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THE DURHAM EMERGENCE PROJECT 

INTRODUCTION 

Emergence, or dependent novelty, is once again a major focus of interest in science and 

philosophy. In weak emergence, the novelty concerns knowledge of the world, or our 

description of it: emergence is unpredictability, or the applicability of new concepts. The 

existence of weak emergence is uncontroversial. Strong emergence is novelty in the world 

itself: new properties or objects, new laws or causal powers. In this project we propose to 

investigate philosophical and scientific characterisations of strong emergence, and carefully 

examine the scientific evidence for its existence. 

Start date: October 2013 

End date: June 2016 

(Duration: thirty-three months) 

 

A. PROJECT AIMS 

This project aims: 

1. to critically examine and clarify both sides of the debate on emergence as it currently 

exists in the philosophy of mind, the philosophy of science, and in condensed matter 

physics, by addressing a central set of research questions spanning those fields; and 

2. through postdoctoral fellowships, PhD studentships, summer schools and a call for 

funding proposals to provide an outstanding intellectual environment for young 

researchers to develop their capacity to contribute to the debate on emergence. 

 

B. RESEARCH QUESTIONS 

This project will address the following groups of research questions: 

1. How should ‘strong emergence’ be understood? How is it related to the existence of 

downward causation? What is downward causation, and how is it related to the 

completeness of physics, or the causal closure of the physical (CCP)? How should 

CCP be formulated? Is it an a priori or an empirical claim? If CCP is (or involves) an 

empirical claim, what kind of evidence is there for it? What kind of evidence could 

there be for it? How should criteria for emergence be expressed in the mathematical 

language of physics? And how do such criteria relate to relations of emergence in the 

real world? 

2. How do recent developments in the metaphysics of causation affect the formulation 

and plausibility of emergentist positions, and the formulation and plausibility of CCP? 

How do these developments bear on the possibility of downward causation, or mental 

causation? 
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3. How do these developments bear on the formulation of new emergentist positions in 

the philosophy of mind? Do these new positions address such longstanding issues as 

the problem of mental causation in new ways? 

4. How do explanatory relationships between different scientific theories bear on claims 

for the existence (or non-existence) of strong emergence, the truth and falsity of CCP, 

and the possibility of mental causation? Specific examples to be considered will 

include cases from chemistry and condensed matter physics. 

5. How do the various interpretations of quantum mechanics bear on the existence (or 

non-existence) of strong emergence, the truth and falsity of CCP, and the possibility 

of mental causation? 

6. How do theoretical accounts of (i) symmetry-breaking; (ii) the emergence of structure 

in materials; and (iii) the behaviour of macromolecules bear on the existence (or non-

existence) of strong emergence, the truth and falsity of CCP, and the possibility of 

mental causation? 

 

C. PERSONNEL 

The project will address these research questions firstly by bringing together an 

internationally leading team of Durham-based researchers, including philosophers of mind, 

philosophers of science and physicists, who will form a Steering Group for the project: 

Philosophy of mind: 

• Dr. Sophie Gibb 

• Professor E.J. Lowe (Co-I) 

• Professor Nick Zangwill 

Philosophy of science: 

• Professor Nancy Cartwright FBA 

• Dr. Robin Hendry (PI) 

• Dr. Peter Vickers 

Physics: 

• Professor Stewart Clark 

• Dr. Tom Lancaster 

• Professor Tom McLeish FRS (Co-I). 

They will address the research questions in the context of a weekly reading group and 

research-in-progress seminar; summer schools addressing the key research questions; four 

highly focussed research workshops and a concluding conference. 
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Other participants in the project will include: 

• three post-doctoral research fellows (PDRAs), one in each of the three project areas; 

• three doctoral students, one in each of the three project areas; 

• successful applicants to a call for research proposals; 

• summer school participants; 

• invited participants in the topic-specific workshops and concluding conference. 

 

D. PROJECT MANAGEMENT 

The project will be led by the PI, Dr. Robin Hendry, and the Co-Is, Professor E.J. Lowe and 

Professor Tom McLeish, who will take overall responsibility for the project. Together with 

other members of the Steering Group, they will undertake research relevant to the project, 

supervise the postdoctoral fellows and PhD students, determine the programmes and 

participants for the workshops, the concluding conference and the summer schools, and 

provide content for the project web site. The Steering Group will also judge applications to 

the fellowship competition and applications to participate in the summer school, aided by 

international leaders in the fields of the project: 

• Professor Bob Batterman (University of Pittsburgh) 

• Professor Stephen Blundell (University of Oxford) 

• Professor Tim O’Connor (Indiana University) 

The Steering Group will be supported by a project administrator, who will look after the 

practical arrangements of the project, including: (i) arranging project advertisements and 

publicity (e.g. for the competitive fellowships and summer school participation); (ii) 

coordinating and publicising project events (e.g. the reading group and work-in-progress 

seminar, the summer schools, the topic-specific workshops and the concluding conference); 

(iii) covering other project administration, including budgetary tasks; (iv) maintaining the 

project website. 

The PDRAs and PhD students will work closely with members of the steering group, to 

conduct research relevant to the project, and participate in project events. For suggested 

research topics in the different areas of the project, see the ‘sub projects’ document in the 

supporting files. Those are suggestions, however, and applicants for the PDRA posts and PhD 

studentships will be encouraged to develop their own research proposals. PhD students will 

be selected according to Durham University admissions policies and procedures, by members 

of the Steering Group, along with staff in each department with responsibility for 

postgraduate admissions. Admissions decisions, and the award of the studentships, will be 

made according to academic qualifications, the relevance of academic background, and the 

quality of research proposals submitted by the applicants, taking advice from other Steering 

Group members and the external advisors. 
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E. BACKGROUND AND CONTEXT 

1. Emergence: What is the Question? 

The notion of emergence has been debated and applied in many different parts of science and 

philosophy. In the nineteenth century it was routinely applied, for instance, to chemistry, to 

life, and to the mind (McLaughlin 1992). More recently it has been applied within condensed 

matter physics (Anderson 1972). Perhaps because of its wide application, the notion has 

received a variety of different, but related, definitions. 

One familiar approach to emergence involves aggregation. A complex system may be 

emergent if in some sense it transcends its parts, in the sense that it has properties that cannot 

fully be explained by reference to their properties, considered individually or in combination. 

In such cases, as Philip Anderson has famously put it, ‘[t]he behavior of large and complex 

aggregates of elementary particles … is not to be understood in terms of a simple 

extrapolation of the properties of a few particles’ (1972, 393), or in an even more familiar 

phrase ‘the whole is … more than the sum of its parts’ (see for instance Davies 2006, x). But 

it is not clear how this aggregative conception covers all the candidate cases of emergence. 

Even if it works well for some cases in physics, it is unclear how it should apply in the 

philosophy of mind. What is it that is aggregated to generate the bearer of a mental property? 

Mental properties are not borne (for instance) by mere aggregates of neurons. Rather, mental 

properties are maintained by dynamical interactions within systems of neurons that have 

particular kinds of causal history that support a mental life. In fact the metaphor does not 

seem to do justice even to physics, which also seems to require particular causal histories in 

some of its candidate cases of emergence (preparation of spin-paired photons in singlet states, 

for instance). 

In the philosophy of mind, emergence has been closely associated with the notion of 

supervenience. Supervenience is a relationship between groups of properties: one group, A 

supervenes on another, B just in case there cannot be variation in respect of A without 

variation in respect of B. ‘British Emergentists’ like C.D. Broad (1925) used supervenience to 

distinguish their position from substance dualism: supervenience would tie mental properties 

to their base physical properties more closely than substance dualism requires. In fact 

Jaegwon Kim (2006, 192-3) goes so far as to argue that supervenience of A on B is a 

necessary condition of A’s being emergent from B: anything else just isn’t emergence. But 

recognisably emergentist positions have been formulated, directed at cases within both 

physics and the philosophy of mind, in which supervenience fails (see Humphreys 1997; 

O’Connor 2000). Since supervenience is a commitment also of some reductive materialist 

positions (like Kim’s own version of type-identity physicalism), it is neither a necessary nor 

sufficient part of emergence. Moreover, as Kim himself has been arguing since the 1990s, 

supervenience amounts only to necessary covariation, so it is of little interest in itself, just as 

statistical correlation is of much less interest than the causal relationships that underlie it. Of 

much more interest than supervenience are the dependence relations that might explain it, for 

it is about the strength of these dependence relations, and whether they leave room for the 
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distinctness of the dependent properties, that emergentism and reductive physicalism 

disagree. For this very reason it is odd to focus on supervenience. 

It would therefore help to approach the topic of emergence at a more abstract level. 

Emergence, it is sometimes remarked, is a complex relationship between two kinds of thing 

or property: complex in that it involves a balance between two relations. 

The first of these relations is dependence: roughly, that A arises from, or is grounded in, B. 

At the very least, A couldn’t exist without B. Dependence comes in different varieties, 

depending on how the word ‘couldn’t’ is interpreted. Causal dependence is where cases of A 

are in fact maintained by cases of B: consciousness is in fact maintained by living brains, but 

this alone does not establish that it must be (in other possible worlds it might be maintained 

by something else). Ontological dependence is a tighter connection between A and B. Some 

philosophers argue that to be gold (the stuff that is kept in ingots in Fort Knox) just is to be 

composed of atoms that have a nuclear charge of 79: that’s what makes something gold. This 

essentialist claim entails that gold couldn’t exist unless atoms with a nuclear charge of 79 

existed: a world without atoms with a nuclear of 79 (or indeed a world without atoms) would 

necessarily be a world without gold. Other candidate cases of ontological dependence are 

provided by the relationships between the properties of wholes and parts, between 

determinable properties and their determinates, and between dispositions and their categorical 

bases. 

The second relation is novelty. To say that A is causally maintained by B does not entail that 

A and B are the same property. Nor does saying that having B is what makes something A. 

Even where these dependencies hold there is room for A and B to be distinct: for A to be 

something in addition to B, to be novel in some way with respect to B. That, really, is the 

central emergentist thought. Just like dependence, however, novelty comes in a spectrum of 

strengths, and these strengths account for the different strengths of emergence. At the weak 

end of the spectrum of novelty, A and B might only seem different, perhaps because we are 

acquainted with them via different routes, or conceptualise them differently. Perhaps B in fact 

maintains A, but we do not have the understanding (perhaps couldn’t have the understanding) 

to see how it does. At the more substantial end of novelty comes the idea that instances of A, 

although dependent on, or arising from, instances of B, confer distinct causal powers. It is 

controversial whether this last idea (strong emergence) may apply to any real system, because 

it conflicts with a presupposition of many philosophers and physicists: that the only real 

causal powers are those that are conferred by fundamental physical properties. A related idea 

is that worldly events and processes are governed by just a few basic properties, linked 

through just a few basic laws. These laws determine the passage of events, to the extent that 

they are determined: if the standard interpretations of quantum mechanics are correct, and we 

live in an indeterministic world, we can say instead that only the chances of events are 

determined. Given this kind of presupposition, emergent properties could not, as strong 

emergence requires, confer causal powers over and above those conferred by their bases. It 

has been formulated in two slightly different ways: as the principle of the causal closure of 

the physical, and as the completeness of physics. These are sometimes used interchangeably, 

but there are potentially important differences. One formulation mentions causation, the other 
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does not. One involves the specific scientific discipline of physics, the other a class of 

properties, entities or events, which may or may not be picked out by reference to the 

discipline of physics. For the purposes of this overview it will be convenient to use a single 

abbreviation (CCP) to name this kind of principle, but the plausibility of the principle must 

depend on just how it is formulated, so this is an issue the project must address. 

Just about every aspect of CCP is controversial. Some philosophers think it cannot be 

coherently formulated. Others think that, even if it can be coherently formulated, it is 

plausible only given an outmoded view of the metaphysics of causation. Some think it is so 

obviously true that it hardly needs arguing for: in fact, the burden of evidence is on those who 

reject it to prove it false. Others think that is a strong, and most probably false, claim. Some 

think it is supported by modern physics, and its explanatory power with respect to the 

discoveries of ‘special’ sciences like chemistry and biology. Others think it is violated by 

modern physical theories like quantum mechanics, or that, although physical theories like 

quantum mechanics have deepened the explanations provided by special sciences like 

chemistry and biology, the detail of these explanations provides no evidence for CCP. 

Assessing the scientific evidence for emergence presents many difficulties. One complication 

is the distinction, which is not universally appreciated, between (i) criteria for emergence 

which apply to the theoretical description of a phenomenon (or the natural systems that 

display it); and (ii) criteria for emergence that apply directly to that phenomenon itself (or the 

natural systems that display it). The problem is twofold: the former are expressed in the 

mathematical language of theoretical physics, while the latter are expressed in abstract 

enough language for them to have the generality required to cover all the candidate cases. 

Bridging that gap is a central task for this project, and involves integrated work across the 

philosophy of mind, philosophy of science and physics. The work is of two kinds: (i) 

critically examining philosophers’ criteria for emergence in order to see how far they can be 

made clearly applicable to real physical systems, and to their theoretical descriptions; (ii) 

considering the significance to the broader debate on emergence of specific mathematical 

structures arising in theories of physics, which appear prima facie to be candidates for strong 

emergence, if it exists, within mathematical theories of the world (answering (i) above). Our 

initial examination will address: non-analyticity, coarse-graining, application of the 

renormalisation group, occurrence of singularities in dynamical equations, and ‘top-down’ 

identification of micro-level populations in terms of macroscopic criteria. 

There are reasons to hope that some form of emergence may be made precise in the 

mathematical sense that applies to models of real systems. By looking into the mathematical 

structure of functions, for example, we can identify phenomena that map onto the structure of 

emergent causality: the local structure of analytic functions determines the structure of those 

functions everywhere on a complex plane, but only as far as the existence of any non-analytic 

singularity. Elsewhere in the plane other structures must emerge. Furthermore, in 

mathematical physics it is possible to interpret the function space in terms of levels of coarse-

graining, rather than naive spatial locality. This is what is done in the renormalisation group 

(RG). In both particle field theory and statistical physics, the renormalisation group (e.g. 

Wilson 1971) creates singularities in the mathematical structure of a theory that correspond 
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both to (at least weakly) emergent phenomena (such as second order phase transition) and to 

their non-determination from laws and properties at smaller scales (such as the irrelevance of 

“bare” coupling constants). The project needs to generate an extended discussion between the 

physicists and the philosophers around the case of renormalisable physics to develop or to 

discount it as a candidate example of emergence. 

Similarly “top-down” structures in mathematical physics are candidates for the generation of 

counterexamples of CCP, with or without renormalisation. Some cases are deceptively 

simple: the use of the macroscopic temperature to write down the statistical partition function 

of an ensemble of microscopic spins, is an example. Temperature can only be defined at the 

level of the ensemble, yet it determines the likelihood of any configuration of a single spin 

variable. Doing this mathematically sets up a “causal loop” by which bottom-up physics (e.g. 

of local coupling) is completed by top-down physics (e.g. coupling to a heat bath composed 

of the aggregate of spins themselves); out of such a loop emerges structure which is 

demonstrably not implied by the smaller scale physics on its own.  

Other candidate structures will be sought, and examined by the interdisciplinary collaboration 

as test-beds for the claims of the current debate, for the locus of new theories of causation and 

for claims of strong emergence at least within theoretical constructs. 

Whether or not there are cases of strong emergence presupposes that there can be such cases. 

Hence any investigation of strong emergence requires a thorough examination of CCP: its 

proper formulation, its consequences, what evidence there might be for (or against) it and 

what evidence there is for (or against) it. It also requires a critical examination of the different 

criteria for emergence, and of attempts to formulate them in the mathematical language of 

physics. Lastly, such an investigation requires a critical examination of candidate cases of 

emergence provided by mental causation, by the application of physical theories to the 

discoveries of the special sciences, and within condensed matter physics, which concerns the 

new kinds of behaviour of matter that arise at various levels of complexity, and so deals very 

directly with emergence. We therefore propose a threefold investigation of all these aspects, 

spanning philosophy of mind, philosophy of science, and physics. 

2.  Philosophy of Mind 

Until recently, there has been a general presumption amongst analytic philosophers working 

in the metaphysics of mind that some sort of physicalism in the philosophy of mind is 

mandatory, in view of the supposed completeness of physics or—a close variant of this—the 

supposed causal closure of the physical (Kim 1998). The sort of physicalism countenanced 

might be strongly reductionist or weakly non-reductionist, but—it is supposed—would in any 

case have to exclude anything worthy of the title 'strong ontological emergence', where 

mental properties and states are concerned. This consensus has begun to be challenged and 

disrupted recently (Koons and Bealer 2010), partly in the light of new developments in the 

metaphysics of causation, but also because metaphysicians of mind are beginning to look 

more carefully at what current physics, including quantum mechanics—as opposed to some 

simplistic version of classical Newtonian mechanics—actually implies with regard to the 
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causal and ontological status of complex macroscopic objects, properties and systems. Now 

that it is increasingly acknowledged that quantum mechanics cannot simply be dismissed as 

irrelevant to the metaphysics of mental causation, on the spurious ground that it applies only 

to physical systems many orders of magnitude smaller than neural structures in the brain, its 

implications need to be taken seriously in the philosophy of mind. Nor will it do simply to 

modify versions of the causal closure principle so as to admit the possibility of probabilistic 

causation, in the light of the indeterministic aspects of quantum mechanics. For the 

implications of quantum physics appear to go much deeper than this, to the extent that they 

imply that complex quantum systems have strongly holistic features which undermine the 

supposition that the properties of such systems straightforwardly supervene upon the 

properties and relations of parts of those systems, and even the supposition that the classical 

mereological conception of part-whole relations and composition properly applies to such 

systems. This being so, the notion that mental properties and states are related either by 

identity or even by 'constitution' or 'realization' relations to 'underlying' microphysical 

properties and states comes under severe pressure. Standard versions of the principles of the 

causal closure of the physical and of the completeness of physics begin to look irrelevant, or 

at least in need of careful reassessment and reformulation. At the same time, in the 

metaphysics of causation, new ways of thinking about the nature and loci of causation are 

coming to the fore, notably with the advocacy of new theories of 'agent' or 'substance' 

causation—challenging the consensus view that all causation is event causation—and with 

the development of new powers-based accounts of causation, which see 'effects' as the 

manifestations of the characteristic causal powers or dispositions of objects. According to the 

powers-based approach, some of these manifestations may be generated by objects 

endogenously and spontaneously, while others arise through the mutual co-operation of many 

objects possessing appropriately reciprocal powers and standing in suitable systemic relations 

to one another in different specific environments. The thought now becomes possible that the 

basic loci of causation are in fact objects—that is, 'substances' or, in a broad sense, 'agents'—

rather than events, and that objects cause effects in virtue of manifesting their characteristic 

powers, whether autonomously or co-operatively. Moreover, given that macroscopic 

objects—even if they can all in some broad sense be described as being 'physical' because, 

for instance, they occupy regions of spacetime and have geometrical, kinematic and dynamic 

properties—are not now credibly conceived as mere aggregates, or mereological sums, of 

microphysical objects, such as the fundamental particles of physics, it also now becomes 

credible to suppose that such objects have causal powers which are not merely aggregations 

of the powers of their microphysical constituents and which, hence, can give rise to effects 

which can in no sense be seen as the mere results, in aggregate, of microphysical powers.  

In the project, these issues will be examined in depth, with a view to seeing (i) whether 

existing versions of the principles of the causal closure of the physical and the completeness 

of physics are sustainable or need radical reformulation, (ii) whether those principles, either 

in their original or reformulated versions, are metaphysically credible and empirically 

confirmable, (iii) whether those principles, properly formulated, rule out the possibility of 

'strong emergence', especially where the causal powers of the human mind are concerned, (iv) 

what exactly should be understood in this context by 'strong emergence', beyond its negative 
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characteristic of being incompatible with any strongly reductionist picture of the relation 

between macroscopic and microscopic objects, properties and powers, and (v) given a 

conflict between those principles and strong emergentism, which of them should be jettisoned 

and why, in the light of both metaphysical and empirical scientific considerations. It may be 

that no such conflict genuinely arises, because the principles in question cannot be salvaged 

in any credible form, in which case philosophers and empirical scientists should just be 

perfectly open-minded about the possibility of strong emergence and be prepared to find it 

anywhere in the natural world—perhaps ubiquitously or perhaps only in very special 

circumstances, such as those in which the human mind plays a causal role. Either way, 

though, a certain kind of ‘naturalistic emergent dualism’ in the philosophy of mind, like the 

pluralistic views on relations among properties developed in the philosophy of science, would 

begin to look like a leading candidate for the best account of the mind/body relationship and 

the nature of mental causation. A number of contemporary philosophers of mind—still very 

much in a minority—have begun to develop just such a position (Koons & Bealer (2010). 

According to this view, when physical systems become suitably complex, not only new 

properties but also new bearers of properties—new kinds of objects, with their own 

distinctive persistence conditions and characteristic causal powers, irreducible to the 

persistence conditions and powers of aggregates of microphysical objects—come into 

existence, with persons (that is, persisting subjects of thought and experience possessing 

powers of intentional agency) providing a central, but perhaps by no means unique, example. 

3. Philosophy of Science 

Are any real properties or systems strongly emergent? Whether in the mental or in the 

(broadly) physical realm, that issue has always been associated closely with the question of 

the unity of science: how many different kinds of thing does science study? Are the more 

complex ones anything over and above their more basic components? Does nature express 

just a few basic laws, which directly govern the most fundamental parts of nature, and 

through them, the more complex systems they compose? Or does nature display a complex 

and disunified patchwork of laws (Cartwright 1999)? The classical conception of the unity of 

science was provided by Oppenheim and Putnam (1958), who made explicit a widespread 

view of the sciences as hierarchically structured, and predicted their progressive explanatory 

unification, with the entities of sciences higher up being shown to be complexes constructed 

out of the entities of science lower down. Nagel (1979) provided a formal model of this 

explanatory unification: the laws of the reducing theory explain (for which read: deductively 

entail) the laws of the reduced theory. However, no examples of intertheoretic reduction were 

ever accepted universally: even the classic case of temperature and mean molecular kinetic 

energy has always faced objections (see Sklar 1993 for a survey of the issue, and Needham 

2009 for more recent criticisms of this case as an example of reduction). Yet temperamental 

reductionists have always been untroubled by these objections, and temperature is still widely 

claimed to be reducible to mean kinetic energy (see for instance Loewer 2001 and Papineau 

2010). One common response to the failure of classical Nagelian reductionism is that, despite 

the inapplicability of Nagel’s derivational model, classical thermodynamics, chemistry, life 

and the mind are all ‘reducible in principle’ to fundamental physics: it is just that the 
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Nagelian derivations are blocked by the sheer complexity of special-science systems, the 

mathematical intractability of the equations that describe them, or conceptual mismatch 

between the physics and the special sciences. It was the letter of Nagel’s utopian model that 

was at fault, rather than the spirit of reductionism more generally. 

Yet there remains widespread, though not universal, agreement across philosophy of mind 

and philosophy of science that physical properties form a special class whose members are 

asymmetrically related to the kinds of properties studied by other sciences like chemistry and 

biology. However a significant (and growing) minority of emergentists, substance pluralists 

and sceptics rejects this consensus. If Nagelian reductions are not to be expected, what 

exactly do the reductionist and the emergentist disagree about? What positive reason can the 

reductionist give for thinking that right is on their side of the debate? ‘Reducibility in 

principle’ is far too vague a notion for proper philosophical debate (Crane and Mellor 1990), 

and in recent years the disagreement has come to centre on the CCP, acceptance of which 

seems to be a litmus test for a thoroughgoing physicalism. Thus McLaughlin (1992) and Kim 

(1998) object to versions of physicalism involving only supervenience between the mental 

and the physical, because they fail to rule out downward causation, as (they argue) any 

physicalism worth the name ought. One way of putting the problem is as follows: suppose 

that some group, A, of special science properties, supervenes on some group of physical 

properties. If there are law-like connections among the A-properties (special-science laws), 

these will be reflected in relations among the physical properties, although the latter relations 

may well be messy and disjunctive. Given the supervenience, any A-changes will be 

accompanied by physical changes: should we regard the A-changes as determining the 

physical changes, or vice versa? If the former, then there is a sense in which the physical 

properties are being “pushed around” by the A-properties (hence there is ‘downward 

causation’ from the A-properties to the physical properties on which they supervene). Only 

CCP rules out this possibility, and there are two striking things about its role in the debate. 

Not only does the CCP explain the basic ontological role of fundamental physics, but it is 

also claimed to be the kind of principle for whose support we can appeal directly to 

discoveries and explanations within science itself. 

Few philosophers of mind or science have thought it necessary to make explicit just where in 

science the evidence for physicalism should be sought, and even fewer have made a detailed 

case that the required evidence can actually be found there. Notable exceptions to this 

reticence are Brian McLaughlin (1992), Barry Loewer (2001), David Papineau (2002) and 

Andrew Melnyk (2004). In a generally sympathetic (and widely cited) discussion of ‘British 

emergentists’ like Samuel Alexander and C.D. Broad, McLaughlin argues that their position, 

although coherent, lacks scientific support. If British emergentism were true, then there exist 

real systems which are moved by so-called ‘configurational’ forces, but as he puts it, there is 

‘not a scintilla of evidence’ that they do exist. It is a common assumption of physicalist 

arguments for CCP that the burden of proof lies with the emergentist (Loewer and Melnyk 

argue in similar ways). On the other hand, Nancy Cartwright (1983), like other members of 

the ‘Stanford Group’ (such as Ian Hacking, John Dupré, Peter Galison and Patrick Suppes) 

has long argued that the evidential burden should be on the other side: the conclusion that 
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some theory is applicable to some phenomenon requires a detailed predictive model of that 

phenomenon within that theory, rather than an argument-in-principle that covers a whole 

domain of phenomena, yet is based on generalization from just a few simple cases which may 

be particularly simple. Thus Cartwright would urge caution in moving to the conclusion that 

quantum mechanics is sufficient alone to explain the whole of chemistry, if this is based on 

just an elegant treatment of the hydrogen atom (a special case on account of its symmetry), or 

the hydrogen molecule (also a special case, like other diatomic molecules). If the debate on 

emergence is to move on, then the arguments for CCP must be subjected to critical 

examination, with one of the following results: (i) the arguments are found to be broadly 

correct; (ii) they are improved; (iii) the content of CCP is curtailed to match the (lack of) 

evidence for it; (iv) commitment to CCP is shown to be unjustified. 

The philosophy of mind and philosophy of science sections of this project will both address 

the question of how CCP is best formulated. A central question for the philosophy of science 

is whether, under its best expression, the principle can plausibly be regarded as true, in the 

light of explanatory relationships between theories in two different areas: chemistry, and 

condensed matter physics. One issue will be whether the unique causal or explanatory role 

accorded to physical properties is best understood as involving CCP, or the logically weaker 

conjunction of two related theses: the ubiquity of physical properties (what is known in the 

philosophy of mind as token physicalism), and the strictness of physical laws governing those 

properties (see Hendry 2010). The cases from chemistry and condensed matter physics are 

uniquely salient in two ways. Firstly, detailed studies of reduction, emergence and intertheory 

relations have recently become available for these cases (see for instance Sklar 1993, 

Batterman 2002, Hendry 2006, 2010, forthcoming). Secondly, theories in these domains are 

expressed mathematically in ways that bear clear relationships to fundamental physical 

theories like quantum mechanics. (The contrast with supposed identities like ‘pain = c-fibres 

firing’ could not be starker.) Surely in these domains, if anywhere, the idea of emergence can 

be given clear expression and its existence tested. Surely here, if anywhere, the onus is on the 

reductionist side to provide recognizably reductive explanations, or to explain why, if they 

cannot be provided, reductionism is still tenable. 

The project will also address how far recent literature in the philosophy of science on 

mechanisms—or what Cartwright has called ‘nomological machines’—can illuminate the 

issue of emergence in the relationship between fundamental physics on one hand and 

chemistry and condensed matter physics. The literature on mechanisms, mostly focused 

within the philosophy of biology, argues that new features and new principles, or law-like 

relations among these features, arise from specific arrangements of objects with properties at 

a ‘lower’ level. William Bechtel, for instance, is one of the original advocates of the 

importance of mechanisms in biology. Bechtel’s recent work (2008, forthcoming) can be seen 

to support the claim that specific relationships, and especially feedback interactions, between 

parts of a biological mechanism like neurons produce new kinds of behaviour that, although 

not inconsistent with the principles governing the lower level features, is nevertheless not 

supervenient on any facts about the parts that involve only features and relations involved in 

lower-level principles. This dovetails neatly with recent work on powers in the philosophy of 
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science, and the developments described above in the philosophy of mind and metaphysics 

that sees the lower level principles as descriptions of powers, and stresses that what happens 

when systems with different powers interact is not a simple consequence of the lower-level 

principles, but depends crucially on particular configurations. 

4.  Physics 

Anderson's description of emergence in condensed matter physics (Anderson 1972) stresses 

the appearance of new phenomena as matter reaches certain levels of complexity. Central to 

such descriptions are theoretical models describing these phenomena. Our physics 

programme seeks to examine emergence in theoretical models functioning at three levels: the 

emergence of molecular and crystal structure; symmetry breaking in the solid state; and the 

behaviour of macromolecules. A goal for this programme is to identify, compare and contrast 

the mathematical definitions of weak and strong emergence which are applicable to the 

theoretical description of each these cases.  

The notion of symmetry breaking is central to condensed matter physics (Anderson 1984). 

The archetypal example is found in the thermodynamics of a magnet. At high temperature the 

magnetic moments are disordered and the physics of the system is the same if we rotate all of 

these moments through the same angle. This kind of invariance of the properties of the 

system, which could be measured by a magnetometer, is known as a symmetry. Upon cooling 

through a critical temperature the magnetic moments spontaneously line up along a unique 

direction. The properties of the system as measured by the magnetometer will now change if 

we rotate all of the moments through the same angle. The symmetry has been spontaneously 

lowered, or "broken", on cooling. The notion of symmetry breaking allows us to understand 

the thermodynamic phases of matter such as metals, magnets and superconductors, along 

with the transitions between these phases, their excitations, their rigidity to external forces 

and their defects. Moreover, this classical picture may be extended to a purely quantum-

mechanical one at absolute zero, where the symmetry may be broken by tuning pressure, or 

by an external field. Phases on either side of a transition of this sort, such as disordered (high 

symmetry) paramagnets and ordered (low symmetry) ferromagnets, are separated by a 

singularity in the free energy of the system. Like a black hole in cosmology, such a 

singularity makes it impossible to follow the properties of the system adiabatically through 

the transition, and impossible therefore to infer the properties of the broken-symmetry state 

from those of the more symmetrical state. This is what leads the properties of the broken 

symmetry state to be described as emergent. The occurrence and properties of a superfluid, 

for example, would seem to be impossible to derive from first principles, as this would 

involve extrapolating across just such a singularity. Hence they are described as emergent 

(Laughlin 1999). 

Despite this limitation, our understanding of this physics was revolutionised in the 1970s by 

the development of the renormalization group (RG) (Anderson 1984). The RG is a set of 

mathematical tools that allow detailed, accurate calculation of some of the properties 

involved in spontaneous symmetry breaking by examining how physics is described on 

different length scales. The RG method involves taking a complex, microscopic description 
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of a system and identifying a set of parameters that describes how the elements of the system 

couple together. We then average out detail that occurs over the shortest length scales and 

chart the evolution of the couplings. This process is repeated, removing more and more 

detail, and results in the couplings approaching limits which have been found to agree 

remarkably well with experimental measurements. In fact the use of the RG extends well 

beyond symmetry-breaking, and is central to our understanding of localised states in metals, 

topological transitions involving vortices, asymptotic properties of macromolecules and the 

physics of asymptotic freedom. Vitally important to this mode of analysis, as stressed by 

Batterman (2002), is the idea that it involves the taking of a limit to predict universal 

behaviour: behaviour that doesn't depend on the precise details of the kind of matter under 

investigation. In the case of the RG this is often the limit of large length scale, which is the 

scale probed by many experiments. 

The physics programme aims to address the following points. 

1. Can we identify, and define mathematically, degrees of strength of emergence in 

theoretical models as well as in phenomena? 

2. Can we define strong emergence in theoretical models? Do any possess it 

unequivocally? 

3. What light do the systems to which RG is applied shed on emergence? 

4. How do the theoretical definitions and analyses map onto the phenomena described 

by those models? 

5. What ontological status can be given to apparent “top-down” causation, in the 

exemplar set of theories? 

The mathematical breakdown of analyticity provides a clue which we plan to exploit in this 

work. Do such divergent points hide emergent phenomena from a causal connection with 

underlying interactions? We propose to test for strong emergence in this theoretical sense of 

analytic discontinuity in mathematical models such as macromolecular membrane statistical 

mechanics and models of low-dimensional magnetism. Also of interest is a manner in which 

coarse-graining allows detail on the atomic or molecular level to be ignored, showing that the 

dynamical behaviour of the system seems once again to be quite independent of the atomic or 

molecular details, being determined rather by properties at a much larger scale? Is this 

sufficient for ‘top-down’ causation, and strong emergence? 

In each of the following cases we propose to investigate theoretically the emergent 

phenomena described by comparing the breakdown in adiabatic continuity that leads to their 

appearance, along with their behaviour as described by RG analysis and the extent to which 

their properties may be consistent with notions of top-down causation. 

Models of magnetism in differing dimensions 

Models of magnetism have served as an archetype in the study of symmetry breaking, with 

rigid, permanent magnetism the most tangible candidate emergent phenomenon. Other 

emergent phenomena include domain wall structures and a spectrum of specific excitations, 

known as magnons, which appear upon symmetry breaking. The dimensionality of a 
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magnetic model is fundamental in determining these emergent properties and provides 

another means of classifying the behaviour. The models of interest include self-consistent 

mean-field approaches, and the famous Ising, XY and Heisenberg models, along with 

coarser-grained hydrodynamical treatments. We will study a range of these models to classify 

the breakdown of adiabatic continuity and the emergence of the properties of the broken 

symmetry state using numerical simulations and RG methods. 

Superconductivity 

Superconductivity may be described by models which are similar to those applying to 

magnetism, but provides another range of candidate emergent phenomena with a particularly 

strong overlap with many-particle quantum mechanics. For a superconductor, symmetry 

breaking leads to a rigid many-particle quantum wavefunction. Any attempt to deform the 

wavefunction leads to an emergent superflow of electric current without electrical resistance. 

The novel particle spectrum for the superconducting state shares many features with the 

Higgs phenomenon from high-energy physics and the broken symmetry ground state is also 

found to support topological excitations with a vortex-like quality which can, themselves, 

spontaneously form a large-scale ordered lattice. We will use the similar approach to that 

employed our investigation of magnetism.  

Topological states in matter 

The emergent vortex lattice in a superconductor is one of many long-range phenomena 

supported in broken symmetry states which are fundamentally "non-perturbative" and 

therefore cannot be predicted by making small changes to the ground-state of a system. In 

recent years these phenomena, which include magnetic-domain walls and magnetic 

monopole-like objects (along with still more exotic states such as the fractional quantum Hall 

fluid) have been successfully described in terms of their topological properties. They are 

therefore insensitive to the geometry and length/time scales of the constituent parts of the 

solid and may not be introduced into (or removed from) a system without causing a 

singularity. There are even examples, such as the Kosterlitz-Thouless transition, of phase 

transitions between distinct topological states occurring without a change in symmetry. 

Macromolecular Phenomena in Soft Matter Statistical Physics 

It is of importance to the high-level objectives of this programme that the necessity or 

otherwise of quantum mechanics is established within any successful definition and 

formulation of strong emergence. So we will also examine a suite of phenomena that bear the 

hallmarks of emergence, but within a classical context, albeit a statistical one. A rich set of 

examples is furnished by polymeric soft condensed matter. Questions 1-5 above are just as 

applicable to this field, in which entropic elasticity, membrane rigidity, macromolecular 

collapse (coil-globule transitions) and gel formation all appear at ensemble level and are 

addressable via renormalisation group transformations which explicitly lose local molecular 

detail as the coarse-grained structure appears in the theory. Furthermore, there are formal 

mathematical mappings to some of the magnetic problems described above (first noticed by 

De Gennes 1980) which would strongly indicate that if a criterion for strong emergence is 

formulated and proved to apply to the quantum-mechanical cases for magnets, the same can 

be shown for macromolecular problems in statistical mechanics (molecular weight in the 
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latter maps onto the inverse temperature difference from the critical point in the former, etc.). 

The phase transitions between topological structures in magnets is mirrored in the appearance 

of ordered microphase-separated structures in dense fluids of block co-polymers. Finally this 

realm of physics is the right one from which to build models of biological systems. Really 

new features appear here, such as the ordered coil-globule collapse which is protein folding. 

Evolution brings information content into the physical interactions within the macromolecule 

which in turn funnel stochastic behaviour along predictable channels. New candidates for 

“top-down” causation appear as well, such as the coupling of protein expression to the large-

scale mechanical deformation of a cell. The search for mathematically singular structures in 

theories of this set of phenomena will parallel and interact with those in the quantum physics 

programmes, 

These phenomena provide a diverse range of candidate emergent behaviour which we would 

also seek to classify, compare and contrast. 
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E. EVENTS 

The events associated with the proposed project are as follows. 

1. Weekly seminar 

A two-hour weekly seminar involving members of the steering group, the 

postdoctoral research assistants, and the PhD students. At the beginning of the project 

this would be a reading group involving close reading of classic and emerging 

contributions to the emergence debate. During the life of the project it would evolve 

into a research-in-progress seminar at which members of the steering group, 

postdoctoral research assistants and PhD students would present their evolving work. 

2. Summer Schools 

Summer schools will take place in July 2014 and 2015, addressing the project’s key 

research questions. They would be attended by members of the steering group, the 

postdoctoral research assistants, the PhD students, and early-career academics and 

PhD students from outside Durham who answer a competitive call for participants 

(see attached summer school announcement). Plenary seminars will be organised 

around presentations by leading contributors to the emergence debate from the 

philosophy of mind, philosophy of science and physics. Robert Batterman, Stephen 

Blundell and Timothy O’Connor have already agreed to participate. Other activities 

will include subject-specific reading groups and work-in-progress seminars, 

roundtable discussions and poster sessions. 

3. Workshops 

Four highly focussed research workshops, held at appropriate times during the project, 

will bring together recent work on the following topics: 

(i) operationalising emergence: mathematical criteria for emergence and their 

relevance to the emergence debate; 

(ii) powers in the philosophy of mind; 

(iii) the completeness of physics; 

(iv) interpretations of quantum mechanics, statistical mechanics and emergence in the 

philosophy of mind and science. 

4. Concluding Conference 

A concluding conference will take place in July 2016, addressing all the main themes 

of the project. This would be attended by (i) members of the steering group, the 

postdoctoral research assistants, and the PhD students, (ii) summer school 
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participants, (iii) project fellows, (iv) leading contributors to the emergence debate 

from across the philosophy of mind, philosophy of science and physics. 

 

F. PROJECT OUTPUTS 

Expected Outputs in the Three Project Areas: 

In the philosophy of mind, Jonathan Lowe's principal output would be a book entitled 

Dualism, which he has been planning to write for some time in response to encouragement 

from an academic press, and in which he would bring together, improve upon and extend the 

ideas that he has been developing and disseminating on the topic of naturalistic emergent 

dualism in the course of the past twenty years or so (Lowe 1996, 2008). Sophie Gibb’s 

principal output would be a book entitled Being in Mind. The aim of this book, which Oxford 

University Press has expressed interest in publishing, is to develop and defend an emergent 

dualism within the framework of a powers theory of causation. One of its central claims is 

that, given this theory of causation, current formulations of the principle of the causal closure 

of the physical are deeply unsatisfactory. Another of its central claims is that this theory of 

causation reveals a new understanding of what psychophysical causation could be that is 

most compatible with emergent dualism. The idea for the book arose within a recently 

completed research project with E. J. Lowe on the new ontology of the mental causation 

debate, funded by the Arts and Humanities Research Council (main output: S. C. Gibb, E. J. 

Lowe & R. D. Ingthorsson (eds), Mental Causation and Ontology (Oxford: Oxford 

University Press, forthcoming in 2013). The PDRA in the philosophy of mind will also 

produce two journal articles by the end of the project, submitted to high-quality publications 

like The Philosophical Quarterly, Erkenntnis, or edited collections published by major 

university presses (Oxford or Chicago). 

Outputs in the philosophy of science will include three articles each by Nancy Cartwright and 

Robin Hendry. Cartwright will complete and submit articles (i) on nomological machines 

(jointly authored with John Dupré); (ii) on emergent causal principles (jointly authored with 

Adam White); (iii) arguing against hierarchical views of properties. Hendry will complete 

and submit: (i) a systematic review of the evidence and broader epistemological standing of 

the opposed claims for the existence of strong emergence and the completeness/closure of 

physics; (ii) a further development and defence of his counternomic criterion of emergence 

(first presented in Hendry 2006); an article on symmetry-breaking and the quantum-

mechanical measurement problem as responses to the symmetry problem in the emergence of 

molecular structure. The PDRA in the philosophy of science will also produce two journal 

articles by the end of the project, submitted to high-quality publications like the British 

Journal for the Philosophy of Science, Philosophy of Science, Erkenntnis, or edited 

collections published by major university presses (Oxford or Chicago). 

Outputs from the physics programme will begin with significant contributions to the sub-

fields themselves, with 2 high-level papers anticipated in each, addressing the level of coarse-

graining at which an adequate theory is formulated, and one or more protocols for 
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parameterising that theory from finer-grained physics where this is possible (where it is not is 

itself of course very relevant for our wider task. At the next level, we will produce a novel 

review paper that syntheses renormalisation physics in quantum and statistical systems, 

advancing the interpretation of this type of theory, and the correlate phenomena in the real 

world that correspond to renormalisability in the mathematical theories. The PDRA in 

physics will also contribute to two journal articles by the end of the project, submitted to 

high-quality publications like Physical Review Letters and Physical Review B.  

High-Level Outputs 

We will produce, at the highest level, (i) a multi-authored book exploring the connections 

between the debate in the philosophy of science on emergence and the unity of science, and 

theoretical developments in condensed matter physics, bearing especially on formal 

definitions of emergence that can be expressed in the mathematical structure of theories,  and 

on intertheoretic explanations; (ii) a collection of articles, to be edited by Robin Hendry, to 

include selected contributions from keynote speakers at the concluding conference, 

participants in the research workshops, the postdoctoral research assistants, project fellows 

and members of the steering group. 

 


