Quantum Curiosties of Psychophysics, by Jeremy Butterfield

Abdtract: | survey some of the connections between the metaphysics of the relation between mind
and matter, and quantum theory’ s measurement problem. After discussing the metaphysics,
especidly the correct formulation of physicaism, | argue that two state-reduction gpproaches to
quantum theory’ s measurement problem hold some surprises for philosophers’ discussions of
physicalism. Though both gpproaches are compatible with physicalism, they involve a very different
conception of the physica, and of how the physica underpins the mental, from what most
philosophers expect. And one gpproach exemplifies aa problem in the definition of physicaism
which the metaphysical literature has discussed only in the abstract. A version of the paper has
appeared in Consciousness and Human Identity, ed. John Cornwell, OUP 1998.

1. Introduction
My subject is quantum theory and the mind. These are very disparate topics; S0 it can seem
foolhardy to link them. But | believe there are some genuine connections between them. More
specifically, | believe there are connections between two philosophica aspects of them: between the
problems about interpreting quantum theory, especialy the so-caled ‘'measurement problem’, and
the metaphysics of the relation between mind and matter. In this paper, | will survey some of these
connections. | will emphasise the metaphysics, especidly in the firgt haf of the paper (Sections 2
and 3); turning only in the second haf (Sections 4 and 5) to how quantum theory’ s measurement
problem bears on the metaphysics. (Two complementary papers emphasi se the quantum theoretic
issues; and discuss 'no-collgpse’ solutions to the measurement problem, which | set aside here:
1995, 1996).

| will have two main conclusons. They are both about how some ways of solving the
measurement problem, i.e. some interpretations of quantum theory, bear on the doctrine of
physcdism. Thisisthe view, very roughly soesking, thet everything is physicd: less roughly, thet dl
facts, and a fortiori al mentd facts, are actudly physicd facts.

My firgt conclusion is that athough some interpretations of quantum theory, which | will present,
are compdtible with physicalism (according to various exact definitions), they involve avery different
conception of the physical, and of how the physical underpins the mentd, from what most people
expect—including philosophers and neuroscientists participating in the debate about whether the
mind isphysicd. In short: the interpretation of quantum theory holds some surprises for this debate.
Hence my title!

My second conclusion is more specific. It isthat one interpretation of quantum theory givesa
red-life example of a problem, which metaphysica discussions of physicaism have seen only in the
abdract. 1t isa problem about how exactly to define physicalism. Namely: one attractive and
much-discussed strategy for making physicaism precise threatens to be too weak. That is, the



precise definition can be satisfied, even while intuitively physcaismisfdse. So my point will be that
one interpretation of quantum theory illudrates this problem.

To establish these conclusions, | will first need to summarize some aspects of the contemporary
debate about the mind-meatter relation, leading up to the much-discussed definition of physicaiam.
(To anticipate for amoment, using the jargon of philosophy: it defines physicaliam as a contingent
supervenience thesis) Thissummary isin Sections2 and 3.

Section 2 clearsthe ground. It has three subsections. In these, | argue that: thereisaprima
facie digtinction between mind and matter (Section 2.A); that some menta sates are literdly in our
heads (Section 2.B); and that even if these mental tates are identical with states of our brain, no
dubious 'reductionism’ follows (Section 2.C).

Section 3 formulates physicaism. It hasfour subsections. In Section 3.A, | distinguish
physicaism from the logicaly wesaker doctrine of materidism; (the doctrine, very roughly, that
everything is completely describable by the natura sciences). 1n Section 3.B, | digtinguish two
sensesin which it could be true that "dl facts are physical facts. Thefirg, | cal ‘reduction’; the
second, 'supervenience. Reduction islogicaly stronger: thet is, it implies supervenience. In Section
3.C, | spdl out the details of these senses—and meet an obstacle. Namely: if we consder only
actud facts, physicaism in these two sensesisin grave danger of being trividly true, as amatter of
mere accident. In Section 3.D, | describe how to overcome this obstacle: we need to consider not
only the actud facts, but also possible facts—how the history of the universe might have gone. But
exactly which possible facts? One much-discussed answer is. ‘the possible facts that accord with
the actual laws of nature’. It isthis answer that faces the problem mentioned above. It makesthe
formulation of physicalism too wesk: physcalism comes out true in cases where intuitively the mental
isnot physica, but isjust rigidly connected to the physica by laws of nature.

That will conclude my genera discusson of physicaism. Section 4 turns to quantum theory.

Fird, in Section 4.A, | warn againgt anaive picture of physica redity as composed of particleslike
billiard bals moving in avoid. This picture has led to bad arguments about physicaism. In
particular, | rebut abad traditiond argument for physicalism, which is ill endorsed by some
authors.

In Sections 4.B and 4.C, | describe quantum theory’ s measurement problem. Roughly speaking,
it isthis: quantum theory's laws about how the states of objects change over time seem committed to
the prediction that macrascopic objects often have no definite positions—nor definite vaues for
other familiar physca quantities like momentum or energy. Buit this seems manifestly fase: tables
and chairs surely have definite postions etc. Asit is sometimes put: the macrorealm is definite. Or
at least, we experience the macrorelm as being definite. So, if quantum theory is to account for our
experience, it must either secure such definiteness, or at least explain the gppearance of it.

Section 5 discusses one gpproach to solving this problem. This gpproach postulates new
physica laws which avoid the fase prediction. (I set aside another gpproach, in which the ordinary
laws of quantum theory are retained, but the false prediction is avoided by postulating * extra values



for some physica quantities. Suffice it to say that, asin Section 5, some versons of that approach
are compatible with physicalism, but others are not: cf. my 1995, esp. pp. 145f.).

| will consder three versons of this gpproach. Thefirst two versions (Section 5.A) are
compatible with physcaism. But they yidd my first concdluson. Thet is on these proposds, the
way in which the mentd is fixed by the physica would be very different from what most physicaids,
unversed in the controversies about quantum theory, would expect. The third verson (Section 5.B)
yields my second conclusion. Hereis an interpretation of quantum theory which illugtrates the
problem at the end of Section 3.D: an interpretation that violates the spirit of physicdiam, if not its
|etter.

2.Mind and Matter
In this Section and the next, | will summarize some aspects of the contemporary debate about the
mind-meatter relation. | have chosen these aspects with a view to complementing other papersin this
volume, especialy those by Boden, Lipton and Searle; whom this Section will try to locate in the
debate.

We have countless beliefs about the materia (empirica) world in space and time; including our
bodies. And we have countless beliefs about the menta world: that is, the minds and experiences of
oursalves and others, including perhaps animas. So here are two subject-matters for our beliefs,
each very large and heterogeneous. (And they are aso subject-matters for our other attitudes:
desire, question, etc.) The question arises. What is the relation between these subject-matters?
That is our problem, the so-called * mind-body problem’; though because *body’ has the specific
connotation ‘anima organism’, rather than *materid object’, it would clearly be better to cdl it the
‘mind-matter problem’. As dtated, the problem is vague: we have no precise notions of subject-
matters, and of relations between them. Once we clarify those notions, the problem will no doubt
break up into different problems, some scientific and some philosophical.

Inthefirst place, it isnot easy to state exactly what these two subject-metters are. And
accordingly, many authors take a sceptica view of thewhole debate. So | firgt address this view.

2.A: Denying the Mind-M atter Digtinction
These authors doubt that a precise distinction between the subject-matters can be made; or they
doubt that once it ismede, it is scientifically and/or philosophicaly significant—thet it in some way
‘caves naure a thejoints  (For example, Midgley (this volume) argues that materiaism and
idedlism are both haf-truths, to be transcended.)

This scepticiam is often supported by two reated lines of argument. First, one can spell out the
historical process by which this distinction entered our philosophical culture. The orthodox ideais
of course that it entered through the mechanica philosophy of Galileo, Hobbes, Descartes and their
successors, who shared a common vison of a mathematical mechanics underlying al materid facts,
though perhaps not that gpparently very disparate arena—the mind. In spelling out this historical



process, one discovers, unsurprisingly, that there was less of a common vision than this orthodoxy
suggests, and one gets a vivid sense that our contemporary mind-meatter distinction is higtorically
moulded, and is not an intellectua necessity (e.g. Baker & Morris 1993). Both points tend to
undermine one' s conviction in the scientific or philosophica importance of that digtinction.

Second, one can argue that the development of science since 1700 has not vindicated the aleged
common vision. There is an uncontentious point here: the concept of amathematica physics, asthe
‘basic science’, has changed dratically, above dl by giving up the primacy of mechanica
concepts.1

But this second line of argument aso makes a contentious claim: that physics, even as
transformed since 1700, isin no sense ‘basic’; that on the contrary, modern scienceisin fact very
disunited, with the separate sciences pursuing their own goas, and devel oping their own theories,
entirdy regardless of physics (e.g. Dupre 1993). Such authors often go on to argue that this disunity
seems likely to continue—it is not atemporary predicament. So they propose to drop the binary
mind-matter distinction, as an artefact of a certain philosophicd legacy; and to replace it by a picture
of many subject-matters studied by the many separate sciences. These subject-matters are no
doubt connected in various ways. For example, by causation, i.e. an event or Sate of affairsin one
subject-matter causing an event or state in another; and by laws of nature, i.e. there being alaw of
nature relating events or states of affairsin two or more subject-matters. But, say these authors,
these subject-matters are not al somehow dependent on some basic subject-matter (that of
physics), nor somehow arranged in a heirarchy or spectrum of ‘basicness .

My own position (of course, shared with many authors) is that the mind-matter distinction can be
made good; and furthermore, onceit is made good, thislast cdlamiswrong. That is, physcsis
indeed 'basic', and modern science iswell-unified. At first Sght, this postion islikely to seem
reductionist’ or ‘diminativist’. But as| develop this postion, in this Section and the next, we will see
that in fact it isnot (at least in the most usud senses of these notorioudy vague words!).

Given the digtinction, there are, as | said above, various problems to address, some scientific and
some philosophica. The most exciting scientific problem is perhaps (as suggested by Searle (this
volume)) how menta States, epecialy conscious states, are biologicaly produced. | of course
agree with Searle that for this problem, the philosopher'sroleis primarily to help clear avay some
confusons. Thus aso Locke, who said in the 'Epistle to the Reader’, in hisEssay that he was
content to be 'an underlabourer ...clearing ground alittle, and removing some of the rubbish thet lies
in the way of knowledge (1972, p.xxxv)

Asto the philosophica problems, | shdl concentrate on what | take to be the main metaphysica
issue: in what sensg, if any, do neurd states ‘underly’ menta states? Lipton (this volume, Section 1)
proposes that the two main candidates for this relation of ‘underlying' are: causation and identity (cf.
aso Boden (this volume) Section 11). In Section 3, | will advocate the second candidate, identity.
(Lipton's Section 2 summarizes some difficulties confronting this view, and recommends scientists to
be content with causation. But as will emerge, | agree with most of what Lipton says.)



But, asfor the mind-matter relation in generd, | should first address a sceptical view: that in no
sense do neurd states underly mental states. (Doing so will occupy most of this Section.)

2.B: Denying that Neural States Underly Mental States
This sceptica view is based on the point that mentd states, as we ordinarily conceive them, involve
the world: in the jargon, they are‘wide. Thiswidth is shown by some standard examples from
recent philosophy of mind. Thus authors such as Burge, Kripke and Putnam argue that you could
not believe that London is pretty, that water iswet, that arthiritisis painful, just in virtue of your brain
gate. For you can only be credited with the concepts occurring in these beliefs, concepts like
London, water and arthiritis, if your environment has certain features, and if you are appropriately
related to those festures. In other words, a Doppelganger of you, living on another planet, would
not have these concepts, no matter how much their neura states matched your neura states, unless
certain features of their environment, and their relation to those features, smilarly matched yours.
Furthermore, these features of the environment need not be physical features, nor festures that can
uncontentioudy be spdlt out in physica (or more generdly, naturd scientific) terms. They can be
socid features, eg. the meaning of ‘arthiritis in alanguage. And the gppropriate relation need not
be a physicd relation; nor need it be arelation that can uncontentioudy be spelt out in physicd, or
natura scientific, terms. It might be eg. membership of alinguistic community. (Cf. Burge 1979,
Kripke 1979; Putnam 1975).

| take it that these points are established by these authors work. Theregfter, matters become
difficult: it is very hard to say for agiven concept, exactly what isrequired of the environment, and
of your relation to it, if you are to have the concept. For example: to have the concept of London,
must you have had causa contact (however exactly that is defined!) with London? But of course,
these difficulties do not need to be solved in order to attack the idea that neurd states underly
mentd states. For that, the established points are enough.

Indeed, these very difficulties enable one to generdize the atack. Thus, it can seem plausible that
however exactly you define 'menta’ and ‘physicd’, mentd and physica facts are intertwined in the
world in so myriadly complex away, that no limited class of physicd facts 'underlies (in any sense)
al the mentd facts—and that this remains so, even when ‘physicd’ has the very generd meaning
'natural scientific’, and even when one goes beyond the body of the individua person or animd. (In
going beyond the individua, one immediately meets the socid dimension of mind; here, talk of
mental, and indeed socid and culturd, ‘facts, is more common than talk of 'states: hence this
paragraph's change of terminology.)

In other words, it seems that not only do the mental facts about a person, or animdl, "outstrip’ the
facts about its nervous system: they outstrip dl the physical, chemica and biologica facts about it—
and even those of other persons or animals. To adapt Midgley's example of treaties (this volume,
p.?? (p.21 of MYS)): it ssems that no collection of naturd scientific Sates of a nation's citizens
underly the nation's agreeing to a peace tregaty.



Thisview is of course close to the sceptica view | discussed in Subsection A, that ether the
mind-matter distinction cannot be made, or once it ismade, it iswithout significance. The difference
isthat thisview islessradicd. It dlows that the mind-matter distinction may be made (perhapsin
various ways), and have various kinds of significance. But it denies one much—discussed kind of
sgnificance—that the physica (even in the sense of 'naturd scientific') ‘underlies the mentd.

My reply to this view (again, shared with many authors) consists of two parts. Though | endorse
both parts, they are independent: one can endorse each part without the other. Thefirst partis
directed at the generdized attack; and is, | admit, wholly programmatic. In effect, it conssts of two
broad gstrategies for finding the physica facts underlying some mentd (or any other, e.g. socid) fact,
such as acceptance of a peace treaty; as follows.

(2): Tofind these physicd facts, we may need to look far more widdly across the environmernt,
both in time and space, than isinitidly suggested by a sentence reporting the fact. Thusthe physica
facts underlying the socid fact 'Napoleonic France accepted the treety of the Congress of Vienna
will surely not be confined to France and Vienna, even in the year 1815. Asto time, the physica
facts underlying France (or any nation) accepting atresty may well include facts earlier even than the
lifetimes of the relevant paliticians, or other citizens—who knows how far back in time one hasto
go, in order for the physical factsto fix our concept of atreaty? Asto space, asmilar point can be
made.2

(2): Tofind these physicd facts, bregk the problem up. That is: think of some sequence of kinds
of fact, which has some kind of physcd facts as the first member of the sequence, and for which it
isplausble to claim that each kind of fact underlies the kind that next occursin the sequence—and
then argue seriatim for these claims. Asthus stated, this Srategy suggests the traditiona reductionist
heirarchy, with physics reducing chemigtry, chemistry reducing biology, biology reducing
psychology, and psychology reducing the socia sciences (Oppenheim & Putnam 1958; Monod,
1972). But this dtrategy is by no means committed to this heirarchy, regarded by many asa
bugbear: for at least three reasons (and others will emerge below).

Fird, 'underly' need not mean 'reduce (at least in the sense of 'reduce’ that you consider a
bugbear!). Second, the strategy alows different sequences of kinds of fact (maybe criss-crossing),
rather than just asingle line going 'up’ from the physical. Third, the Srategy dlows very different
kinds of fact (as well as sequences) than this traditiond list.

Here, it isworth mentioning awell-worked out example of the strategy that uses such different
kinds of fact; for dthough the example is well-known to andytic philosophers, it is dmost unknown
outside philosophy. Namely, David Lewis drategy for establishing what he calls 'Humean
supervenience (Lewis 1986, pp. ix-xiv). Roughly speaking, his plan of battleisasfollows. He
argues that the physical facts underlie (i) facts about laws of nature, and (ii) facts about
counterfactua conditionas (though neither of (i) and (ii) underlies the other). Facts about
counterfactua conditionas then underlie (iii) facts about causation. Then (i) and (iii) underlie (iv)
largely individudidtic facts about the mind (viaa verson of functionalism). Then (iv) underlies



linguidtic facts, (here the argument includes an andlysis of linguistic convention in terms of menta
facts about e.g. common knowledge of how symbols would be interpreted). The arguments for
these clams areimpressvely detailed—so much so that one can indeed believe that physica facts
underly a nation's accepting a peace treaty: | recommend them to sceptics like Midgley. But we
must forego the details of these arguments. For now, it is enough that we can aready see how
different are these kinds of fact from the traditiond list above. (And the further details of Lewis
battle-plan reved further differences) To sum up: this Strategy can be very imaginativel

| turn to the second part of my reply to the sceptica view (again: shared with many others). Itis
directed a the arguments and examples of Burge et d., and is more specific. In contrast to the ook
more widely' of (1) above, it saysin effect look more narrowly’. That is: | concede that mental
dates as ordinarily conceived are wide (as the examples suggest), but still claim that a person (or
other anima) has some menta satesjust in virtue of their neura states. Such mental states—ones
that would be shared with an organism with exactly matching neural states—are called 'narrow’. The
usud candidates are Sates of sensory experience: something like seeing yelow in the top left of
ongsvisud fidd. Agreed, such states are hardly mentioned in everyday life. But thereisan
obvious pragmatic reason for this. We are primarily interested in describing, deciding, predicting
and explaining our own and other people's actions. and here "action’ means not just the 'narrow’ idea
of body-movements, but these movements causal consequences in the world. With actions thus
widdy conceived, describing, deciding, predicting and explaining them naturaly mentions wide
mental states. Thus the advocate of narrow mental states can, and no doubt should, alow that such
dtates are hard to describe in everyday language, which tendsto use a'wide' taxonomy of states.
Maybe even 'yellow', asaword of everyday language, expresses a concept whose possession
requires something of one's environment: (no doubt, nothing so strong as having seen alemon or
banana—but maybe one has to have seen ayellow object).

But despite these difficulties of description, | think that there are such narrow menta states, and
that states of sensory experience are examples, so that some narrow states form a constant
accompaniment to the wide states that we usually ascribe to ourselves and other people.3

2.C. Physcalism with a Human Face
Given such narrow mentd dates, the way is clear to discussing the main metgphysica issue
introduced above: exactly what is this reation of ‘underlying’, between neurd states and narrow
mentd dates?

In Section 3, | will address this question: namdy by formulating physicaism as athes's of
supervenience. Very roughly speeking, physicalism will say that physicsisindeed the 'basc
science. A bit more exactly: physicalism saysthat as a matter of contingent fact, the physica facts
about the cosmos completdy fix al the facts. Thiswill make the relaion of ‘underlying be identity,
i.e. neurd states are narrow mental states. (1 will also suggest that given their other views, Searle
and Lipton can and should agree.)



But before embarking on the details of formulating physicalism, | want to emphasise that my
physicdism does not imply various dubious doctrines. Firg, it will turn out that my physicdismis
not ‘reductionist’ or ‘diminativist’, in most senses of these words. We can dready state one reason
why not. It liesin the distinction between metaphysics, on the one hand, and epistemology and
explanation on the other. Thus my metaphysica thess of physicdism, and the thesis that neurd
dates are (narrow) menta states, implies very little about the epistemology of menta States (eg.
how can we know about them, and what are our best methods for getting such knowledge?), and
very little about the character of explanations of menta states, and processes (i.e. sequences of
dates). In particular, it does not imply that physical explanations of these states or processes are
somehow 'better’. A principa reason for thisisthe fact that, as Lipton rightly emphasises (this
volume, Section 3), most explanations are contrastive; and once we recognize this, we can
overcome the illuson that there is, or should be, a'complete explanation’ of something, such asa
mentd date. (As he notes, this point of view is aso endorsed by Boden, Midgley and Waits.)

Similarly, | maintain that my physicaism and the identity of narrow mental states with neura Sates
do not imply the doctrines that Rose identifies as the main errors of reductionism: refication,
arbitrary agglomeration, etc— and which herightly castigates as not merdly fase, but asleading to
grotesquely wrong public policies (this volume). | shdl not tackle these errors seriatim. Sufficeit
to say herethat | think al but two of these errors arise from the naive desire to explain myriadly
different phenomenain asmple, unified way, in terms of their smalest parts—a unitary modd of
explanation that Lipton shows usto be a chimera. The two exceptions are the errors of improper
quantification and beief in Satigtica 'normdity’. These obvioudy arise from our scientific cultures
over-vauing mathematical models: which isitsdf caused, at least in part, by the success of
mathematics within physics. But for dl its grotesquely wrong socid consequences, this over-vauing
of mathematicsis, from the dtrict viewpoint of the philosophy of the mind-metter relation, a'merdy’
historica fact. And right or wrong, setting a high value on mathematica models is a methodol ogica
clam, and no part of the metaphysicd thesis of physicaism.

3. Physicalism
| turn to formulating physicaism. It says, roughly spesking, that al empirical subject-matters, such
asthe biologicd, the mentd, the socid, are literdly a part of the subject-matter of physics. | shdl
make this precise as a so-cdled 'supervenience' thesis, where supervenience is arelation between
subject-matters. Although severd authors (including physicdistdl) have recently criticized this
gpproach to formulating physicalism, | believeiit is viable—and that physicalism so defined is
plausble. But unfortunately, | have space only to spell out the gpproach (in a version that owes
much to the metaphysica system of David Lewis); not to address the criticisms.

3.A: TheMaterial and the Physical



Before explaining the crucid relation of supervenience (Section 3.B et s2q.), | need to make three
preliminary remarks, which will guide the precise formulation of ‘physical’ and of 'supervenes.

(1) A daim more modest than physicdism is often discussed: it is usudly caled ‘'materidism.
Again spesking roughly, materialism clamsthat al empirical subject-matters are part of the subject-
matter of the natura sciences. So materiaism does not require that they dl be part of physics: one
could be part of physics, another part of biology etc. Although thisiswesker than physicdiam, itis
dill quiteradica! For, taking just the case of interest to us, the mind: this seems a very different
subject-matter from those of the natural sciences. The two generd differences most commonly
cited in philosophy are that two concepts (i.e. properties) that seem important for describing minds
and experiences seem entirdly absent from dl the naturd scientific theories (in physcs, chemigtry,
biology) that we use to describe the materia world. Namely, the concepts of: (i) intentiondity—the
concept that a belief or perception or desire or some other mental state is about an object or state
of affairs, and (ii) qualia—the concept that a conscious mentd date, like a perception of an object
outside the body, or a bodily sensation, has a 'raw fed’, ‘phenomena quality’, or ‘quale.
Materidism (and a fortiori, physcaiam) is committed to claming that these differences are illusory:
that anatural scientific account of intentiondity and qualiais possble. To put the sameclamin
terms of subject-matter, instead of its linguistic description: the concepts (i.e. properties) that seem
digtinctively mentd are in fact materid -- though perhaps very complicated, or in some other way
specid.

(2) Materialism has been widespread in philosophy since the late nineteenth century, as aresult of
of the great success, since about 1800, of naturd scientific theoriesin predicting and explaining the
materia world. One well-known example is the demise of vitdism within biology. Here are some
examples from astronomy, chosen with aview to emphasising how it gradually emerged that the
same laws govern processes on earth, and far away in space—a remarkable unity in the materia
world, which nowadays we tend to take for granted. In 1793, Herschel showed that double stars
circled each other, confirming that Newton's law of gravitation applied outside the solar system.
From 1860, Kirchoff and Bunsen applied their spectroscopes to sunlight, and thus paved the way to
determining the chemical congtitution of the gars (just 25 years after the positivist Comte gave this
as an example of the sort of information that science could never attain!). And it emerged thet all
the elements detected in the stars were aso found on Earth; though, to be sure, there were times
when this seemed fa e, the best-known example being the 27-year gap between the discovery of
helium in the Sun (1868: hence the name!), and on the Earth (1895).

Similarly, physicalism iswidespread in present-day philosophy, as a result of the great success,
since about 1900, of physica theoriesin predicting and explaining not only physicd, but aso
chemica and biological processes. Here are two well-known examples, chosen with aview to
emphasisng how quantum theory can now claim to be the fundamenta theory of matter—and how
this clam has been hard-won. Firdt: quantum theory's explanation of the homopolar chemica bond
(achieved in 1927, just after the discovery of quantum theory, by Heitler & London); second,




quantum theory's explanation of superfluidity and superconductivity (achieved by 1960, by the
combined work of many).

Of course, | do not intend these historica points as persuasive arguments for the truth of
materialism and physcaism. But | do think they indicate thet precise formulations of materidism
and physicdism should render them as contingent theses. For it isathoroughly contingent fact that
since 1800 there has been such supreme success in the natura scientific description of the world;
and that since 1900 there has been such supreme successin physics. So surely our formulations
should reflect this contingency of our intellectud culture?

(3) Thisleadsto the next remark. Today's naturd scientific theories, and physica theories, are of
course not wholly true. No doubt some of what they say isfdse. Furthermore, they are partid:
they do not completely describe (truly or falsaly) their own immediate subject-metter, let done
subject-matters like the menta and the socid which materidism and physicaism dam to fdl within
their scope. So materiadism and physicaism should be formulated so as to claim correctness and
completeness only for some sort of corrected and extended versions of these theories. So the
question arises. How exactly should we define these corrected and extended versions? The threeat
of trividity looms. we must not define them as whatever corrections and extensions are needed to
make our formulations come out true. (As opponents of physicaism have often pointed out: e.g.
Hedey 1978, Crane and Mdllor 1990).

Thisis an important, and hard, question, which | cannot answer exactly. It must suffice to make a
few points. Frst, some authors sketch definitions in terms reminiscent of Peirce: they gpped to the
long-run future of the natural sciences, or of physics—or rather, what this future would be, if
circumstances were sufficiently propitious for enquiry (e.g. enough funding!). But | find such
definitions too dependent on contingencies about what humans require for successtul enquiry. |
prefer more metgphysica definitions: specificaly, those based on the daimsthét (i) we dready have,
from present-day theories, agood idea of what counts as a natura scientific, or physicd,
property—and (i) we can readily enough make thisidea precise. Given dams (i) and (ii), the
corrections and extensions can be straightforwardly defined as the true complete theories of those
properties.

So theissue turns on the claims. Obvioudly, the greater unity of physics, as againg the various
natural sciences taken together, makes claim (i) more plausible for physica properties, than natura
scientific ones. (Since | favour physicdiam, this difference of plaushility is no difficulty for me:
materidism, being logicaly weaker than physicalism, is supported by whatever evidence supports
physicaism.) | myself believe that our present idea of physica property has two main components;
| admit that both components are vague (the second more s0), so that establishing claim (ii) is
hard—but for the present, they will have to do.

Firgt, aphysica property isanumericaly measurable property of objects, whose vaue changes
intime (if at al) according to alaw which rdatesit to other such properties and their vaues,
(typicaly, adifferentia equation or generdisation of such, like a sochadtic differential equetion).
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Here and in what follows, ‘properties includes rdlations like ‘rotating faster than’ aswell as
monadic properties like ‘is dectricadly neutrd’; and ‘objects’ is meant very generdly, including what
we would more naturaly cal events, processes or states of affairs.

Second, any such property isrelated to the physica properties we have aready discovered, the
number of which isagtonishingly smal, given the universal scope of physics. (Depending on how
you count, there are somewhere between about a dozen, i.e. position, mass, eectric charge, spin
etc; and ahundred, i.e. including energy, momentum, entropy, temperature, conductivity etc.) This
relation to the already-discovered propertiesis to be (or include) numerical relations between
vaues, reported in equations. (This relation might be reduction or supervenience as defined below,
but it need not be: physicaism should of course dlow that a genuindy new physica property, i.e.
not supervening on the aready-discovered, might exist.)

3.B: Relations Between Subject-M atters. Reduction and Supervenience
So much for preliminary remarks. | turn to being more precise about rel ations between subject-
matters. In accordance with remark (3) just above, | take a subject-matter to be a characteristic
family (i.e. aset) of properties, defined on some set of objects. (Again: ‘properties includes
relaions, and ‘objects includes e.g. events, states of affairs.)

Y ou might reasonably object that a subject-matter should include not only a set of objects, and a
family of properties, representing a taxonomy (classification-system) for the objects; but also
doctrines—genera propositions about how the properties are related, e.g that al Fsare G, that no
GisbothanH and aK. (Such propositions might even belaws)) But no worries: | shall take the
subject-matter to include each property, not just as a'concept’, but rather as an extension, i.e. asa
st of ingances. Since dl such generd propostions will be implicitly fixed by the extensons, eg. the
st of Fsbeing asubset of the set of Gs, they will in effect be included in the subject-matter.

Similarly, it will be convenient to speak below of two properties being identical with another,
when they are co-extensve (i.e. have the same set of instances) in the given set of objects. At firgt
sght, this usage seems to violae the andard view that intuitively distinct properties can be
accidentaly co-extensive; eg. 'hasakidney' and 'hasaheart’. Butitisjust ausage | endorsethis
gandard view. And furthermore, | will argue in Section 3.D that for the case of intered, i.e.
physicalism, the set of objects needs to go beyond the actua world, i.e. to include objects that do
not actudly exist. Asaresult, this usage will not even appear to violate the sandard view.

Asmentioned in Section 2.A, one obvious way in which two subject-matters can be related is by
causation and/or law, while neither isin any sense part of the other. Thus there might be causal
relations between objects in the two sets; and there might be non-causa but nomic relaions (from
the Greek word for law, nonos). Anexampleisclasscd dectricity and magnetism; where eech is
thought of as, say, the family of possible vaues for the eectric (or magnetic) field, defined on the st
of gpacetime points. There are certainly nomic relations between these vaues (given by Maxwdl's
equations); and maybe causa ones too, though the role of causation in physics, even classicdl
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physics, is controversid. But neither subject-matter is a part of the other; (though indeed, both are
reduced to a single underlying subject-metter, the eectromagnetic fidd). An example from everyday
experience is France and England; where each is thought of as, say, the family of al empirica
properties of the relevant set of citizens. Herethere are plainly causa, as well as nomic, relaions;
but neither is part of the other.

For one subject-matter to be part of another, it is obvioudy necessary that the first subject-
matter's set of objects be a subset of the second's. But that is not enough: in the example of
electricity and magnetism, there isasingle st of objects—the spacetime points—but two distinct
subject-matters. Obvioudy, the first subject-matter's family of properties must dso be somehow a
part of the second's. every classification of objects made by the first must dso be made by the
second. The smplest way this can heppen isif the first's family of propertiesisincluded in, i.e. isa
subset of, the second's. (Since | take a subject-matter to include each of its properties extensions,
thisincluson will be enough to secure that the doctrines, i.e. genera propostions, of the first
subject-matter are included in those of the second.)

But typicaly, we are not S0 lucky: subject-métters are often given to us without one family being
asubset of the other. A trivid example is squares and rectangles. Since squares are just a specia
case of rectangles, the subject-matter, squares, should surely be part of the subject-métter,
rectangles. But the latter might not be given to us asincluding the property ‘isasquare, and dl the
various related properties, like 'isadiagona of asquar€, that occur in the subject-matter, squares.
After dl, why should the subject-matter, rectangles, single out such specia cases?

The remedy is not far to seek. We obvioudy need to use the idea of compounding propertiesto
yield other properties, where the compounding operations can in generd beiterated. Thenwe
define one subject-matter to be a part of another iff:

(i) its set of objectsis a subset of the other's; and
(ii) its properties either are among the other's properties (the smple, lucky case)—or are
compounds of them.
(As| said above, clause (ii)'s notion of identity for properties and their compounds is
draightforward: it isjust coextenson in the given sat of objects)

This definition focusses attention on compounding operations. About these, | should first make
two brief, related points. They both arise from my taking a subject-matter to include each of its
properties extensons.

(1) It turns out thet for the usua compounding operations, clause (i) of the definition implies
clause (i). (2) More important, we should no doubt require that if one subject-matter is a part of
another, then its doctrines are in some corresponding sense a part of that other's, e.g. by being
entailed by them. And you might reasonably worry that, even with subject-matters taken as
including extensons, the above definition does not secure this requirement—might not compounding
break out of the class of entailed propositions? But it turns out that for the usua compounding
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operations, there is no problem: the definition implies that the doctrines of the first subject-metter are
indeed entailed by those of the second.

So what are these compounding operations? The most smple are the so-called Boolean
operations, represented by wordslike ‘and’, ‘not’ and ‘or’:  giving, when iterated, al the Boolean
compounds of the initidly given properties. These operationswill certainly suffice in smple cases
like squares and rectangles, maybe even without iteration. For example, suppose the subject-
metter, rectangles, is given as containing the properties, being arectangle, and being a plane figure
with four equa sdes. The conjunction of these propertiesis the property, being asquare. And
once thislink is made among properties, thereis of course no problem about the deduction of the
doctrines: you can deduce dl doctrines about squares from al the doctrines about rectangles.

But there are more complex compounding operations. The two obvious examples from logic and
philosophy are applying the quantifiers'al’ or 'some' to get a monadic property, e.g. ‘bears relation
R to everything/something’, from the binary relation 'bears relation R to’; (or more generdly, an n-
adic relation from a (n+1)-adic relation). These two examples behave rather like the operations of
conjunction and digunction (i.e. 'and and 'or") respectively. But they cannot be finitely defined in
terms of conjunction and digunction, because they make sense even if there are infinitely many
objects. Inthat case, 'dl' and 'some behave like infinitely long conjunction and digunction.

Thisanaogy might make the quantifiers seem a small addition to the Boolean operations. But
they are significant in two ways. First, there are striking examples of a subject-matter being
rigouroudy shown to be part of another, in the above sense—once we alow quantifiers; with the
attendant deduction of its doctrines from those of the other. The outstanding example isthe
demongtration—usudly put in terms of deducing doctrines, rather than compounding properties—
that al of classcal pure mathematicsis part of the theory of sets. Thiswas aremarkable
achievement, taking a haf-century of effort (from about 1860 to 1910) by many mathematicians.

Second, infinitely long conjunction and digunction suggest the more generd idea of iterating any
operation, infinitely rather than finitely. And thisis sgnificant for us. For take any well-defined
collection of operations for compounding properties. (There are indeed others, not definable just in
terms of the Boolean operations and quantifiers; e.g. interpolation in a gpectrum of properties, or
extension of such aspectrum.) Then there are clearly two main ways to interpret the above
definition of one subject-matter being part of another; as follows.

Either one redtricts onesdlf to finiteiterations. This| cal 'reduction’; though as noted above, this
term has many other (and vaguer!) uses. Thisisof course the way you read the above definition:
and it applies to the two examples above, squares and rectangles on one hand, and pure
mathematics and set theory on the other.

Or one dlowsinfinite, aswdl asfinite, iterations. That is mind-sretching and requires care, if
paradoxes are to be avoided: but it turns out to be tractable. We say ‘infinitary’ for ‘infinite or finite)
S0 that this interpretation of the definition is sometimes cdled ‘infinitary reduction’ (just asthe
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corresponding branch of logic is cdled ‘infinitary logic'). It isimportant because it turns out to be
equivaent to a notion which is much discussed—so caled 'supervenience.

The exact definitions of 'supervenience vary from one author to another. But the common, main
ideaisthat one family of properties supervenes on another, with respect to a given set of objects
(on which both families are defined), iff:

any two objects that match for dl propertiesin the second family (i.e. both having or both
lacking each such property), aso maich for dl propertiesin the firgt family.
Or equivaently, the contrgpositive formulation: any two objects that differ in a property in the first
family (one object having the property, the other lacking it) must also differ in some property or
other in the second family. It is straightforward to show that these definitions are equivaent to
infinitary reduction, as defined above.

A gtandard, largely uncontroversd example of supervenience is given by paintings. Most agree
that the family of aesthetic properties of paintings (properties such as 'is well-composed' and 'has
the colouring of a Matisse, or even the hack example, ‘is beautiful’) supervenes on their pictoria
properties, where by ‘pictorial properties | mean some set of non-evauative properties of very
amdl regions like ‘is magenta for the one square milliimetre in top left corner’.  Of course, if
supervenience is to hold good, the family of pictoria properties must be suitably rich. In particular,
they cannot just describe colour, even in atechnica vocabulary, millimeter by millimetre; they must
aso describe details of the medium, eg. oil or watercolour. But most would say that a family of
non-evaluaive properties can be picked out such that if two paintings matched utterly in respect of
these properties, then (no matter how dse they diffe—maybe one is the origind and the other isa
fake!), they match in their aesthetic properties: if one is well-composed, so isthe other, and so on.

Thisexample dso illudrates the contrast with (finite) reduction. Isa property such as‘iswell-
composed’ afinitely long compound, built out of the pictoria properties? Many who are happy to
accept supervenience have thought not: they point out that we hardly know how to begin writing
such afinite definition, let done how to improve it and perfect it. But here awarning isin order.
Since afinite definition of ‘iswell-composed’ could be S0 long as to be incomprehensible by human
minds, even working collaboratively (e.g. amillion million pages), our being unable to begin writing
such a definition is very week evidence for its non-existence. So reduction might yet hold.

3.C: Formulating Physicalism
We can now move towards formulating physicalism. For clarity, | shdl first state the main ideg, and
then make it precise. The main ideawill of course be that the mental reducesto, or at least
supervenes on, the physicd, in the above sense. That is, for reduction: each menta property is
coextensve with some physica property, one of the Smple given ones or afinite compound. For
example, imagine that there is a compound (finite but perhaps very complex) physical property X
such that: any person or animd is an instance of 'sees ydlow' if and only if they are an ingtance of X.
Then 'seesyellow' is reduced.
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And the main idea of supervenienceis for any two objects, if they match on dl their physica
properties (i.e. for any physical property, they both have the property or they both lack it), then they
match on al their mental properties. For example, consider a person during two seconds, who sees
ydlow. Imagine aphysica duplicate (replica) of that person: this means that corresponding physical
parts of the person and of the duplicate, right down to the smallest parts (the level of atoms or
electrons or smdler ill), areto beinidentica physcad dates. And imagine that we control the
environment of the person and of the duplicate, so that the duplicate remains a duplicate, moment by
moment, for two seconds. (No doubt, to do thiswe will have to make the duplicate's immediate
environment be itsaf aduplicate of the origind person’s immedi ate environment—a hard
assignment!) Then supervenience implies: the duplicate also sees yelow.

So far as| can tdl, most people, when asked whether such a duplicate would see yellow,
confidently answer Yes. | confess: being a philosopher rather than an empirical sociologist, my
evidence is anecdotal—when | say 'most peopl€, | mean, strictly speaking, ‘'most philosophy
undergraduates whom | have asked in a classroom survey'! But | ask them this question very early
in the course, before | make any attempt to persuade them that physicdismistrue. So though
anecdotd, this evidence supports the point at the beginning of this Section: that physicdism is
widespread in our intellectua culture.

On the other hand, these students opinions are more divided, and of course more tentative,
about whether reduction holds, i.e. whether there is afinite definition of ‘seesyelow’ in terms of
physica properties. But the above warning isagain in order. Since afinite definition of ‘ sees
ydlow’ could be so long as to be incomprehensible, our inability to write such a definition is very
week evidence for its non-existence: reduction might yet hold.

So much for themainidea. To formulate physicalism precisely, we need to decide on two points:
exactly what isthe set of physical objects, of which the setsfor other subject-matterswill be a
subset (cf. clause (i) of the definition above); and exactly what compounding operations among
propertiesto dlow (clause (ii)). Almost al of the literature focusses on the first point, though the
second is obvioudy just asimportant; but | shal follow the literature, since | have nothing useful to
say about the second point.

At firg 9ght, it seemsthat clause (i) will only require that al the objects on which mentd
properties are defined are objects on which physical properties are dso defined. That is: the mental
subject-matter's set of objectsisto be a subset of the physical subject-matter's set. And this seems
uncontroversd. For we normally think of menta properties as defined on people and animdls; for
example, we say 'Fido sees yellow'; and people and animals also have physica properties!

But this clause is not so straightforward, for three reasons. Thefirst two are closdy related to the
discusson in Section 2.B; the third is unrlated to previous discussion, and will lead usto the next
Subsection.

(1) First: two subject-matters, say the physical and the mentd, are typically presented to uswith
properties that do not have common instances. For example, ... seesyellow' has Fido as an
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instance, even when we interpret '...sees yellow' as expressing a narrow mental state (cf. Section
2.B). But the physicd properties that a physicdist clamsto 'underly’ this narrow mental sate are
typicaly presented as properties, not of dogs, but of brains or parts of brains. the standard example,
in the philosophers pretend-technica jargon, is'...isafiring of C-fibres.

So to satisfy clause (i), we must expect to have to ater somewnhat the properties (and so aso the
predicates expressing them) that are presented to us. In the example, ether: we must introduce a
menta property, corresponding to "...sees yellow', defined on brains or their parts, asit might be
.isapart of abrainin the narrow state of seeing yelow'; or we must introduce a physica property,
corresponding to "...isafiring of C-fibres, defined on organisms, as it might be'...has a part of its
brain that isfiring its C-fibres; or we can of course do both. To sum up: to satisfy clause (i), we
must expect to do two things. make our set of objects contain parts of its own members, and/or
wholes composed of its members, and 'massage’ the properties accordingly.

(2) Second: we said at the start of this Section that physcadism cams all subject-matters, not
just the mental, to be part of the physica. So clause (i) will require that al the objects on which any
properties (e.g. biologica or socia properties) are defined are objects on which physica properties
are also defined, i.e. are members of the physical subject-matter's set of objects. Indeed, even if
onetook physicaisam to clam only that the mentd is part of the physicd, the socid nature of mind,
emphasised in Section 2, would prompt physicaism to put socia objects, such aslinguistic
communities and nations, into the physica subject-matter's st.

This of course leads us back to the first reason, just above. The physicaist must somehow
concelve objects like linguistic communities as physica (quite gpart from issues about their
properties). The obvious strategy for the physicdist isasjust above. To spell it out: firdt, assume
set-theory (or asimilar device such as mereology, the theory of parts and wholes); second,
conceive these objects as sets (or mereologica wholes) with smaller, more obvioudy physicd,
objects—such as organisms or limbs or organs or cells or molecules—as members (or parts); third,
take the set of physical objects as containing al sets (or wholes) composed out of objects thet are
given as being physicd.

(3) The third reason for care about clause (i) leads us to the topic of moddlity, i.e. the notions of
possibility and necessity. Here | shdl show why we have to ded with these notions. In the next
subsection, | will adopt awidespread, though admittedly controversid, way of doing so.

Clause (i) says 'aset of objects. One naturally reads that as a set of actualy existing objects,
with their actua properties. But if we only consder the actud world (i.e. the actud totd history of
the universe, throughout al time and space), there is agrave risk that reduction—and even more
risk that supervenience—will be trividly true: and true for areason that has nothing to do with the
intuitive ideaof physicaism. So thereisarisk that our formulations will not cagpture this intuitive
idea.

The obstacle is very smple. Hereisan example for reduction of a mental property. Suppose
that as it happens, the set of actua ingtances of 'sees yellow’ isfinite. Thet is. throughout the actua
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world (in the above sense), only finitely many people and animas seeydlow. Then there surdy isa
compound physica property with exactly that set asitsingtances. To find such a property, | could
find for each instance of 'seesyellow', a physical property possessed only by that instance; and then
form the digunction of those properties. Thisfinite digunction will have exactly the yellow-see-ers
asingances. Then 'seesydlow' isreduced. (For smplicity, | have sated the problem in terms of
whole organisms as ingtances, and regardless of the issue of change, i.e. seeing yellow at onetime
but not another. The problem is unaffected by these points.)

Here is an example for supervenience. Suppose that no two actua people or animas exactly
match in their physica properties. (That seems very likely!) Then supervenienceistrividly true, on
the usua understanding of 'dl' and 'if, then'; aslogicians put it, it is ‘'vacuoudy true. (Agan, the
problem is unaffected by my choosing organisms as instances, and by my ignoring change.)

But the truth of physicalism—whether it be reduction, or supervenience—must not be established
by the mere accident of the reduced property having finitely many instances, or of no two objects
perfectly matching in the 'subvening' properties. So something has gone wrong with our formulation.
(Being true on account of such a mere accident is of course sufficient for being contingent, which
Section 3.A urged was a desideratum in formulating physicaism. But this desideratum should not
be earned so chegply: the accident of finitude or lack of match is dearly irrdevant to the intuitive
ideaof physcaism.)

3.D: The Range of Supervenience: Going Beyond the Actual World
We need aformulation of physicalism that somehow circumvents the mere accidents seen at the end
of Section 3.C. Tha must mean: aformulation that is actualy true, according to the physicaigt, on
account of how menta etc. properties would be reduced, even if there were infinitely many
ingtances of them (or would supervene, even if there were perfect matchesin physica properties).
Such talk of how things would be, in contrary-to-fact circumstances, is often treated in terms of
possible worlds. 1 will follow this tradition.

We can introduce possible worlds as follows. Many true propositions are contingently, not
necessarily, true. The actuad world makes the proposition true; but as we say, ‘it did not have to be
true. Following Leibniz, and modern moda logic, we say: there is a possible world (different from
the actud world) at which the propostion isfase. So we imagine the set of dl logicaly possible
worlds. The actud world is one of them. They al make true dl necessarily true propostions: the
propositions of logic, maths, and analytic propositions such as 'All batchelors are unmarried. And
S0 dso, in generd: for any proposition thereisa sat of possble worlds at whichitistrue. (Any
contradiction, or more generally impossible proposition, is associated with the empty set of worlds.)
And any two logicaly equivaent propositions are associated with the same set of worlds. (For
details of possible worlds uses in philosophy, and debate about exactly what they are, see Kripke
1980, Lewis 1986a.)
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Given thisframework of possible worlds, reduction or supervenience will take as the set of
objects aset of actua and possible objects. The absorption of other subject-meatters by the
physicd, that reduction and supervenience clam, will belogically stronger: because holding on a
larger st. Example: even if no two actua people or animas exactly match in their physica
properties, surely there could be a person who exactly matches my present physica properties. So
there is a possible world containing such aperson. So if supervenience takes such aperson in such
aworld, together with me, as members of its set of objects, then: supervenience requiresthat |1 and
that person match in our menta etc. properties.

Here | have again taken an example with organisms as the objects (instances of the property) in
question. | will continue to concentrate on this case. But as above, my discussion will be unaffected
by this choice. We could accommodate the ‘width' of the mental and socid by having large regions
of spacetime—or even entire possible worlds—as the objects. With these dternatives, authors
often speak of 'regiond’, and 'global’, supervenience, respectively; cf. Kim (1984, p. 168), Horgan
(1982, pp. 36-37).

So the question is. exactly which set should be taken as the set of objects? Presumably, both
reduction and supervenience should take, for any given possible world, ether al the people and
animasin that world, or none of them. (And smilarly for organisms parts, and wholes composed
of many organisms, cf. Section 3.C.) So: which worlds should be considered?

Thisis ahard question, whaose resolution depends on deep and controversia issues unrelated to
mind: for example, issues about laws of nature, and the identity-conditions for properties. | can do
no more than broach theissues. | shal do this by discussng two smple choices of worlds: choices
that relate to the discussion above, and to the quantum theory below.

(@ Choose the set of dl logicdly possble worlds.  With this choice, reduction would be a matter
of necessary coextension of properties. Supervenience would be a matter of: any two logicaly
possible items that physicaly match dso match mentaly and in al other respects.

| rgect choice (a), Snce it makes physicdism ether logicaly necessary or logically impossible.
(For it makes physicaism amatter of a pattern across dl the worlds, and thereby true at al worlds
or a none) And | saidin Section 3.A that | believed physicalism should be formuated so asto be
contingent. But | should remark that some authors are content with choice (&), and so endorse
physicalism as necessary.®

Thereis another genera advantage in regjecting choice (). It concernsthe identity of properties.
Namely: rgecting (a) gives aphysicaist, even abeliever in reduction, ample scope to agree with
non-physicalists that mental, socid etc properties are not identica with physical ones. Thereasonis
that most philosophers agree that for two properties to be identica, they must be necessarily co-
extensve. At least: dmogt al philosophers who are willing to talk at al about identity-conditions for
properties agree on this; (they then dispute whether necessary co-extension is aso a sufficient
condition for identity of properties). If we agree with this, then aphysicaist who rgects (@) is

18



accepting that mental etc. properties are not identica with physical ones; for a necessary condition
of such identity is violated.

This advantage of rgjecting (a) is uncontentious. Buit it isworth emphasising, for two reasons.
Firg, it may sugar the pill of physicalism for some who find it incredible that amenta property could
be aphysica property. (Lipton (this volume, Section 2) is such aperson.) The sugar isthat they do
not have to bdieve this. physicalism only requires a contingent coextenson—abeit over some
decently wide class of worlds (yet to be specified!), so asto avoid the risk of merely accidenta
truth.6

Second, this advantage of rgecting (a) may seem to conflict with my own talk about properties
being identical when they are co-extensive. But recal my remarks at the Sart of Section 3.B: |
warned that my usage was convenient but unusua—and was not intended to deny the standard
view that contingently co-extengve properties are not identica.

(b) The second choice for the set of worldsinvokes the idea of alaw of nature. Many
philosophers agree that the actua world has laws of nature: and that these are, or at least
correpond to, contingently true universa generdizations. For us, nothing turns on the difference
between ‘are and * correspond to’. The main point isthat laws differ from the merely accidentally
true universal generdizations, eg. 'the coinsin my pocket are slver', by being in some way very
informative about the world; though the exact nature of thisinformativenessis hard to andyse, and
controversal.

Given this notion of law (however ‘informative’ is analysed), thereis awel-defined set of all
worlds that make true dl the actud world's laws of nature. It isasubset of thelogicaly possble
worlds, since laws are contingent; a subset which includes the actud world—since the lavs are
actudly true! This st is often caled the (set of) nomicaly possible worlds (again, after the Greek
word, nonos, for ‘law’).

| shdl take this set as the second choice that physicalism might make. So reduction would then
be a matter of nomic coextension of properties. Supervenience would then be a matter of: any two
nomically possible objects that physicaly match dso match mentally (and in dl other respects).

Asis obvious from the discussion of () above, this choice has the merit of having physicdism
avoid clams of property-identity. It dso makes physicalism contingent, whether as reduction or
supervenience. This arises from each law being a contingent proposition (and indeed on some
theories, alaw might be a true proposition at a given world, and yet not be alaw there). So
different worlds can have different collections of laws, so there may well be logicaly possible worlds
where the laws dlow physicd duplicates to differ mentaly—say by having menta lawsthat are
unrelated to the physica laws.

| believe that physicaism, once formulated as supervenience with this choice of worlds, is
plausble. In particular, | believe it can accommodate the peculiar features of consciousness, pre-
eminently, conscious staes intentiondity (their representing objects and/or states of affairs) and their
subjectivity (their involving 'phenomena qudlities, or 'qualia).’
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But | cannot enter details. 1 have no space; and by and large, | have nothing to add to excellent
discussons elsawhere. But let me single out Dennett’ s (1991, Chap. 12) and Lewis (1990)
arguments that physicalism can accommodate ‘qudia. Although Dennett does not defend a precise
formulation of physicalism, let done one involving possible worlds, Lewis of course does. He
favours a definition of physicaliam closeto choice (b) above. The principd differenceisthat he uses
his theory of natura properties, he aso copes with the 'width' of the menta and socia by taking
entire worlds as the objects. (For both differences, cf. (M5) on p. 364 of his (1983), while choice
(b) correspondsto his (M4)). Despite this difference, Lewis argument about quaia can be easily
adapted to choice (b): his centrd idea— that knowing what an experienceislikeisakind of
knowing how, not knowing that—is unaffected by the difference.

However, there is a problem with choice (b). Although | have no spaceto discussit in detall, |
should describe it. For in Section 5.B, | shal show how it isillustrated by an interpretation of
quantum theory—giving my second conclusion, as announced in Section 1.

The problem is that aworld where intuitively physicaism isfadse, because there are mentd
properties that are intuitively not supervenient nor reducible, may yet be aworld where my
formulation, with choice (b), is true—because the mental properties are corrdated with physica
properties according to gtrict (i.e. exceptionless) laws of nature. That is. choice (b) seemstoo
week; physicaism so formulated is too easly made true.

This problem is wdl-known in philosophy. (It is often noted in discussions of pecific physicdist
theories such as mind-brain identity theory and functiondism). There are two broad Strategies for
solving it. Thefird is conservative: keep the idea of formulating physicalism as a supervenience
thes's, but make a different choice of worlds, for example in the way proposed by Lewis (ibid.).
The second is radical: give up supervenience and try to make sense, in some quite different way, of
the ideathat mentd properties are ‘congtituted' by physica properties. In the literature, this second
drategy is gaining ground. But there is much disagreement—and | think, vagueness— abouit this
new sense of ‘congtitution’. (Crane (1995, p. 212-213) gives references for this strategy; he dso
argues that this strategy cannot accommodate menta causation.) Hence my preference for the first
drategy. But | cannot judtify this here: it must suffice to natice the problem, and the two Strategies.

So much by way of formulating physicaism. Before turning to more details about physics, let me
summarize the sory so far by emphassing the four main reasons why physicadism, as | have
formulated it, is not reductionist’ or ‘diminativis’ about the mind (or indeed, any other subject-
matter!).

(1) Reduction and supervenience, in my senses, clearly legitimate, rather than iminate, the
reduced or supervening subject-matter—squares, and talk of them, are legitimated, not
eliminated, by being shown to be part of the subject-matter, rectangles.

(2) For areduction in my sense to be useful for science, it must be managegbly short. Bt this
discusson, tilted asit is to metaphysics, has alowed a reduction to be arbitrarily long.
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(3) Many bdieve that for reductions (in any sense) to be diminative and/or useful, the reducing
theory (or subject-matter or what-not) must provide explanations of the phenomenathat are
treated by the reduced theory. Maybe so: but my physicalism is not committed to such
physica explanations of mental phenomena. For it is dearly compatible with plurdism about
explanation (a la Lipton, this volume Section 3y—apluraism which | in fact endorse,

(4) Physicdism does not require the identity of menta with physica properties, & least in the
usua sense that involves necessary coextension. It requires only coextension across a
suitably large class of possible worlds, including the actua world.

4. Quantum Theory and its M easurement Problem
But physicdism isonly as precise asthe word ‘physicd’! At the end of Section 3.A, | discussed
how to make thisword, and especidly 'physica property’, precisein terms of amilarity to the
known physicd properties. But however successful that strategy might be for formulating
physicalism, it leaves untouched two dangers, which | will treet in two subsections. Thefird, lesser
danger concerns why people beieve physicdismistrue. The second danger concernsits being true,
and isour main business. It arises from quantun theory's measurement problem.

4.A: Naivete about Physics
Thefirg danger arises from acluster of views, widespread in our intellectud culture, about
physics as a science: that it has as its subject-matter, matter in motion, which it describes with
precise mathematics, that what it tells us about this subject-matter is cumulative (i.e. it never gives up
previoudy established dlams); and even tha a any given time, discusson among practitionersis
uncontroversd. In short, the picture is of physics as a concrete floor of established, precise facts
about smple concepts of matter and motion: afloor so firm (albeit perhaps dull!) that other sciences
can build upon it. Needlessto say, thispictureisfase. Physicsis much more interesting than this
picture suggests! It has amuch more varied, and strange, subject-matter than the matter in motion
of classca mechanics, and it is steegped in controversy. (For an antidote to this fase picture, cf.
Leggett 1987, esp. Chap.s5 and 6.)

But though fase, this picture may well influence people (or at least my philosophy
undergraduates!) to think that physicdism istrue, at least in the sense of supervenience. Herel have
in mind agenerd, and a specific, point. The generd point is that the usud verdict, in the thought-
experiment about the physical duplicate of the person seeing yellow—that the duplicate also sees
ydlow—may well be influenced by the picture of people (and other organisms), or more specificaly
their brains, as composed of countless little particles.

The specific point is that atraditional argument againg interactionism is flawed, because of this
fase picture of physics. Interactioniam is the view, mentioned in Section 2.A, that mind and matter
are connected by causation and/or law, but neither is reduced to the other. The traditiona argument
agand it has various forms; but it is often presented in terms of energy. Theideaisthat any causal
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interaction between mind and matter would violate the principle of the conservation of energy.
Thus, if irreducible mental properties (or Sates, events or what-not) caused physical ones—for
example in wilfully rasing my arm—that would surely mean that energy would flow into the reelm of
the physical. Similarly for physical properties or states causing irreducible menta ones: surely
energy would flow out of the physical redim. But, says the argument, physicstdls usthat energy is
conserved in the sense that the energy of an isolated system is congtant, neither increasing nor
decreasing. When it ssems to change, the system isin fact not isolated, but rather gains energy from
its environment, or loses energy to it. And thereis no evidence of such energy gainsor lossesin
brains. So much the worse, it seems, for interactionism. (Though traditiond, the argument is il
current; for example, Dennett endorsesiit (1991, pp. 34-35).)

Thisargument is flawed, for two reasons. The fird reason is obvious: who knows how small, or
in some other way hard to measure, these energy gains or losses in brains might be? Agreed, this
reason isweak: clearly, the onus is on the interactionist to argue that they could be smal, and indeed
arelikely to be smdl. But the second reason is more interesting, and returns us to the danger of
assuming that physicsis cumulaive. Namely: the principle of the conservation of energy is not
sacrosanct. The principle was only formulated in the mid-nineteenth century; and athough no
violations have been established hitherto, it has been serioudy questioned on severd occasions. It
was questioned twice at the inception of quantum theory (viz. the Bohr-Kramers-Sater theory, and
the discovery of the neutrino). And furthermore, it is not obeyed by a current proposa relevant to
us (which we will discussin Section 5.A): aproposd for solving quantum theory's measurement
problem.

In short: physicaists need to be wary of bad reasonsto think physicaism istrue, arisng from
naivety about physics.

4.B: Avoiding an Indefinite M acrorealm
| turn at last to quantum theory (from here on, QT). Asl said in Section 1, QT has aninterpretetive
problem, called the measurement problem. There are many different strategies for solving this
problem, but severd of them are relevant to the mind-matter rel ation—more specificdly, to
physicaism. Therest of this Section will sketch the measurement problem, and how it bears on the
mind-matter relation. Section 5 will take up some Strategies for solving it.

Roughly spesking, the measurement problem is: QT's laws about how the states of objects
change over time seem committed to the prediction that macroscopic objects often have no definite
positions—nor definite values for other familiar physica quantities like momentum or energy.
(‘Quantity' isjargon for 'numerically measurable property’; ‘'magnitude, ‘variable and 'coordinate
aredso used.) But this seems manifestly false: tables and chairs surely have definite positions etc.
Asit is sometimes put: the macrorealm is definite. (Or at least, we experience the macrorealm as
being definite. So, if QT isto account for our experience, it must either secure such definiteness, or
at least explain the appearance of it. But | postpone till Section 4.C this second Strategy, i.e. the
idea of alowing an indefinite macrorealm and securing only definite gppearances.)

22



This problem is caled the *measurement problem’, mainly because the argument that QT implies
an indefinite macrorealm is clearest for a measurement Stuation. For QT saysthat microsystems,
like dectrons and aoms, in generd do not have definite vaues for quantities. And if you use QT to
andyse ameasurement of, say, the momentum of an eectron, which QT says has no definite
momentum, you find that according to QT, the indefiniteness of the dectron’s momentum is
transmitted to the apparatus pointer—so that it has no definite position. | turn to spelling this out.

Like any physica theory, QT assigns states to systems: the State fully specifies the properties of
the system. (‘System'’ isjust jargon for 'object’.) But the orthodox interpretation of a quantum State
is as a cataogue of probabilistic dispostions. That is. for each quantity (pogtion, energy, momentum
efc.), the ate defines a probability digtribution on al possible vaues of the quantity. These Sates
are represented by vectors: they are often written (in Dirac’ s notation) with angle-brackets, e.g. |
[1>. For each Sate, there are some physica quantities and some vaue of each such quantity, such
that: the Sate ascribes probability 1 to that vaue for that quantity. The Sateisan ‘eigendate’ of the
quantity, the value an ‘eigenvalue’. But for each State, the great mgority of quantities are ascribed a
non-trivia probability distribution. This distribution is coded in the geometry of the vector space: the
date is avector sum of the quantity’s eigenstates. And it is called a* superposition’ and iswritten
with a'+.

So far, so good. But the orthodox interpretation of QT adds that the system has avaue for a
given quantity only when its state ascribes probability 1 to that value. Thisis caled the ‘eigenvaue-
egengtate link’ 8 It is this scarcity of values that leads to the measurement problem. For the
interaction of, say, an eectron that isin a superpostion (not an eigengtate) for momentum, with an
gpparatus for measuring momentum, leads to the dectron’ s indefiniteness being transmitted to the
gpparatus—so that its pointer isin no definite pogtion! This suggestion has been proven for awide
range of exact quantum theoretic modes of measurement. But we can confine ourselvesto avery
smple modd.

Asan example, | will take a momentum measurement on an dectron in a superpostion of two
momentum eigengates. one for 1 unit of momentum, and the other for 2 units of momentum.
Suppose we have a measurement gpparatus or pointer, with ‘ready state
[r >, which rdliably reads these eigendtates, in the sense that the composite system behaves as
follows

|1>r> —> |1>freads‘l > and |2>r> —> [2>|reads’'2 >.
Here, the juxtaposition of two kets represents a Sate of a composite system, in our case the
electron+pointer: namely the 'conjunction’ of the two juxtaposed states. And the arrow represents
the evolution of the state in time, as prescribed by QT's famous Schrodinger equation.  So each of
these displayed formulas means. if the composite ectron+pointer is begun in the state on the left,
then it evolves by the Schrédinger equation in some fixed finite time to the state on the right.

Then the Schrodinger equation (which isthe principd law of QT) implies that measuring an
electron initidly prepared in a superposition yidds:
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{|1>+ 2>}r> —> |1>reads‘'l > + |2>|reads‘2 >.
But the final state on the right is not an eigendtate of position for the pointer. So the orthodox
interpretation of QT, more precisdy the eigenvaue-eigendtate link, is committed to the pointer
having no definite postion!

There are clearly two main gpproaches for solving this problem. Either we somehow change the
Schrodinger equation, so asto replace the above fina state by an eigendtate of pointer-position.
This gpproach is caled 'collapsing the wave-packet’. | discussit in Section 5. Or we somehow
supplement the eigenva ue-eigendtate link’ s meagre ascription of vaues: we podulate extra va ues.
But in this paper, | have no space to discuss this second approach. Suffice it to say that like Section
5's gpproach, it has versons that uphold physicalism, and versonsthat violate it; (cf. my 1995, p.
145f; 1996).

4.C: Avoiding I ndefinite Appear ances

For our topic of QT and mind, it is aso important to emphasi se another contrast (briefly mentioned
at the start of Section 4.B). Namely, between:

(DefMeac): those strategies for solving the measurement problem that aim to secure a definite

macrorealm, and so to explain why the macrorealm is as it gppearsto be; and

(DefApp): those, perhaps more radicd, rategies that dlow an indefinite macrorealm and aim only

to secure definite gppearances (thus denying that it is as it appears to be).
We shdll seein Section 5 that this contrast cuts across the one a the end of Section 4.B. That is.
some versons of the 'collgpsing the wave packet’ approach aim to secure a definite macrorealm,
while others am only to secure definite gppearances. (And smilarly some versions of the 'extra
vaues gpproach am for a definite macrorealm, e.g. the Bohm interpretation; while others aim only
for definite gppearances, e.g. the 'many minds interpretation.)

To darify the contrast between (DefMac) and (DefApp), it will be helpful to ‘drive the
measurement problem into the brain’. That is: it will be hdpful to show how, according to QT's
orthodox interpretation, a quantum-theoretic model of perception of the pointer will lead to an
indefinite perception of pointer-pogtion, in the case where the dectron isinitialy prepared in a
superposition. Since we never have such indefinite perceptions, orthodoxy will face a problem of
'indefinite gppearances, just as much as one of ‘indefinite macroredm'’. Showing this will occupy the
rest of this Section.

We can again consider avery smple modd of perception, based on our toy-model of measuring
an eectron's momentum. Recall that we had:

{|1>+ 2>}r> —> |1>reads']l > + [2>]reads'2 >.
Now let us assume that the brain-state corresponding to a person, Anna, observing the pointer ‘s
position, and believing it to be at * 1 unit’, isa quantum-date, call it
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| believes‘1'>. And amilarly for her brain-state corresponding to observing and bdieving it to be
‘2 units': it isa quantum state, say | believes‘2'>. In other words, let us assume a physica quantity
for Anna s brain, with eigenvalues 1, 2 etc., whose eigenstates correspond to her beliefsin such a
way that we can mnemonicaly cal it 'belief-in-postion’. (Despite the mnemonic, it is of coursea
norma physica quantity, perhaps some function of the positions, momenta, energies etc. of her
brain's condtituent particles). And similarly for her brain-state corresponding to her ‘ready date, |
det> say.

These assumptions countenance using QT to describe the brain. That is a substantial contention,
based of course on taking QT to be the fundamental theory of al (materid, spatiotemporal) objects.
(For further defence of these assumptions, see e.g. my (1995), pp. 146-147.) But given these
assumptions, we can ‘drive the measurement problem into the brain’. In terms of our toy-mode!:
assuming that Annais reliable on the eigendates, in the sense:

| >r>|det> —>  |1>Jreads‘]l >|believes‘1l> and:
| 2>r>|det> —>  |2>|reads’'2 >| believes‘2' >,
the Schrodinger equation implies that measuring a superposition gives:
{|1>+ 2>} >|det>  —>
{|1>|reads‘1 >| believes‘1’>+ |2 >Jreads‘2 >| believes 2 >}
which is not an eigendtate of pointer-postion, nor of the quantity we cdled 'belief-in-postion! But
Anna—wel—aways have definite beliefs about pointer-positions. So (given the orthodox
egenvaue-eigendate link), the fact that the find date is not an eigendtate of belief-in-pogtion seems
manifestly wrong.

To sum up:— We have seen that QT faces a problem of ‘indefinite appearances, just as much as
one of 'indefinite macrorealm'. And there are two broad strategies for responding to these
problems, viz. (DefMac) and (DefApp) above. That is, we can ether:

(DefMac): somehow secure a definite macrorealm; and more specifically secure the successful
predictions of classca physics, so that we can rely on aclassica psychophysicsfor
understanding the definiteness of appearances,
or we can:
(DefApp): dlow an indefinite macroream, and somehow secure only that appearances are
definite.
Inview of the discussion above, we expect that (DefApp) will involve some 'funny business & the
interface of brain and mind. And indeed, it is exactly here, under srategy (DefApp), that some
proposals violate physicdism.

5. Collapsing the Wave Packet
This Section discusses one approach to the measurement problem: the approach that postulates
new physical laws to replace the Schrédinger equation. Such a change of the state is called 'the
collapse of the wave-packet’ (or 'state reduction’). More specificaly, | take three versons of this
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gpproach. In Section 5.A, | take that of Ghirardi, Rimini, Weber, Pearle et d.; and that of Penrose.
Section 5.B discusses that of Wigner and Stapp. For al versons, | emphasise their consequences
for brain or mind, and so for physicalism; (I take them in increasing order of radicaism).

The firg two versions (Section 5.A) take the collapse of the wave packet to be an purdly
physica process; and so am to secure a definite macroreddm (i.e. strategy (DefMac) of Section
4.B). Perhaps unsurprisingly, the new laws describing the collapse of the wave packet seem entirely
compatible with physicalism as defined in Section 3. But these versions substantiate my first
conclusion, announced in Section 1: on these proposals, the way in which the menta supervenes on
the physica would be very different from what most people, unversed in the controversies about
QT, would expect. (The differenceismoreradica, for Penrose's version.)

On the other hand, Wigner and Stapp's version invokes mind to trigger the collapse of the wave
packet. Thiswill yidd my second concluson: namdly, this version gives ared-life example of the
abgtract problem confronting the definition of physicalism at the end of Section 3. So hereisan
interpretation of QT that violates the spirit of physicaiam, if not its letter.

5.A: Physical Collapse

| will firgt discuss the proposas of such authors as Ghirardi, Rimini, Weber, Pearle and Percival
(giving me the acronym GRWP); who propose precise equations for the collapse of the wave
packet (to one out of various dternative eigengtates). They do not am to discussthe brain. But it
turns out, surprisingly, that according to their proposas, the collgpse sometimes happens, not in the
externa world, but in the observer’ s nerves (eg. theretind). Thisis no threat to physicdism, but it
IS surprising.

| shal concentrate on awell-known precise proposal, called 'continuous spontaneous localization’
('CSL": Ghirardi et d. 1986, Pearle 1989). This postulates ajitter that continually gives ‘little hits' to
the quantum Sate, in addition to its usud evolution according to the Schrédinger equation. (These
hits increase the system's energy: as mentioned at the end of Section 4.A.) Thejitter isa stochastic
process, which in any individua case has a redlization, with a prescribed probability. (Anaogy: The
jitter is like the probability space for 10 tosses of a coin; the redization is a pecific sequence of 10
results, heads or tails) Which redlization happensin an individua case determines what hgppensto
the sygsem—what the find eigendaeis.

Any such proposed dynamics must somehow make the collgpse mechaniam ineffective in the
microrealm (S0 asto recover the empirical success of QT's Schrodinger equation), but effectivein
the macrorelm. To do this, CSL chooses arate of hitting and aSize of hits so that the effect is
amost dways utterly miniscule for amicrosystem. But on the other hand, each individua
component of a composite system is subject to these rare and wesk hits; and when hit, it dragsthe
other components with it. The result is that for a macro-system with maybe 1023 components, the
collapseisvery fast (10° seconds). To take the time-honoured example: Schrédinger's cat is only
superposed between life and death for a split second! Thisis surely acceptable, even to an

26



advocate of the grategy (DefMac): for though it only gets the macroredm to be definite at dmogt all
times, nobody can be so certain that it is definite always.

The further details of CSL need not concern us. The mere fact that it links collgpse to having a
large number of components is enough to yield interesting consequences for physicalism. The point
is best made by presenting an objection to CSL, due to Albert and Vadman (cf. Albert 1992, pp.
100-111). The objection iswrong, but fruitful: for the reply brings surprises about the way in which
the menta supervenes on the physicdl.

Theideaof the objection is that some measurement results involve only a smal number of
microsystems. For example, aresult may be registered by the arriva of amicrosystem in one
position rather than another on a fluorescent screen (likea TV screen). But itsarriva only excites
about ten atoms, which then de-excite each emitting aphoton. Since retind cells are so senstive as
to fire in response to a few photons, this is enough for a human to detect one result rather than
another. So the objection isthat Since, a any stage in this process, only afew microsysems are
involved, there will only very rardly be a GRWP collgpse -- contradicting the fact that our
perceptions of the spots on the screen are dways definite.

GRWP reply by andysing the physical process of anerve cell firing. They show that the
trangport of ionsinvolved in the firing requires sufficiently many particles being sufficiently well
separated in pace for a collgpse to occur with overwheming probability in, say, a hundredth of a
second. (Cf e.g.Ghirardi et a. 1995 Section 5.2.)

| should make two points about thisreply. Firg, it involves no apped to mind or consciousness:
and S0 it poses no threet to physicalism. For it rests on the purely physica and contingent fact that
in the example, the nervous system is the first place where enough particles are involved for the
theory to predict collgpse. If our retinas responded only to millions of photons, or if we perceived a
result only by reading words or by hearing (which both involve displacements of millions of atoms),
al collapse relevant to our perception of a definite result would indeed occur outside the head.

Thisleadsin to the second point. Namely, that such examples of collgpse occurring only in the
heed, o late in the causd chain of perception—athough in no way threatening physicaism—are
indeed surprising. For GRWP's proposas are examples of strategy (DefMac) of Section 4.C: i.e.
of aiming to secure a definite macrorealm, which obeys classica physics (to avery good
gpproximation). And on this strategy, one naturaly expects psychophysics (which is to then secure
the definiteness of gppearances) not to involve any peculiarities of quantum theory. After dl,
consder the success of neuroscience in understanding perception, while usng awholly classicd
chemidiry: i.e. achemisgtry which models amolecule as like agroup of billiard bals linked by rods,
not subject to such quantum peculiarities as being in a superposition of two postions. (Nor a
superposition of other quantities, including ones epecidly relevant to chemidtry, such as
handedness. classica chemistry does not countenance superpositions of |eft-handed and right-
handed orientations of amolecule!) This example, and otherslike it, lead one to expect dl such
quantum peculiaritiesto 'die out' at the level of neurophysiology—and so dso at the leve of
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psychophysics. (For agenerd discusson, bearing on reduction and cumulativism in science, cf.
Rohrlich & Hardin 1983.) Soit is surprising that GRWP's proposals entail that psychophysics
involves such peculiarities.

To sum up: GRWPs proposds are compatible with physicaism, but hold some surprises about
exactly how the menta supervenes on the physical.

| turn now to Penrase. | will argue that the same overal conclusion gpplies to him; though in his
case, the surprises for psychophysics are greater. Unlike GRWP, he is uncommitted about precise
equations, but he thinks gravity isresponsble for the collgpse. He dso ddliberatidy amsto discuss
the brain, indeed the mind. For he bdieves that dthough the collgpse is a purely physica process, it
involves non-computationa physics; and that this physics will be rlevant to brain action, because it
will help explain connsciousness, which Penrose bdieves to be non-algorithmic (non-computable).
He even has proposas about how this physics operates in the microstructure of cells (1989,
especially pp. 367-371; 1994, especially Chapter 6, section 8 et seg., and Chapter 7).

Unlike GRWP, Penrose does not yet have detailed models of how gravity induces collgpse. But
hisideaisthat the gravitationa sdf-energy of the difference between two mass digtributions
considered to be in quantum superposition determines arate at which collapse takes place to one of
the two distributions (1994, Sections 6.10-6.12, especidly 6.12). Thisideais akin, as Penrose of
course acknowledges, to GRWP's proposals; and this idea, suitably developed, seems quite as
likely to solve the measurement problem satisfactorily, as are the proposas of GRWP.

| turn to Penrose's dlaim that consciousnessis non-algorithmic. Thisclam isvery controversd: it
islargely based on an anadlysis of Godd’s monumenta 1931 theorem about the incompl eteness of
arithmetic. As Penrose discusses (1994, Part 1), it is uncontroversid that Godel’ s theorem
edtablishes that human mathematicians are not using an agorithm that is both sound and knowably
0. He goes on to argue that they are not using an ‘ unconscious agorithn’, i.e. one that is sound
but not knowably so. If that isright, then at least one aspect of human consciousness—viz.
mathematical understanding—would be non-algorithmic. Penrose goes on to suggest that other
agpects of consciousness (with some other organisms included) are aso non-agorithmic.

Penrose connects the idea that consciousness is non-algorithmic with collagpse, by arguing that
both classical physics and orthodox QT are, in the rlevant senses, dgorithmic. So he maintains that
athough collapse isaphysica process happening dl the time, outside the body, due to gravity (thus
securing a definite macroredm), it has a scientificaly important role inside the brain: to supply the
non-algorithmic physics that underlies consciousness—or at least mathematica understanding.

Penrose dso proposes abiologica locus for this non-algorithmic physics. After first conceding
that neurons are ‘too large’ and ‘classicdl’ to beinvolved in this new physics (1994, sections 7.1-
7.2), he proposes the microtubules that occur in cells. These tiny filaments have some promising
features (1994, sections 7.3-7.7). In particular, they might alow an internal quantum gate: (i) to be
coherent, relatively unperturbed by the environment; and (ii) to interact with a classca computation
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performed aong the surface of the microtubule, by the varying configurations of the tubulin protein
molecules making up that surface (rather in the manner of cdlular automata).

Turning to assessment, | obvioudy cannot do judtice to this date of imaginative, and mutualy-
connected, proposals. It must suffice to make two comments. First: my own reactions, for what
they areworth. 1 am happy to dlow that gravity is crucia to collapse of the wave packet, if such
there be; and aso that consciousness, or at least mathematica understanding, is non-algorithmic.
But | am not convinced that both classical physics and orthodox QT are, in the relevant senses,
agorithmic. So callapse may not be the only mechanism that could provide the non-algorithmic
basis of mathematica understanding. And so microtubules may not be the only place to look for
such abasis?

Second: the overall concluson for usisasit wasin the case of GRWP. If Penrosg's proposals
aretrue, then: physicaism isintact, but psychophysicsisfull of surprisesd AsPenrose says. ‘it is
only the arrogance of our present age that leads so many to believe that we now know al the basic
principles that can underlie dl the subtleties of biologica action’ (1994, p.373).

5.B: Mental Collapse
| turn to the proposa of Wigner and more recently Stapp, that mind (or consciousness) itself
produces the collgpse of the wave-packet; which yields my second conclusion, as announced in
Section 1.

Theideaisthat the usud Schrédinger evolution holds throughout the physicd redm, and is
broken only at the interface of brain and mind. Once the mind sees one result (in our example, once
Anna sees one pointer-position), the superposition is replaced by an eigendtate, namely the one
corresponding to the result seen.

The first point to notice about this proposd isthat it is ahybrid of the broad strategies (DefMac)
and (DefApp) in Section 4.D. For once consciousness has ‘done its stuff* and collgpsed the wave
packet, the macrorealm redly is definite (in the quantities of which the collgpsed dateisan
eigendate). But then the usud Schrodinger evolution takes over again. So in generd, thereisno
guarantee that the macrorealm stays definite (in those favoured quantities) astimes goeson, in
particular when consciousness stops |ooking—'when theré's no one about in the Quad'.

Among the founding fathers of QT, Wigner (1962) expressesthis proposa most clearly;
(athough he later changed his mind, and there are Smilar views in von Neumann and Heisenberg).
Stapp (1993) revives the proposal; of course acknowledging these precursors. Unsurprisingly, the
authors differ about what exactly it takes to reduce the state. Thus Heisenberg alows collgpses to
occur not only in humans, but aso in cats; (and even in inanimate macroscopic apparatuses). Stapp
(1993) joins him in this, but has now withdrawn this alowance, on grounds of parsmony (1995).

There are two obvious questions confronting this proposa, as so far stated. | need to pose them,
but not to answer them. For posing them will be enough to yield my conclusion: thet this proposal
violates the spirit, if not the letter, of physicaiam aswe formulated it in Section 3.
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The firgt question is: with which quantity's eigengtates does consciousness replace the initia
superposition? No doubt, the basic idea of the answer must be 'the quantity that seemsto have
definite values. But then the question is: what generd laws, if any, congtrain which quantity thet is?
If there are such laws, can they be expressed in wholly physica terms; or isthere someirreducible
invocation of mind? At firg sght, it ssemsthat (1) if the laws are physicd, then physicalism might
yet be upheld on the Wigner-Stapp proposd; while (2) if they must invoke mind, then it cannot be
upheld.

The second claim (2) is straightforward: no doubt, the existence of irreducibly menta laws implies
that physcdismisfase. But about thefirst claim, (1), metters are not so clear-cut. For we are
back at the problem that confronted Section 3.D's formulation of physicaism (i.e. using choice (b):
supervenience across the set of nomicaly possble worlds). That problem was. if mentd properties
are correlated with physical properties according to drict laws, then this formulation can be true,
even though, intuitively, physicdismisfdse. (In other words: choice (b) seemstoo wesk, and the
range of worlds across which physicalism claims supervenience needs adjusting.).

This problem gpplies heretoo. Even if the laws (governing which quantity's eigendtates are
collgpsed onto) are expressed in wholly physica terms, the very fact that only with consciousnessis
there any collgpse means that, intuitively, physcdismisfdse. Smilarly, if thereareno laws at dl
about which egendates the collgpse is onto: intuitively, physicdismisfdse,

A smilar point gpplies about the second obvious question confronting this proposal. This
question concerns the time of collapse. Thus, we can ask: what if anything congtrains or determines
when the collgpse occurs? Suppose that laws do so, and they can be expressed in wholly physica
terms. Then nevertheess, just as before, intuitively physicaiam is fase—because only with
consciousness is there any collgpse. Similarly, if there are no laws at dl about when collapse
occurs. intuitively, physicdismisfase,

| cannot here pursue how one might answer these two questions, nor how to improve the
formulations of physicdism. Sufficeit to say, by way of summary: hereis ared-life, dbeit rather
undeveloped, proposa, which violates the intuitive idea of physicalism—and provides an example of
aproblem which is discussed only in the abstract in philosophy. One could therefore try to use the
proposa as atest-case for conjectured precise formulations of physicalism.
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Whitaker for making a transcript; John Cornwell, Rebecca Beadey and the Science and Human
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metaphysica system, in writing Sections 2 and 3.

30



FOOTNOTES

1. In any epoch since the time of Gdileo, there have of course been processes or phenomena
which seemed not to admit mechanica explanations, and for which some scientists accordingly
hypothesised a non-mechanica explanation. But the definitive demise of mechanism within physics
cane as a result of the success of clearly non-mechanicad theories; namey, theories of
electromagnetism, around 1900.

2. Furthermore, in Section 3 we will see that my formulation of physicaism dovetails negtly with
this strategy of 'looking widely'.

3. Though these states are hard to describe, for the reasons given, they can to some extent be
conveyed to others—witness the works of the impressionists, and writings about the stream of
consciousness, by authors such as Proust, Joyce and Woolf.

4. For the prevaence, and legitimacy, of philosophy adding detail and precison to clamsthat are
widespread in the contemporary culture, see Craig (1987). He givestelling case-studies, drawn
from throughout the last 400 years.

5. Teler (1984) says so explicitly; others are less explicit, eg. McGinn (1991). But McGinn has
recently (1996) been explicit in his criticism of Chamers (1995) claim that ‘ zombies —physica
duplicates of sentient beings like you and me, but lacking sentience—are logicaly possble.

6. But | agree with Lipton that Searle goeswrong. Searle€'s andogy for making such a
coextenson credible, namely the relation of solidity to lattice-vibrations (1992, pp. 112-126; this
volume, repliesto Theses 7, 8, [=pp. 14-17 of MS)].) has no relevant difference from examples,
such as heat and molecular motion, which Searle damsto be false andogies.

7. Indeed, | believe that alogicaly stronger doctrine about the mind-meatter relation—namely, in
the jargon, andytica functionalism combined with contingent type-type mind-brain identity theory—
is plausible; and can accommodate these features of consciousness.

8. Agreed, to a philosopher of probability, thisidentification of afact (having avaue) with its
holding with probability 1, will ssem ahowler. And aswe shdl see, it may well be wrong.

9. For arecent exchange emphasising biologica details, cf. Grush & Churchland (1995), Penrose
& Hameroff (1995).
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