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A principal question of human development is how new patterns and levels of
organization come into being during an individual’s development (Anastasi, 1958;
Wolff, 1987). Throughout much of the last century, answers to this question all too
often evinced a static conceptualization of development. Developmental change was
viewed as little more than a read-out or translation of pre-existent “design” informa-
tion contained in the genome, environment, or some additive combination of the two
(Levins & Lewontin, 1985; Oyama, 1985; Thelen & Smith, 1994).

Over the past quarter century, however, accounts of processes that take the dy-
namics of development seriously have enjoyed increasing prominence in the field (e.g.,
Thelen & Smith, 1994; Magnusson & Cairns, 1996; Fischer & Bidell, 1998; Bickhard,
2000; van Geert, 2000; Adolph & Robinson, 2008; Nesselroade & Molenaar, 2010; Di
Paolo, Buhrmann, & Barandiaran, 2017). Such “dynamics” orientations to process
ground themselves in the embodied and embedded activity of individuals in time and
context. They embrace notions like emergence and self-organization, focusing on
how new patterning in individual activity (both in real and developmental time) aris-
es through nonlinear relations among component processes that span the individual-
in-context system — without being in any way prefigured or prescribed by any of the
component processes themselves. And they embrace variability in real-time func-
tioning, both within and across individuals and contexts.

Metatheoretically speaking, dynamics orientations to the study of development
eschew an ontology of substance in favor of a process ontology (Rescher, 1996; Bick-
hard, 2008). As the default centerpiece of scientific thought since the 17th century,
substance ontologies reduce all complexity in the world to a foundational set of un-
changing material entities or things (e.g., atoms) that exist independently of one an-
other. With stasis as the world’s ontologically primal state, change emerges only as a
secondary consequence of the rearrangement of these elements relative to one an-
other - a rearrangement consisting of external relations among fixed entities. By con-
trast, process ontologies regard processes, not things, as foundational to existence.
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Activity and change, existing at various, interpenetrating levels of organization, as-
sume ontological primacy, and things in themselves emerge only secondarily as man-
ifestations of relative stability in communities of processes (Rescher, 1996; Overton,
1998; Bickhard, 2008; Overton, 2015).

Notably, the burgeoning dynamics orientation and attendant process ontology
of today’s developmental science are not without historical precedent. In the early
decades of the last century, influential process ontologies framed in terms of an or-
ganicist world view (Pepper, 1942) arose in both biology and the study of human de-
velopment. Forged in the wake of physics’ quantum revolution and publication of
Whitehead’s seminal Science and the Modern World (1925), these organicist ap-
proaches sought to overturn orthodox science’s machine metaphor of the world with
an alternative focus on principles of dynamic process, organization, and wholeness
(Nicholson, 2018). In the context of the biological sciences, this translated into non-
mechanistic, holistic conceptualizations of organisms as irreducible systems actively
maintaining their own form and organization through ceaseless exchange of mate-
rial and energy with the world (e.g., von Bertalanffy, 1933; Weiss, 1973).

Likewise, in the study of human development, founders of the discipline such as
Piaget (1952), Werner (1957), and Vygotsky (1978) emphasized that developmental
change arises from the constructive activity of developmental processes themselves
(van Geert, 1998; Toomela, 2009). They conceptualized the dynamics of constructive
activity in terms of a hierarchy of processes, from organisms dynamically engaging
their world in real-time activity (i.e., synchronic processes) to broader, more abstract-
ed levels of developmental time dynamics (i.e., diachronic processes, like Werner’s
[1957] orthogenetic principle or Piaget’s [1985] equilibration or reflective abstraction
[Piaget, 2001, see Boom, 2003, 2009]). Critically, these renowned architects of classic
systems approaches regarded any complete understanding of process dynamics in
development as necessitating a formal or structural orientation, involving explana-
tory appeals to sequences of directional change in levels of organization (e.g., stages
of development) and the positing of ideal end points (e.g., the adult form or stage) for
rendering such sequences explicable (Witherington, 2015; Witherington & Heying,
2015).

By the mid 20th century, development of the digital computer and the informa-
tion-processing machine metaphor that it spawned ushered in a thoroughgoing re-
vival of mechanistic thought and substance ontology across the sciences (Bruner,
1990; Wright & Bechtel, 2007; Nicholson, 2018). The influence of organicist, systems-
oriented thought suffered significantly as a consequence. However, as major advanc-
es in the mathematical understanding of nonlinear systems migrated from the phys-
ical to the biological and psychological sciences, new dynamic systems approaches
emerged in developmental science during the waning years of the 20th century,
sparking a revival of interest in dynamics orientations (e.g., Fogel et al., 1992; Thelen
& Smith, 1994; van Geert, 1994). This rekindling of interest in dynamics orientations
was itself coincident with broader, metatheoretical advancement of a process-
relational paradigm that espoused substituting a “spontaneously active (dynamic),
changing (developing), relational, holistic (integrated) system” conceptualization of
the world for that of orthodox science’s Newtonian-Cartesian inspired metaphysics
and its mechanistic outlook (Overton & Lerner, 2012, p. 376; see also Overton, 1998,
2015). Efforts to actively promote such metatheoretical advancement have, in fact,
gained considerable traction of late in a variety of fields, including biology and chem-
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istry (Stein, 2004; Woese, 2004; Nicholson & Dupré, 2018). As calls for renewed com-
mitment to process ontology accelerate across the sciences, it seems more critical than
ever to examine, at a systematic, conceptual level, the various kinds of dynamics ori-
entations that make up developmental science’s current landscape. The purpose of
this special issue is to do just that.

We specifically examine four different, influential approaches to conceptualizing
developmental dynamics in this issue — namely, dynamic systems, ecological, enac-
tive, and interactivist perspectives. Each approach is articulated by a key, internation-
ally renowned proponent of the perspective — respectively, Paul van Geert, Karen
Adolph, Ezequiel Di Paolo, and Mark Bickhard. To highlight points of conceptual
convergence and divergence across the four perspectives, we asked each of these au-
thors to structure his/her perspective treatment around answers to the following five
sets of fundamental questions:

Questions pertaining to dynamics and causality: What does it mean to study the
dynamics of development? How does your dynamics orientation differ from tradi-
tional, “cause versus effect” or “intervening variable” approaches to the study of
mechanisms and processes in psychology? How is causality conceptualized in your
dynamics orientation, and what are the implications of this conceptualization for our
understanding of process in development? How does the study of dynamics differ
from the study of mechanisms in machines? How do the dynamics of organic systems
differ from those of inorganic systems (or do they)?

Questions pertaining to dynamics and the nature of development: With respect to
your dynamics orientation, what does it mean for a phenomenon to develop? What
kinds of change over time constitute developmental change? What changes with, or
emerges from, development? Do you consider it necessary to distinguish between
dynamics at the level of real-time change (the generation of specific organismic ac-
tions in adaptation to real-time contexts) and dynamics at higher “emergent” levels
of organization (the emergence of new organismic skills and organizations of ability
during an organism’s lifespan)? Or are developmental dynamics nothing more than
real-time dynamics added up over time? Is there a privileged level of analysis (i.e., the
cellular level, the organismic level, the level of action-in-context, the level of organ-
ism - world relations, etc.) for studying the dynamics of psychological functioning
and development?

Questions pertaining to a process philosophy: A focus on the dynamics of devel-
opment invokes a process ontology (in which time and variability are taken seriously)
rather than a substance ontology (in which time and variability are explained away).
From the vantage point of your dynamics orientation, what does it mean for the study
of dynamics to involve a process rather than a substance ontology? What does it mean
to take time and variability seriously? Catchphrases like “embodiment” and “embed-
dedness” are also routinely associated with a focus on developmental dynamics. How
are these terms conceptualized in your dynamics orientation? How are other terms
like “novelty,” “nonlinearity,” “complexity,” “system,” and “emergence,” conceptual-
ized in your dynamics orientation?

Questions pertaining to dynamics and classic systems approaches: To what extent
is your dynamics orientation compatible with classic organicist/systems approaches
to development (e.g., Piaget, Werner, von Bertalanfty)? More specifically, does your
dynamics orientation relate to an understanding of development framed in terms of
psychological structures, stages, irreversibility, and directionality? Is the idea of
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higher levels of complexity (higher stages, hierarchy, etc.) compatible with your view
of dynamics? In what sense? Does the organicist view of organisms as “integrated
wholes” factor into your dynamics orientation? Why or why not? Are organisms re-
ducible to their activities in context?

Questions pertaining to the methodology and analysis of dynamics: What does
your dynamics orientation entail for developmental methodology and analysis, and,
more generally, for orthodox scientific approaches to psychological functioning and
development like the hypotheticodeductive method? What sorts of methods and
analyses are and are not appropriate for the study of dynamics in development? What
are appropriate units of analysis for the study of dynamics in development?

In his contribution, van Geert enlists the format of an imaginary interview (by
way of a philosophical dialogue) to methodically and insightfully address these sets
of questions; as such, his contribution serves as the most thoroughgoing introduction
to the study and conceptualization of developmental dynamics in this special issue.
Adolph returns to basics for her contribution in the sense that she focuses on the only
processes that we can really observe, namely bodily movements. Her aim is to system-
atically elucidate the specific domain of learning in development (involving flexibil-
ity) much more than to try to explain it all, and her impressive empirical work in her
famous baby lab is a testament to the success of this perspective. For his part, Di Paolo
seeks to extend beyond the basics in order to take the full complexity of life into ac-
count. Nevertheless, he starts like Adolph with early development, seeking to under-
stand (model or explain) steps in developing sensorimotor agency. But this is just the
beginning of an ambitious research program. He convincingly demonstrates the in-
credible complexity that developmental scientists need to consider in order to under-
stand agency, development, and reflective capabilities. Integrating strands from many
different scientific pursuits, Di Paolo’s enactive approach is grounded in dynamical
systems theory, organizational approaches to biology, and phenomenology. Finally,
Bickhard returns to the very basics of basics in his contribution. He develops his ar-
guments from the starting point of far-from-thermodynamic equilibrium organiza-
tions to argue that we need even more than dynamics to model development. Cutting
across our five sets of questions, he points to emergent normative processes and di-
rectionality as constitutive of development and emphasizes learning to learn, both
constrained and constituted by reflection, as a major factor in understanding devel-
opmental phenomena, in addition to process dynamics.

Following these four perspective papers are commentaries by two other leading
authorities on the study of developmental dynamics: Catherine Raeff and John Spen-
cer. In their commentaries, both Raeff and Spencer synthetically articulate points of
convergence and divergence across the perspective papers, highlight lacunae that
need to be addressed, and offer their own unique vantage points on the focal ques-
tions that motivate this special issue. The special issue then concludes with our own
look at how developmental science’s current dynamics landscape both extends and
departs from past dynamics orientations in the field, with a discussion of some press-
ing conceptual challenges that lie ahead for the study of developmental dynamics and
process ontological frameworks more generally.
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