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Several signs point to a strengthening of our capabilities for rigorously modelling developmental %'2
processes and other kinds of changes. The indicators of progress range from stronger formulations of S{/\

“systems thinking” and definitions through measurement and design considerations to advanced
mathematical representations, such as linear and nonlinear dynamical systems models. We believe
these advances offer major improvements for the treatment of process and related concepts as they
have evolved thus far largely within the meta-model of stability and equilibrium that has dominated
much of science (Holling, 1973). These issues are summarised and some of the promising
innovations that we believe will make the coming decades highly productive ones for the study of

development will be discussed.

The concept of process is the “legal tender” of a developmental
science. Methodological approaches that have some currency
in the study of developmental processes include interventions,
age simulations, and longitudinal research designs and their
attendant mathematical and statistical modelling. The primary
focus of this article is on the latter approach. Somewhat
ironically, we believe that without better defining process and
improving the way we measure, model, and manipulate it, the
study of behavioural development will enter the new millen-
nium facing the retardation, if not arresting, of its own
development.

Much of developmental research now involves repeated
measurements; in principle, if not in fact. As significant as this
orientation is and as valuable as longitudinal data are now
believed to be, this “victory”’ will remain a narrow one until the
fundamental ways we attempt to conceptualise and model
process information rest more heavily on a bona fide change
orientation and its attendant concepts (Nesselroade & Feather-
man, 1997). Until then, we believe that even using the
currently prevalent, more sophisticated and powerful tools of
longitudinal methods (see e.g., Collins & Horn, 1991; Collins
& Sayer, in press) that the deeper, richer lodes of develop-
mental phenomena can be mined only superficially.

Depictions of occasion-to-occasion and age-to-age average
changes and the stability of rank order (e.g., as in using test-
retest correlation coefficients), interesting though they may be
from a descriptive point of view, can point to process in only
limited ways. In many cases, the measurement occasions are
begun, spaced, and end arbitrarily and the descriptions they
afford of what is transpiring are just as arbitrary. Indeed, when
and how processes start and end are probably the wrong
questions for developmentalists to be asking at this point.
Rather, some sound description is needed, but it needs to apply
to process rather than simply to a sequence of measurements
that may or may not represent process in any useful way. The
distinction underlying these comments is that between static
and kinematic models, on the one hand, and dynamical ones

on the other. Plotting the mean scores on Consctentiousness for
adolescents in 1980, 1990, 2000, and 2010 may be informative
about that cohort at those occasions of measurement but it
does not inform about their likely scores in 2020 (except by
crude extrapolation). Building a model that predicts scores at
Time ¢ from scores at Time z,, offers a basis for predicting at
least one step ahead.

It is not just a problem of failure to capitalise fully on
existing methods. Obviously, the full capability of a method
and the customary or traditional ways it is applied can be quite
different. But even when exploited to their fullest, static and
kinematic models do not capture the dynamical information
that resides in repeated measurements. P-technique factor
analysis, for example, was welcomed as the multivariate way to
study within-person changes (Bereiter, 1963; Cattell, 1963).
Despite its promise in focusing on intensive, frequent
observations of the single case, however, it ignored the
information resident in serial- and cross-correlations of
variables. It took a fundamentally different approach to
defining and specifying the factor model for analysing repeated
measurements of the single case—dynamic factor analysis
discussed later—to be able to exploit the lagged relationships
inhering in such single subject data.

In developmental research, it is in the arena of modelling
process that the interfacing of methodology and substantive
theory has become most critical. Giving deeper, more
substantial meaning to the label process is going to require the
use of more powerful methods of measurement, analysis, and
modelling than have hitherto generally been applied in
developmental research. Despite any current methodological
deficits, we believe that systems approaches to studying
developmental phenomena (e.g., Ford, 1987; Ford & Lerner,
1992; Thelen & Smith, 1994) with their strong emphasis on
the integrated, functioning organism (see e.g., Baltes, 1997;
Bergman, 1998; Bergman & El-Kouri, 1999; Cairns, Bergman,
& Kagan, 1998; Magnusson, 1995) offer great promise as one
of the classes of possible frameworks within which to
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strengthen the theory/methodology interface to the improve-
ment of both kinds of endeavours. This confidence is inspired,
in large part, by the intrinsically fundamental status of change
and variability in living systems formulations. The patterns of
intra-individual changes within systems and subsystems that
are most interesting, from our perspective, as developmental-
ists seek to strengthen the study of process, are the intrinsic
dynamics of the ensemble of variables under scrutiny.

In an earlier explication of key methodological issues at the
developmental theory/methodology interface, Nesselroade and
Ford (1987) described a view of development that incorpor-
ated elements of living systems (e.g., Ford, 1987) as well as
general lifespan developmental principles (e.g., Baltes, 1987;
Baltes, Reese, & Nesselroade, 1977). From this perspective,
the general focus of developmental research and theorising is
on how individuals retain coherent patterns of organisation and
functioning within and across contexts and time. Individuals
accomplish this by maintaining consistency in patterns of intra-
individual variability across those contexts and time (see also
Shoda, Mischel, & Wright, 1993). Modelling these patterns of
intra-individual variability as well as studying inter-individual
differences and similarities in them is a central goal of
developmental research and provides context for further
discussion of methodological issues.

Intrinsic dynamics

The label inwrinsic dynamics signifies that previous states of the
system predict future states (Boker & Nesselroade, 1999). This
temporal organisation of events simply cannot be modelled
well with purely static representations. One can talk in terms of
test-retest coefficients and similar indices or even modal
trajectories or pathways but these forms do not begin to
capture the complexity and richness of the interrelationships.

One sees evidence of “hunger” for more effective ways to
come to grips with process in many areas of psychology. For
example, in personality research even staunch advocates of the
structural promise of trait systems, such as the “big five”,
report the need to advance to more process-oriented concep-
tions (McCrae & Costa, 1996). Other personality researchers
who have been strongly critical of traditional trait formulations
(e.g., Mischel, 1968) see a prominent place for “consistency’’
in behaviour when it is conceptualised as patterning of intra-
individual variability—a key manifestation of process—defined
across situations (Shoda et al., 1993). For example, repeating a
particular sequence of situations would dependably elicit a
particular pattern of intra-individual variations in behaviours
across those situations, thereby demonstrating consistency of
behaviour across situations—not the same behaviour across
different situations but a consistent pattern of changes in
behaviour across situations.’

Nevertheless, we hasten to make the point that “dynamic™
representations do not diminish or preclude the value that has
accrued to static, structural constructions. A case in point is
human abilities. These are usually taken to be stable, inter-
individual differences dimensions and within this orientation
there is a long history of measurement instrument development
and predictive validation studies that many would agree have
amply justified the investment. Even in these domains,

1 . .
An anonymous reviewer suggested the phenomenon of transposition as
studied by the gestaltists as an carly illustration of this idea.

however, salient intra-individual variability (change) aspects
of human abilities have been demonstrated by a number of
investigators (e.g., Hampson, 1990; Horn, 1972).2

One of the clear challenges facing a systems orientation is to
better integrate these “stable’ and “varying” manifest aspects
of abilities. Surely, they are providing alternative views of a
single, underlying phenomenon.

It is our belief that major improvements in the way process is
conceptualised and modelled in developmental research are
going to occur through the application of dynamical models to
“living systems” formulations (e.g., Ford, 1987; Ford &
Lerner, 1992). One already sees indications that developmen-
talists are moving in this direction (e.g., Thelen & Smith, 1994,
van der Maas and Molenaar, 1992; van Geert, 1991) as are
other subdisciplines of psychology (e.g., Fitzgerald & Levine,
1992; Vallacher & Nowak, 1994). The “why” of our belief in
the future prominence of dynamical systems modelling in
developmental research has both evolutionary and pragmatic
roots. First, it follows from the likely progression of scientific
development as described (forecast?) by, for example, West
(1985). Successful scientific disciplines proceed from descrip-
tion and static formulation to dynamic ones. For a develop-
mental science, in particular, the appeal of such a progression
is great and its logic defies serious protesting; one can only
hope to accelerate the transition. Second, within the restricted
scope of the current paradigms and Zeitgeist, greater and
greater demands have been placed on all aspects of the
methodological toolkit, including measurement, design, and
modelling, by theoretical propositions requiring empirical test.
Examples of why there is an increased demand for greater
methodological power include conceptual formulations, such
as muludirectionality of change and simultaneous gains and losses
across the lifespan (Baltes, 1987). The accompanying theory-
testing exigencies are not being met adequately by the
traditional methods of developmental psychology and will
not be in the future. From our perspective, abandoning the
current methodological paradigms, as painful as it will be for
some, is an inevitability. And even as history’s odometer rolls
Up a new string of zeroes, there is reason to be optimistic
because of the advances that are already in evidence.

The “how” of our belief in the promise of dynamical
systems modelling flows from several developments of the past
few decades. For example, even without the desired method-
ological “back-up” being readily available, systems thinkers
have increasingly focused on developmental issues and
problems (e.g., Ford, 1987; Ford & Lerner, 1992; Kelso,
1995; Thelen & Smith, 1994). Moreover, methodologists have
become increasingly sophisticated in the quantification of
change within the dynamic approach (Arminger, 1986; Boker
& Nesselroade, 1999; Coleman, 1968; McArdle & Hamagami,
in press; Tuma & Hannan, 1984) and the developments are
filtering down to developmental researchers.

A key methodological point worth special mention has to do
with the emergence of a greater appreciation for the distinction

2 In Hampson’s work, for example, in terms of sheer magnitude of variability,
differences among persons in abilities appear to be substantially greater than
changes within persons over relatively short time periods. This may be a
function, in part, of the nature of extant measurement instruments. Some earlier
work involving measurement instruments constructed especially for many
repeated testings of abilities (Moran & MefTerd, 1959) indicated greater
similarity in amounts of the two kinds of variability. Nesselroade and Feather-
man (1991) reported similar amounts of intraindividual and interindividual
variability in repeated measurements with depression scale items.






