aerobic fitness attenuates age-related decrements in cog-
nitive control (e.g., multitasking) in later adulthood
(Kramer et al., 1999). This finding can be explained in
at least two ways. First, from the perspective of SOC
theory, increasing bodily fitness may reduce older adults’
needs to continuously invest portions of their cognitive
resources into the coordination of their increasingly fal-
lible sensory and motor functions (e.g., Lindenberger
et al., 2000). In other words, training the sensamotor
function required for bodily functioning “frees” up re-
sources for other cognitive tasks. Second, recent brain-
imaging evidence suggests that aerobic fitness has direct
beneficial effects on prefrontal cortex functioning (Col-
combe et al., 2003), which may enhance performance on
cognitive tasks that put high demands on cognitive con-
trol. Clearly, the two explanations are not mutually ex-
clusive.

Relative Stability in Intellectual Functioning
across the Life Span

The issue of continuity and discontinuity, or stability
and change, has a long tradition within developmental
psychology at large (Kagan, 1980), and life span intel-
lectual development, in particular (P. B. Baltes &
Smith, 2003; Hertzog, 1985; Lovdén & Lindenberger,
2004; McArdle & Epstein, 1987; J. R. Nesselroade,
1991; Schaie, 1965). Different forms of stability, such
as stability in level, rank order, and profiles, have been
set apart (Caspi & Bem, 1990). The main emphasis of
the following life span synopsis of intellectual develop-
ment is on interindividual rank order, or on what Kagan
(1980) has called relative stability, which denotes the
extent to which individual differences during later peri-
ods of ontogeny can be predicted on the basis of individ-
ual differences observed during earlier periods.

In most cases, evidence on the relative stability after
infancy is based on undifferentiated measures of general
intelligence, or IQ tests. We agree with others that an
exclusive focus on these omnibus measures hides essen-
tial features of life span intellectual development and
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the structure of intelligence (Cattell, 1971; Horn, 1989).
Specifically, such measures can be seen as mixtures of
mechanic and normative-pragmatic components of intel-
lectual functioning that approximate, to varying de-
grees, the centroid of the intellectual ability factor
space (i.e., Spearman’s g). With this qualification in
mind, we restrict the following discussion, with one ex-
ception (i.e., infant development), to undifferentiated or
1Q-like measures of intellectual functioning.

Predicting Childhood Intelligence on the Basis of
Infant Behavior

Until the 1950s, it was generally believed that intelli-
gence was an immutable characteristic of the individual,
which led to the unchallenged assumption that individu-
als maintain their rank order on measures of intellectual
functioning throughout life. Starting in the 1960s, how-
ever, it was found that stability in early mental test per-
formance was low (McCall, 1979). On the basis of this
evidence, it was concluded that standardized tests of in-
fant development do not predict later intelligence at use-
ful levels of prediction until after 18 to 24 months of
age. This majority view of ontogenetic instability of in-
terindividual differences during infancy was again chal-
lenged and ultimately replaced by more recent research
using habituation and recognition-memory paradigms.
In contrast to standardized infant tests of sensorimotor
capacities, these two paradigms were originally based
on operant-conditioning and/or information-processing
perspectives, and refer to infants’ tendency to change
their behaviors as a function of prior exposure to a stim-
ulus (e.g., decrements in attention in the case of habitu-
ation, or novelty preference in the case of recognition
memory). On average, individual differences in habitua-
tion and recognition memory performance between 2
and 8 months were found to be moderately correlated
with standard tests of intelligence such as the Wechsler,
Bayley, or Binet administered between 1 and 8 years
(median correlation, r = .45; after attenuation for unreli-
ability, »=.70; Bornstein, 1989; McCall & Carriger,
1993; for recent evidence, see F. Smith, Fagan, & Ul-
vund, 2002). A more recent meta-analysis has con-
firmed these results (Kavsek, 2004). Behavior-genetic
research suggests that individual differences in at least
some of the measures used for prediction have a genetic
component (Benson, Cherny, Haith, & Fulker, 1993;
Cardon & Fulker, 1991).

Both relative change and relative stability shape
life span intellectual development from its very begin-

ning. According to one interpretation (e.g., Bornstein,
1989), infants who habituate more efficiently, and
who tend to look at the novel object, rather than the
old, are better able to inhibit action tendencies associ-
ated with already existing representations (e.g., Dia-
mond, 2002; McCall, 1994). The hypothesis that
inhibition may mediate the predictive link is consis-
tent with neuropsychological investigations of infants’
recognition memory (e.g., Diamond, 2002; Johnson,
Posner, & Rothbart, 1991). It also supports the more
general claim that inhibition ability and novelty pref-
erence are central features of intelligence (Berg &
Sternberg, 1985a).

Relative Interindividual Stability after Infancy

For reasons that are not yet well understood (Cardon &
Fulker, 1991; McCall & Carriger, 1993), the magni-
tude of the correlation between infant measures of ha-
bituation (i.e., 2 to 8 months) and childhood measures
of intelligence (i.e., 1 to 12 years) is temporally stable
or even increasing (Cardon & Fulker, 1991), rather
than decreasing over time. In contrast, relative stability
after infancy is rather well described on the basis of
quasi-simplex assumptions (Humphreys & Davey,
1988; Molenaar, Boomsma, & Dolan, 1991). Thus, ad-
jacent time points in ontogeny tend to be more highly
correlated than more distant time points In addition,
stability coefficients computed over identical lapses
of time show a considerable increase in magnitude
from childhood to adolescence into middle adulthood
and early old age (Hertzog & Schaie, 1986, 1988;
Humphreys & Davey, 1988; for review, see Lovdén &
Lindenberger, 2004).

In agreement with others (e.g., Humphreys & Davey,
1988; Molenaar, Boomsma, & Dolan, 1993), we propose
that these age-based changes in relative interindividual
stability should be interpreted in connection with age-
based changes in level (e.g., Lovdén & Lindenberger,
2004). According to this line of reasoning, interindivid-
ual differences change more rapidly early in develop-
ment because the intellectual repertoire is smaller but
growing faster than at later points during ontogeny,
thereby giving room for larger amounts of new variance
per unit time (both environmental and genetic). By the
same token, aging-induced losses and age-associated
pathologies (e.g., Alzheimer’s disease) may not only
lead to decrements in level but also to a reshuffling of
individual differences in very old age (Mitrushina &
Satz, 1991; cf. P. B. Baltes & Smith, 2004).
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Changes in Heritability across the Life Span

We now turn to the study of age-based changes in the
contribution of genetic and environmental sources of in-
terindividual variability to individual differences in in-
telligence. We start with a consideration of general and
ability-specific effects, and then turn our attention to
life span changes in heritability estimates for general
(i.e., undifferentiated) measures of intelligence across
the life span.

A Note on the Nature of Behavior-Genetic Evidence

Before we summarize the relevant evidence, we will
sketch out our views on the meaning, strength, and limi-
tations of the behavior-genetics approach (P. B. Baltes
et al., 1988). Given the critical debates surrounding the
interpretation of behavior-genetic data (e.g., Bronfen-
brenner & Ceci, 1994; Gottlieb et al., Chapter 5, this
Handbook, this volume; R. M. Lerner, 1995; Molenaar
et al., 2003; Scarr, 1993), such a note may help to avoid
possible misunderstandings. We restrict our comment to
three points that are relevant both for the following sec-
tion on intellectual functioning as well as on personality
and the self. More detailed treatment is provided in P. B.
Baltes et al. (1998).

First, heritability coefficients in human research
(where selective inbreeding and exposure to extreme en-
vironments is limited) are statements about the scope of
interindividual differences more so than statements
about the processes and mechanisms of genetic expres-
sion at the individual and intraindividual level of analy-
sis. In other words, population-based behavior genetics
provides clues about the existence of genetically based
variation in a given population but does not provide di-
rect evidence about gene locations or epigenetic events
producing this variation (for emerging links between
behavior and molecular genetics, for example, Dick &
Rose, 2002; de Geus & Boomsma, 2002).

Second, standard behavior-genetic models do not
provide the best test of the overall role of environmental
forces. The power of such forces is better tested by
studies that examine the role of the impact of environ-
mental factors across the population and across
interindividual differences in genetic make-up. Specif-
ically, high heritability estimates do not preclude the
existence of environmental factors that alter perfor-
mance levels in all individuals of a given sample (for an
experimental demonstration, see Fox, Hershberger, &
Bouchard, 1996).

Third, heritability estimates are fixed-level statistics
(P. B. Baltes et al., 1988; Plomin & Thompson, 1988), in-
dicating what consequences (phenotypic expressions) are
produced under a given and specific set of interindividual
differences in genetic and environmental conditions.
Strong evidence demonstrating the environmental mal-
leability of heritability estimates comes from data on
7-year-old twins participating in the National Collabora-
tive Perinatal Project (Turkheimer, Haley, Waldron,
D’Onofrio, & Gottesman, 2003). A substantial propor-
tion of the twins in this sample were raised in families
living near or below the poverty level. The authors found
that the proportions of IQ variance attributable to genes
and environment varied nonlinearly with socioeconomic
status. In impoverished families, the shared environment
accounted for 60% of the variance in 1Q, and the contri-
bution of genes was close to zero. In affluent families, the
result was almost exactly the reverse. Apparently, factors
associated with low socioeconomic status such as depri-
vation from developmental opportunity structures hin-
dered the behavioral expression of genetically based
interindividual differences in intellectual functioning.

Despite these qualifications, behavior-genetic evi-
dence provides important information about sources of
interindividual differences in life span development, es-
pecially if linked to molecular research on specific ge-
netic polymorphisms (Goldberg & Weinberger, 2004), to
intermediate phenotypes at the level of brain organiza-
tion (e.g., Anokhin et al., in press), or both. Such find-
ings, especially if based on longitudinal (e.g., Finkel,
Pedersen, McClearn, Plomin, & Berg, 1996), experi-
mental (e.g., Fox et al., 1996), and cross-cultural (e.g.,
Turkheimer et al., 2003) data, provide estimates of the
degree to which, on a population level of analysis,
interindividual differences in developmental outcomes
are co-determined by interindividual differences in
genetic predispositions and extant environmental varia-
tions. Thus, everything else being equal, high heritabil-
ity estimates of a given behavioral outcome suggest that
interindividual differences in this behavioral outcome
and in this “life space” are strongly genetically deter-
mined than interindividual differences in behavioral out-
comes with low heritability estimates.

Genetic and Environmental Influence over
Ontogenetic Time: Specific and General Effects

Numerous studies have shown that genetic and environ-
mental influences can be operative in the regulation of
individual differences at both ability-specific and more
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general levels (e.g., Cardon & Fulker, 1994). In longitu-
dinal analyses of hierarchically organized intellectual
abilities obtained from genetically informative data
sets, it is possible to determine the genetic and environ-
mental contributions to stability and change in rank
order and mean level both at the level of specific abili-
ties and at the level of a general factor (e.g., Cardon &
Fulker, 1994). An interesting example for the class of
findings that can be obtained with this method comes
from child cognitive development. Specifically, data
from the Colorado Adoption Project indicate that strong
novel contributions of genetic variance at the level of
general ability emerge at the ages of three and seven but
seem to be absent during the transition from childhood
to adolescence, when genetic variance contributes exclu-
sively to continuity of individual differences.

Estimates of Heritability of Interindividual
Differences across the Life Span

Similar to life span changes in stability, heritability in
intellectual functioning (e.g., the amount of interindi-
vidual variance attributable to genetic differences) in-
creases from about 20% to 50% during childhood and
adolescence to about 80% in early and middle adult-
hood (e.g., McGue, Bouchard, Tacono, & Lykken,
1993). Interestingly, in old age (e.g., beyond age 75),
heritability tends to decrease to values around 60%
(e.g., McClearn et al., 1997). In contrast, shared envi-
ronmental influences on interindividual differences
generally do not persist beyond the period of common
rearing (McGue, Bouchard, et al., 1993). As stated be-
fore, these findings are based on samples representing
the normal range of environments and genes, and can-
not be generalized beyond this normal range (e.g., to
extremes of environmental deprivation or reshuffled
environments). Within this normal range, however, the
life span increase in heritability of interindividual dif-
ferences is consistent with the notion that adolescents
and adults have more of a chance to actively select en-
vironments that match their genes than infants and
children (Scarr & McCartney, 1983).

Based on the preceding summaries, it appears that
relative stability and heritability exhibit similar life
span age gradients (see Plomin & Thompson, 1988).
More multivariate and longitudinal behavior-genetic
evidence is needed to fully understand the covariance
dynamics of this life span parallelism. One possibility
would be that individual differences in intellectual
functioning around middle adulthood are highly stable

because the genetic variance component has stabilized
at a high level (e.g., not much new genetic variance is
added over time), and because environments (which, in
part, have been selected on the basis of genetic endow-
ment) also tend to be stable during this period of the
life span. Similarly, the breakdown of well-orches-
trated genome expression in very old age may cause
late-life decrements in level, relative stability, and her-
itability. Note, however, that selective mortality may
counteract the identification of these trends at the pop-
ulation level in very old age (T. Singer, Verhaeghen,
et al., 2003).

The Mechanics and Pragmatics in Very Old Age

So far, our discussion of life span intellectual develop-
ment was organized around topics, rather than age peri-
ods. In this last section, we deviate from this practice by
giving special attention to the life period of very old
age. In our view, this last phase of life merits such atten-
tion because it represents a natural boundary condition
for the validity of the two-component model of intelli-
gence and cognition. Specifically, we expect that an in-
creasing portion of the very old population eventually
attains levels of mechanic functioning that are suffi-
ciently low to impair intellectual functioning in a rela-
tively global manner. A number of recent empirical
cross-sectional and longitudinal observations from the
BASE (P. B. Baltes & Mayer, 1999; P. B. Baltes, Mayer,
Helmchen, & Steinhagen-Thiessen, 1993) support and
qualify this prediction (for a detailed summary, see
Lovdén et al., 2004). Three results from this very old
sample are most pertinent to the two-component model
(P. B. Baltes & Lindenberger, 1997; Lindenberger &
Baltes, 1995a).

Covariance Dedifferentiation

First, ability intercorrelations both between and within
fluid-mechanic and normative-pragmatic domains were
of much higher magnitude in old age than corresponding
ability intercorrelations during middle and early adult-
hood. Based on these data, the amount of covariation
among interindividual differences in intellectual abili-
ties, or the prominence of g, seems to increase in very
old age (P. B. Baltes & Lindenberger, 1997). The idea
that ¢ may vary as a function of age and/or ability level
dates back to Spearman (Deary & Pagliari, 1991), and
has led to the differentiation/dedifferentiation hypothe-
sis of life span intelligence (Garrett, 1946; Lienert &
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Crott, 1964; Reinert, 1970). Despite methodological
difficulties in testing this hypothesis (J. R. Nesselroade
& Thompson, 1995), the evidence obtained so far seems
generally supportive (for a summary, see Lovdén & Lin-
denberger, 2004). For instance, Li, Lindenberger, et al.
(2004) performed life span-comparative exploratory
principal component analyses of fifteen intellectual
ability tests. The results of these analyses are shown
in the lower panel of Figure 11.10. In childhood, late
adulthood, and old age, only two components with
eigenvalues greater one were extracted, but in adoles-
cence, young, and middle adulthood, five components
displayed eigenvalues greater than unity. Also, fluid and
crystallized intelligence were more highly correlated in
childhood, late adulthood, and old age than in adoles-
cence, young, and middle adulthood.

From the perspective of the two-component model of
cognitive development, the decrease of ability intercor-
relations during childhood and the increase of intercor-
relations in very old age point to age-based changes (i.e.,
decrements and increments) in the importance of
domain-general processing constraints. Cross-sectional
data from the BASE (P. B. Baltes & Lindenberger,
1997; Lindenberger & Baltes, 1994) suggest that old-age
dedifferentiation transcends the cognitive domain,
and also affects sensory functioning (e.g., Ghisletta &
Lindenberger, 2005) and sensorimotor functioning (e.g.,
balance/gait). In line with these correlational findings,
recent neurocognitive evidence demonstrates that pro-
cessing pathways and brain activation patterns are less
differentiated in older adults than in young adults
(Cabeza et al., 2004; Park et al., 2004).

Directionality Dedifferentiation

The second finding from the BASE concerns the direc-
tionality of the age gradients (Lindenberger & Baltes,
1997). In very old age, differences in the directionality
of cross-sectional age gradients between mechanic and
normative-pragmatic abilities are on the wane. Instead,
gradations of negativity have been observed, with per-
ceptual speed showing the strongest and verbal knowl-
edge the weakest negative age relations.

These cross-sectional observations have been
corroborated and qualified by longitudinal evidence
(T. Singer, Verhaeghen, et al., 2003). Using latent
growth curve modeling (see McArdle, Hamagami, El-
lias, & Robbins, 1991), T. Singer, Verhaeghen, et al.
(2003) compared cross-sectional and longitudinal age
gradients under three different data selection condi-
tions: (1) the cross-sectional/longitudinal conver-

gence age gradients for the T4 longitudinal sample
(n =132) using all available data points (i.e., T1, T3,
and T4 data); these gradients combine cross-sectional
and longitudinal information over chronological
age (hence convergence); (2) the cross-sectional
T1 gradient of the T4 longitudinal sample (i.e., the
same sample as before; n = 132); here, the T1 cross-
sectional age gradient was examined for individuals
who survived and participated up to T4; and (3)
the cross-sectional T1 gradient of the original T1 sam-
ple (n =516). The three age gradients are shown in
Figure 11.15.

With respect to both fluid mechanics and crystal-
lized pragmatics, age-associated decrements in cogni-
tion were less pronounced for the longitudinal sample
at T1 than for the full cross-sectional sample at T1.
Specifically, negative gradients prevailed for all four
abilities in the full T1 sample but verbal knowledge did
not decline significantly in the longitudinal sample.
This pattern of age gradients suggests that decline in
the fluid mechanics is normative and age-based,
whereas decline in verbal knowledge appears to be par-
tially or primarily associated with closeness to death.
The third class of age gradients, the longitudinal con-
vergence gradients for the T4 sample, reinforces this
impression.

Maintenance of Divergence in Explanatory
Correlational Patterns

Given the two preceding findings, one may begin
to wonder whether the distinction between the me-
chanics and the pragmatics of cognition loses all of its
empirical foundation in very old age. Figure 11.16 that
compares the correlational patterns of perceptual
speed, a fluid-mechanic ability, and verbal knowledge,
a normative-pragmatic marker, with variables re-
lated to individual differences in sociostructural-bio-
graphical or biological status suggests that this is not
the case.

Without exception, correlations to indicators of
biological functioning were more pronounced for per-
ceptual speed (e.g., the mechanics) than for verbal
knowledge (e.g., the pragmatics). The reverse was
also true: Correlations to sociostructural-biographical
markers were more pronounced for verbal knowledge
than for perceptual speed. Apparently, then, the me-
chanic-pragmatic distinction does not dissolve com-
pletely in very old age, but is maintained in the guise of
divergent relations to biological and cultural systems of
influence.
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Figure 11.15 Intellectual ability age gradients observed in
the Berlin Aging Study as a function of sample and measure-
ment occasion. Thick solid lines represent cross-sectional/
longitudinal convergence gradients of the longitudinal sample
(n=132), and encompass measurements from T1, T3, and T4,
which encompass an ave