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 Abstract 

 New attempts in psychological science at integrating developmental (individual-
level) and evolutionary (population-level) accounts of phenotypic stability and variabil-
ity have achieved increasing prominence of late. Foremost among such attempts is the 
field of evolutionary developmental psychology (EDP). EDP proposes that selective 
pressures in evolution inform psychological development through a synthesis of the 
Darwinian/neo-Darwinian selectionist perspective embraced by evolutionary psychol-
ogy and the developmental dynamics perspective endorsed by developmental systems 
theory. We examine the theoretical assumptions behind selectionist and developmental 
perspectives and argue that both perspectives are ontologically incompatible. We pro-
vide an alternative framework for integrating developmental and evolutionary explana-
tions that transcend this ontological division of selectional and developmental perspec-
tives. This framework promotes a pluralistic approach that moves beyond traditional 
antecedent/consequent, mechanistic views of causality and embraces both functional 
(part-to-whole)  and  structural (whole-to-part) modes of explanation as distinct, equally 
legitimate, and simultaneously applicable perspectives in understanding phenotypic 
stability and variability over time.  © 2016 S. Karger AG, Basel 

 For much of the 20th century, it was common for biologists and psychologists to 
espouse the gene-centered view of neo-Darwinism – the “modern synthesis” – and 
regard development as having little to no relevance for evolution. Beginning in the 
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late 1970s, however, the importance of development and developmental theory for an 
understanding of evolution surfaced as a lively and controversial topic within evolu-
tionary theory [e.g., Alberch, 1982; Bonner, 1982; Gottlieb, 1987; Gould, 1977; Oya-
ma, 1985]. Subsequently, numerous proposals for reintroducing development into 
the study of evolution have arisen in both biology and psychology [e.g., Amundson, 
2005; Gottlieb, 1992; Jablonka & Lamb, 2005; Lickliter, 2008; Robert, 2004; Sansom 
& Brandon, 2007; Stotz, 2014; West-Eberhard, 2003]. The majority of these proposals 
maintain conceptual grounding in Darwin’s idea of natural selection, as a creative or 
shaping force behind the phenotypic form, but add a significant role for developmen-
tal processes in the guidance of evolutionary change, challenging neo-Darwinism and 
its gene-centered focus. In brief, an “extended synthesis” has become commonplace 
in recent years, designed to amend the “modern synthesis” and its marginalization of 
development in evolutionary theory without abandoning commitment to the orga-
nizing force of natural selection [e.g., Pigliucci, 2007; Pigliucci & Müller, 2010; see 
Walsh, 2015, for further discussion].

  Such attempts to integrate ontogenesis (developmental change in individual or-
ganisms) and phylogenesis (evolutionary change in populations – e.g., species – of 
organisms) routinely adopt a “middle-ground” position between what Sober [1984] 
has termed  selectional  and  developmental  forms of explanation.  Selectional  explana-
tion – embodied in both Darwinian and neo-Darwinian perspectives – regards natu-
ral selection as the principal creative force behind all levels of organized complexity 
and relegates development to a subservient role of supplying the  unoriented  and  un-
directed  variation upon which natural selection acts [Depew & Weber, 1995; Hughes 
& Lambert, 1984]. In contrast,  developmental  explanation – with  pre -Darwinian roots 
in both the functionalism of Lamarck and the rational morphology of Cuvier, Owen, 
and Goethe, among others – regards developmental processes as the constructive 
force behind all levels of organized complexity, generating both organization in phe-
notypic form and direction in evolutionary change such that natural selection is rel-
egated to a negative role, that of “eliminating the unfit” rather than “constructing the 
fit” [Gould, 2002, p. 139; Russell, 1916; Smith, 1992; Webster & Goodwin, 1982].

  In biological science, evolutionary developmental biology, or Evo-Devo, com-
mands center stage as the most prominent middle-ground attempt to synthesize se-
lectional and developmental forms of explanation. Evo-Devo seeks to reunite evolu-
tionary and developmental biology and has enjoyed both wide-ranging application 
and considerable influence as an integrative framework [Arthur, 2002; Gilbert, Opitz, 
& Raff, 1996; Hall, 1999]. In psychological and developmental science, a similar mid-
dle-ground attempt has emerged:  evolutionary developmental psychology , or EDP. 
Specifically targeting how natural selection informs psychological development, EDP 
focuses on merging the selectional focus of evolutionary psychology [e.g., Buss, 1999; 
Tooby & Cosmides, 1992] with the fundamental tenets of a developmental system 
(DS) approach to development [e.g., Gottlieb, 1992; Lickliter & Honeycutt, 2003a; 
Oyama, 1985] so as to embrace the dynamics of both development and natural selec-
tion in the construction of psychological organization [Bjorklund, 2015; Bjorklund & 
Ellis, 2005, 2014; Bjorklund & Pellegrini, 2002; Del Giudice & Ellis, 2016].

  Both of these middle-ground syntheses are predicated on an assumption of on-
tological  compatibility  between the creative force of Darwinian natural selection and 
the developmental dynamics of a DS framework. Sober [1984], however, has argued 
that Darwin’s creative force argument for natural selection necessarily precludes a 

D
ow

nl
oa

de
d 

by
: D

. W
ith

er
in

gt
on

   
   

   
   

   
   

   
   

   
   

   
   

   
- 

24
39

02
73

.2
6.

97
.5

8 
- 

1/
5/

20
17

 3
:2

4:
01

 P
M



 Human Development  2016;59:200–234
DOI: 10.1159/000450715

202  Witherington/Lickliter

 

developmental perspective on the emergence of form: “The Darwinian view of natu-
ral selection suggests that there can be no developmental theory of phylogeny … it 
admits no inherent tendency toward complexity or anything else” (pp. 153–154). 
Others have argued that once developmental processes enter the explanatory arena 
as legitimate  sources  of increasing organization and complexity of form, the argument 
for natural selection as creative force effectively collapses [e.g., Edelmann & Denton, 
2007]. 1  And, as we shall argue, when focus turns specifically to the role of evolution-
ary change with respect to the individual-level dynamics of development, the “irre-
ducibly population-level character” [Sober, 1984, p. 150] of Darwinian selectional 
explanation fundamentally misaligns with a developmental perspective, compromis-
ing the very conceptualization of development central to a DS perspective. These sorts 
of concerns about ontological  incompatibility  have already arisen within Evo-Devo 
circles [Ioannidis, 2008; Linde Medina, 2010]. Debates over whether to maintain con-
ceptual grounding in natural selection as a creative force or to completely overhaul 
orthodox evolutionary theory in favor of conceptual grounding in the constructive 
dynamics of development speak to fundamental ontological division within the field 
[e.g., Amundson, 2005; Arthur, 2002; Gilbert, 2003; Hall, 2000; Winther, 2015]. Two 
Evo-Devo approaches, in fact, seem to currently exist: the mainstream Evo-Devo, 
which still fundamentally embraces a selectional explanatory perspective, and the al-
ternative of Devo-Evo, which favors replacing selectional orthodoxy with a develop-
mental explanatory perspective [Hall, 2000; Linde Medina, 2010; Robert, 2004]. 

  In this article, we address questions of ontological compatibility between Dar-
winian natural selection and the dynamics of a developmental perspective with spe-
cific focus on EDP’s proposed synthesis for evolution-development interplay. We 
argue that Darwinian natural selection and the DS framework are, at their cores, on-
tologically  incompatible  with respect to conceptualizing the relation of evolutionary 
processes to developmental processes. We then offer an alternative framework for 
aligning population-level dynamics in evolution with individual-level dynamics in 
development that overcomes such an ontological incompatibility through an appeal 
to explanatory pluralism – an appeal grounded both in Rieppel’s [1990] call to diver-
sify explanation in the biological sciences by reinstating Aristotle’s four causes, as well 
as in Overton and Lerner’s [2014] recent metatheoretical elaboration and extension 
of the DS approach, relational-developmental systems [e.g., Overton, 2010, 2015; 
Overton & Lerner, 2014]. 

  The first third of this article examines the central tenets of both EDP’s framework 
and those of the DS approach to development. We argue that proponents of EDP 

  1     Unlike architects of the modern synthesis (who dispensed entirely with development in favor of 
conceptualizing natural selection as operating directly on random, internally generated genetic muta-
tions), Darwin did pay some heed to the role of development in yielding structured variation – that is, 
variation with distinct biases toward certain forms rather than others (see, for example, his chapter in  The 
Origin of Species  on “laws of variation”). However, Darwin considered these developmental biases or con-
straints as fully subordinate to the shaping power of natural selection [Gould, 2002]. Also, again unlike 
architects of the modern synthesis, Darwin considered environmental factors in an individual’s lifetime 
(“change in the conditions of life”) as critical to the very generation of phenotypic variation, treated or-
ganismic factors as important for “determining the nature of variation,” and appreciated the importance 
of development in the  realization  of phenotypic outcomes [Winther, 2000, p. 440]. However, as Winther 
[2000] has emphasized, Darwin did not in any way appeal to the importance of  interaction  between organ-
isms and their environments in the construction of phenotypic variability and, as such, did not endorse 
the basic tenets of a developmental perspective.   
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fundamentally misconstrue DS’s emergence-oriented approach to ontogenetic pro-
cesses and, in their notion of evolved probabilistic cognitive mechanisms, actively 
contradict the very concept of a developmental process in the DS approach that they 
purport to endorse. This yields a model in EDP that is decidedly  selectional  in its ex-
planatory perspective, amounting to little more than a shallow mimicry of DS con-
cepts. The second third of this article examines the ontological incompatibility be-
tween EDP and DS more broadly in terms of fundamental differences in how each 
approach conceptualizes the nature of living matter, the “force” dynamics of natural 
selection, and the relation between population- and individual-level dynamics. We 
argue that EDP mistakenly construes change in the distribution of phenotypes at the 
level of populations as a predisposing, antecedent force of influence in the ontoge-
netic construction of individual phenotypes, resulting in a conflation of individual- 
and population-level dynamics.

  The final third of this article examines how the DS approach to development-
evolution interplay neglects to adequately establish a role for evolutionary processes 
in the organization of individual development. We offer a potential remedy by build-
ing on Rieppel’s [1990] twofold contention that (a) conflict between selectional and 
developmental perspectives “largely results from the abolition of the four Aristotelian 
causes in favor of a unified concept of causality, the efficient cause” (p. 318) and that 
(b) transcending the opposition of these explanatory perspectives is most readily 
achieved by embracing an explanatory pluralism that moves beyond the antecedent-
consequent mode of efficient cause to include other types of explanation, like formal 
and final causes [see also Walsh, 2013]. Specifically, we propose, in line with the 
metamodel of relational-developmental systems [Overton, 2015; Overton & Lerner, 
2014], that conceiving of evolutionary change’s relation to developmental change re-
quires an explanatory framework that captures the relation of a  whole  relative to its 
 parts  – that captures, in other words, the  atemporal  quality of  organizational   con-
straint  via formal and final levels of explanation.

  Integrating Development and Evolution: The Proposed Synthesis of EDP 

 Proponents tout EDP as a major advance over evolutionary psychology in rep-
resenting a truly developmental perspective [Bjorklund & Pellegrini, 2002; Franken-
huis, Panchanathan, & Barrett, 2013; Machluf, Liddle, & Bjorklund, 2014]. After all, 
evolutionary psychology’s self-proclaimed “interactionism” has been taken to task for 
promoting a predeterministic conceptualization of behavior and development whol-
ly incompatible with the DS perspective on epigenesis [e.g., Lickliter & Honeycutt, 
2003a; Nash, 2014]. However, as Lickliter and Honeycutt [2003b] began to explore 
over a decade ago, EDP’s efforts to take development seriously fall victim to the same 
criticisms leveled against evolutionary psychology. Expanding on Lickliter and Hon-
eycutt’s [2003b] critique, we argue that proponents of EDP – despite couching their 
model in the developmental process terminology of DS approaches – remain com-
mitted to a view of developmental processes as the  transmission  and  expression  of 
preexisting information, not as the  constructive emergence  of new, irreducible orga-
nization from previous levels of organization [Oyama, 1985; Oyama, Griffiths, & 
Gray, 2001]. 

D
ow

nl
oa

de
d 

by
: D

. W
ith

er
in

gt
on

   
   

   
   

   
   

   
   

   
   

   
   

   
- 

24
39

02
73

.2
6.

97
.5

8 
- 

1/
5/

20
17

 3
:2

4:
01

 P
M



 Human Development  2016;59:200–234
DOI: 10.1159/000450715

204  Witherington/Lickliter

 

  Misconstruing the Interactive Dynamics of the Ontogenetic Process 

 EDP’s model for understanding development-evolution interrelations revolves 
around the concept of evolved psychological mechanisms, or, in its more recent nom-
ination, evolved probabilistic cognitive mechanisms [Bjorklund & Ellis, 2014; 
Bjorklund, Ellis, & Rosenberg, 2007; Bjorklund & Pellegrini, 2002]. Examples include 
“prepared” learning by means of biased selective attention and speech perception and 
production by means of language acquisition mechanisms [Bjorklund et al., 2007]. 
Routinely characterized as genetic dispositions, messages, and biases [Bjorklund & 
Pellegrini, 2002; Bjorklund et al., 2007], competencies [Hernandez Blasi & Bjorklund, 
2003], epigenetic programs [Bjorklund & Pellegrini, 2002], and “rules that tend to 
guide development toward adaptive goals” [Del Giudice & Ellis, 2016, p. 4], evolved 
probabilistic cognitive mechanisms essentially serve as proxies in ontogeny for the 
“shaping forces” of natural selection across evolutionary time. “Crafted by natural 
selection” to solve problems in ancestral environments [Bjorklund et al., 2007, p. 7], 
these genetically founded mechanisms house information for creating species-typical 
development, but must interact with the environment (or, more generally, extrage-
netic factors) during development in order to generate actual psychological form and 
functioning from this information [Bjorklund & Ellis, 2005; Bjorklund & Pellegrini, 
2002]. Under species-typical environmental conditions, evolved probabilistic cogni-
tive mechanisms “express” their species-typical information [Bjorklund et al., 2007; 
Bjorklund & Pellegrini, 2000, 2002], with this genetic information becoming “trans-
lated into behavior” [Bjorklund & Pellegrini, 2000, p. 1691] through “bidirectional 
gene × environment × development interactions” [Bjorklund et al., 2007, p. 23]. Un-
der species-atypical environmental conditions, however, new problem-solving be-
haviors may developmentally arise that depart substantially from the genetic disposi-
tion or ancestral competence (hence the probabilistic nature of the mechanisms’ ex-
pression), allowing for flexibility of behavior in individual ontogeny as competencies 
adapt to local circumstances [Bjorklund et al., 2007; Bjorklund & Pellegrini, 2002; Del 
Giudice & Ellis, 2016; Hernandez Blasi & Bjorklund, 2003]. 

  For proponents of EDP, the concept of evolved probabilistic cognitive mecha-
nisms bridges the gap between evolutionary psychology and DS approaches to devel-
opment by addressing “how inherited genetic information becomes expressed in the 
adult phenotype” [Bjorklund et al., 2007, p. 16]. Absent from EDP’s developmental 
model is the  genetic determinism  language evident in many of evolutionary psychol-
ogy’s core texts [for salient examples, see Lickliter & Honeycutt, 2003a]. In its stead, 
proponents of EDP emphasize the  probabilistic  quality of phenotypic outcomes in 
development and the developmental dynamics necessary for producing those out-
comes. Though structured by natural selection and founded in transmittable genetic 
information, evolved probabilistic cognitive mechanisms do not exist in a develop-
mental vacuum; in Del Giudice and Ellis’ [2016] words, “while evolved mechanisms 
prepare an organism for life in a species-typical environment, they are not preformed 
or specified in advance by a rigid genetic program” (p. 7). Instead,  these mechanisms 
must themselves develop in ontogeny  and must do so via bidirectional relations be-
tween genetic and extragenetic/environmental factors, with the environment neces-
sarily playing an active role in influencing the nature of that development. Environ-
mental information pertaining to species-typical conditions is necessary for an 
evolved mechanism to express its evolutionary heritage (e.g., a language learning 
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environment is necessary for language acquisition mechanisms to develop ontoge-
netically), but environmental information falling outside the species-typical purview 
can substantially modify the mechanism’s development [Bjorklund et al., 2007; 
Bjorklund & Pellegrini, 2002; Hernandez Blasi & Bjorklund, 2003]. 

  As we shall demonstrate, EDP’s developmental model, founded as it is in the 
concept of evolved probabilistic cognitive mechanisms, is conceptually incompatible 
with the developmental focus of DS’s epigenetic framework. Take, as just one exam-
ple, EDP’s routine framing of development as a process of  expression , particularly in 
the context of explaining what takes place developmentally when evolved probabilis-
tic cognitive mechanisms – or the genetic information for them – interact with spe-
cies-typical environments. We shall show that arguments based on the expression of 
preexistent information in development actively conflict with the core tenets of the 
DS approach. Proponents of EDP point out that they emphasize the role of environ-
mental information, not just genetic information, in shaping the development of 
evolved probabilistic cognitive mechanisms [Bjorklund et al., 2007; Hernandez Blasi 
& Bjorklund, 2003]. But, as we shall argue, adding another source of preexistent in-
formation to the mix, or emphasizing that development is the result of multiple in-
formational “shaping forces” in interaction with one another, fails to embody the 
relational focus that DS approaches bring to bear on the study of development. De-
spite its proponents’ assertions to the contrary, EDP’s substitutions of “information-
al” for “instructional” language and “probabilistic” for “predetermined” language 
[Bjorklund & Ellis, 2005, 2014; Bjorklund et al., 2007; Del Giudice & Ellis, 2016] make 
no meaningful progress toward effectively incorporating DS’s epigenetic model. Be-
fore we delve more deeply into these arguments, however, a review of the central te-
nets of the DS approach to development is in order.

  Central Tenets of the DS Approach 

 Numerous variants of the DS approach to development have emerged over the 
last few decades. In the biological sciences, the DS approach is often linked to the 
writings of Oyama [e.g., Oyama, 1985; Oyama et al., 2001] as well as those of Griffiths 
and Gray [e.g., Griffiths, 1996; Griffiths & Gray, 1994]. In developmental science, the 
writings of Gottlieb [e.g., Gottlieb, 1992; Johnston & Gottlieb, 1990], Lickliter [e.g., 
Lickliter, 2008; Lickliter & Berry, 1990; Lickliter & Honeycutt, 2013], and Oyama, as 
well as those of Lerner [e.g., Ford & Lerner, 1992; Lerner, 1978, 2002], have tradition-
ally occupied center stage in discussions of the DS approach. All of these variants, 
whether in psychological or biological science, tend to agree on a number of central 
themes [Oyama et al., 2001; Robert, Hall, & Olson, 2001]. Furthermore, recent years 
have witnessed a substantive elaboration and extension of the DS approach in the 
form of relational-developmental systems [Overton, 2010, 2015; Overton & Lerner, 
2014]. Relational-developmental systems provide a metatheoretical framework that 
explicitly marries DS’s particular focus on the bottom-up dynamics of the develop-
mental process with a holistic structuralist emphasis on the explanatory significance 
of system organization in its own right, and we employ this framework in the last 
third of the paper when detailing our model of evolutionary change as organization-
al constraint relative to developmental dynamics. For the purpose of articulating the 
central tenets of the DS approach, however, here we rely heavily on the theoretical 
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and metatheoretical work of Gottlieb, Lickliter and Oyama, as it is their writings that 
are foundational to – and continue to figure most prominently in – both EDP’s char-
acterization of the DS approach [e.g., Bjorklund, 2015; Bjorklund et al., 2007; Del 
Guidice & Ellis, 2016] and the general discussion of the approach within the biologi-
cal sciences [e.g., Hochman, 2013; Robert et al., 2001]. It is also important to stress 
that our use of terms like “the DS approach” or “DS proponents” is a matter of con-
venience and should not imply a unanimity of thought within DS circles. On the con-
trary, considerable variation exists among those who espouse a DS approach, and 
although we will endeavor to abstract a prototypical characterization for the ap-
proach, we would be remiss not to acknowledge the rich variability that distinguishes 
DS proponents from one another [for some examples, see Oyama, 2009].

  All versions of the DS approach commit to an emergentist philosophy – to the 
principle that development entails the  emergence  of new levels of organization in a 
system [Lerner, 2002]. These new levels of organization spontaneously arise, or self-
organize, by virtue of the activities – the  coactions  – that comprise the nonlinear rela-
tions among components of the system and, as emergent properties of developmental 
processes, are  irreducible  to those components, as well as to all previous levels of or-
ganization that have characterized the system [Gottlieb, 1992; Oyama, 1985]. A recent 
illustration from Overton [2015] aptly captures what it means for emergent phenom-
ena to be irreducible:

  The unity exhibits systemic qualities that are different than any single part process or the 
sum of the part processes. Thus, these systemic qualities are  emergent novelties . Consider 
the simple example of vision and the visual system: cornea, pupil, iris, lens, retina, optic 
nerve, lateral geniculate nucleus, optic radiation, primary visual cortex, and associative vi-
sual cortex: Where is vision? Vision does not reside in any of the part processes, nor is vision 
found in the aggregate sum of the parts. Vision is an emergent function of the whole orga-
nization; the pattern of coacting part processes. (p. 37)

  Emergent qualities of a system are  novel  in at least two senses. First, as higher-
order wholes relative to lower-order parts of a system, emergent qualities are not pre-
figured, informationally or otherwise, in any of the lower-order parts and processes 
that help to generate them and therefore represent qualitatively distinct outcomes of 
these lower-order parts and processes [Johnston & Gottlieb, 1990; Johnston & Lick-
liter, 2009; Lickliter & Berry, 1990]. Second, as the epigenetic hallmark of what it 
means for a system to develop, emergent qualities (e.g., different levels of organiza-
tion, different skills, different forms, etc.) consistently and necessarily arise over the 
course of an organism’s development that did not previously exist  for that organism  
and therefore constitute a novelty for that organism in its own developmental
context.  

  Proponents of the DS approach argue that the key to the developmental emer-
gence of structure and function is not in preexistent information, privileged levels of 
analysis, or processes of transmission but rather in the  constructive activity of devel-
opmental processes themselves  [Lickliter & Honeycutt, 2013; Oyama, 1985; Robert, 
2004]. For example, Bard [2013] notes that the development of an embryo can be 
understood only with hindsight – there are no top-level rules that allow prediction of 
what will happen in a particular tissue, and there are no bottom-up rules that allow 
knowledge of a tissue’s gene expression profile to predict that tissue’s developmental 
trajectory. No “organizing factor” or “informational guide” defined separately from 
or in addition to the relational activity of the system itself is necessary for order to 
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emerge [Overton, 2015]. It is within the activity of local relations themselves that new 
levels of organization arise from previous levels of organization, with such relations 
operating as “sources of both stability and variability” [Lickliter & Honeycutt, 2003a, 
p. 828]. Thermodynamically, the recursive nature of living systems is such that system 
activity constantly feeds back to itself, both positively and negatively. As a conse-
quence, more complex levels of organization in development arise in a  genuinely 
novel fashion , without instruction or guidance, from the nonlinear coactions that ob-
tain among the simpler component parts of the system – parts which themselves ex-
ist as parts only by virtue of their embeddedness within the system as a whole [Ford 
& Lerner, 1992; Overton, 2010]. 

  The component parts of any living system, at any level of analysis (from gene-
gene relations to organism-environment relations), are “internally” related such 
that the identity of each component part depends on its relation to other compo-
nent parts (and to the whole of which it is a part). This, in fact, is what it means for 
relations in a system to be  nonlinear,  another central tenet of the DS approach and 
its holistic orientation [Kitchener, 1982; Lerner, 1978, 2002]. Components of the 
system are therefore what they are by virtue of their relations to other components 
(and to the system as a whole). They do not house an elemental identity indepen-
dently of the relations in which they engage, for these relations involve “interpen-
etrations of co-acting parts processes” [Overton, 2015, p. 52] and are consequently 
essential to the components’ very identity [Lerner, 1978; Oyama, 1985]. Each com-
ponent-to-component coaction in a system involves simultaneous influence be-
tween the components (e.g., component A is affecting, while simultaneously being 
affected by, component B, and vice versa), meaning that the system as a whole is 
multiply determined [Ford & Lerner, 1992]. Causality becomes distributed across 
all of the parts that make up the whole such that each part influences the emergence 
of the whole without determining it [Lickliter & Honeycutt, 2013; Oyama, 1985]. 
Thus, changes in the relational activity among component parts of a system consti-
tute  antecedent  conditions for the  consequent  emergence of new levels of organiza-
tion in the system. 

  Proponents of the DS approach additionally stress that the multiple levels of sys-
tem structure (e.g., cellular levels, organ levels, organism-environment levels) that 
characterize a complex system  synchronically  (i.e., at any given point in time) involve 
a  hierarchical  structuring [Gottlieb, 1992; Lickliter & Honeycutt, 2013]. Genes com-
prise parts of the whole that is the cellular level of structure, cells comprise parts of 
the whole that is the tissue level of structure, organs comprise parts of the whole that 
is the organ system level of structure (e.g., the cardiovascular system), and organisms 
comprise parts of the whole that is the organism-environment level of structure, just 
to list a few. So even though genes, cells, tissues, organs, etc. are all components/parts 
of the organism as a whole, each of these parts is also a whole, or level of structure, in 
its own right, relative to its lower-order parts (e.g., the cell is a whole relative to genes 
but a part relative to tissues). Given that bidirectionality characterizes all coactions in 
a system, relations among the components of any system play out both horizontally, 
via part-to-part coactions, and vertically, via parts-to-whole and whole-to-parts rela-
tions, across all levels of structure, from the biological to the psychological and socio-
cultural [Overton, 2015]. And as we discuss in the final third of this paper, horizontal 
and vertical system relations constitute fundamentally different kinds of explanation 
[see also Craver & Bechtel, 2007].
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  Critically, to be hierarchically structured as a system means that the activity of 
any given component of the system under question is  local  to the immediate level of 
system structure to which the component belongs [Gottlieb, 1992; Johnston & Ed-
wards, 2002]. Gene functionality, for example, is specific to the local context of the 
cell. When cells coact with other cells, however, such processes operate  at the struc-
tural level of cells themselves . Thus, an understanding of tissue construction, which 
itself derives from cellular coactivities, cannot simply be reduced to the level of DNA-
RNA-cytoplasm relations  within  the cell. As components of any system act locally, so 
the significance of their activity should be defined locally. 

  Viewing EDP from the Vantage Point of a DS Perspective 

 Despite assertions to the contrary [e.g., Machluf et al., 2014], EDP’s developmen-
tal model of interaction bears little more than surface resemblance to DS’s emergentist 
philosophy. With their explicit focus on “how evolved psychological mechanisms de-
velop through bidirectional interactions between environmental and genetic factors” 
[Del Giudice & Ellis, 2016, p. 4], proponents of EDP are actually promoting a funda-
mentally different conceptualization of how phenotypic form is generated in ontogeny. 

  Consider the question of what develops in ontogeny with respect to evolved 
probabilistic cognitive mechanisms, the centerpiece of EDP’s model. Proponents of 
EDP assert that these psychological mechanisms develop through continuous, bidi-
rectional interactions among multiple levels of organization both within the organ-
ism and between the organism and its environment – such that the mechanisms, al-
though shaped via natural selection, must be constructed anew in each ontogeny – 
which would suggest a true process of emergence and construction consistent with 
the DS approach’s focus on relational activity [Bjorklund et al., 2007]. However, EDP 
proponents also assert that it is the  expression  of the evolved mechanism that actu-
ally develops, with the developmental process itself involving little more than the re-
alization, or lack thereof, of a mechanism built from information that  predates  the 
mechanism’s ontogenetic manifestation [Bjorklund, 2015; Bjorklund & Ellis, 2005; 
Bjorklund et al., 2007; Bjorklund & Pellegrini, 2000, 2002; Del Giudice & Ellis, 2016]. 
In other words, information for constructing language acquisition mechanisms al-
ready inheres in the genome of the fertilized egg – all developmental processes do is 
translate this information into an ontogenetic reality. 

  If, as EDP proponents suggest, developmental processes involve the differen-
tial expression of “information,” can the outcomes of these processes be considered 
 emergent  and  irreducible ? Under species-typical environmental conditions, at least, 
the answer seems to be no. From all accounts, it would appear that the ontogenetic 
“expression” of evolved probabilistic cognitive mechanisms and the genetic informa-
tion associated with the development of these mechanisms are  structurally  isomor-
phic in the sense that a blueprint’s structural layout is formally identical to the actual 
structural layout of the house that ends up being successfully built to match the blue-
print’s specifications. Such structural isomorphism between genetic information and 
an associated phenotypic outcome suggests that a process of translation, not emer-
gence, characterizes the developmental construction of evolved mechanisms. 

  The problem is that, for proponents of EDP, evolved probabilistic cognitive 
mechanisms exist in two forms or incarnations. These mechanisms are both (a) con-
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solidated evolutionary adaptations – shaped by natural selection – from our ancestral 
past, the information for which is “built into the organism” to prepare organisms for 
certain kinds of environmental information processing [Bjorklund & Ellis, 2014, p. 
228] and (b) developmental products of gene-environment interactions in individu-
al ontogenies. As such, when development occurs in the context of species-typical 
environmental conditions, these mechanisms exist as both potentials for develop-
ment and successful actualizations of such potential, organizationally prefiguring 
their very ontogenetic construction in the process. Where is there room for emer-
gence in EDP’s account when, under species-typical conditions, the actual activity of 
development simply acts to translate form into ontogenetic content?

  Perhaps the structure of the mechanisms that develop under  species-atypical con-
ditions  is truly emergent in the sense of being irreducible to the “information” that 
precedes it. It remains unclear in EDP accounts whether  environmental   information  
essentially prescribes the properties of developing mechanisms under species-atypi-
cal conditions or whether genetic and environmental informations interact to give 
rise to something truly novel and irreducible. In the context of species-typical envi-
ronmental conditions, however, the developmental processes behind the construc-
tion of evolved probabilistic cognitive mechanisms seem to involve little more than 
the transmission and expression of information to which the mechanisms are for-
mally reducible,  not the emergence of qualitatively new levels of organization from 
previous levels of organization.  Proponents of EDP have essentially relegated the con-
structive activity of developmental processes – which constitutes  the  source of devel-
opmental organization for proponents of the DS approach – to a secondary role
of expressing in content what already exists in form via information, genetic or oth-
erwise. 

  Appeals to information are notoriously tricky in discussions of development 
[Oyama, 1985; Oyama et al., 2001], especially because the idea of information “is 
little more than a metaphor that masquerades as a theoretical concept” [Sarkar, 1996, 
p. 187]. In the context of the DS approach (and to the extent that DS proponents see 
fit to incorporate the notion of information into their accounts of development), the 
idea of information is necessarily wedded to local activity, for information is only 
meaningful as information in the context of activity [Oyama, 1985; Oyama et al., 
2001; Thompson, 2007]. Thus, for example, genetic information – viewed from the 
vantage point of an emergentist framework – would remain wedded to the construc-
tion of RNA, possibly the construction of amino acid chains or, by liberal extension, 
the synthesis of proteins, but evolved probabilistic cognitive mechanisms are, pre-
sumably, a far cry from these much lower levels of system structure, given their status 
as psychological mechanisms and the intricate processes necessarily involved  at mul-
tiple levels of systems structure  for their construction. To suggest, as proponents of 
EDP do, that genetic information could possibly be  of direct guidance for  the con-
struction of these psychological mechanisms – or for any lower-order perceptual bi-
ases that serve as foundations for them – is to suggest that the information contained 
in the genome  substantially  transcends the local activities with which genes are actu-
ally engaged. Viewing information as transcending its local activity – its local arena 
of system structure – violates both DS’s focus on local activity for its own sake and 
DS’s hierarchical conceptualization of integrated activities in the system. 

  Owing to this persistent tendency in conceptual models like EDP to view infor-
mation (whether genetic or extragenetic) as going beyond the very activity to which 
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it is wedded, the information metaphor is wholly inadequate for capturing the cen-
trality of constructive activity in the DS approach. As an alternative, Thompson 
[2007] has recommended the metaphor of  laying down a path in walking , in which 
“there is no separation between plan and executed action” (p. 180). Such a metaphor 
grounds an understanding of development precisely in terms of relations and activ-
ity – local activities in relation to other local activities, constituting a network of local 
relations that gives rise to emergent organization in the system. No underlying fac-
simile or representation of order in the form of information need exist for local ac-
tivities of a system to give birth to new levels of organization in the system from pre-
vious levels of organization; the new organization instead comes from the very net-
work of activities themselves. Within this metaphorical framing, any conceptual 
division between preexistent information for an evolved probabilistic cognitive 
mechanism and the phenotypic “expression” of said mechanism in ontogeny col-
lapses. This is because the local activities that combine to yield the developmental 
construction of the mechanism in any given ontogeny do not in themselves – that is, 
outside their collaboration in a system of relations – harbor any form of guidance or 
specification for the emergent mechanism itself. 

  In fact, adopting Thompson’s [2007]  laying down a path in walking  metaphor 
renders the notion of evolved probabilistic cognitive mechanisms explanatorily vacu-
ous. What exactly could these mechanisms  be  independently of their phenotypic ex-
pression or in the absence of their developmental emergence? If, as a DS approach 
would suggest, an evolved probabilistic cognitive mechanism  is  its phenotypic form, 
then why treat the evolved mechanism as if it has any explanatory significance inde-
pendent of its phenotypic form? Proponents of EDP routinely write that these mech-
anisms are “modified” when organisms encounter species-atypical contexts, but  what 
 exactly   undergoes modification when the very mechanism itself is in the process of 
being actively constructed, anew for each individual ontogeny [Johnston & Gottlieb, 
1990; Lickliter & Berry, 1990]? Again, terms like  expression  and  modification  indicate 
that the mechanism or the information for its construction predate the very process-
es that actually give rise to the mechanism in development. 

  For EDP proponents, organisms enter this world “prepared by natural selection” 
[Bjorklund, 2015, p. 14] to process certain aspects of their environment more readily 
than others, with such biological preparedness “built into the organism” via informa-
tion apparently contained in the genome [Bjorklund & Ellis, 2014, p. 228]. From these 
lower-order information-processing biases develop more sophisticated evolved 
probabilistic cognitive mechanisms, with the actual phenotypic outcome of the 
evolved mechanisms dependent on developmental relations between genetic and en-
vironmental information. If, however, as DS proponents claim, information holds no 
explanatory value outside of local activity, then information cannot guide anything 
beyond local activity. Higher-order organization results from relations  among local, 
developmentally successive activities  and cannot be guided by the individual, local ac-
tivities themselves. The higher-order organization is guided by the relational network 
(i.e., the system) of activities across developmental time. This is the essence of the 
distributed causality framework that DS proponents espouse. Interpreting causality 
as distributed does not simply entail adding more informational components to the 
mix (i.e., placing environmental sources of information alongside genetic ones). Dis-
tributed causality entails recognizing that developmentally emergent levels of orga-
nization are  irreducible  to these components. It entails recognition that the source of 
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emergent order,  at all levels of organization , resides in the interdependent, nonlinear 
activity of relations among components of a system. Distributed causality means that 
any initial perceptual or other  molar  biases that an organism enters the world with 
are themselves the products of developmental activities at multiple levels of system 
organization and hierarchy – irreducible to, and therefore not guided by, the molec-
ular levels of genetic or cellular activity to which EDP proponents appeal with phras-
es like “built into the organism” and “prepared by natural selection.” 

  An example from a recent paper by Bjorklund [2015] highlights how conceptu-
ally superfluous the notion of evolved probabilistic cognitive mechanisms becomes 
when considered within a DS account of developmental emergence. Bjorklund’s ex-
ample concerns the development of face processing in human infants, which he em-
ploys to demonstrate how an evolved mechanism arises in ontogeny. After charting 
the robustness with which neonates attend to face-like stimuli, Bjorklund makes it 
clear that such an information-processing bias “does not imply that [neonates] un-
derstand the conceptual meaning of faces” (p. 26). He further asserts that this initial 
bias toward faces is not specific to faces but derives from domain-general, lower-or-
der perceptual processing biases for stimulus properties like up-down asymmetry, 
vertical symmetry, and high contrast [e.g., Turati, 2004]. Nonetheless, because faces 
routinely feature properties consistent with these initial processing biases, young in-
fants strongly orient to them and, with experience, develop more finely honed skills 
for discriminating among faces. In other words, skilled face processing – as a proto-
typical evolved probabilistic cognitive mechanism – develops out of “initial percep-
tual and information-processing biases interacting with species-typical environments 
to produce patterns of behavior that yield, more often than not, adaptive outcomes” 
[Bjorklund, 2015, p. 23].

  To the extent that evolved probabilistic cognitive mechanisms reflect an out-
come of developmental processes via organism-environment relations, Bjorklund’s 
[2015] example establishes a perfectly reasonable emergence account for the develop-
ment of these mechanisms. However, the more his developmental account of face 
processing aligns with a DS approach, the more superfluous the notion of evolved 
mechanisms becomes. If this evolved mechanism is nothing more than an emergent 
product of developmental processes, how is it any different from every other new 
level of functioning and organization that emerges over the course of development? 
Why attach the qualification of “evolved” to the mechanism of face processing when 
its phenotypic existence is fully explicable in terms of the activity of developmental 
processes? 

  Presumably, skilled face processing is considered an “evolved” mechanism be-
cause it derives, in part, from early information-processing biases such that “babies 
enter the world prepared to make sense of at least one important social stimulus: 
faces” [Bjorklund, 2015, p. 28]. Bjorklund clearly argues that evolved mechanisms 
emerge from these information-processing biases in interaction with environmental 
conditions and that the information-processing biases in themselves are not specific 
to faces. As a result, evolved mechanisms seem truly emergent from prior develop-
mental activity. However, Bjorklund [2015] presents the early biases from which 
evolved mechanisms arise as being “influenced by the genome” (p. 25), and, signifi-
cantly, he does not couch them in terms of developmental relations between gene and 
environment, strongly implying that the biases are genetically “prepared” biases, a 
product of natural selection. The biases, in other words, amount to a type of evolved 
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mechanism themselves. If these initial processing biases are genetically prepared bi-
ases, built into the organism by natural selection, then Bjorklund’s account ignores 
the developmental activities that must necessarily take place to construct the biases 
themselves, because such organismic biases – like the evolved mechanisms that derive 
from them – are irreducible to the local activities of genes and other molecular devel-
opmental resources. Alternatively, his account could posit genetic activity as provid-
ing a “guiding force” behind the developmental activity, but a guiding force, helping 
to direct (in “entelechy” fashion) the actual process of developmental activity itself, 
moves us no closer to a developmental emergence account for these biases. True, a 
guiding force is not a determining force – as Bjorklund [2015] notes, “prepared is not 
preformed” (p. 28) – but it is also antithetical to a process of true emergence; guiding 
forces assume the role of organizer or central executive, transcending local activities 
and smacking of instructional foresight for something as yet undeveloped [Oyama, 
1985]. 

  Whatever the case may be, the notion of biases built into the organism by natural 
selection is fundamentally inconsistent with a DS approach. And if, in all of this dis-
cussion of information-processing biases, Bjorklund is  not  suggesting the operation 
of a guiding force and  is , in fact, recognizing the various levels of formative develop-
mental activity that intercede between gene and basic organismic “biases,” then his 
account is perfectly consistent with a DS approach – but the notion of an informa-
tion-processing bias, prepared by evolution, becomes superfluous in the process. 
How are these initial biases any different from simply positing, at birth, a certain 
level of developmental organization in behavior that necessarily derives from previ-
ous levels of developmental organization prenatally and constrains the possibilities 
for future levels of developmental organization? Calling it an information-processing 
bias is fine, but it has its own developmental history, one from which it developmen-
tally emerged, just like evolved mechanisms have a developmental history from which 
they emerged, and the origin of any organismic bias or evolved probabilistic cognitive 
mechanism is the activity of developmental processes themselves, at least from the 
vantage point of a DS approach. 

  In our view, a basic, ontological incompatibility clearly exists between EDP and 
DS approaches. It is an incompatibility that plumbs the very conceptualization of 
what development entails and precludes any meaningful rapprochement between the 
developmental principles of DS and the evolutionary principles of Darwinian theory. 
In fact, as we argue in the section to follow, it is an incompatibility that arises pre-
cisely  because of  EDP’s fundamental allegiance to Darwin’s mechanistic view of phe-
notypic construction. Given Darwin’s entrenchment in a Newtonian world view, in 
which organisms are treated “as material objects whose design and functioning must 
be imparted to them” [Oyama, 1985, p. 12], and his conceptualization of natural se-
lection as an external, shaping force creatively generating phenotypic organization 
[Depew & Weber, 1995; Lewontin, 1983], the very idea that an orthodox Darwinian 
perspective could support “a truly developmental approach to human behavior” [Del 
Giudice & Ellis, 2016, p. 4] seems doomed from the start. 

  In shifting an understanding of biological diversity to an “irreducibly popula-
tion-level” [Sober, 1984, p. 150] analysis, Darwin revolutionized the study of evolu-
tion, and his insight has unquestionably advanced our understanding of evolutionary 
change in a most profound fashion. Modern developmental science itself owes enor-
mous debt to Darwin’s visionary argument against design – his “dangerous idea” that 
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all levels of organized complexity in living systems can be explained from the bottom-
up, without recourse to a “designer” on high [Dennett, 1995]. Furthermore, it should 
also be stressed that Darwin’s writings are both complex and richly nuanced enough 
to afford different readings and interpretations. Nonetheless, the seeds of the modern 
synthesis’ full-blown exclusion of development from the story of evolutionary change 
were sowed by Darwin’s own marginalization of developmental process [Depew & 
Weber, 1995; Gould, 2002; Russell, 1916; Sober, 1984], and so it is to these Darwinian 
foundations that we now turn. 

  EDP and DS as Ontologically Incompatible 

 Employing the notion of information, in either genetic or extragenetic sources, 
to explain the driving force behind the activity of development, as EDP proponents 
do [e.g., Bjorklund & Ellis, 2005, 2014; Bjorklund et al., 2007], presupposes that the 
activity of development needs to be driven, but DS proponents conceptualize the 
“driving force” behind the emergence of developmental structure and function as the 
very activity of developmental processes themselves – eschewing, in effect, the whole 
idea of postulating a driving force to begin with. And therein lies the crucial onto-
logical incompatibility between EDP and DS approaches to development: in the con-
ceptual framework of EDP, consistent order and stability in development cannot arise 
simply from ontogenetic processes in the absence of some kind of guiding force. 
Bjorklund et al. [2007], for example, argue that “although we concur that all traits are 
generated in ontogeny … developmental systems theory fails to address how the 
range of alternatives becomes limited … if not via some genetic ‘prespecification’” (p. 
21). For EDP’s proponents, components of a system could, in theory, combine in so 
many different ways that the phenotypic forms generated through the dynamics of 
developmental processes across individual ontogenies will be wide-ranging and show 
no signs of converging on any common forms – that is, unless these combinatorial 
possibilities are subject to the structuring constraints of a shaping force, namely nat-
ural selection. 

  Such an argument springs directly from EDP’s conceptual adherence to Dar-
win’s evolutionary approach [e.g., Bjorklund & Pellegrini, 2002; Del Giudice & Ellis, 
2016]. Organization, from a Darwinian perspective, does not “naturally” inhere in 
developmental activity – it must be imparted to that activity, first by the selective pres-
sures of the environment, then by the heritable (genetic) information that reliably 
transmits the results of those selective pressures to future ontogenies. Thus, without 
some kind of prespecification, some kind of organizing factor,  either genetic or envi-
ronmental , developmental activity will generate nothing but free-ranging variability, 
 unoriented  and  undirected . The same concern over specification has been raised by 
Gilbert [2003] – one of the architects of Evo-Devo – in the context of distinguishing 
mainstream Evo-Devo from its DS-inspired, revolutionary alternative, Devo-Evo: 

  [DS theory] has, generally, made the error of not assigning instructive or permissive influ-
ences in the interactions…. However the specificity of the reaction (that it is a jaw that forms 
and not an arm; that it is a salamander jaw that forms and not a frog jaw)  has to come from 
somewhere , and that is often a property of the genome…. Instructive partners provide spec-
ificity to the reaction, whereas permissive partners are necessary, but do not provide speci-
ficity. (p. 349, italics added) 
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  Like mainstream Evo-Devo, in EDP the nature of developmental interaction re-
quires “instructive” and “permissive” partners, with one partner contributing the 
specificity necessary to guide the undirected and unoriented variation of develop-
mental processes. 

  Neither proponents of mainstream Evo-Devo nor those of EDP take seriously 
the possibility of “specifications as emergent from developmental processes” [Derk-
sen, 2010, p. 482], revealing the substantial ontological divide that exists between EDP 
and DS with respect to “the nature of matter” itself [Linde Medina, 2010, p. 7]. The 
Darwinian focus of EDP envelops its proponents in a view of living matter as “more 
acted upon than acting” [Depew & Weber, 1995, p. 71; see also Walsh, 2015], inher-
ently variable but incapable of its own organization, requiring instead the relentless 
shaping pressures of the external world to forge its undirected variability into system-
atic, reliably ordered biological form, heritable from one generation to the next 
[Gould, 2002; Lenoir, 1987; Lewontin, 1983]. This view centrally conditions EDP’s 
model of developmental processes. For EDP’s proponents, genes and environment 
constitute separate sources of information for the specification of biological form and 
serve as antecedent causal forces interacting with each other  on the developing organ-
ism  to implement transfer and expression of the said information, much as the ki-
netic energy of one billiard ball is imparted to another by spatiotemporal contact. 
Each individual ontogeny starts with the developing organism’s “original nature” – 
that is, the innately given genetic code and the information it contains, born of natu-
ral selection – and proceeds, via the environmental information to which the devel-
oping organism is exposed, to either the facilitation and elaboration of or the inhibi-
tion and alteration of the information set forth in the genome [see the following for 
critiques of such an approach: Derksen, 2010; Ingold, 2004; Schneirla, 1960; Walsh, 
2015]. The developing organism thus emerges as a byproduct of preexistent informa-
tion transferred from more elemental causal sources, “the passive object of autono-
mous internal and external forces” [Levins & Lewontin, 1985, p. 89]. 

  For proponents of the DS approach, in contrast, living matter, far from needing 
to be acted upon, is inherently active and self-organizing [Ford & Lerner, 1992; Gott-
lieb, 1992; Lickliter & Honeycutt, 2013; Overton, 1976, 2015; Oyama, 1985]. Matter, 
at whatever level of analysis, is always actively situated in the context of other matter 
and definable in terms of its relational activity, with the coactivity of matter-to-matter 
relations as the grounding out of which the very idea of matter as a thing in itself 
emerges [Brinkmann, 2011]. DS’s conceptual framework, beholden to activity and 
relations, departs from the atomistic cosmology of Darwin’s evolutionary stance, in 
which organization in the biological world is cobbled together out of independent, 
isolable elements under the sway of the external shaping force of natural selection 
[Kauffman, 1985; Smith, 1992; Webster & Goodwin, 1982]. Instead, DS proponents 
take as their ontological starting point  systems of relations  among components of mat-
ter born of the inherently active (and reactive) status of the components themselves, 
with components necessarily defined in terms of relations with other components 
and with the system as a whole, not as isolable elements whose interactions must be 
imparted to them by an external force. Thus, the  interdependence  of matter – parts of 
the world depend on other parts for their very existence and identity such that their 
definition as parts necessarily stems from the relational activity in which they are em-
bedded – constitutes a precondition for understanding the very nature of matter it-
self. This, in brief, entails DS’s ontological commitment to  holism  [Overton, 2015]. It 
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further establishes  organization  as an ontological category of  necessity , not contin-
gency; under the principle of holism, organization is fundamental to all living matter, 
at all levels of analysis, not contingently imposed from without [Overton, 2015].

  The relational, activity-based focus of DS grounds the approach’s conceptualiza-
tion of development squarely within the domain of  self-organization  and the dynam-
ics that characterize nonlinear, complex systems [Lerner, 2002; Lickliter & Honey-
cutt, 2003a, 2013]. As a process, self-organization characterizes the  emergence  of new, 
irreducible forms in a system through the lower-order fluctuations and nonlinearity 
of relations among the components that comprise the system, with more  complex  
levels of organization in systems arising in novel fashion from the nonlinear dynam-
ics that obtain among the  simpler  component parts of the system [Lewis, 2000; Thel-
en & Smith, 1994]. Evident in the generation of higher-order organization  across both 
the inorganic and organic world  (from the dynamic construction of convection cells 
in heated liquid and the Belousov-Zhabotinskii chemical reaction to that of protein 
folds and cellular membranes in living systems, to identify just a few), self-organiza-
tion has emerged as a viable candidate “for generating robust adaptive complexity – at 
all levels of the biological hierarchy, from the molecular to the organismic” [Edel-
mann & Denton, 2007, p. 580; see also Batten, Salthe, & Boschetti, 2008; Depew & 
Weber, 1995; Kauffman, 1985; Swenson, 2010]. 

  Critically, major advances in the mathematical understanding of self-organiza-
tion over the last few decades – springing from the multidisciplinary approach of 
 nonlinear dynamical systems theory  [Guastello, 1997; Molenaar & Raymakers, 1998] 
– have revealed that a relatively limited set of stable patterning in macrolevel organi-
zation can and does repeatedly emerge from dramatically varied microlevel relations. 
This demonstrates that the  dynamics of self-organization delimit the combinatorial 
possibilities available to a developing system  [Edelmann & Denton, 2007; Ho, 2010; 
Lickliter, 2008; Saunders, 1984]. In other words, restrictions on what kinds of orga-
nized forms in biology can and do exist spring from the very activity of developmen-
tal processes, reflecting the developmental principles that govern how organisms de-
velop in context [e.g., Alberch, 1982; Thompson, 1942]. Thus, the reliable and stable 
generation of a relatively restricted range of organized forms at all levels of complex-
ity, both within and across generations, need not require an external organizing force 
like natural selection.  

  In their search for the basic principles of developmental organization within the 
self-organizing dynamics of developmental processes themselves, proponents of the 
DS approach adopt a thorough-going  developmental   explanation  for the nature of the 
interrelation between ontogenesis and phylogenesis, not a  selectional   explanation , as 
proponents of EDP do. Although DS proponents recognize a role for selectional ex-
planation in the context of population-level change – as we discuss in the next section 
– their orientation is strictly developmental in the context of individual ontogeny and 
the emergence of organized complexity. DS proponents readily acknowledge the his-
torical roots of this approach in the work of developmental psychobiologists such as 
Schneirla [1960], Kuo [1967] and Lehrman [1970] and, more generally, in the evolu-
tionary embryological work of Garstang [1922] and de Beer [1958], among others 
[Gottlieb, 1987, 1992; Lerner, 2002; Lickliter & Honeycutt, 2015]. Equally important, 
however, are the decidedly  pre-Darwinian  roots of the DS approach’s developmental 
focus, traceable to aspects of the structuralist orientations of early rational morphol-
ogists like Goethe and Cuvier who sought to establish laws of biological organization 
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by examining regularities in how parts of different complex systems interdependent-
ly relate to one another in the service of the systems as unified wholes [Hughes & 
Lambert, 1984; Lenoir, 1987; Saunders, 1984; Webster & Goodwin, 1982]. These pre-
Darwinian roots – actively extended and elaborated in modern days through the DS-
related discipline of  process structuralism  2  [Goodwin, 1982; Ho & Saunders, 1984; 
Webster & Goodwin, 1982] – further highlight the basic ontological division that ex-
ists between DS and Darwinian-inspired approaches to the construction of organized 
complexity. At the heart of such division lie opposing conceptualizations of natural 
selection itself. 

  Natural Selection, Individual- and Population-Level Dynamics  

 The concept of natural selection – which we identify broadly with the process 
dynamics of differential survival and reproduction in a population – actually predates 
Darwinian theory [Gould, 2002]. Under the auspices of pre-Darwinian evolutionary 
thought, however, natural selection operated solely to weed out phenotypic variation, 
with the real motor of evolutionary change inhering in the transformative powers of 
organismic development [Gould, 2002; Ho, 2010]. The significance of Darwin’s con-
ceptualization was to elevate natural selection from this negative role to “ the   creative 
force  of evolutionary  change ,” establishing it as a “ positive  force” behind the construc-
tion of organized complexity [Gould, 2002, p. 139; Ho, 2010; Sober, 1984]. This eleva-
tion, however, arrived entirely at ontogeny’s expense. Darwin’s Newtonian, mecha-
nistic focus – external forces confer order and direction upon unoriented, inert mat-
ter – removed the origins of organized complexity from development (and, by 
extension, developmental processes) in individuals over ontogenetic time and situ-
ated these origins, instead, in the realm of cross-generational, evolutionary time, with 
the shaping forces of natural selection working on unorganized variability in popula-
tions to slowly build up, across generations, systematic, organized complexity in form 
and function [Depew & Weber, 1995; Gould, 2002; Russell, 1916; Linde Medina, 
2010]. 

  Proponents of EDP uphold this Darwinian, positive view of natural selection, 
evident in repeated references to natural selection as “shaping” human functioning 
and development, and to human functioning and development as “products” of selec-

 2     Adopting “a more European view of scientific metatheory” [Smith, 1992, p. 433], the biological 
sciences’ discipline of  process structuralism  actively embraces the explanatory significance of a time- and 
history-independent taxonomy of forms; in this, proponents of process structuralism revive the efforts of 
early rational morphologists and argue for the scientific legitimacy of  structural explanation  [e.g., Good-
win, 1982; Ho & Saunders, 1984; Saunders, 1989; Webster & Goodwin, 1982], a mode of explanation to 
which we appeal later in this paper  as a complement to  the bottom-up, temporal dynamics of self-organi-
zation and developmental construction. The extent to which process structuralism dovetails with the DS 
approach of biological science has been a point of contention for both Oyama [1985] and Griffiths and 
Gray [Griffiths, 1996; Griffiths & Gray, 2005]. Oyama [1985], for example, while praising process struc-
turalists’ emphasis on developmental process, has criticized their emphasis on “necessary and universal 
forms” (p. 119). Griffiths [1996; see also Griffiths & Gray, 2005] has further critiqued process structuralism 
for marginalizing the worth of historical explanation (e.g., common ancestry and lineage) in an under-
standing of evolutionary change. It remains unclear, however, whether either of these DS proponents ac-
tually accepts the scientific legitimacy of structural explanation or whether they simply object to a per-
ceived elevation of one mode of explanation (structural) over another (functional, historical) and the 
potential for structural reification that such an elevation might entail. 
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tion pressures [Bjorklund & Ellis, 2005; Bjorklund et al., 2007; Bjorklund & Pellegri-
ni, 2000, 2002; Del Giudice & Ellis, 2016]. Though they admit that “it is the develop-
mental plasticity of an organism that provides the creative force for evolution” 
[Bjorklund & Pellegrini, 2002, p. 52], such admissions merely acknowledge the role 
of developmental processes in the creation of  variability ; from the vantage point of 
EDP; it is natural selection that shapes this ontogenetic variability into serviceable 
form and mechanism over evolutionary time, producing “incremental modifications 
in existing phenotypes, leading to an accumulation of characteristics that are orga-
nized to enhance survival and reproductive success” [Del Giudice & Ellis, 2016, p. 5]. 
Proponents of the DS approach, however, espouse more of a  pre-Darwinian , negative 
view of natural selection, as eliminator of the unfit but as neither creator nor modi-
fier of phenotypic organization itself [Ho, 2010; Johnston & Gottlieb, 1990; Lickliter 
& Honeycutt, 2003a; Oyama, 1985]. In Lickliter’s [2008] words, “natural selection 
cannot serve as a creative generator of phenotypic form or phenotypic change.  Natu-
ral selection is simply the filter that preserves reproductively successful phenotypes, 
which themselves are products of individual development ” (p. 362). 

  This modern divide with respect to the conceptualization of natural selection is 
not as clearcut, however, as a simple pre-Darwinian/Darwinian contrast might sug-
gest. In particular, DS proponents stress the need to demarcate individual organism-
level and population-level dynamics when discussing what exactly it could mean for 
natural selection to “shape phenotypes” [Johnston & Gottlieb, 1990; Moore, 2008]. 
At the  population-level  of analysis, for example, DS proponents fully endorse the ex-
planatory significance of natural selection as an antecedent process behind changes 
in the distribution of phenotypes across evolutionary time. The nature of phenotypic 
change  at the level of populations , however, concerns the characteristic distribution 
of phenotypes in the population qua population, with natural selection acting to in-
crease or decrease the frequency with which an individual phenotypic variant (e.g., a 
long neck) characterizes the population as a whole [Lickliter & Honeycutt, 2013, 
2015]. To the extent, for example, that a population changes from a thoroughly het-
erogeneous mix of many different phenotypic variants (e.g., varying sizes of neck, 
from short to long) to a grouping that revolves around one of those phenotypic vari-
ants (e.g., a long neck, now represented in the majority of the population), natural 
selection would be a viable candidate  as an antecedent process  for having creatively 
engineered this “transformation” in the phenotypic character of the population itself. 
In this way, natural selection can “influence the distribution of existing phenotypes 
in a population by reducing the number of unsuccessful phenotypes” [Lickliter & 
Honeycutt, 2003a, p. 827], answering the question of why a particular phenotype per-
sists in a population or why one phenotype rather than another characterizes the 
population as a whole [Olson, 2012].

  However, DS proponents restrict the creative dynamics of natural selection ex-
clusively to  the distribution of phenotypes in populations . Natural selection, in other 
words, can only account for the persistence and spread of a particular phenotypic 
character in a population,  not  for its existence as a form to begin with, in any given 
individual, or for its developmental stability in individuals across generations [John-
ston & Gottlieb, 1990; Lickliter & Honeycutt, 2003a; Sober, 1984]. The question of 
why any given phenotypic form exists at all, in fact, resolves not to population-level 
dynamics but to the developmental dynamics of individual organisms, for every form 
must first exist at the level of the individual before it can exist at the level of the pop-
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ulation (and thus be subject to the selective pressure of natural selection). After all, 
individual phenotypes and the developmental processes that generate them necessar-
ily precede whatever distribution of phenotypes eventually comes to characterize the 
population as a whole via a population-level mechanism like natural selection. Fur-
thermore, any transformative changes that arise with respect to existing phenotypes 
must first take place in the developmental arena of individual ontogeny before such 
changes can begin to play out at the population level in terms of changes in the dis-
tribution of the newly formed phenotype [Johnston & Gottlieb, 1990; Lickliter & 
Berry, 1990; West-Eberhard, 2003]. This principle is embodied in the emphasis that 
many biologists currently place on genes as “followers, not leaders, in adaptive evolu-
tion” [West-Eberhard, 2005, p. 6547; see also Pigliucci & Müller, 2010]. 

  Thus, proponents of the DS approach regard population-level, evolutionary 
changes as “the outcome of a process that begins with organismic change, rather than 
as a mechanism for explaining organismic change” [Johnston & Gottlieb, 1990, p. 
490]. Individual-level dynamics in the form of ontogenetic processes, not the process 
dynamics of natural selection, assume the explanatory task of generation, mainte-
nance, and transformation of phenotypic organization itself, with every form that 
develops in an individual ontogeny being novel and truly emergent  for that individ-
ual , “constructed anew in each generation” [Johnston & Gottlieb, 1990, p. 480]. Nat-
ural selection and the dynamics of population-level change can “describe existing 
variation in a population of organisms, but not potential variations of one organism” 
[Gabora, 2006, p. 446]. As Sober [1984] has succinctly articulated:

  Natural selection does not explain why I have an opposable thumb (rather than lack one)…. 
It may account for why particular organisms survive and why they enjoy a particular degree 
of reproductive success. But phenotypic and genotypic properties of individuals – proper-
ties of morphology, physiology, and behavior – fall outside of natural selection’s proprietary 
domain. Yet at the population level, these limitations disappear…. The frequency of traits 
in a population can be explained by natural selection, even though the possession of those 
traits by individuals in the population cannot. (p. 152) 

  This means that adaptationist explanations in evolutionary theory, which focus 
on the adaptive value of a trait – its fitness and functional significance – and which 
appeal to the antecedent mechanics of natural selection, specifically explain why a 
given phenotype  has persisted   in a population  across evolutionary time. Such explana-
tions, however, are routinely employed in the literature as if they explained why a 
given phenotype “should exist at all” or why it “exists in the first place” [Scott-Phillips, 
Dickins, & West, 2011, p. 40, 41], promoting confusion over what natural selection 
can actually account for. Employing natural selection as a mechanism for phenotype 
construction, in fact, constitutes a fundamental error of application, confusing func-
tional consequence with antecedent cause [Bateson, 1988; O’Grady, 1984]. As Jamie-
son [1986] emphasized, adaptationist mechanisms like natural selection “can only 
account for the relative distribution of epigenetically produced behavioral pheno-
types in local populations,  but they do not explain the evolution of forms of the behav-
iors ” (p. 205, italics   added).

  Of course, altering the compositional make-up of a population through the dy-
namics of natural selection delimits the kinds of phenotypic form likely to arise in 
those individuals who subsequently develop within the context of the population. 
Developmental resources – genes, cytoplasm, cells, and various facets of their intra- 
and extraorganismic environmental surround – pass from one generation to the next 
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[Griffiths & Gray, 1994; Jablonka & Lamb, 2005; Johnston & Lickliter, 2009; Oyama, 
1985], and as the distribution of phenotypes in a population changes over evolution-
ary time, via selective pressures, so the developmental resources available to that pop-
ulation necessarily change. To the extent, then, that natural selection eliminates cer-
tain phenotypes and preserves others in a population, its population-level effects 
translate into changes in developmental resources, which, in turn, directly influence, 
in antecedent-consequent fashion, the construction of future individual ontogenies. 
Does this not suggest that natural selection – via its direct effect on the availability of 
developmental resources in a population – exerts some measure of creative influence 
over the construction of individual development?

  For DS proponents, developmental resources, as heritable qualities, are not rec-
ipes – i.e., informational, directive sources – but  ingredients  for the emergence of 
phenotypic organization in ontogeny [Griffiths & Gray, 1994; Griffiths & Stotz, 2013; 
Oyama, 1985]; the source of reliability in the “ construction  and  reconstruction ” of 
phenotypic organization, from generation to generation, resides within the self-orga-
nizing dynamics of developmental processes themselves [Oyama et al., 2001, p. 1; 
Robert, 2004]. Nonetheless, if the dynamics of natural selection act to cobble togeth-
er (over evolutionary time) specific ingredients within a population and filter out 
other ingredients, then one could argue for a “creative” role of natural selection in 
ontogeny, at least to the extent that selective pressures are responsible for having as-
sembled the collection of ingredients currently available to any developing member 
of a population. This line of reasoning presupposes that selective pressures can oper-
ate independently on different parts of organisms – different facets of phenotypic 
variability within organisms – such that tiny bits of incremental variation in various 
phenotypic properties of organisms could be cobbled together over extended time by 
the inexorable force of natural selection. Such assumptions undergird both Darwin-
ian and neo-Darwinian treatments of natural selection.

  However, from the vantage point of DS approaches, systematic regularities in 
how parts of different complex systems relate to one another derive from develop-
mental dynamics – from the laws of developmental organization [Hughes & Lambert, 
1984; Saunders, 1984; Webster & Goodwin, 1982]. Natural selection, in selecting for 
 outcomes  in organisms as wholes, operates on systems of relations, not on isolated 
parts of systems. Developmental resources, in other words, are not isolated elements 
to be combined in whatever fashion natural selection “chooses.” Natural selection can 
only increase or decrease the frequency of representation in a population of  systems  
of components that are already stably established at the individual, ontogenetic level. 
For natural selection to play a creative role of any kind in ontogeny requires selective 
pressures to affect the developmental dynamics of processes or the developmental 
resources available for interaction. But natural selection does not  do  anything to the 
dynamics of ontogeny and does not assemble developmental resources – it does not 
even introduce regulatory or stabilizing mechanisms. It simply increases the likeli-
hood that certain already stable systems of developmental resources will be repre-
sented in the population relative to other already stable systems of developmental 
resources. Selective pressures do not consolidate, stabilize, or fine-tune developmen-
tal variation at the level of individual ontogeny, only at the level of the population in 
evolutionary time. Rather, it is ahistorical laws of self-organization that characterize 
what is possible in the dynamics of relation among developmental resources – that 
account for which combinations of developmental resources are viable and stable in 
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relation to one another and for how those resources interrelate as systems. Thus, the 
statistical regularities that reflect an increased representation of phenotypic form in 
a population should not be reified into antecedent forces of guidance in the construc-
tion of individual ontogenies. 

  Proponents of EDP fall victim to precisely this error of reification. By viewing 
natural selection as (a) constructing and preserving across evolutionary time the very 
existence of phenotypic form,  in the abstract , and as (b) helping to shape the ontoge-
netic realization of such form in the individual, proponents of EDP attach the  ante-
cedent  process dynamics of natural selection – appropriate only for population-level 
change – to their conceptualization of  individual , ontogenetic dynamics via the ex-
planatory construct of evolved probabilistic cognitive mechanisms and thereby con-
flate population- and individual-level dynamics in the process.

  EDP and DS proponents thus hold ontologically incompatible views both of de-
velopmental processes and of evolutionary processes (e.g., natural selection) as they 
pertain to developmental processes. EDP proponents view development in terms of 
transmission and expression; DS proponents view development in terms of construc-
tion and emergence. EDP proponents see population-level, evolutionary changes via 
natural selection as shaping individual ontogeny via inherited mechanisms; DS pro-
ponents see evolutionary changes as an outgrowth of individual ontogeny and its de-
velopmental processes, with natural selection acting as an antecedent process for 
population-level changes but not for individual ontogenies. Far from integrating se-
lectional and developmental explanatory perspectives, EDP proponents wed them-
selves to a selectional vantage point, assimilate DS principles to this vantage point, 
and in the process profoundly misrepresent what it means to adopt a developmental 
perspective. DS proponents, in contrast, wed themselves to a developmental perspec-
tive but acknowledge the value of a selectional approach in the context of population-
level change. Where does this leave the question of synthesis between selectional and 
developmental explanatory perspectives? If, as we have argued, EDP fails to take de-
velopment seriously, does the DS approach take evolutionary processes seriously 
enough to advance a legitimate synthesis of evolutionary and developmental perspec-
tives? 

  Integrating Development and Evolution: DS and Explanatory Pluralism  

 For DS proponents, “evolutionary changes are  the result of  developmental chang-
es” [Lickliter & Honeycutt, 2013, p. 186, italics added], “modifications to develop-
ment create evolutionary change (rather than the other way around)” [Lickliter & 
Berry, 1990, p. 357], and “selection … is a consequence, not a cause of phenotypic 
change” [Johnston & Gottlieb, 1990, p. 484]. Inverting Haeckel’s [1874] famous dic-
tum that “phylogenesis is the mechanical cause of ontogenesis” (p. 5) – as Løvtrup 
[1984] did over 30 years ago – DS proponents revive Garstang’s [1922] argument that 
“Ontogeny does not recapitulate Phylogeny: it creates it” (p. 98). Given its particular 
explanatory aims within developmental science, the DS approach’s framing of evolu-
tionary change as an  outcome  relative to developmental processes makes perfect 
sense, although it can easily be misconstrued as treating evolutionary change in es-
sentially  epiphenomenal  terms [Johnston & Gottlieb, 1990; Oyama, 1992]. Hochman 
[2013], in fact, has argued that DS proponents explanatorily reduce evolutionary 
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changes to a historical series of developmental-level changes and commit what he has 
termed an  ontogeny fallacy  in the process. Hochman’s critique, however, fails to ac-
knowledge DS’s active endorsement of selectional explanation at the level of  evolu-
tionary  change. Despite arguing that individual-level phenotypic traits – their con-
struction, their maintenance, their transformation – remain a product of develop-
mental rather than evolutionary processes, DS proponents fully appreciate that 
understanding the workings of phylogeny – the historical record of evolutionary 
change – requires population-level phenomena like natural selection, not just devel-
opmental dynamics, to explain changes in the distribution of phenotypes within pop-
ulations. DS proponents simply reserve the selective pressures of natural selection for 
population-level changes in phenotypic distribution and insist on conceptually dis-
tinguishing what happens to the phenotypic characteristics of a population qua pop-
ulation from what happens to the phenotype of an individual organism. 

  Nonetheless, Hochman’s [2013] critique does raise important concerns when 
applied specifically to the question of how evolutionary change might be related to 
developmental change, for this direction of interrelation suffers from routine neglect 
in DS writings and can indeed promote a  unidirectional  treatment of relations be-
tween development and evolution. EDP proponents have leveled precisely this criti-
cism against the DS approach in accusing DS proponents of dramatically undervalu-
ing the role that evolutionary processes play in the organization of ontogeny 
[Bjorklund et al, 2007; Frankenhuis et al., 2013]. And as long as debate over the role 
of evolutionary processes in ontogeny presupposes an orthodox Darwinian framing 
of natural selection as a mechanical, antecedent force, the only real alternative to 
EDP’s reification of population-level dynamics as evolved ontogenetic mechanisms 
 is  an epiphenomenal framing of evolutionary change relative to developmental 
change. However, DS proponents explicitly endorse  interdependent  relations be-
tween evolutionary and developmental processes [e.g., Lickliter, 2008]. To capture 
true  interdependence  between developmental and evolutionary processes, DS propo-
nents need to formally advance an  alternative  conceptualization for how the popula-
tion-level dynamics of evolutionary processes might relate to the individual-level dy-
namics of development, one that explanatorily transcends the “shaping force” dis-
course around which discussions of development-evolution relations have routinely 
revolved (and to which EDP proponents remain wedded). 

  The building blocks for one such alternative, we argue, are already available in 
 negative , pre-Darwinian readings of natural selection as eliminator of the unfit rath-
er than generator of the fit [Gould, 2002]. DS proponents endorse a negative role for 
natural selection vis-à-vis the construction of phenotypes themselves and the relation 
of evolutionary processes to developmental processes [Ho, 2010; Johnston & Gott-
lieb, 1990; Lickliter & Honeycutt, 2003a]. What does it mean exactly for natural selec-
tion to assume a negative, rather than a positive, role in phenotypic construction? In 
general terms, natural selection  as eliminator of the unfit  3  can help to explain the  ab-
sence  of certain phenotypic forms/traits – why certain variants are  not  available – in 
a current population of developmental variants. With respect to developmental re-

 3  It is important to note that arguments about natural selection as eliminator of the unfit have been 
historically subject to devastating misapplication and distortion when aligned with ideas of genetic reduc-
tionism, to which the racial hygiene and eugenics movements of the early 20th century convincingly attest 
[see Lerner, 1992, 2002, for an extended analysis of such flawed applications].
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sources available across generations, natural selection could explain why certain re-
sources (e.g., certain alleles) are no longer available in a population of resources. 

  But explaining absence in a population is, of course, far removed from explain-
ing presence, either in a population or in an individual. With respect to phenotypic 
presence in ontogeny, relations among available developmental resources do all of the 
positive, bottom-up, shaping force work of constructing phenotypic development – 
both before and after a population has been subject to the pressures of natural selec-
tion (e.g., the tissue formation processes that first produced long necks in a minority 
of individuals must still occur in newly developing individuals after long necks come 
to represent the prototypical morphology of a population). These ontogenetic pro-
cesses set the formative stage for population-level change in the first place, given that 
“reliable developmental courses are the prerequisites for such population patterns” 
[Oyama, 1992, p. 224]. Natural selection, operating as an antecedent process in pop-
ulation-level change, can then alter a population’s distribution of phenotypes and 
usher in a new characteristic look to the population as a whole (e.g., now everyone 
has a long neck). The phenotypes that comprise this new, characteristic look to the 
population, however, are still products of ontogenetic dynamics and therefore ex-
plainable in terms of those dynamics, without any need for appeal to natural selection 
and its consequences. The fact that particular phenotypes are now reflected in the 
look of the population as a whole  does not add anything  (like a regulatory mechanism) 
to the activity of ontogenetic processes in development (e.g., tissue formation pro-
cesses still do all of the work). Instead, it is what gets left out of the population – elim-
ination of the unfit via natural selection – that can, in seemingly paradoxical fashion, 
exert some form of influence on postselection ontogenetic developments. What is the 
nature of this influence by  absence ? How does an understanding of absent forms or 
resources in a population – population-level changes born of natural selection – sig-
nificantly contribute to our understanding of what actually emerges during develop-
ment as a function of relations among extant developmental resources?

  Perhaps population-level change via elimination of the unfit can be usefully 
framed in terms of a  constraining  influence on the construction of future, individual 
ontogenies. In other words, perhaps evolutionary changes set limits (through, for ex-
ample, the variety of developmental resources no longer available in a population) on 
the very ontogenetic processes that help give rise to these changes. The notion of con-
straining influences – or simply “constraints” – is potentially problematic, however, 
because it can easily connote an antecedent process conceptualization of influence 
[see Deacon, 2012, however, for a critical exception]. As routinely employed in both 
evolutionary and developmental literatures, for example, constraints basically func-
tion as  secondary   causes  [Oyama, 1993; Stearns, 1986]. Relative to the primary forces 
spurring developmental or evolutionary change, constraints reflect modulatory or 
regulatory processes, but they are still conceptualized in  functional  terms, as anteced-
ent processes that place regulatory limits on a developmental or evolutionary out-
come. A negative, “absence” reading of evolution’s relation to development, we argue, 
sharply diverges from such antecedent process dynamics – regulatory or other-
wise – and requires, instead, a fundamentally different kind of explanatory frame-
work. It requires a  structural  explanatory framework [Saunders, 1989; Webster & 
Goodwin, 1982], one that frames the relation of population-level dynamics to indi-
vidual-level dynamics not in terms of temporally based, material exchanges of energy 
but in  atemporal , whole-to-parts terms [Winther, 2011].
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  From Functional to Structural Explanation: Evolutionary Change as 

Organizational Constraint 

 What Overton [1975] has termed  holistic   structuralism  provides the kind of 
structural explanatory framework necessary to capture how evolutionary change re-
lates to an understanding of developmental change. Holistic structuralism figures 
prominently in Overton and Lerner’s extension of the DS approach, relational-devel-
opmental systems [Overton, 2010, 2015; Overton & Lerner, 2014], and to understand 
what it entails, one must first understand the antireductionist, pluralistic stance that 
it brings to bear on the nature of explanation itself. Proponents of holistic structural-
ism reject the idea of an absolute, foundational base for reality; ontologically and 
epistemologically, there is no fixed, ground-level set of elements upon which univer-
sal complexity is built and to which it reduces [Overton, 1975]. This means that the 
lower-order parts and processes of any higher-order system are no more foundation-
al than the system as a whole and, in fact, cannot be understood independently of the 
system as a whole. As a result, the system as a whole – its organization, structure, form 
– is not merely something to be explained by its parts and processes but constitutes a 
 necessary  mode of explanation in its own right, lending irreducible meaning to the 
very parts and processes that give rise to it [Overton, 1975, 1991]. Sperry [1980] il-
lustrated this concept with the example of a wheel. He noted that the atoms and mol-
ecules that make up the substance of a wheel are not changed individually by being 
in a wheel, but because of the constraints on their relative mobility with one another, 
they collectively have the property of being able to move across the ground in a dif-
ferent pattern than could be exhibited in any other configuration. Sperry pointed out 
that being a part of a whole indirectly changes some of the properties of the parts by 
affording some possibilities while restricting others. In other words, being part of a 
particular kind of whole (a wheel) alters possible movement options available to its 
parts [see also Deacon, 2012]. Critically, this mode of explanation that wholes provide 
relative to their parts and processes – the explanatory significance of holistic struc-
ture – differs fundamentally from the more scientifically orthodox, “functional” 
mode of explanation that parts and their processes provide relative to the whole 
[Witherington & Heying, 2013]. What distinguishes a structural, whole-to-parts 
mode of explanation from its functional, parts-to-whole explanatory counterpart?

  Couched in terms of Aristotle’s fourfold explanatory framework, functional 
(parts-to-whole) modes of explanation invoke  material  and  efficient  causes to capture 
the changing dynamics of part-to-part coactions constitutive of new, higher-order 
levels of system organization, all in the service of explaining how new levels of system 
organization arise in development. Both material and efficient causes are spatiotem-
porally concrete in their grounding. With respect to explaining the behavior of organ-
isms, material causes appeal to the material substance or substrate underlying an or-
ganism’s activity in order to explain that activity, as when psychologists invoke parts 
of the brain to explain a person’s behavior. Efficient causes appeal to the events and 
conditions – either intra- or extraorganismic – that temporally and regularly precede 
an organism’s activity in order to explain the activity, as when psychologists explain 
a person’s behavior by means of neurological processes, information-processing 
mechanisms, particular stimulus events or environmental factors, or combinations 
thereof. As the centerpiece of scientific inquiry since the 17th century, efficient causes 
represent the classic propelling, initiating, or shaping force explanations of a phe-
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nomenon [Bates, 1979]. Efficient causes are necessarily instantiated in temporal 
terms, but so too are material causes, given that material causes explain by means of 
identifying a phenomenon’s material grounding, the substances  out of which  a phe-
nomenon arises. Both of these functional modes of explanation, therefore, frame un-
derstanding in terms of an  antecedent-consequent  framework, identifying the tempo-
rally precedent conditions – which include material grounding – that give rise to 
whatever phenomenon is under investigation [Overton, 1991]. Functional modes of 
explanation, in other words, target classic questions of mechanism and process, cap-
turing what it means to explain a system and its functioning in terms of the bottom-
up dynamics involved when parts of a system interrelate to generate the system as a 
whole.

  Structural (whole-to-parts) modes of explanation, in contrast, invoke what in 
Aristotelean terminology are called  formal  and  final  causes, which explain any given 
phenomenon  by means of abstracting pattern and organizational regularities  from the 
spatiotemporal particularities of that phenomenon’s activity in context. Unlike func-
tional modes of explanation, structural explanations do not offer traditional “causal” 
accounts in the sense of identifying temporal antecedents – whether in the form of 
processes or material groundings – relative to a consequent. Rather, formal and final 
causes are  atemporal ,  organizational  levels of explanation that meaningfully frame 
the temporal, cause-effect sequences of functional explanation [Juarrero, 1999; Ry-
chlak, 1988]. These structural modes of understanding explain without recourse to 
the flow of time or the particularities of context by invoking higher levels of abstrac-
tion themselves as means of explanation [Overton, 2002; Rychlak, 1988]. With re-
spect to explaining the behavior of organisms, for example, formal causes abstract 
patterning (a form, structure, organization) from an organism’s activity and employ 
this patterning to explain the activity, as when psychologists invoke the construct of 
personality or appeal to a stage of development to explain a person’s behavior. Final 
causes abstract a goal, future end, or functional significance from an organism’s activ-
ity to explain that activity, as when psychologists invoke the functional consequences 
of an activity to explain it or when they look to later periods of development toward 
which a person would typically develop in order to make sense of that person’s cur-
rent level of activity and functioning. Both of these structural modes of explanation 
have explanatory value vis-à-vis the formal and directional patterning they abstract 
because the patterning itself serves to organize the particularities of that activity’s 
real-time content in terms of general, invariant structure and function, across time 
and context. The patterning, in other words, renders the domain under investigation 
intelligible and provides a meaningful, holistic framework – the structural and func-
tional organization of the system as a whole – within which to investigate the tempo-
rally unfolding dynamics of a process via part-to-part coactions.

  Both functional and structural modes of explanation represent unique, equally 
legitimate, and simultaneously applicable perspectives from which to understand 
change in natural phenomena, such that complete understanding of a phenomenon 
emerges only through the pluralism that both explanatory perspectives in conjunc-
tion confer [Rieppel, 1990; Walsh, 2013; Winther, 2011]. Critically, this means that 
structural explanation is  not  intended to explain what functional explanation targets, 
namely the content of an organism’s activity in context, or to identify the antecedent 
and material circumstances for such a content. Instead, structural explanation targets 
an understanding of an organisms’ specific activities in terms of the general organiza-
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tion and directional goals those activities evince, as a whole [Overton, 1991]. The or-
ganization of organisms, as systems, provides a structural, topological precondition 
for understanding the very processes that give rise to this organization. A key point 
in this conceptual framework is that the organization of a system is not something 
that is added to the system or something that constitutes a property of the system 
[Deacon, 2012]. Rather, a system’s organization  is  the system , considered in its si-
multaneous totality , providing a critical explanatory backdrop or framework – a 
ground – against which the temporally unfolding part-to-part relations of the sys-
tem – the figure – must be understood. Though coactions among parts of a system 
yield new levels of organization in the system via developmental dynamics, these 
parts and processes always operate within the context of an existing level of organiza-
tion, an organization that necessarily informs the very nature of the parts and pro-
cesses themselves. 

  In this way, systems constrain ,  in whole-to-parts fashion, the very nature of their 
component parts and the relations that can occur among those components, with the 
caveat that constraint should not be conceptualized in functional terms, like a regula-
tory mechanism, but in  organizational  terms [Deacon, 2012; Juarrero, 1999]. Con-
straint signifies a lessening of variability, a narrowing of degrees of freedom, and as 
such plays a critical role in explanation by virtue of delineating limitations for what 
kinds of bottom-up processes are available to a given system [Deacon, 2012; Juarrero, 
1999; Thompson, 2007]. Again, it is important to note that constraint refers to ab-
sence rather than presence. As Deacon [2012] has articulated:

  The concept of constraint does not treat organization as though it is something added to a 
process or to an ensemble of elements. It is not something over and above these constituents 
and their relationships [sic] to one another. And yet it neither demotes organization to mere 
descriptive status nor does it confuse organization with the specifics of the components and 
their particular singular relationships [sic] to one another. Constraints are what is not there 
but could have been, irrespective of whether this is registered by any act of observation.
(p. 192)

  Looking at a system exclusively in terms of its temporally sequenced part-to-part 
relations loses sight of the broader organizational ground on which the system oper-
ates. This broader context of understanding – one that looks across the particularities 
of specific time and context to abstract organization and directional ordering – ar-
rives through structural explanation and serves as a complement to the scientific or-
thodoxy of functional explanation, as an indispensable mode of understanding the 
world in its own right [Witherington, 2011].

  Structural explanation involves a hierarchy of different organizational frames of 
meaning for the explanatory significance of system wholes relative to their parts. 
Couching an organism’s  specific action in context  in terms of the form of the organ-
ism’s activity – its invariant, context-general organization, exemplified in appeals to 
cognitive structure or a stage of development – offers a first level of structural expla-
nation for characterizing the organism as an organizational whole  at any given point 
in developmental time , one step removed from the particularities of activity in con-
text. Any given form characterizing a particular point in developmental time, how-
ever, is itself situated within a higher-order frame of meaning two steps removed from 
the particularities of activity in context. This next level of structural explanation 
couches the current  form  of an organism itself in terms of a  directional   flow  of  forms : 
the developmental sequence of prior and subsequent forms  across developmental time 
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 within which any given developmental form is ontogenetically embedded. Such a se-
quential framing embodies what it means to study a phenomenon developmentally 
from the standpoint of structural explanation, as when developmental scientists char-
acterize development as proceeding from sensorimotor to preoperational to increas-
ingly complex operational forms of cognitive functioning, or from global, undiffer-
entiated, homogenous structures to increasingly differentiated, heterogeneous struc-
tures [Mascolo, Pollack, & Fischer, 1997; Overton, 1991, 2010; Werner, 1957]. Each 
nested level of structural explanation in the hierarchy assumes the explanatory sig-
nificance of a whole relative to the levels of organization that it structurally frames. 

  Changes in the distribution of phenotypes across evolutionary time, occurring 
at the population-level of species, constitute a whole relative to the developmental 
sequence of forms that characterizes organismic ontogeny, just as any given species 
constitutes a whole relative to the individual organisms – the parts – that comprise it. 
In other words, the whole that is evolutionary change  organizationally frames  the se-
quence of forms that characterizes individual ontogeny, establishing an evolutionary 
history of past ontogenetic sequences relative to a current ontogenetic sequence, a 
phylogenetic tree of descent that yields a  directional sequence  of ancestral ontoge-
netic organizations as well as potential future ones, given certain ecological condi-
tions [see Frankenhuis et al., 2013, for ways in which the “design stance” of an evolu-
tionary framework might afford insight into which DSs are likely to survive the filter 
of natural selection]. As a species-typical developmental sequence frames any given 
level of developmental organization (which, in turn, frames specific activity in con-
text), so an evolutionary sequence – the phylogenetic history for a species, with an-
cestral and potential future species’ ontogenies representing different levels of orga-
nization in an evolutionary sequence – frames the species-typical developmental se-
quence, establishing a higher-order structural context even further removed from the 
particularities of any given organism’s activity in context.

  Thus, the explanatory significance of evolutionary change for development arrives 
not through postulation of information-processing mechanisms that control organis-
mic activity but through the structural framing it provides for the current ontogenetic 
sequence of form relative to an evolutionary sequence of ancestral ontogenetic organi-
zations. The beginnings of such a structural framing have long been evident in devel-
opmental science. Developmental stages, after all, routinely reflect what is characteris-
tic of the population as a whole, representing, in other words, species-typical formal 
characterizations of human functioning. The structural explanations of pioneers in 
developmental science like Baldwin [1902], Piaget [1971], and Werner [1948], among 
others, all grew out of a decidedly  comparative  understanding of human development 
[Valsiner, 2006]. Refinements and, at times, revisions of these classic structural frame-
works have certainly taken place [e.g., Fischer, 1980], but such revisions have not lost 
sight of the significant framing of phylogeny. To stake a claim within the formal and 
final spheres of explanatory efforts in developmental science, EDP’s proponents must 
first articulate how their evolutionary framework substantively refines or revises those 
structural frameworks already available to developmental science. 

  Because both form and adaptive function have informed past structural charac-
terizations of development, what new ground does EDP provide for understanding 
the organizational characteristics of developmental sequence? It is unclear whether 
proponents of EDP are even equipped to answer such a question, given their explicit 
repudiation of holism and its ontological category of necessary organization [see Del 
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Giudice & Ellis, 2016]. By mechanistically treating natural selection and the popula-
tion-level changes to which it can give rise as antecedent, shaping forces or factors of 
influence in individual ontogeny, EDP’s ontological framework adopts a thoroughly 
 monistic  stance toward the nature of explanation. Of course, proponents of EDP are 
far from alone in their reductionist focus on functional explanation via material and 
efficient causes. Orthodox modern science still embraces a monistic – rather than 
pluralistic – view of explanation, one that stems from its commitment to prediction 
as the hallmark of scientific knowing, its  explicit  rejection of directional explanation 
as valid explanation, and its continued devotion to Newtonian style, mechanistic 
thought [Howard, 1990; Overton, 2015; Saunders, 1989]. 

  Explanatory monism in science privileges functional levels of explanation and 
discounts structural levels of explanation as, at best, temporary heuristics devoid of 
any true explanatory power [Overton, 1991]. As a consequence, the patterns and or-
ganization that structural explanation identifies count as legitimate explanations only 
when filtered through the narrow lens of functional explanation, meaning that the 
invariant forms and functions of structural explanation must be reframed in terms of 
antecedent-consequent causality for them to serve as explanations at all. Such ex-
planatory monism unnecessarily narrows the nature of scientific explanation. It also 
unwittingly encourages a pernicious and conceptually misguided tendency to  reify 
 the structural and functional patterning to which structural explanation appeals, 
wherein abstractions that characterize organisms as wholes – such as intentions, per-
sonality structures, developmental levels of cognitive organization – become concep-
tualized as concrete parts of the organism, parts that temporally precede and initiate, 
in bottom-up, efficient causal fashion, the organism’s consequent behavior. Reifica-
tion of structural explanation represents an ontological confusion of wholes for parts, 
conflating two fundamentally different modes of explanation, and in a world where 
only functional explanation is considered legitimate, such reification – and the 
mereological fallacy that it represents – is likely to run rampant [Bennett & Hacker, 
2003; Kenny, 1971; Wittgenstein, 1958].

  In the field of developmental psychology, for example, Piaget’s holistic structur-
alist orientation has been commonly and wrongly framed in terms of functional ex-
planation ever since its extensive introduction to the USA in the middle of the last 
century. What existed for Piaget as structural explanation (e.g., identification of 
forms and stages of cognitive development) transmogrified, in the hands of many US 
developmental psychologists, into “competencies” inside the child that, alongside 
performance factors, served to determine children’s behavior, as antecedents to a 
consequent [Chapman, 1988; Lourenco & Machado, 1996]. In Chapman’s [1988] 
words: 

  Inevitably, perhaps, developmental psychologists assimilated Piaget’s structural-stage the-
ory to their own functionalist approach. Thus, Piaget’s observation of rough developmental 
synchrony at the population level was interpreted as implying synchrony at the individual 
level, and his ‘structures’ were understood as functional constructs intended to explain this 
synchrony. Instead of being seen as morphological criteria for classifying forms of knowing 
and reasoning, structures were viewed as the  functional antecedents  of age-related behav-
iors. (p. 363)

  As we have argued, proponents of EDP fall victim to precisely this conflation of 
structural and functional explanation, reifying their adaptationist levels of explanation 
in terms of concrete mechanisms for generating developmental change. Treating the 
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population-level dynamics of natural selection as a mechanistic force of influence on 
ontogenetic development (via probabilistic evolved psychological mechanisms) mis-
takenly conceptualizes the relation between a whole (population-level changes in the 
distribution of phenotypes) and its parts (the individual-level phenotypes themselves, 
which make up the population) in antecedent-consequent terms; such treatment re-
frames what should be a structural level of explanation in decidedly functional terms. 

  For more than 30 years, proponents of the DS approach have been at the fore-
front of arguments against structural reification in developmental science [e.g., John-
ston & Gottlieb, 1990; Lickliter & Berry, 1990; Oyama, 1985; Thelen & Smith, 1994]. 
However, DS proponents have not explicitly couched the problem of reification in 
terms of a conflation between structural and functional levels of explanation. Gener-
ally speaking, the question of different levels of explanation for capturing parts-to-
whole and whole-to-parts relations has not really surfaced as a topic of conceptual 
regard in DS accounts [Witherington & Heying, 2013; see Ford & Lerner, 1992, for 
an exception]. This lack of focused regard for the explanatory significance of organi-
zation poses less of a problem when efforts center on explaining developmental or-
ganization from the bottom up (via the self-organizing dynamics of developmental 
construction) but emerges as a serious neglect when the question arises of how evo-
lutionary change might be related to developmental change. 

  For the DS approach to adequately capture the interdependence of developmen-
tal and evolutionary change, its explanatory framework will need to explicitly broaden 
to consider both structural and functional explanation in the approach to develop-
ment-evolution interrelation. This is precisely what relational-developmental systems 
establish as an extension of the DS approach, and in so doing, fully realize the explan-
atory pluralism of a  process-relational   paradigm  for developmental science [Lerner, 
Agans, DeSouza, & Hershberg, 2014; Overton & Lerner, 2014]. An outgrowth of Over-
ton’s [e.g., 2010, 2015] extensive articulations of relational metatheory, the process-
relational paradigm ushers in an ontological and epistemological framework within 
which classic polarities such as structure and function, process and organization, parts 
and wholes, constitute a synthetic unity as “differentiated polarities (i.e., coequals) of 
a unified (i.e., indissociable) inclusive matrix” [Overton, 2010, p. 14]. Each member of 
a polarity analytically offers a distinct, alternative, yet equally legitimate  explanatory 
perspective  or point of view taken toward a phenomenon under investigation [Over-
ton, 2015], fostering an inclusive metatheoretical space “where foundations are 
groundings, not bedrocks of certainty, and analysis is about creating categories, not 
about cutting nature at its joints” [Overton, 2010, p. 13]. Assigning explanatory sig-
nificance to  both  the structural explanation of wholes and the functional explanation 
of the part-to-part nonlinear relations that comprise them, the process-relational par-
adigm promotes a perspectivist framework within which “synthesis and analysis, to-
gether with reason and observation, operate in an interpenetrating reciprocal fash-
ion … in which each individual approach is valued not as a potentially privileged van-
tage point, but as a necessary line of sight on the whole” [Overton, 2010, p. 18]. 

  Following Rieppel [1990], we argue that the search for overarching synthesis in 
understanding development-evolution interrelations requires explanatory modes 
other than the routine antecedent-consequent, force conceptualization of causality 
that graces typical discussions of how processes like natural selection and self-orga-
nization complement one another in generating phenotypic form across develop-
mental and evolutionary time [e.g., Badcock, 2012; Hoelzer, Smith, & Pepper, 2006; 
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Pigliucci, 2007]. Organizational patterns that characterize species as a whole, sequen-
tially embedded in terms of a phylogenetic history of previous species patterns, mean-
ingfully frame current ontogeny and its sequence of forms in the context of prior 
ontogenies and potential future ontogenies. To capture the interdependence of evo-
lutionary and developmental change requires such a framing of interrelations in part-
to-whole and whole-to-part terms and an explanatory pluralism in which  both  the 
antecedent-consequent, functional level of explanation  and  the atemporal, structural 
level of explanation effectively complement one another.

  Conclusion 

 The challenge facing current models of the interrelation between ontogenesis 
and phylogenesis is a conceptual one: to forge an overarching synthesis that tran-
scends the ontological division of selectional and developmental explanatory per-
spectives. In its integration of principles from evolutionary psychology and from DS 
approaches to development, the field of EDP has emerged within psychological and 
developmental science as a potential solution to this challenge, but despite its efforts 
to take developmental processes seriously, EDP remains firmly entrenched in a selec-
tional perspective on the organization of phenotypic form and consequently fails to 
conceptually represent the DS approach and its principles of development. DS ap-
proaches to development, in contrast, offer a levels-of-organization model of devel-
opment-evolution interrelations that both embeds itself in the explanatory signifi-
cance of developmental processes for phenotypic formation and change in individu-
al ontogeny  and  in the explanatory significance of a selectional process for formation 
and change in the distribution of phenotypes in populations. With respect to the 
critical question of how evolutionary change is related to developmental change, DS 
approaches recognize the conceptual mistake of treating natural selection as an ante-
cedent, shaping force in individual ontogeny. 

  However, DS proponents have yet to propose an alternative conceptualization 
for the nature of interdependence between population- and individual-level dynam-
ics. We have argued that understanding the role of population-level evolutionary 
change in individual-level developmental change requires a structural, whole-to-
parts – rather than a functional, parts-to-whole – mode of explanation, in which the 
phenotypic distributional consequences of population-level change organizationally 
frame the succession of forms that characterize individual development and provide 
an important context of meaning within which to understand the very nature of de-
velopmental forms themselves. This, in turn, requires a pluralistic approach to scien-
tific explanation, one that moves beyond traditional antecedent/consequent, mecha-
nistic views of causality to embrace both structural and functional modes of explana-
tion as distinct, equally legitimate, and irreducible perspectives taken toward the 
understanding of any given biological or psychological phenomenon.

  Acknowledgments 

 Special thanks go to Willem Frankenhuis, Rich Lerner, David Moore, Bill Overton, Susan 
Oyama, and two anonymous reviewers for their helpful comments on this paper.
 

D
ow

nl
oa

de
d 

by
: D

. W
ith

er
in

gt
on

   
   

   
   

   
   

   
   

   
   

   
   

   
- 

24
39

02
73

.2
6.

97
.5

8 
- 

1/
5/

20
17

 3
:2

4:
01

 P
M



 Human Development  2016;59:200–234
DOI: 10.1159/000450715

230  Witherington/Lickliter

 

 References 

 Alberch, P. (1982). Developmental constraints in evolutionary processes. In J.T. Bonner (Ed.),  Evolution 
and development  (pp. 313–332). New York, NY: Springer. doi:10.1007/978-3-642-45532-2-15 

 Amundson, R. (2005).  The changing role of the embryo in evolutionary thought: Roots of Evo-Devo . Cam-
bridge: Cambridge University Press. doi:10.1017/CBO9781139164856 

 Arthur, W. (2002). The emerging conceptual framework of evolutionary developmental biology.  Nature, 
415 , 757–764. doi:10.1038/415757a 

 Badcock, P.B. (2012). Evolutionary systems theory: A unifying meta-theory of psychological science.  Re-
view of General Psychology, 16 , 10–23. doi:10.1037/a0026381 

 Baldwin, J.M. (1902).  Development and evolution . New York, NY: Macmillan. 
 Bard, J. (2013). Driving developmental and evolutionary change: A systems biology view. P rogress in Bio-

physics and Molecular Biology, 111 , 83–91. doi:10.1016/j.pbiomolbio.2012.09.006 
 Bates, E. (1979).  The emergence of symbols: Cognition and communication in infancy . New York, NY: 

Academic Press. 
 Bateson, P. (1988). The active role of behavior in evolution. In M.W. Ho & S.W. Fox (Eds.),  Evolutionary 

processes and metaphors  (pp. 191–207). Hoboken, NJ: Wiley & Sons. 
 Batten, D., Salthe, S., & Boschetti, F. (2008). Visions of evolution: Self-organization proposes what natural 

selection disposes.  Biological Theory, 3 , 17–29. doi:10.1162/biot.2008.3.1.17 
 Bennett, M.R., & Hacker, P.M.S. (2003).  Philosophical foundations of neuroscience . Malden, MA: Black-

well. 
 Bjorklund, D.F. (2015). Developing adaptations.  Developmental Review, 38 , 13–35. doi:10.1016/j.

dr.2015.07.002 
 Bjorklund, D.F., & Ellis, B.J. (2005). Evolutionary psychology and child development: An emerging syn-

thesis. In B.J. Ellis & D.F. Bjorklund (Eds.),  Origins of the social mind: Evolutionary psychology and 
child development  (pp. 3–18). New York, NY: Guilford. 

 Bjorklund, D.F., & Ellis, B.J. (2014). Children, childhood, and development in evolutionary perspective. 
 Developmental Review, 34 , 225–264. doi:10.1016/j.dr.2014.05.005 

 Bjorklund, D.F., Ellis, B.J., & Rosenberg, J.S. (2007). Evolved probabilistic cognitive mechanisms: An evo-
lutionary approach to gene × environment × development interactions. In R.V. Kail (Ed.),  Advanc-
es in child development and behavior. Vol. 35  (pp. 1–36). San Diego, CA: Elsevier Academic Press. 
doi:10.1016/B978-0-12-009735-7.50006-2 

 Bjorklund, D.F., & Pellegrini, A.D. (2000). Child development and evolutionary psychology.  Child Devel-
opment, 71 , 1687–1708. doi:10.1111/1467-8624.00258 

 Bjorklund, D.F., & Pellegrini, A.D. (2002).  The origins of human nature: Evolutionary developmental psy-
chology . Washington, DC: American Psychological Association. doi:10.1037/10425-000 

 Bonner, J.T. (1982).  Evolution and development . New York, NY: Springer. doi:10.1007/978-3-642-
45532-2 

 Brinkmann, S. (2011). Can we save Darwin from evolutionary psychology?  Nordic Psychology, 63 , 50–67. 
doi:10.1027/1901-2276/a000039 

 Buss, D.M. (1999).  Evolutionary psychology: The new science of mind . Boston, MA: Allyn & Bacon. 
 Chapman, M. (1988).  Constructive evolution: Origins and development of Piaget’s thought . Cambridge, 

UK: Cambridge University Press. 
 Craver, C.F., & Bechtel, W. (2007). Top-down causation without top-down causes.  Biology and Philoso-

phy, 22 , 547–563. doi:10.1007/s10539-006-028-8 
 Deacon, T.W. (2012).  Incomplete nature: How mind emerged from matter . New York, NY: Norton. 
 De Beer, G. (1958).  Embryos and ancestors . London: Oxford University Press. 
 Del Giudice, M., & Ellis, B.J. (2016). Evolutionary foundations of developmental psychopathology. In D. 

Cicchetti (Ed.),  Developmental psychopathology. Vol. 12: Developmental neuroscience  (3rd. ed., pp. 
1–58). New York, NY: Wiley. doi:10.1002/9781119125556.devpsy201 

 Dennett, D.C. (1995).  Darwin’s dangerous idea: Evolution and the meanings of life . New York, NY: Simon 
& Schuster. 

 Depew, D.J., & Weber, B.H. (1995).  Darwinism evolving: System dynamics and the genealogy of natural 
selection . Cambridge, MA: MIT Press. 

 Derksen, M. (2010). Realism, relativism, and evolutionary psychology.  Theory & Psychology, 20 , 467–487. 
doi:10.1177/0959354309350245 

 Edelmann, J.B., & Denton, M.J. (2007). The uniqueness of biological self-organization: Challenging the 
Darwinian paradigm.  Biological Philosophy, 22 , 579–601. doi:10.1007/s10539-006-9055-5 

 Fischer, K.W. (1980). A theory of cognitive development: The control and construction of hierarchies of 
skills.  Psychological Review, 87 , 477–531. doi:10.1037/0033-295X.87.6.477 

 Ford, D.H., & Lerner, R.M. (1992).  Developmental systems theory: An integrative approach . Newbury Park, 
CA: Sage. 

D
ow

nl
oa

de
d 

by
: D

. W
ith

er
in

gt
on

   
   

   
   

   
   

   
   

   
   

   
   

   
- 

24
39

02
73

.2
6.

97
.5

8 
- 

1/
5/

20
17

 3
:2

4:
01

 P
M



 Development and Evolution 231 Human Development  2016;59:200–234
DOI: 10.1159/000450715

 Frankenhuis, W.E., Panchanathan, K., & Barrett, H.C. (2013). Bridging developmental systems theory and 
evolutionary psychology using dynamic optimization.  Developmental Science, 16 , 584–598. 
doi:10.1111/desc.12053 

 Gabora, L. (2006). Self-other organization: Why early life did not evolve through natural selection.  Journal 
of Theoretical Biology, 241 , 443–450. doi:10.1016/j.jtbi.2005.12.007 

 Garstang, W. (1922). The theory of recapitulation: A critical re-statement of the biogenetic law.  Journal of 
the Linnean Society of London Zoology, 35 , 81–101. doi:10.1111/j.1096-3642.1922.tb00464.x 

 Gilbert, S.F. (2003). Evo-devo, devo-evo, and devgen-popgen.  Biology and Philosophy, 18 , 347–352. 
doi:10.1023/A:1023944304419 

 Gilbert, S.F., Opitz, J.M., & Raff, R.A. (1996). Resynthesizing evolutionary and developmental biology. 
 Developmental Biology, 173 , 357–372. doi:10.1006/dbio.1996.0032 

 Goodwin, B.C. (1982). Development and evolution.  Journal of Theoretical Biology, 97 , 43–55. 
doi:10.1016/0022-5193(82)90275-2 

 Gottlieb, G. (1987). The developmental basis of evolutionary change.  Journal of Comparative Psychology, 
101 , 262–271. doi:10.1037/0735-7036.101.3.262 

 Gottlieb, G. (1992).  Individual development and evolution: The genesis of novel behavior . New York, NY: 
Oxford University Press. 

 Gould, S.J. (1977).  Ontogeny and phylogeny . Cambridge, MA: Harvard University Press. 
 Gould, S.J. (2002).  The structure of evolutionary theory . Cambridge, MA: The Belknap Press of Harvard 

University Press. 
 Griffiths, P.E. (1996). Darwinism, process structuralism, and natural kinds.  Philosophy of Science ,  63  (Pro-

ceedings), S1–S9. doi:10.1086/289930 
 Griffiths, P.E., & Gray, R.D. (1994). Developmental systems and evolutionary explanation.  Journal of Phi-

losophy, 91 , 277–304. doi:10.2307/2940982 
 Griffiths, P.E., & Gray, R.D. (2005). Discussion: Three ways to misunderstand developmental systems 

theory.  Biology and Philosophy, 20 , 417–425. doi:10.1007/s10539-004-0758-1 
 Griffiths, P.E., & Stotz, K. (2013).  Genetics and philosophy: An introduction . New York NY: Cambridge 

University Press. doi:10.1017/CBO9780511744082 
 Guastello, S.J. (1997). Science evolves: An introduction to nonlinear dynamics, psychology, and life sci-

ences.  Nonlinear Dynamics, Psychology, and Life Sciences, 1 , 1–5. doi:10.1023/A:1022367709123 
 Haeckel, E. (1874).  Anthropogenie: Keimes- und Stammes-Geschichte des Menschen . Leipzig: Verlag von 

Wilhelm Engelmann. 
 Hall, B.K. (1999).  Evolutionary developmental biology . Dordrecht: Kluwer. doi:10.1007/978-94-011-3961-8 
 Hall, B.K. (2000). Evo-devo or devo-evo: Does it matter?  Evolution & Development, 2 , 177–178. 

doi:10.1046/j.1525-142x.2000.00003e.x 
 Hernandez Blasi, C., & Bjorklund, D.F. (2003). Evolutionary developmental psychology: A new tool for 

better understanding human ontogeny.  Human Development, 46 , 259–281. doi:10.1159/000071935 
 Ho, M.W. (2010). Development and evolution revisited. In K.E. Hood, C.T. Halpern, G. Greenberg, & 

R.M. Lerner (Eds.),  Handbook of developmental science, behavior and genetics  (pp. 61–109). Malden, 
MA: Wiley Blackwell. doi:10.1002/9781444327632.ch4 

 Ho, M.W., & Saunders, P.T. (1984). Pluralism and convergence in evolutionary theory. In M.W. Ho & 
P.T. Saunders (Eds.),  Beyond neo-Darwinism  (pp. 3–14). London: Academic Press. 

 Hochman, A. (2013). The phylogeny fallacy and the ontogeny fallacy.  Biology & Philosophy, 28 , 593–612. 
doi:10.1007/s10539-012-9325-3 

 Hoelzer, G.A., Smith, E., & Pepper, J.W. (2006). On the logical relationship between natural selection and 
self-organization.  Journal of Evolutionary Biology, 19 , 1785–1794. doi:10.1111/j.1420-9101.2006.01177.x 

 Howard, G.S. (1990). Aristotle, teleology, and modern psychology. Theoretical & Philosophical Psychology,
10, 31–38.  

   Hughes, A.J., & Lambert, D.M. (1984). Functionalism, structuralism, and “ways of seeing.”  Journal of 
Theoretical Biology, 111 , 787–800. doi:10.1016/S0022-5193(84)80267-2 

 Ingold, T. (2004). Beyond biology and culture: The meaning of evolution in a relational world.  Social An-
thropology, 12 , 209–221. doi:10.1017/S0964028204000291 

 Ioannidis, S. (2008). How development changes evolution: conceptual and historical issues in evolution-
ary developmental biology.  Biology and Philosophy, 23 , 567–578. doi:10.1007/s10539-008-9111-4 

 Jamieson, I.G. (1986). The functional approach to behavior: Is it useful?  The American Naturalist, 127 , 
195–208. doi:10.1086/284478 

 Jablonka, E., & Lamb, M.J. (2005).  Evolution in four dimensions . Cambridge, MA: MIT Press. 
 Johnston, T.D., & Edwards, L. (2002). Genes, interactions, and development.  Psychological Review, 109 , 

26–34. doi:10.1037/0033-295X.109.1.26 
 Johnston, T.D., & Gottlieb, G. (1990). Neophenogenesis: A developmental theory of phenotypic evolution. 

 Journal of Theoretical Biology, 147 , 471–495. doi:10.1016/S0022-5193(05)80260-7 

D
ow

nl
oa

de
d 

by
: D

. W
ith

er
in

gt
on

   
   

   
   

   
   

   
   

   
   

   
   

   
- 

24
39

02
73

.2
6.

97
.5

8 
- 

1/
5/

20
17

 3
:2

4:
01

 P
M



 Human Development  2016;59:200–234
DOI: 10.1159/000450715

232  Witherington/Lickliter

 

 Johnston, T.D., & Lickliter, R. (2009). A developmental systems theory perspective on psychological 
change. In J.P. Spencer, M. Thomas, & J.M. McClelland (Eds.),  Toward a unified theory of develop-
ment: Connectionism and dynamic systems theory re-considered  (pp. 285–296). New York, NY: Ox-
ford University Press. doi:10.1093/acprof:oso/9780195300598.003.0014 

 Juarrero, A. (1999).  Dynamics in action: Intentional behavior as a complex system . Cambridge, MA: MIT Press. 
 Kauffman, S.A. (1985). Self-organization, selective adaptation, and its limits: A new pattern of inference 

in evolution and development. In J. Depew & B.H. Weber (Eds.),  Evolution at the crossroads  (pp. 
169–207). Cambridge, MA: MIT Press. 

 Kenny, A. (1971). The homunculus fallacy. In M. Grene (Ed.),  Interpretations of life and mind: Essays 
around the problem of reduction  (pp. 65–74). London: Routledge. 

 Kitchener, R.F. (1982). Holism and the organismic model in developmental psychology.  Human Develop-
ment, 25 , 233–249. doi:10.1159/000272811 

 Kuo, Z.Y. (1967).  The dynamics of behavior development: An epigenetic view . New York, NY: Random House. 
 Lehrman, D.S. (1970). Semantic and conceptual issues in the nature-nurture problem. In L.R. Aronson, 

D.S. Lehrman, E. Tobach, & J.S. Rosenblatt (Eds.),  Development and evolution of behavior  (pp. 17–
52). San Francisco, CA: Freeman. 

 Lenoir, T. (1987). The eternal laws of form: Morphotypes and the conditions of existence in Goethe’s bio-
logical thought. In F. Amrine, F.J. Zucker, & H. Wheeler (Eds.),  Goethe and the sciences: A re-ap-
praisal  (pp. 17–28). Dordrecht: Reidel. doi:10.1007/978-94-009-3761-1-2 

 Lerner, R.M. (1978). Nature, nurture, and dynamic interactionism.  Human Development, 21 , 1–20. 
doi:10.1159/000271572 

 Lerner, R.M. (1992).  Final solutions: Biology, prejudice and genocide . University Park, PA: Penn State Press. 
 Lerner, R.M. (2002).  Concepts and theories of human development  (3rd ed.). Mahwah, NJ: Erlbaum. 
 Lerner, R.M., Agans, J.P., De Souza, L.M., & Hershberg, R.M. (2014). Developmental science in 2025: A pre-

dictive review.  Research in Human Development, 11 , 255–272. doi:10.1080/15427609.2014.967046 
 Levins, R., & Lewontin, R. (1985).  The dialectical biologist . Cambridge, MA: Harvard University Press. 
 Lewis, M.D. (2000). The promise of dynamic systems approaches for an integrated account of human de-

velopment.  Child Development, 71 , 36–43. doi:10.1111/1467-8624.00116 
 Lewontin, R. (1983). Gene, organism and environment. In D.S. Bendall (Ed.),  Evolution from molecules to 

men  (pp. 273–285). Cambridge: Cambridge University Press. 
 Lickliter, R. (2008). The growth of developmental thought: Implications for a new evolutionary psychol-

ogy.  New Ideas in Psychology, 26 , 353–369. doi:10.1016/j.newideapsych.2007.07.015 
 Lickliter, R., & Berry, T.D. (1990). The phylogeny fallacy: Developmental psychology’s misapplication of 

evolutionary theory.  Developmental Review, 10 , 348–364. doi:10.1016/0273-2297(90)90019-Z 
 Lickliter, R., & Honeycutt, H. (2003a). Developmental dynamics: Toward a biologically plausible evolu-

tionary psychology.  Psychological Bulletin, 129 , 819–835. doi:10.1037/0033-2909.129.6.819 
 Lickliter, R., & Honeycutt, H. (2003b). Evolutionary approaches to cognitive development: Status and 

strategy.  Journal of Cognition and Development, 4 , 459–473. doi:10.1207/S15327647JCD0404-04 
 Lickliter, R., & Honeycutt, H. (2013). A developmental evolutionary framework for psychology.  Review of 

General Psychology, 17 , 184–189. doi:10.1037/a0032932 
 Lickliter, R., & Honeycutt, H. (2015). Biology, development and human systems. In W.F. Overton & 

P.C.M. Molenaar (Vol. Eds.), & R.M. Lerner (Ed.-in-chief),  Handbook of child psychology and devel-
opmental science. Vol. 1: Theory & method  (7th ed., pp. 162–207). Hoboken, NJ: Wiley. 
doi:10.1002/9781118963418.childpsy105 

 Linde Medina, M. (2010). Two “EvoDevos.”  Biological Theory, 5 , 7–11. doi:10.1162/BIOT-a-00014 
 Lourenco, O., & Machado, A. (1996). In defense of Piaget’s theory: A reply to 10 common criticisms.  Psy-

chological Review, 103 , 143–164. doi:10.1037/0033-295X.103.1.143 
 Løvtrup, S. (1984). Ontogeny and phylogeny from an epigenetic point of view.  Human Development, 27 , 

249–261. doi:10.1159/000272918 
 Machluf, K., Liddle, J.R., & Bjorklund, D.F. (2014). An introduction to evolutionary developmental psy-

chology.  Evolutionary Psychology, 12 , 264–272. doi:10.1177/147470491401200201 
 Mascolo, M.F., Pollack, R.D., & Fischer, K.W. (1997). Keeping the constructor in development: An epigen-

etic systems approach.  Journal of Constructivist Psychology, 10 , 25–49. doi:10.1080/10720539708404610 
 Molenaar, P.C.M., & Raymakers, M.E.J. (1998). Fitting nonlinear dynamical models directly to observed 

time series. In K.M. Newell & P.C.M. Molenaar (Eds.),  Applications of nonlinear dynamics to devel-
opmental process modeling  (pp. 269–297). Mahwah, NJ: Erlbaum. 

 Moore, D.S. (2008). Individuals and populations: How biology’s theory and data have interfered with the 
integration of development and evolution.  New Ideas in Psychology, 26 , 370–386. doi:10.1016/j.ne-
wideapsych.2007.07.009 

 Nash, A. (2014). Are stone-age genes created out of whole cloth? Evaluating claims about the evolution of 
behavior.  Dialectical Anthropology, 38 , 305–332. doi:10.1007/s10624-014-9354-1 

 O’Grady, R.T. (1984). Evolutionary theory and teleology.  Journal of Theoretical Biology, 107 , 563–578. 
doi:10.1016/S0022-5193(84)80133-2 

D
ow

nl
oa

de
d 

by
: D

. W
ith

er
in

gt
on

   
   

   
   

   
   

   
   

   
   

   
   

   
- 

24
39

02
73

.2
6.

97
.5

8 
- 

1/
5/

20
17

 3
:2

4:
01

 P
M



 Development and Evolution 233 Human Development  2016;59:200–234
DOI: 10.1159/000450715

 Olson, M.E. (2012). The developmental renaissance in adaptationism.  Trends in Ecology and Evolution, 
27 , 278–287. doi:10.1016/j.tree.2011.12.005 

 Overton, W.F. (1975). General systems, structure and development. In K.F. Riegel & G.C. Rosenwald 
(Eds.),  Structure and transformation: Developmental and historical aspects  (pp. 61–81). New York, 
NY: Wiley. 

 Overton, W.F. (1976). The active organism in structuralism.  Human Development, 19 , 71–86. 
doi:10.1159/000271518 

 Overton, W.F. (1991). The structure of developmental theory. In P. van Geert & L.P. Mos (Eds.),  Annals 
of theoretical psychology. Vol. 7  (pp. 191–235). New York, NY: Plenum Press. doi:10.1007/978-1-
4615-3842-4-9 

 Overton, W.F. (2002). Understanding, explanation, and reductionism: Finding a cure for Cartesian anxi-
ety. In T. Brown & L. Smith (Eds.),  Reductionism and the development of knowledge  (pp. 29–51). 
Mahwah, NJ: Erlbaum. 

 Overton, W.F. (2010). Life-span development: Concepts and issues. In W.F. Overton (Vol. Ed.) & R.M. 
Lerner (Ed.-in-chief),  The handbook of life-span development:   Cognition, biology, and methods. Vol. 
1  (pp. 1–29). Hoboken, NJ: Wiley. 

 Overton, W.F. (2015). Processes, relations, and relational-developmental-systems. In W.F. Overton & 
P.C.M. Molenaar (Vol. Eds.), & R.M. Lerner (Ed.-in-chief),  Handbook of child psychology and devel-
opmental science. Vol. 1: Theory & method  (7th ed., pp. 9–62). Hoboken, NJ: Wiley. 

 Overton, W.F., & Lerner, R.M. (2014). Fundamental concepts and methods in developmental science: A re-
lational perspective.  Research in Human Development, 11 , 63–73. doi:10.1080/15427609.2014.881086 

 Oyama, S. (1985).  The ontogeny of information: Developmental systems and evolution . New York, NY: 
Cambridge University Press. 

 Oyama, S. (1992). Ontogeny and phylogeny: a case of metarecapitulation? In P. Griffiths (Ed.),  Trees of 
life: Essays in philosophy of biology  (pp. 211–239). Dordrecht: Kluwer Academic Publishers. 
doi:10.1007/978-94-015-8038-0-8 

 Oyama, S. (1993). Constraints and development.  Netherlands Journal of Zoology, 43 , 6–16. 
doi:10.1163/156854293X00179 

 Oyama, S. (2009). Friends, neighbors, and boundaries.  Ecological Psychology, 21 , 147–154. 
doi:10.1080/10407410902877173 

 Oyama, S., Griffiths, P.E., & Gray, R.D. (2001). Introduction: What is developmental systems theory? In 
S. Oyama, P.E. Griffiths, & R.D. Gray (Eds.),  Cycles of contingency: Developing systems and evolution  
(pp. 1–11). Cambridge, MA: MIT Press. doi:10.1007/978-1-4419-8754-9-1 

 Piaget, J. (1971).  Biology and knowledge: An essay on the relations between organic regulations and cogni-
tive processes . Chicago, IL: University of Chicago Press. 

 Pigliucci, M. (2007). Do we need an extended evolutionary synthesis?  Evolution, 61 , 2743–2749. 
doi:10.1111/j.1558-5646.2007.00246.x 

 Pigliucci, M., & Müller, G.B. (2010). Elements of an extended evolutionary synthesis. In M. Pigliucci & 
G.B. Müller (Eds.),  Evolution: The extended synthesis  (pp. 3–17). Cambridge, MA: MIT Press. doi: 
10.7551/mitpress/9780262513678.001.0001 

 Rieppel, O. (1990). Structuralism, functionalism, and the four Aristotelian causes.  Journal of the History 
of Biology, 23 , 291–320. doi:10.1007/BF00141473 

 Robert, J.S. (2004).  Embryology, epigenesis, and evolution: Taking development seriously . New York, NY: 
Cambridge University Press. doi:10.1017/CBO9780511498541 

 Robert, J.S., Hall, B.K., & Olson, W.M. (2001). Bridging the gap between developmental systems theory 
and evolutionary developmental biology.  BioEssays, 23 , 954–962. doi:10.1002/bies.1136 

 Russell, E.S. (1916).  Form and function: A contribution to the history of animal morphology . London: Fili-
quarian Publishing. doi:10.5962/bhl.title.3747 

 Rychlak, J.F. (1988).  The psychology of rigorous humanism  (2nd ed.). New York, NY: New York Univer-
sity Press. 

 Sansom, R. & Brandon, R.N. (2007).  Integrating development and evolution: From theory to practice.  Cam-
bridge, MA: MIT Press. 

 Sarkar, S. (1996). Biological information: a skeptical look at some central dogmas of molecular biology. In 
S. Sarkar (Ed.),  The philosophy and history of molecular biology: New perspectives  (pp. 187–232). 
Dordrecht: Kluwer Academic Publishers. doi:10.1007/978-0-585-31233-0-11 

 Saunders, P.T. (1984). Development and evolution. In M.W. Ho & P.T. Saunders (Eds.),  Beyond neo-Dar-
winism: An introduction to the new evolutionary paradigm  (pp. 243–263). London: Academic Press. 

 Saunders, P.T. (1989). Mathematics, structuralism and the formal cause in biology. In B. Goodwin, A. Si-
batani, & G. Webster (Eds.),  Dynamic Structures in Biology  (pp. 107–120). Edinburgh: Edinburgh 
University Press. 

 Schneirla, T.C. (1960). Instinctive behavior, maturation-experience and development. In B. Kaplan & S. 
Wapner (Eds.),  Perspectives in psychological theory: Essays in honor of Heinz Werner  (pp. 303–334). 
New York, NY: International Universities Press. 

D
ow

nl
oa

de
d 

by
: D

. W
ith

er
in

gt
on

   
   

   
   

   
   

   
   

   
   

   
   

   
- 

24
39

02
73

.2
6.

97
.5

8 
- 

1/
5/

20
17

 3
:2

4:
01

 P
M



 Human Development  2016;59:200–234
DOI: 10.1159/000450715

234  Witherington/Lickliter

 

 Scott-Phillips, T.C., Dickins, T.E., & West, S.A. (2011). Evolutionary theory and the ultimate-proximate 
distinction in the human behavioral sciences.  Perspectives on Psychological Science, 6 , 38–47. 
doi:10.1177/1745691610393528 

 Smith, K.C. (1992). Neo-rationalism versus neo-Darwinism: Integrating development and evolution.  Biol-
ogy and Philosophy, 7 , 431–451. doi:10.1007/BF00130061 

 Sober, E. (1984).  The nature of selection: Evolutionary theory in philosophical focus . Chicago, IL: Univer-
sity of Chicago Press. 

 Sperry, R. (1980). Mind-brain interaction: Mentalism, yes; dualism, no.  Neuroscience, 5 , 195–206. 
doi:10.1016/0306-4522(80)90098-6 

 Stearns, S.C. (1986). Natural selection and fitness, adaptation and constraint. In D.M. Raup & D. Jablon-
ski (Eds.),  Pattern and process in the history of life  (pp. 23–44). Berlin: Springer. doi:10.1007/978-3-
642-70831-2-3 

 Stotz, K. (2014). Extended evolutionary psychology: The importance of transgenerational plasticity.  Fron-
tiers in Psychology, 5 , 908. doi:10.3389/fpsyg.00908 

 Swenson, R. (2010). Selection is entailed by self-organization and natural selection is a special case.  Bio-
logical Theory, 5 , 167–181. doi:10.1162/BIOT-a-00030 

 Thelen, E., & Smith, L.B. (1994).  A dynamic systems approach to the development of cognition and action . 
Cambridge, MA: MIT Press. 

 Thompson, D.W. (1942).  On growth and form: A new edition . Cambridge: Cambridge University Press. 
 Thompson, E. (2007).  Mind in life: Biology, phenomenology, and the sciences of mind . Cambridge, MA: 

Belknap Press of Harvard University Press. 
 Tooby, J., & Cosmides, L. (1992). The psychological foundations of culture. In J. Barkow, L. Cosmides, & 

J. Tooby (Eds.),  The adapted mind: Evolutionary psychology and the generation of culture  (pp. 19–
136). Oxford: Oxford University Press. 

 Turati, C. (2004). Why faces are not special to newborns: An alternative account of the face preference. 
 Current Directions in Psychological Science, 13 , 5–8. doi:10.1111/j.0963-7214.2004.01301002.x 

 Valsiner, J. (2006). Developmental epistemology and implications for methodology. In W. Damon & R.M. 
Lerner (Eds.-in-chief.), & R.M. Lerner (Vol. Ed.),  Handbook of child psychology. Vol. 1. Theoretical 
models of human development  (6th ed., pp. 166–209). Hoboken, NJ: Wiley. 

 Walsh, D.M. (2013). Mechanism, emergence, and miscibility: The autonomy of Evo-Devo. In P. Huneman 
(Ed.),  Functions: Selection and mechanisms  (pp. 43–65). Dordrecht: Springer. doi:10.1007/978-94-
007-5304-4-3 

 Walsh, D.M. (2015).  Organisms, agency, and evolution . New York, NY: Cambridge University Press. 
doi:10.1017/CBO9781316402719 

 Webster, G., & Goodwin, B.C. (1982). The origin of species: a structuralist approach.  Journal of Social and 
Biological Structures, 5 , 15–47. doi:10.1016/S0140-1750(82)91390-2 

 Werner, H. (1948).  Comparative psychology of mental development . New York, NY: International Univer-
sities Press. 

 Werner, H. (1957). The concept of development from a comparative and organismic point of view. In D.B. 
Harris (Ed.),  The concept of development: An issue in the study of human behavior  (pp. 125–148). 
Minneapolis, MN: University of Minnesota Press. 

 West-Eberhard, M.J. (2003).  Developmental plasticity and evolution . New York, NY: Oxford University 
Press. 

 West-Eberhard, M.J. (2005). Developmental plasticity and the origin of species differences.  Proceedings of 
the National Academy of Sciences of the United States of America, 102 , 6543–6549. doi:10.1073/
pnas.0501844102 

 Winther, R.G. (2000). Darwin on variation and heredity.  Journal of the History of Biology, 33 , 425–455. 
doi:10.1023/A:1004834008068 

 Winther, R.G. (2011). Part-whole science.  Synthese, 178 , 397–427. doi:10.1007/s11229-009-9647-0 
 Winther, R.G. (2015). Evo-devo as a trading zone. In A.C. Love (Ed.),  Conceptual change in biology: Sci-

entific and philosophical perspectives on evolution and development  (pp. 459–482). Dordrecht: 
Springer. doi:10.1007/978-94-017-9412-1-21 

 Witherington, D.C. (2011). Taking emergence seriously: The centrality of circular causality for dynamic 
systems approaches to development.  Human Development, 54 , 66–92. doi:10.1159/000326814 

 Witherington, D.C., & Heying, S. (2013). Embodiment and agency: Toward a holistic synthesis for devel-
opmental science.   In R.M. Lerner & J.B. Benson (Eds.),  Advances in child development and behavior. 
Vol. 44: Embodiment and epigenesis: Theoretical and methodological issues in understanding the role 
of biology within the relational developmental system  (pp. 161–192). Oxford: Elsevier Academic 
Press. 

 Wittgenstein, L. (1958).  Philosophical investigations . Upper Saddle River, NJ: Prentice Hall. 
  

D
ow

nl
oa

de
d 

by
: D

. W
ith

er
in

gt
on

   
   

   
   

   
   

   
   

   
   

   
   

   
- 

24
39

02
73

.2
6.

97
.5

8 
- 

1/
5/

20
17

 3
:2

4:
01

 P
M


