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Quantitative Models for Developmental
Processes

JOHN R. NESSELROADE AND
PETER C.M. MOLENAAR

Developmentalists can scarcely be satisfied with the
ways their arguably most central concept — ‘process’
— is represented in the current scientific literature.
To a developmentalist, the word ‘process’ sounds
appropriate, natural, and straightforward when it is
written or spoken in nontechnical discourse, but as
one tries to pin down just what a developmental
process is, how it is to be recognized, how
its progress is to.be measured, and what are its
concomitants, one quickly realizes just how elusive
the concept can be (see e.g. van Geert, 1991).
Consider a verbal definition of the concept of
process, taken from the Oxford English Dictionary:
‘A continuous and regular action or succession of
actions, taking place or carried on in a definite
manner, and leading to the accomplishment of some
result.” On the surface, it is easy to agree and
say, ‘Oh yes, that is what we want to study in
developmental research.” If sound and scientifically
productive developmental psychology theory and
research are to be fostered, however, the working
and operational definitions of process cannot be
purely verbal. In order for developmental science
reasonably to aspire to dealing in abstract gener-
alizations, rigorous mathematical definitions of
fundamentally important concepts such as process
that then, in turn, Jead to clear, testable specifications
must be developed and used to guide research efforts.
In general, such precision has rarely been the case in
the study of development.

OBJECTIVE

The objective of this chapter is to present and discuss
a set of rigorously defined quantitative models
of process that we believe can be valuably applied
to the concerns of developmental psychologists.
The chapter is very much a ‘work in progress’,
however, because the examples we will give are by
no means exhaustive or complete. Rather, our focus
is on presenting and discussing a selected set of
mathematical-statistical latent variable models that
permit one to describe temporally organized changes
and specify and test hypotheses concerning the
nature of those changes. Moreover, the models
we will present carry the potential for rapid
strengthening and improvement over the short run.
Thus, in some ways this chapter is written more in
the spirit of a progress report than as a ‘how to’
chapter on modeling developmental processes.

The first step in accomplishing our objective will
be to identify a working definition of process, more
or less as it is found in the literature. This definition
will then be rendered operational in mathematical-
statistical modeling terms with concern for building
as much developmental veridicality as possible into
the models. The models will be specified in terms
that make their parameters estimable via currently
available computer software such as AMOS, EQS,
LISREL, Mx, and a number of others.

To broaden our perspective at the outset, it
is useful to point out that one of the more method-
ologically sophisticated developmentalists (Wohlwill,
1973) fairly well avoided the concept process in his
classic book on studying behavioral development.




Instead, he emphasized the developmental function,
which he defined as ‘the form or mode of the
relationship between the chronological age of the
individual and the changes observed to occur in his
responses on some specified dimension of behavior
over the course of his development to maturity’ (1973,
- p. 32). Identifying the determinants of these devel-

' Z‘a l opmental functious is a task of the developmental
| researcher who may use both experimental and

nonexperimental methods as appropriate to the nature
of the variables. This working definition seems to
fit well with the modeling approach discussed sub-
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sequently as ‘growth curve analysis’ (McArdle, 1988;

McArdle & Nesselroade, 2002). The Preface by

Valsiner and Connolly in this volume deals explicitly

with the related process—outcome distinction and its

implications.

QUANTITATIVE MODELING OF PROCESSES

The purpose of the present section is to lay
groundwork for a subsequent examination of some
mathematico-statistical models that we believe
can be used to represent process in the way that
developmentalists intend to use the term. We focus
on some general modeling issues, introduce what is
meant by a multivariate representation, and provide
amore precise definition of process that can be used
to structure further discussion of the process concept.

Modeling Occasions versus Lags

Pertinent in the discussion will be an explicit
consideration of various foci of modeling efforts, e.g.
occasions versus lags. One important distinc-
tion among models is illustrated by contrasting
certain time-series representations with growth
curve modeling. In the former, one can speak of
relationships defined across £, ¢, 1,, etc. which allow
different strengths of relationship among variables
depending on the length of the time interval under
consideration. This seems an essential part of any
viable notion of ‘process’. Growth curve modeling,
by contrast, describes one or more idealized
trajectories realized across particular, explicit times,
e.g. age 2, age 3, age 4, or 1970, 1971, 1972 or trial
1, trial 2, trial 3, etc. Moreover, in some applications,
growth curve modeling assigns individuals scores
that remain fixed with respect to time (individual
differences information) and that describe the
similarities of their particular trajectories to the
idealized trajectories. An alternative way to concep-
tualize the distinction is in terms of differential (and
difference) equations on the one hand versus their
integrated forms on the other. The former gives a
much more general picture of the notion of process
and it is on such features that the chapter will be

focused. Indeed, we believe that the distinction
represents an important point of bifurcation in the
evolution of model applications in behavioral science
(see West, 1985) and that even though the field
may not fully be ready to make the transition to
more dynamic models, they represent an important
advance over the more static models that have
tended to be used for representing developmental
change. It is crucial that developmentalists under-
stand these general model differences and work
toward conducting their theorizing and research to
capitalize on the more powerful dynamic modeling
possibilities.

Multivariate Representations of Process

Cattell (1963; 1966b; 1979; 1980), probably more
than any other behavioral science researcher of the
past several decades, argued strongly for a multi-
variate orientation for the purpose of structuring and
measuring changes, including those changes captured
by the term ‘process’. Baltes and Nesselroade
(1973), Baltes, Reese, and Nesselroade (1977), and
Nesselroade and Ford (1987) further examined the
structuring and analysis of developmental change via
multivariate models. Bentler (1973) summarized
many of the multivariate approaches to representing
developmental change that were available at the
time of his review. Since then, the developmental
literature has witnessed a proliferation of studies that
have involved applying various structural equation
modeling (SEM) techniques to multivariate data. For
example, in 1987 a special issue of Child Develop-
ment was devoted to SEM applications for studying
developmental phenomena.

Among the earliest and perhaps the clearest
examples of attempts to follow a rigorous, quanti-
tative schedule in developmental process definition
via a multivariate orientation are the efforts to render
operational concepts of integration, differentiation,
and reintegration in the case of human abilities by
means of the factor analytic model (e.g. Burt, 1954;
Garrett, 1946). These early attempts to specify
processes of differentiation via the factor analysis
model, however, were fraught with the ambiguities
and uncertainties of the essentially exploratory
common factor model available at that time. More
recent work involving confirmatory factor modeling
approaches has helped greatly to clarify the issues
and strengthen the procedures (sec e.g. Olsson
& Bergman, 1977) in relation to the concept of
differentiation.

Salient Characteristics of a Process

In his classic chapter on representing change and
process, Cattell (1966b) argued that it is naive
to think that one can arbitrarily and subjectively


























































