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Conceptual Foundations of Emergence
Theory

Philip Clayton
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the scientific quest for re
once-popular project of complete explanato

all phenomena in the natural world in terms O

physics—1 finally impossible.’
In one sense, Jimitations to the programme of reductionist, understood as

a philosophical position about science, do not affect everyday scientific
practice. To do science still means to try to explain phenomena in terms of

their constituent parts and underlying laws. Thus, endorsing an emergentist
ence is in most Cases consistent with business as usual in

philosophy of sci

much of science. In another sense, howeven the reduction-versus-emergence

debate does have r one’s understanding of scientific method

and results, as the follo ]I demonstrate. The ‘unity of science’
f the twentieth century, perhaps the

movement that domina
classic expression of reductionist philosophy of science, presupposed a sig-
nificantly different understanding of natural science—its goals, epistemic
status, relation to other areas of study, and final fate—than is entailed by

emergence theories of science. Whether the scientist subscribes to On¢ pos-
ition or the other will inevitably have some effects on how she pursues her

science and how she views her results.
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Philip Clayton

1. DEFINING EMERGENCE

The following definition of emergence by el-Hani and Pereira includes f,
features generally associated with this concept: u

1. Ontological physicalism: All that exists in the space-time world are the bgg;
particles recognized by physics and their aggregates. «
2. Property emergence: When aggregates of material particles attain an appy,.

priate Jevel of organizational complexity, genuinely novel propertie
emerge in these complex systems.

3. Theirreducibility of the emergence. Emergent properties are irreducible to, anq
unpredictable from, the lower-level phenomena from which they emerge,

4. Downward causation: Higher-level entities causally affect their lower-leve]
constituents. (el-Hani and Pereira, 2000, p. 133)

Fach of these four theses requires claboration, and some may require mod-
ification as well, We consider them seriatim.

(1) Concerning ontological physicalism. The first condition does correctly
express the anti-dualistic thrust of emergence theorics. But if the emergence
thesis is correct, it undercuts the claim that physics is the fundamental
discipline in terms of which all others must be expressed. Moreover, rather
than treating all objects that are not ‘recognized by physics’ as mere aggre-
gaten, it suggests viewing them as emergent entities (in a sense to be defined).
I'hus it might be more accurate to begin with the more neutral doctrine of
ontological monism;

(1') Ontological monism: Reality is ultimately composed of one basic kind
of stuff”, Yet the concepts of physics are not sufficient to explain all the forms
(hat this stufl takes—all the ways it comes to be structured, individuated, and
causally efficacious, The one ‘stuff apparently takes forms for which the
explanations of physics, and thus the ontology of physics (or ‘physicalism’
for short), are not adequate. We should not assume that the entities postu-
Jnted by physics complete the inventory of what exists. Hence emergentists

should be monists but do not need to be physicalists in the sense that physics
dictates their ontology.

(2) Concerning property emergence. The discovery of genuinely novel prop-

» . ) . . v N ) =
ertics in nature is indeed a major motivation for emergence. Timothy O'Con
nor has provided a sophisticated account of property emergence. For any
emergent property Pof some object O, four conditions hold:
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(i) P supervences on properties of the parts of O;
(i) P is not had by any of the object’s parts;
(iii) P is distinct from any structural property of O;
(iv) P has direct (‘downward’) determinative influence on the pattern of
behaviour involving O’s parts. (O’Connor, 1994, pp. 97-8)

Particular attention should be paid to O’Connor’s condition (ii), which he
calls the feature of non-structurality. It entails three features: “The property’s
heing potentially had only by objects of some complexity, not had by any of the
object’s parts, [and] distinct from any structural property of the object’ (p. 97).

(3) Concerning the irreducibility of emergence. To say that emergent prop-
erties are irreducible to Jower-level phenomena presupposes that reality is
divided into a number of distinct levels or orders. Wimsatt classically ex-
presses the notion: ‘By level of organization, I will mean here compositional
levels—hicrarchical divisions of stuff (paradigmatically but not necessarily
material stuff ) organized by part-whole relations, in which wholes at one level
function as parts at the next (and at all higher) levels...” (Wimsatt, 1994,
p. 222). Wimsatt, who begins by contrasting an emergentist ontology with
Quine’s desert landscapes, insists that ‘it is possible to be a reductionist and a
holist too’ (p. 225). The reason is that emergentist holism, in contrast to what
we might call ‘New Age holism, is a controlled holism. It consists of two
theses: that there are forms of causality that are not reducible to physical
causes (on which more in a moment), and that causality should be our
primary guide to ontology. As Wimsatt writes, ‘Ontologically, one could
take the primary working matter of the world to be causal relationships,
which are connected to one another in a variety of ways—and together
make up patterns of causal networks’ (p. 220).

It follows that one of the major issucs for emergence theory will involve the
question when exactly one should speak of the emergence of a new level within
the natural order. Traditionally, qife’ and ‘mind’ have been taken to be genuine
emergent levels within the world—from which it follows that ‘mind’ cannot be
understood dualistically, a la Descartes. But perhaps thereare quite a few more
levels, perhaps innumerably more. In a recent book, the Yale biophysicist
Harold Morowitz (2002), for example, identifies no fewer than twenty-eight
distinct levels of emergence in natural history from the big bang to the present.

The comparison with mathematics helps to clarify what is meant by emer-
gent levels and why decisions about them are often messy. Alt'hough. math-
ematical knowledge increascs, mathematics is clearly an area in which one
fiocsn’l encounter the emergence of something new. Work'm .mathematlcs
involves discovering logical entailments: rqgularities and principles that are
built into axiomatic systems from the outset. Thus it is always true that if you
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viant to know the number of numerals in a set of concurrent integers .
subtract the value of the first from the value of the last and add one. It’s ng ;:!
?hat rule only begins to pertain when the numbers get really big. By COntrz.s
in the natural world the quantity of particles or degree of comp]e,_it,;;j
a system does often make a difference. In complex systems, the outcg...
15 more than the sum of the parts. The difficult part, both empirica;f
and conceptually, is ascertaining when and why the complexity is sufﬁde;{

to produce the new cffects.

(4) Concerning downward causation. Many argue that downward causatiy
or ‘whole-part influence’ is the most distinctive feature of strong emergence__
and its greatest challenge. As O’Connor notes, ‘an emergent’s causal influenc
is irreducible to that of the micro-properties on which it supervenes: it bears it
influence in a direct, “downward” fashion in contrast to the operation of 5
simple structural macro-property, whose causal influence occurs via the activity
of the micro-properties that constitute it'’ (O’Connor, 1994, pp. 97-8).

Such a causal influence of an emergent structure or object on its constituent
parts contrasts with the claim that all causation is ultimately to be analysed in
terms of micro-physical causes. The notion of emergent causal influences
reccives detailed exposition and defence—and its fair share of criticism—in
many of the following chapters. Defenders of the notion often appeal to
Aristotle’s four distinct types of causal influence, which include not only

efficient causality, the dominant conception of cause in the history of modern
science, but also material, formal, and final causality. The troubleis that material
causality—the way in which the matter of a thing causes it to be and to actina
particular way—is no less ‘physicalist’ than efficient causality, and final causal-
ity—the way in which the goal toward which a thing strives influences its
behaviour—is associated with vitalist, dualist, and supernaturalist accounts of
the world, accounts that most emergentists would prefer to avoid. Formal
causality—the influence of the form, structure, or function of an object on its
activitics—is thus probably the most fruitful of these Aristotelian options.

Several authors have begun formulating a broader theory of causal influence,
including Terrence Deacon (Ch. 5),2 although much work remains to be done.

2. THE PREHISTORY OF THE EMERGENCE CONCEPT

m
By most accounts, George Henry Lewes was the scholar whose use of the. ter
‘emergence’ was responsible for the explosion of emergence theories 1

n the

, 1996)-
2 Seealso Rom Harréand E. H. Madden (1975), John Dupre (1993),and Robert N. Brandon(
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