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Abstract

This thesis gives a philosophical assessment of a contemporary movement,
influential amongst physicists, about the status of microscopic and macroscopic
properties. Although it is a recognisable version of older metaphysical theses of
emergentism, these “New Emergentists” support their position by appealing to
recent discoveries in condensed matter physics. The fountainhead for the move-
ment was a short 1972 paper ‘More is Different’, written by the physicist Philip
Anderson. Each of my chapters is concerned with themes mentioned in that paper,
or subsequently expounded by Anderson and his followers.

In Chapter 1, I aim to locate Anderson’s existence claims for ‘emergent prop-
erties’ within the metaphysical, epistemological and methodological doctrines that
identify themselves as ‘emergentist’. I argue, against the commentators’ consensus,
that the New Emergentists make claims about the metaphysical status of physical
properties, and should not be read as concerned only with matters of research
methodology for physics.

In Chapter 2, [ look at the physical examples that the New Emergentists appeal
to, and propose a way of formulating their main claims within modern analytic
metaphysics. I argue that it is possible to view their thesis as an updated version
of ‘British Emergentism’ a movement popular in the early years of the twentieth
century. I support this contention by comparing examples of emergent properties
put forward by the British and the New Emergentists.

Chapter 3 is a discussion of the significance of renormalisation techniques, a
theme not present in ‘More is Different’, but prominent in Anderson’s later work
and emphasised by his followers. I concentrate on a set of claims by Robert Bat-
terman, who presents renormalisation as an explanatory strategy unrecognised
by the philosophy of science. I attack his thesis by separating several different
methods of renormalisation analysis, and arguing that he has conflated them. I
go on to examine some seemingly contradictory views of the significance of renor-
malisation methods, and present an interpretation that goes some way towards a

reconciliation.



In Chapter 4, I discuss the theoretical representation of phase transitions in
condensed matter physics; in particular, their appeal to the limit of an infinite
system. While this theme is mentioned in Anderson’s work, I focus on a debate
which has arisen independently, within the philosophical literature. I examine
and refute various claims to the effect that the ineliminability of the infinite limit
in modelling phase transitions is of great metaphysical significance. I suggest a
definition of phase transitions for finite systems that dissolves this illusion, and
gives us reason to trust the results of the theories that only apply in the infinite
limit. I then comment on the significance of these results for a suggestion of Laura
Ruetsche, that quantum statistical mechanics should be used as a guide to the
interpretation of quantum field theory.

Chapter 5 revisits the doctrines of the New Emergentists in order to place their
views within some wider philosophical debates. I look at how their doctrines bear
on issues in the interpretation of quantum mechanics, in the philosophy of mind
and the philosophy of science. 1 close by returning to the context within physics,
in which the New Emergentists originally made their presence felt: the controversy
over whether elementary particle physics should enjoy greater status than other

areas.
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Chapter 1

New Emergentism: Metaphysical

Positions

Throughout the twentieth century, those scientists and philosophers of science
willing to call themselves ‘emergentists’ have been engaged in a slow, but steady
retreat across subject areas. The term was first used in its modern sense by Lewes
(1877), and quickly adopted by a number of writers. Although they differed on
many points of doctrine, they were united by a belief that certain large systems
studied in the special sciences — in chemistry, biology, or psychology — exhibited
fundamentally different properties to those of the very smallest systems studied
in physics. In the first decades of the century, one could find emergentists in
certain areas of large-scale physics; then the front line shifted to chemistry and
then to biology, as a steady march of reductionist success pushed emergentists to
less developed areas of science (McLaughlin, 1992). In the late twentieth century
it seemed that psychology and the sciences of the mind were their last bastion:
everywhere else, a reductionist programme had triumphed. The sciences of the
very small — high energy particle physics in particular — were seen as the only

areas engaged in a search for “fundamental” laws. All other physical sciences were



in a sense “derivative”, in that their subject matter was, ultimately, the behaviour
of physical systems, and this could be derived — in theory at least — from the
laws and principles that governed the very small.

However, the last few decades have seen a strong emergentist comeback hailing
from an unexpected quarter: physics itself, which had been thought to be the
first to fall. The variety of fields claiming to study “emergent phenomena” has
now reached such a point that rival unificatory frameworks have been proposed.
In these first years of the twenty-first century these include complex adaptive
systems theory, nonlinear dynamical systems theory, self-organised criticality, and
the theories based around the study of cellular automata.! These frameworks
are claimed to have applications well beyond physics, in biology, social theory,
economics and population biology, amongst others.

Much of this startling ‘resurgence of emergence’ can be traced back to a short
1972 paper by the Nobel Prize winning physicist Philip Anderson, entitled ‘More
is Different’.?2 Anderson defended the view that the laws and principles he studied
as a condensed matter physicist were emergent, in the sense that they were entirely
different from, but had no lower status than, those studied by particle physicists.
In contrast to some of the later developments, Anderson’s own claims were based
on well-understood physical theories. Nonetheless, his position was, and remains,
a controversial one. Most famously, Anderson was opposed by Steven Weinberg,

who claimed that the physics of the very small held a privileged position in a

IClassics of complexity studies include Holland (1992) and Kauffman (1996). The field is
particularly associated with the Santa Fe Institute in California, which recently celebrated its
twentieth anniversary. Waldrop (1992) gives a history of thinkers and ideas associated with the
Santa Fe institute, which is useful in tracing its origins and connections to other “emergentist”
thought. Nonlinear dynamical systems theory developed from theories associated with chaotic
phenomena. Kellert (1993) provides a detailed philosophical study, which is largely deflatory
as to its metaphysical significance. Newman (1996) takes the opposite view. Self organised
criticality is associated expecially with the work of Bak et al. (1987), and theories of cellular
automata have been brought to public prominence by Wolfram (2002).

2 Anderson (1972) is traced as the fountainhead article for emergentist and complexity theories
by several authors, (e.g., Solomon, 2005).



hierarchy of scientific explanation.

I shall postpone an examination of the details of the Anderson/Weinberg de-
bate.> My aim, in this Chapter and the next, is to try to relate this new doctrine
of emergence, and its opponent reductionism, to the metaphysical debates and
doctrines that have long existed under the same names. This project comes in two
parts. The first — covered in this chapter — aims to locate the basic metaphysi-
cal position taken by Anderson and his followers amongst those familiar from the
philosophy of mind and of science. I shall argue that their new position does not
fall easily into the most familiar metaphysical categories, and I shall make some
suggestions as to why this might be so. These largely negative conclusions will
then inform the second part of the project, which constitutes the next chapter.
There, I argue that Anderson’s own emergentist position is a metaphysical thesis

of more originality, plausibility and importance than its critics have allowed.

1.1 Preliminaries

It is helpful to start by introducing some nomenclature. I shall refer to the posi-
tion first articulated by Anderson as ‘New Emergentism’, a term that may serve to
distinguish it from the bewildering variety of positions that have precipitated out
from other emergentist debates. ‘New Emergentism’ is intended to cover a reason-
able range of the positions held by those modern physicists who call themselves
emergentists, but it would be a mistake to try to accommodate too many of the
claims made since Anderson’s original, concise presentation. Here I shall perhaps
err on the side of caution and only appeal to a few authors to articulate the cen-

tral position. As well as Anderson, his colleagues in condensed matter physics —

3In this thesis, I will return to it only in §5.2, considering an argument based on the concept
of a protectorate, which is separate to the considerations I shall be engaging with in this chapter
and the next.



Robert Laughlin, David Pines and Piers Coleman — will be quoted as represent-
ing New Emergentism position due to their explicit identification with Anderson’s
themes (Laughlin and Pines (2000), Coleman (2003), Laughlin (2005)). Ernst
Mayr’s discussions, and especially his position in exchanges with Weinberg, also
put him squarely in the New Emergentist camp, though he is principally concerned
with issues in biological sciences (Mayr, 1988).

It is also useful to reserve judgment on the exact branch of physics that may
describe the very small, so for the moment I shall speak of “microphysics” and
“microphysical laws” leaving it open whether these terms refer to the current
Standard Model of particle physics, to a modification of it in some successful
“orand unification” | or to some advance as yet unimagined.

It is helpful to begin with a short exercise of undergrowth clearing, to address
several points that appear to have a clear resolution, before engaging with more

controversial issues.

1.1.1 Red Herring 1 — A Comprehensive Definition

John Holland, a guru of Complexity Theory, introduces a semi-popular exposition

of emergence with some pessimism:

Despite its ubiquity, emergence is an enigmatic, recondite topic, more
wondered at than analyzed. What understanding we do have is mostly
through a catalogue of instances ... It is unlikely that a topic as compli-
cated as emergence will submit weakly to a concise definition. (Holland,
1998)

Claims that a field is dealing with “emergent phenomena” have become fashionable
in the years since Anderson’s article. The list of the last section could be extended a
great deal further without even venturing beyond physics. Why, in all this variety,
should we expect to find some core criteria, shared also by older “emergentist”

positions in the philosophy of mind and other areas of science?



A source of much difficulty is that both philosophers and scientists have typi-
cally been driven by their own motivations in searching for emergence, and have
allowed these to influence their selection of criteria. Kim (1995) is concerned with
issues of mental causation, and so it is natural for him to search for emergence
as defined by some appearance of causal autonomy. But contrast his approach
with that of Zurek (1991), who is concerned with issues of how classical behaviour
emerges from the quantum domain, and looks for it in the vanishing of the inter-
ference terms from a decohering wavefunction. It is hard to see how these two can
be covered by a single notion of emergence.

Similar parochial concerns can be expected to appear in any approach which
first constructs a firm list of desiderata for emergence, then searches for examples
which conform to it. There is no reason to think that a single definition will be
suitable for all these hoped-for applications of emergence. In the philosophical
literature in particular, background interests have shown through strongly, despite
pleas to search for examples of emergence in physical science on their own merits,
e.g., Humphreys (1997, 15). I claim that the New Emergentists deserve special
attention for taking the opposite tack: looking within well-understood physical
sciences for simple phenomena that seem to display a few core emergentist char-
acteristics, illustrating fundamental laws, or principles operating on a large scale,
and then examining the theoretical descriptions to see whether they might suggest
criteria for a more general approach.

Thus, our aim is not to discover any neat package of necessary and sufficient
conditions for emergence. Far less are we searching for a definition covering all
those desiderata needed to claim that mental causation, the classical world or a
direction of time are emergent. For these goals, Holland’s scepticism appears well-
founded. Neither is it my ambition to provide a framework for the new sciences

of emergence, by defining such terms as ‘complex’ or ‘self-organised’. Such a



clear framework is certainly needed, the field being often compared to pre-Carnot
thermodynamics. (I shall make a few comments of the relationship between the

New Emergentist position and Complexity, in §5.1.)

1.1.2 Red Herring 2 — Emergence of What?

Silberstein (2002) gives a careful survey of three separate emergentist debates in
the philosophical literature. They concern the status of physical entities, of causal
powers and of properties. A good first step would be to identify the issue with
which the New Emergentists are concerned.

Fortunately, it is clear that the New Emergentists’ interest is in property emer-
gence (understood to encompass also those laws which govern the emergent prop-
erties). As regards “entity emergence” consider the following from Laughlin and
Pines:

The low-energy excited quantum states of these systems [crystalline
solids| are particles in exactly the same sense that the electron in the
vacuum of quantum electrodynamics is a particle: They carry momen-
tum, energy, spin, and charge, scatter off one another according to
simple rules, obey Fermi or Bose statistics depending on their nature,
and in some cases are even “relativistic,” in the sense of being described
quantitatively by Dirac or Klein-Gordon equations at low energy scales.
Yet they are not elementary, and, as in the case of sound, simply do
not exist outside the context of the stable state of matter in which they
live. (Laughlin and Pines, 2000, 28, italics mine)

This attitude is typical — the New Emergentists accept that there may be an
ultimate microlevel of entities that can usefully be called elementary, or even ‘fun-
damental’, but they deny that this confers any privileged status on the properties
of these elementary entities, or on the laws governing those properties.

While the New Emergentists can concede the issue of entity emergence for
the sake of argument, they never even mention issues of causation. Their writ-

ings contain no discussions of overdetermination, downward causation, or of the



causal closure of the microphysical. In these two chapters we shall follow them in
their silence, but in doing so we may be accused of bypassing a large portion of
the philosophical debates on emergence, especially those within the philosophy of
mind.

I think this is defensible, since a focus on causal emergence is largely driven
by concerns particular to the philosophy of mind. As one of the foremost meta-
physicians of the mental, Jaegwon Kim is able to look back over his career and
write (with approval), that ‘devising an account of mental causation has been, for
the past three decades, one of the main preoccupations of philosophers of mind
who are committed to physicalism in one form or another.” (Kim, 2005, 8). A
physicalist will be keen to discover whether there is a conception of emergence
that might imbue mental states with causal roles suitable for a robust conception
of mental causation.?

Important and wide-ranging these debates may be: but we must leave them
aside if we are to understand the New Emergentists, for issues of causation are by
no means apparent in their principal examples. In particular, they place symmetry-
breaking centrally in their discussion, a phenomenon with notorious causal pecu-
liarities. Philosophers of physics have discussed both (i) general questions as to
whether causal powers can be isolated cleanly in such processes (Liu, 2002), and
(ii) particular issues such as apparent violations of Curie’s Principle, which relates
the symmetry characteristics of causes and effects (Brading and Castellani, 2003).

Meanwhile, the causation-concerned philosophers of mind can be accused of

being overly influenced by “ball-bearing physics”,? based on examples taken from

4Kim himself is the foremost proponent of the view that emergence (or at least the British
version described in §1.5.2) was unavoidably committed to a doctrine known as ‘downward cau-
sation’, and that this is in contradiction with the causal closure of the physical realm (Kim, 1998,
100-104). A brief discussion of the sense in which British Emergence is committed to a version
of downward causation, is found in Appendix A.

®Indeed they often have been so accused: (e.g., Wilson (1985, 2004), Norton (2003)). Suitable
notions of causation are particularly elusive in physical theories built on statistical mechanical



elementary Newtonian mechanics. Once we take account of the difficulties of dis-
cerning causal processes in a more realistic physics, causal considerations become
too elusive to serve as a useful guide on issues of emergence. At any rate, the New
Emergentists steer well clear.

So, from Silberstein’s list, we are left with property emergence. The New
Emergentists themselves discuss the emergence of novel ‘behaviour’ of systems,
and ‘emergent phenomena’ as well as referring directly to emergent properties,
and emergent laws governing these properties. I shall try to avoid the rather
vague terms ‘phenomena’ and ‘behaviour’, which could cover a whole range of
token or type events, as well as failing to distinguish law-governed events from
mere accidental regularities. I shall focus on emergent properties. Let us introduce
a further useful term: a property of a system made up from many parts will be
called a systemic property.®

As well as the status of systemic properties themselves, the New Emergen-
tists are also concerned with the status of the laws that govern them. They are
often called ‘higher-level’ laws, and take on their distinctions: ‘emergent’ and
‘non-emergent’. This immediately leads to the question of whether the status of
properties determines the status of the laws that govern them, or vice versa. In
what follows, I shall assume that is an issue to be decided by the particular meta-
physical account of laws that we may wish to adopt. For example, a Humean
account would treat properties as primary, laws as derivative. One advocating

necessary laws is likely to reverse this order of priority.

principles, and in this connection it may be significant that Anderson and his principal allies —
Coleman, Laughlin and Pines — are all condensed matter theorists, an area in which statistical
mechanics is used extensively.

6Tn keeping with common usage, the term ‘properties’ should also be understood to encompass
relations. I shall concentrate on systemic properties which are intrinsic to that system, and
assume that any relations appealed to will be non-external (in Lewis’ 1983 sense).

10



1.1.3 Red Herring 3 — Physics and Metaphysics

One of the basic questions we encounter in interpreting the New Emergentist

claims, is whether their thesis is meant to be:

a) one of metaphysics — about the metaphysical status of emergent properties

and laws; or

b) one of epistemology and the methodology of science — about the status of
experimental and theoretical sciences of large-scale systems as compared to

microphysics.

In their canonical statements the New Emergentists are unequivocal: they are
making full-blooded metaphysical claims; that is, they are concerned with the
metaphysical status of laws and properties in the world, not just about the research
that investigates them. Yet this can be obscured by the fact that they do not
base their claims on explicitly metaphysical arguments, but on evidence from the
practice of physics and other sciences. This leads the reader to wonder whether the
New Emergentist claims have support only as epistemological and metholodogical
points about the practice of science.

Anderson himself is an offender on these grounds. He starts More is Different
with claims about the fundamental nature of properties and laws, rejecting the
view that: ‘the only people studying anything fundamental, are those studying
microphysical laws.” But then he slides to discussing the fundamental nature of
the study, and defends it as ‘research which is as fundamental as any other’. Yet
he finishes back with metaphysical lessons, speaking of the properties of states of
large systems being ‘not only more than, but very different from the sum of its
parts’. Elsewhere, he speaks in wholly objective terms, without any mention of

scientific research at all, describing ‘an “emergent property”: a property which is
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manifested only by a sufficiently large and complex system by virtue of that size
and complexity’ (Anderson, 1989, 586).

These confusions are not helped by the New Emergentists’ use of terms such
as ‘fundamental’; ‘basic’ and ‘elementary’ to refer both to the status of laws and
properties themselves, and to the theories that are supposed to describe them. The
word ‘fundamental’ is particularly difficult, since as we have already seen, the New
Emergentists happily grant that certain small entities can be called ‘fundamental’,
even calling the properties that belong to them, ‘fundamental properties’. Yet
they deny that this implies a privileged status for the properties of very small
systems. This is further complicated by the fact that they also attach the term
‘fundamental’ to sciences — the study of both entities and properties — and here
they do imply an associated privilege, for they deny that the sciences of the very
small enjoy a ‘fundamental status’.

Worse, when speaking of ‘fundamental laws’, the New Emergentists do not
seem consistent in their usage at all. Take for example Anderson’s response to
questioning by the congressional panel in the hearings on the SSC: ‘These new
laws don’t contradict the laws of elementary particles people discover; they are
simply independent of them, and I would argue that they in no way any less fun-
damental’ (Cat, 1998, 265n). (Although this is a statement about the metaphysical
status of laws, Anderson seems unable to express his views without mentioning
the methodological issue of their discovery.) But in ‘More is Different’ he refers
happily to microphysical laws as ‘fundamental laws’, without any hint that this
this is in any conflict with his own position (Anderson, 1972, 393).

Similar remarks could be made about the terms ‘basic’ and ‘elementary’; for
it is trivially true that we can associate these terms with the properties of any of
the smallest objects in our ontology, if all others are made up from composites

of them. The New Emergentists do not challenge this trivial sense, but rather
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the inference that this imbues properties or laws of the smallest entities with a
privileged metaphysical status.

As I shall discuss in §1.4, a popular reaction amongst philosophers is that
the New Emergentists in general, and Anderson in particular, should not make
metaphysical claims, and are simply confused when they do so. On this view,
the only defensible interpretation of New Emergentism is as a fairly unremarkable
position within the methodology and epistemology of science. It will be one of the
main points of this chapter and the next to deny this response. I believe that the
explicit statements of Anderson and his followers can — and should be — taken
seriously as outlining a coherent metaphysical position. Of course this does not
mean that they spell out their position in the form of metaphysical theses familiar

to philosophers.

1.1.4 Prospectus and Statement of Purpose

With these issues cleared away, we should be ready to begin the task of setting New
Emergentist claims in a clear philosophical framework. We shall try to locate their
thesis as a fully metaphysical position, though one informed by physics. What I
mean by that rather cryptic phrase is the following: while they are not committed
to a detailed metaphysical position, they hold some doctrines that are unquestion-
ably metaphysical in nature, and they do so for reasons stemming from physical
theory. 1 shall follow them, not by seeking to force them into an over-detailed
metaphysical position, but rather by attempting to disambiguate and interpret
those claims that they are committed to. This project is a little more ambitious
than it may appear. The main reason to interpret New Emergentist claims as
methodological, is because they appear incoherent when interpreted as metaphys-
ical doctrines. Part of the project will be to argue that these interpretations are

based on misunderstandings.
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By saying above that the New Emergentists’ position is informed by physics,
I do not mean just that they motivate their doctrines with examples drawn from
their expertise as condensed matter physicists. Rather, their metaphysical claims
are motivated by a desire to be faithful to the discoveries of our best physical theo-
ries, and they believe that to hold microphysical laws and properties as privileged,
is in conflict with this practice. This attitude will come out strongly in Chap-
ter 2 where we take an approach to properties directly influenced by the need to
accommodate the enormous range admitted by physical theories.

The rest of the chapter will be organised as follows. In the next section (§1.2)
I shall try to bring out the central claims of the New Emergentists, expressed
as concise statements of philosophical doctrine. Next (§1.3—§1.5), I shall look
at how each of these New Emergentist claims has been made precise in orthodox
philosophical discussion. I shall then argue that these interpretations fail to give an
adequate appreciation of their position (§1.6 & §1.7). Finally, in §1.8, I argue that
while the New Emergentist position resembles one of the orthodox approaches in
many respects, their explicit claims mean that they cannot occupy the very same
ground. And I give a short argument to show that their position is rather tightly
constrained by their other claims. This looks ahead to Chapter 2, which builds on
these rather negative conclusions to construct a positive interpretation of the New

Emergentists’ metaphysical position.

1.2 New Emergentism: The Central Position

Selecting a few of the many claims made by physicists calling themselves “Emer-
gentists” as “The Central Position”, may seem an exercise in arbitrary selection.
Yet I claim that those chosen here, expressing their acceptance of microphysical-

ism, and the promotion of some systemic properties as importantly novel, are both

14



spanning and minimal.

By “spanning” 1 mean that they are accepted by all — or at least the vast
majority — of those marching under a New Emergentist banner. Rather stronger:
I believe that they are central to the physicalist, yet inclusive metaphysical picture
that tends to be tacitly assumed by physicists working in ‘emergentist’ areas.
(Admittedly, it is hard to justify either of these claims without some sort of opinion
poll; philosophical analysis can only go so far).

By “minimal” I mean that the claims are about as weak as can be made while
still generating controversy. In particular the claims are rejected by self-declared
opponents of the New Emergentists, who hail especially from fields such as particle
physics and string theory. Steven Weinberg is probably the best-known example of
a “New Reductionist”,” but joining him will be anyone who accords a metaphysical

priority to the discoveries of microphysics above those of the rest of physics.

1.2.1 Physicalism and Microphysicalism

The New Emergentist movement is rooted in physics and as such, its adherents
subscribe to a physicalist world view. Although they make some claims that might
be thought unorthodox, they will have no truck with anti-physicalist doctrines such
as Cartesian dualism, vitalism or epiphenomenalism, which they would doubtless
consider “spooky” and unscientific. The project of turning physicalism into a
precise philosophical claim has of course been the focus of much discussion over
the last few decades, but the New Emergentists help us to identify their position,

by also accepting something stronger:

The reductionist hypothesis may still be a topic for controversy among
philosophers, but among the great majority of active scientists I think

"Weinberg is also the principal opponent of Anderson in public debates on the issue. In §5.3
I address Weinberg’s position and the New Emergentists’ criticisms of it.

15



it is accepted without question. The workings of our minds and bod-
ies, and of all the animate or inanimate matter of which we have any
detailed knowledge, are assumed to be controlled by the same set of
fundamental laws, which except under certain extreme conditions we
feel we know pretty well. (Anderson, 1972, 393)

Anderson later lists those who study such laws, and it becomes clear that he is
speaking of microphysical laws, those that govern the tiny elementary building-
blocks which we believe make up our physical world.®

Ernst Mayr is even clearer than Anderson when he accepts what he refers to

as ‘constitutive reductionism’ in the context of biology:

. the material composition of organisms is exactly the same as that
found in the inorganic world. Further ... none of the events and pro-
cesses encountered in the world of living organism is in any conflict with
the physico-chemical phenomena at the level of atoms and molecules.

(Mayr, 1982, 59)
It is rather startling to hear this thesis accepted by those calling themselves emer-
gentist, and even more startling to hear it described as ‘reductionism’, a doctrine
usually understood as a stronger claim about the definability in a certain sense of
one theory in terms of another; (this sense of ‘reduction’ will be the focus of §1.5.1).
But this seems a minor matter of a mismatch in terminology; in metaphysics, the

claim endorsed by Anderson and Mayr is usually called microphysicalism.

[M]icrophysicalism ... is the doctrine that actually (but not necessarily)
everything non-microphysical is composed out of microphysical entities
and is governed by microphysical laws. (Pettit, 1994)

Pettit also brings out the two components which constitute microphysicalism.

The first is that everything in the empirical world — every particular
in that world — is composed in some sense out of subatomic materials.
And second is that everything that happens in the empirical world

8What should we make of Anderson describing these as ‘fundamental’, which he repeats
several times? As outlined in §1.1.3, I think he means no more than to point out that they are
the laws obeyed by the fundamental microphysical entities.
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happens, ultimately, under the controlling influence of subatomic forces
and laws. (Pettit, 1996, 342-3)

As we have seen, the New Emergentists embrace both.

1.2.2 The ‘Novelty’ of Emergent Properties

While accepting the core claims of microphysicalism, New Emergentists deny an
‘at first sight obvious corollary’:

... that if everything obeys the same fundamental laws then the only
scientists who are studying anything really fundamental are those who
are working on those laws. (Anderson, 1972, 393)

Just how obvious this may seem is shown by Pettit’s immediate continuation from

his statement of microphysicalism quoted above:

There are higher level laws but they do not represent forces independent

of those associated with the subatomic. Thus the higher level laws do

not come into conflict with the subatomic, they do not reinforce the

subatomic in the fashion of another shoulder at the wheel, and they do

not take up any indeterminacy or slack that the subatomic laws leave.

(Pettit, 1996, 343)
These claims, the New Emergentists would not accept, nor Pettit’s characterisa-
tion of microphysicalism as involving a belief that ‘the microphysical levels — are
more fundamental’ (342). Anderson holds in opposition, ‘[ijnstead at each level of
complexity entirely new properties appear’ (Anderson, 1972, 393, italics his).

The requirement that emergent properties must be in some interesting sense

‘entirely new’ appears as a central claim in almost every field in which emergentism
is defended. In both his identification of the intuition and his immediate response,

I agree with Tim Crane:

The intuitive idea of an emergent property is the idea of a “novel”
property of a whole or complex that emerges from the parts of the
whole and the way the parts are put together. But how should we
make this idea more precise? (Crane, 2001, 211)
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For if we try to pin down what we mean when we call certain systemic properties
“emergent” in virtue of their novelty, it appears difficult to negotiate the twin

pitfalls of triviality and unreasonable strength.
For example, take this statement from John Wheeler:

When you put enough elementary units together, you get something
that is more than the sum of these units. A substance made of a great
number of molecules, for instance, has properties such as pressure and
temperature that no one molecule possesses. It may be a solid or a
liquid or a gas, although no single molecule is solid or liquid or gas.
(Wheeler and Ford, 1998, 341)

To propose that a systemic property qualifies as “novel” because the property is not
possessed by any of the parts is far too weak for a metaphysically interesting sense
of emergence: for under Wheeler’s definition an “emergent” property could be as
trivial as the total mass of a composite system. For that property is not possessed
by any of its (proper) parts, but is possessed by the whole. To exclude these most
trivial examples Wheeler, (in common with many other physicists associated with
the New Emergentist camp)? claims here that the whole must be ‘more than the
sum of its parts.” He cannot mean “sum” (or “more”) literally, for the total mass
of a composite system with any energetic interaction is more than the sum of the
masses of the parts; presumably then, he means the term to cover any simple
operation of composition. But how simple should we allow the operation to be?
A natural strengthening of this criterion is to hold that to be a candidate for
emergence, a property of a system must be not just a new property, but a new
determinable. For example, Spencer-Smith fills this out in detail: ‘a property P is
novel in x if x has P, and there are no determinates P’ of the same determinable as
P, such that any constituents of x have P’ (Spencer-Smith, 1995, 117). He thinks

that novelty defined in this way will be necessary for emergence, but does not claim

9e.g., Holland (1998), Morowitz (2002), as well as a mention in the original (Anderson, 1972,
395).
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that it is sufficient. For Wheeler’s examples of pressure and temperature pass this
test of novelty, yet statistical mechanics shows that they may be defined in terms
of fairly simple statistical properties of the relevant collection of molecules. In any
case, I do not think that Spencer-Smith’s criterion is even suitable as a necessary
condition. For it rules out the possibility that systemic properties such as total
mass could be an emergent property, which it surely would be if it could be shown
that there was a system whose total mass was entirely independent of the masses
of its parts.

Anderson suggests a hierarchy of areas of study, in which the elementary entities
of science X obey the laws of science Y, yet the novelty is such that X is in no

sense ‘just applied Y. His table starts like this:

Science X Science Y

solid-state or many-body physics elementary particle physics

chemistry many-body physics
molecular biology chemistry
cell biology molecular biology

Anderson concedes that this table becomes more speculative as we move down
the rows, though others who ally themselves with New Emergentism have con-
fidently continued similar lists with as many as twenty-eight stages (Morowitz,
2002). Nevertheless, at least for these first few rows, Anderson presents clear
candidates for the processes by which the systemic properties mentioned in each
science become ‘novel enough” to demand a new set of principles and laws for
the science of that domain. In particular he is confident about the first row of
the table: the large-scale properties studied in many-body physics (now usually
referred to as solid-state, or condensed matter physics) should be considered as

having no inferior status to the laws and principles of elementary particle physics.
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As we shall see, the New Emergentists have a clear set of examples of physical
phenomena which they hold to be genuinely novel (and thus for the associated
properties to be judged as emergent). Among these they mention qualitative
differences in dynamics, and difficulties in treating the phenomena in terms of
microphysical theories. But they do not list necessary and sufficient conditions
for novelty, for they do not fall into the trap we identified in §1.1.1; (namely, of
claiming a general definition of emergence motivated by the particular examples
that one is interested in capturing). I will follow their practice, and in Chapter 2
I will look to their physical examples to guide how to interpret their criteria for

novelty.

1.2.3 The Central Claims of New Emergentism

Accordingly, we end up with two simple claims that together make up New Emer-
gentism, each of which which will be examined and compared to existing accounts

in what follows.

1) Microphysicalism (both property and entity varieties) — All entities are com-
posed of microphysical entities, and all their properties are fixed by the

microphysical properties, which evolve according to microphysical laws.

2) Nowelty — Some systemic properties are importantly novel: so different to
the microphysical that they and the laws that govern them can be recognised

as having a metaphysical status in no way inferior to the microphysical.

Although we shall concentrate on the nature of the second claim, we must also
be clear as to the apparently harmless first claim of microphysicalism. (Looking
ahead, one of the major claims of this chapter (§1.7.2) will be that there is a

problematic ambiguity in labelling a property as ‘microphysical’.)
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When we compare New Emergentism to existing philosophical accounts, we
must grant that they have not always set out their analyses of emergence in a sim-
ilar form to the claims presented here. But by forcing the philosophical discussions
into a similar framework, it may become possible to see how they might relate to
those of the New Emergentists. So, our task is to see how these two claims can be
interpreted as clear metaphysical doctrines, to arrive at a clear interpretation of
the New Emergentist position. §1.3 will analyse approaches to microphysicalism,

§1.4 & §1.5 will look at ways of making out the criterion of novelty.

1.3 Metaphysical Approaches to (Micro)physicalism

Although the New Emergentists accept microphysicalism, we will start by dis-
cussing metaphysical approaches to the apparently weaker claim of physicalism,
and their links to their stronger cousin. First, we should distinguish the modern
sense from an older one. When the term ‘physicalism’ first entered the philosoph-
ical mainstream, it formed part of the logical positivist programme of “unified
science”, which aimed to provide a single set of scientific methods of controlled ob-
servation and systematic generalization (Neurath et al., 1955). All sciences would
proceed with similar methods to those of the physical sciences, which the positivists
held to be (roughly) the application of rules of induction to sentences expressing
observation reports. Ontological questions such as whether “all is physical” was
of little interest to them, if indeed they judged it meaningful at all.

More recently, this emphasis has reversed. Now, physicalists hold that all prop-
erties mentioned in scientific study have the same ontological status — they are
all physical — but they allow that the methods of the different sciences may vary
widely. The much-discussed fragmentation of sciences into distinct domains and

the rise of analytic metaphysics with its practice of conceptual analysis has brought
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us a modern view of physicalism as having no direct methodological implications.
Indeed, those formulations that can be argued to imply some universal “scientific
method” are sometimes criticised on precisely those grounds. Methodological va-
riety amongst the sciences is treated as a datum, and accounts are designed to
accommodate it. It is these modern versions of physicalism — closer to the old

doctrine of materialism — that we shall be concerned with.

1.3.1 Supervenience Physicalism

Following our discussion of §1.2.1, we can focus on capturing property physicalism:
the claim that all properties are, or are determined by, physical properties. Though
there is still controversy, it is fair to say that an orthodox view has arisen over the
last few decades. The most promising approach to capturing the ‘determination’
inherent in property physicalism is through a relation of supervenience.’

Take a set of objects O, let their physical properties form a set P4, and all their
properties (both physical and ostensibly non-physical) form a set Pg. To capture
physicalism via supervenience, we demand that the extensions of elements of Py
are fixed by specifying the extensions of the elements of P4. The simplest way of
accommodating any such n-adic relations amongst objects o1, 09, ...0, is to treat it
as a one-place property of the larger object composed of all of these. So we need
to close the set of objects O under the operation of taking ordered n-tuples.

A little more formally: the properties Pg supervene on P, with respect to a
set of objects O, on which both are defined, iff any two objects in O that match
with respect to all properties in P4, also match with respect to all properties in
Pg. The central claim of property physicalism can then be expressed very simply:

all properties supervene on physical properties.

0For example, Jackson (1998) and Loewer (2001) both give supportive surveys of the modern
supervenience approach to physicalism.

22



Although it is widely accepted, supervenience physicalism has its share of dif-
ficulties. For one thing, the scope of the whole claim has to be carefully restricted
if it is to be plausible. Our set of objects O is conventionally assumed not to
encompass all possibilia. (For example, properties of abstract objects can provide
controversial cases.) Neither are the property sets unrestricted, for some accounts
of dispositional properties cause difficulties. It is also often thought necessary to
distinguish several grades of contingency, leading to subtleties such as the distinc-
tions between weak and strong, or local and global supervenience (e.g., Kim, 1993,
§84-5). But since we are dealing with concrete objects and occurrent properties
suitable to a broadly scientific investigation it is possible to set aside most of these
problems.

Early discussions of supervenience physicalism (such as Hellman and Thomp-
son (1975)) took the property sets P4 and Pp to be provided by the theoretical
descriptions of the set of objects O. More recent authors have seen a significant
advantage in applying supervenience physicalism directly to properties themselves,
as opposed to those given by a particular theoretical description.!! We shall fol-
low the New Emergentists in adopting a fairly naive realist view of the properties
mentioned in physical theories, and so not worry much about the distinction. Un-
less there are pressing reasons to the contrary, the descriptions given by physical
theory will be assumed to be our best authority as to the ontological furniture of
the world.

The most obvious difficulty is to determine which properties should be counted
as physical, beyond such unhelpful definitions as ‘those properties that physicists
study’. (The rise of fields such as econophysics suggest that this proposal is not

only glib, but also inadequate.) As often noted, if we approach the question

1 Among the surveys already mentioned, explicit claims of these advantages are made by
Howard (2005) and Silberstein and McGeever (1999). Wilson (2005) seems to accept a more
theory-dependent view.
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naturalistically we face a problem, sometimes labelled the ‘Hempelian Dilemma’,'?

which can be stated as follows. We cannot use present physics to define what is a
physical property, for almost no-one thinks present physics is complete. But if we
appeal to the properties mentioned in some future or an ideal physics, then the
proposal becomes trivial, for we cannot forsee what this restriction would amount
to.13)

There have been a variety of solutions proposed to the Hempelian Dilemma, the
most promising being that the first horn is blunt, and it is possible to formulate
physicalism using present physics (Hardin and Rosenberg, 1982; Melnyk, 1997).
But perhaps the popular approach to this problem looks to supervenience again,
and seeks to define physical properties themselves, by a further dependence on a

microphysical set.

1.3.2 Supervenience Microphysicalism

The thought behind the microphysical approach to demarcating the physical is a
simple one. Although any attempt to delimit the scope of future physics might
be questioned, it seems plausible that any sciences of the very small qualify as
‘physical’. If, like Anderson, we are sure that all physical properties on larger
scales supervene upon them, we have a promising approach.

Thus, Latham suggests that ‘a property is physical if and only if it logically

12 According to Stoljar (2005), the problem was dubbed the ‘Hempelian Dilemma’ in honour
of a discussion of a similar problem by Hempel (1969). The difficulty is discussed in more detail
by Crane and Mellor (1990).

13Nonetheless, there have been several direct proposals for such restrictions, such as Jessica
Wilson’s ‘No Fundamental Mentality’ account. Elaborating the suggestions of Papineau (1993),
she argues that whatever else future physics may involve, it cannot accommodate properties with
a fundamental component of mentality (Wilson, 2005). Even if we set aside as unorthodox those
proposals that invoke a mental aspect in the collapse of quantum mechanical wavefunctions,
Wilson’s proposal appears to be motivated by factors specific to the philosophy of mind, i.e.:
a desire for a ‘physicalism’ which will be useful for setting up clear debates on the mind-body
problem.
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supervenes on microphysical properties.” (2001, 152). If we take this approach to
demarcating physical properties, then physicalism collapses to microphysicalism.
Microphysicalism is the thesis that the supervenience basis consists of properties
mentioned by theories of the ‘very small’, and thus promises to reduce the problem
of demarcating the physical to the use of a ruler. There is obvious appeal in this
deal: we obtain a clearly specified supervenience basis by paying the price of
defending a rather stronger thesis. And for our purposes, aiming to capture the
physicalist doctrines of the New Emergentists, it looks especially attractive. For
as we saw in §1.2.1, the New Emergentists already accept microphysicalism: there
appears to be everything to gain, and the only cost, one we have to pay anyway!

Thus, to capture the sort of property microphysicalism that the New Emergen-
tists accept, we can use the same supervenience framework as for physicalism. The
objects O are taken as comprising those objects subject to scientific investigation
(or at least those ‘of which we have detailed knowledge’, to reproduce Ander-
)4

son’s hedging as quoted on page 16)* and P, as some level of uncontroversially

microphysical properties governed by microphysical laws.!?

This approach looks promising, but I shall make just a few points of caution.
First, paradoxical as it might sound, not all properties mentioned by theories of
the very small are properties only of very small systems. Although theories such
as elementary particle physics use terms referring to properties such as the spin,
colour, mass and charge of very small elements, the theories may also be used

to describe systems made up from many of the elements together, so can include

the systemic properties of these far larger composites. And it is part of the New

14We may need to cover more under O than actual objects, for there may not be two objects
that match in respect of all properties in P4, in which case the supervenience requirement will
be trivially satisfied. This is likely to involve some modal commitment, but notwithstanding the
concerns expressed in §1.3.1 I shall assume that it is unproblematic.

15 Again, there is no requirement that this be associated with any ultimate ontological micro-
level. Anderson even accepts that the level P4 could be properties covered by the Standard
Model of contemporary particle physics.
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Emergentist thesis that these systemic properties might be very different to the
spin, colour, mass and charge of the elementary particles. This point is clear if we
consider the set of objects O; it encompasses objects of all sizes. We have called
the properties belonging to these objects ‘microphysical’, not because they are all
properties of small systems — they are not — but because they have been assigned
by a theory we call “microphysical”, such as the Standard Model.

Second, it should perhaps give us pause that even if we did restrict attention to
properties of the very small, we would fail to exclude such non-physicalist theories
as panpsychism and Cartesian dualism from the realm of the physical. To qualify,
such a theory would merely have to associate a small spatial extent with their non-
physical properties. As a matter of fact, existing dualist and panpsychist theories
tend to postulate non-spatiotemporal properties, and so are correctly categorised
by the criterion, but this is by no means a necessary requirement.

These reservations notwithstanding, our characterisation of microphysicalism
by way of supervenience should ensure that we shall be concerned with properties
that really do ‘emerge’ from the microphysical, as opposed to examples such as
dualist properties, which could be said to ‘float’ entirely free of them. We can now
move to the main hunt: for the precise sense of this ‘novelty’ which is meant to

separate out the emergent properties from amongst the systemic.

1.4 Novelty — A Merely Practical Matter?

There is a clear candidate for a distinction of novelty in Anderson’s article, which
he calls ‘anti-constructionism’. But once it is spelled out, those metaphysicians
who have discussed the New Emergentist views tend to express doubts. 