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I. PSYHCOPHYSICAL IDENTITY
AND THE UNITY OF SCIENCE

Section 1

The mind-body problem is the problem of the relation
between the mental and physical, in humans and in other
higher animals. Recent discussions have tended to formu-
late the problem in terms of events: How are mental events
related to physical events? A currently popular answer 1is
the psychophysical identity thesis (henceforth "IT"),
which asserts that every mental event involving a given
person is identical to some physical event involving the
person's body.

IT is generally thought to be closely related to the
Unity of Science hypothesis. This hypothesis asserts that
a unified system of microreduction is obtainable, in prin-
ciple, among the various domains of science. The system
would establish a reductive hierarchy among the sciences
in accordance with the hierarchy of composition of the
entities with which each science deals. Social groups are
composed of multicellular living things, which are composed
of cells, which are composed of molecules, which are com-
posed of atoms, which are composed of elementary particles.
Accordingly, the social sciences would be ranked high in
the reductive hierarchy, the biological sciences would
occupy a middle position, and the physics of elementary
particles would be the final reductive stage. Since the
reducibility relation among theories is transitive, this
envisioned reductive system would microreduce all of
 science to elementary-particle physics, thereby estab-
lishing the Unity of Science.



Both advocates and opponents of IT are often found
to agree on these two points: 1)} that a successful
microreduction of mentalistic psychology to natural
science would be at least highly relevant to the truth or
falsity of IT, and 2) that one argument for IT is that its
truth would enable just such a reduction of psychology to
physical theory.1 Agreement on these contentions by
both parties to the dispute egtablishes the putative
connection between IT and the Unity of Science hypothesis,
because the reduction of psychology to natural science
would represent one important step toward the total
reductive unification of science. Arguments in favor of
the hypothesig tend to support the reducibility of
psychology to physical theory, this reduction being one
component of the overall pattern of reduction among the
sciences. Accordingly, these arguments are thought to
support IT as well. Conversely, arguments against IT
are likely to be viewed as arguments against the reduci-
bility of psychology to natural science. And the im-
possibility of microreduction in this particular instance
would be sufficient to falsify the Unity of Science
hypothesis,

In this thesis I shall question the alleged close
connection between IT and the Unity of Science, and I
shall explore the actiual relation between mental events
and physical events which would result from the micro-
reduction of psychology to physical science. My proposed
solution to the mind-body problem will be materialist,
because it assumes the Unity of Science hypothesis.
Within the framework of unified science, man is viewed as
a complex physicochemical entity. He has no non-physical
components. Furthermore, the sciences of man are con-
sidered reducible to the basic physical sciences. Such
a view of man and the sciences of man surely deserves the
label 'materialist’.
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But my solution will also be dualist, in that it
does not identify mental events with physical events. My
position is quite different from Cartesian dualism, how-
ever, because I do not postulate that mind and body are
distinct substances. Event dualism, as we shall see, is
a far less radical proposal than substance dualism.

My approach to the mind-body problem will involve
a detailed discussion of microreduction in science.
Accordingly, much of what I say in this thesis will have
a direct bearing on the topic of microreduction per se,

a topic falling squarely within the philosophy of science.
We shall see that an argument originally put forward by
Herbert Feigl and J.J.C. Smart in favor of IT has profound
implications concerning the nature of microreduction
generally. A major part of this thesis will be devoted

to a critical examination of those implications of the
Feigl-Smart argument.

Section 2

At first glance, it might seem that reduction of
psychology to natural science would consist simply in
showing that persons are identical to their bodies and
that every psychological event is identical to¢ some
physical event. (The word 'event' is used in a broad
sense here, to include states and processes.) If the
matter is viewed in this way, of course, IT is part and
parcel of the microreduction of psychology. But if we
consider the prominent accounts of reduction in the
philosophy of science, we find that the relation of IT +to
the microreducibility of psychology is far more tenuous
than it originally appeared.

This subject is examined carefully by Jaegwon Kim,
in "Reduction, Correspondence, and Iden'l:ity."2 Much of
what I shall say in this chapter is based on Kim's obser-
vations, and I refer the reader to his paper for further
details to supplement the present discussion.
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Let Ty be the (mentalistic) psychological theory to
be reduced, and Let T, be the physical theory serving as
the reduction base. We assume that T, and Tp are axio-
matic theories with their distinctive primitive predicates
and postulates. Now, there are three well-known models
of reduction in the philosophy of science, one due to
Kemeny and Oppenheim? and two due to Nagel.u Following
Kim, we list three reduction theses, which correspond to
the three models of reduction.

The Kemeny-Oppenheim Reduction Thesis:

T, contains terms not in T,, and any ob-
servational data explainablg by T, are
explainable by Tp.

The Nagel Reduction Thesis:

T, contains terms not in T, and (1) (the
condition of connectabilit?) there is a

set C of established Tp-T, connecting prin-
ciples, i.e. statements including terms
from both Tp and Tp such that (2) (the
condition of derivability) every postulate
in T, is derivable from the postulates

of Tp in conjunction with the set C.

The strong Nagel Reduction Thesis:

T contains terms not in T_, and (1) (the
condition of connectabilitl) there is a

set C of established T =Ty connecting
principles, such that Tz) (the condition

of derivability) each Tp-postulate is deriv-
able from T,-postulates and C, and further
(3) (the cohdition of translatability) for
each T statement there is a T, statement
such that their biconditional ‘is derivable
from the set C,

The salient feature of these three theses is that
no mention is made of identity in any of them. Identity
of objects will indeed come into the picture, if we
specify that the reduction of Tp to Tp is to count as
microreduction. Tp is microreducible to TP just in
case 1) Ty reduces to Tp in one of the above three ways,
and 2) the objects countenanced by T, are structured

wholes, whose parts are objects countenanced by Tp.
If these conditions are met, then T, things (persons)
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are identical to certain complex Tp thingst persons are
complex physicochemical structures.

With respect to the alleged identity of mental
events with physical events, however, the above three
reduction theses are silent. Ty may well be microreduci-
ble +to Tp, even if no mental event is identical to any
physical event.

In order to get a firmer grip on the relation of
IT to microreduction, we need a formulation of IT that
igs commensurate with the above reduction theses. Since
reduction is a relation between theories, and the point
at issue is the logical relation of IT to the reduction
theses, we need a theory-relative version of IT. We
construe the descriptive predicates of T, and Tp
expressing generic events--that is, event-types. Follow—
ing Kim, we state IT as follows:

The Identity Thesis:

For every concrete event x, 1f there is

some event-type M in Ty such that x is an
M-type event, then there is a concrete event
y such that for some event-type P in T

y is a P-type event, and x=y.

IT thus asserts that every concrete mental event {coun-
tenanced by Tm) is identical to some physical event or
other (countenanced by Tp). It does not make any claim
regarding the connection between mental event-types and
physical event-types.

So construed, IT? turns ocut to be logically indepen-
dent of all three of the above reduction theses. That is,
IT does not imply any of the three theses, and none of
the theses implies it. (The reader is again referred
t0 Kim's paper, for a detailed argument in favor of these
claims.) Thus, it is a mistake to assume that IT bears an
intimate logical relationship to the hypothesis that
psychology is reducible to natural science.

At this point, the identity theorist might reply
that we have missed his point. As he construes IT, he



might say, the statement of a specific psychophysical
identity presupposes a certain generic correlation law.
That is, we identify two concrete events only when the
appropriate generic events (properties) are connected by
a correlation law. He might also contend that one impor-
tant motivation for IT is precisely that it explains such
psychophysical correlation laws. So once IT is seen to
presuppose the existence of these laws, its connection to
the above reduction theses will become more evident.

This line of response must be scrutinized on two
counts. TFirst, we must inquire into the metaphysical
status of events themselves, to see whether there is any
ground for the contention that the statement of a specific
psychophysical identity alWays presupposes a generic
correlation law. Secondly, even if there is ground for
this contention, we must still ask whether reduction
really requires event-identities.

If events are conceived metaphysically as structure-
less concrete particulars, then there is no reason %o
think that IT as formulated above entails that there are
psychophysical laws. Every concrete mental event might
be identical to some concrete physical event, and yet
there might be no systematic connection whatever between
mental event-types and physical event-types. I.e.,
there might be no generic correlation laws connecting the
predicates of T, to those of Tp.

There is an alternative conception of events, how-
ever, according to which the statement of a specific
event-identity does entail the existence of a certain
generic correlation law. This analysis of events, which
has been proposed explicitly by Kim,5 treats an event as
the exemplifying of a property by an object (or an
ordered series of objects) at a time. Thus, an event
can be represented by an ordered triplet (P.x.t) where
'P', 'x', and 't' represent the property, the object, and
the time. Property P is said to be the congtitutive




property of the event (P.x.t).6 Existence and identity
conditions for events are forthcoming: (P,x,t) exists if
and only if the object x has the property P at the time
t. (P,x,t)=(Q,y,t') if and only if P=Q, x=y, and t=t'.

According to this construal, event (P,x,t) counts
as a mental event if and only if property P is a mental
property: in tormg of the above theory-relative formu-
lation of IT, (P,x,t) is a mental event if and only if P
is a property countenanced by Tp. Similarly, {(Q,y,t')
counts as a physical event if and only if Q is a physical
property; in theory-relative terms, (Q,y,t') is a physical
event if and only if property Q@ is countenanced by theory
Tp.

This approach treats events as structured entities,
rather than concrete particulars. And because of the
identity conditions for events, a specific event iden-
tity of the form "(P,x,t)=(Q,y,t'}" does entail a proper-
ty-correlation statement of the form "(x)(Px iff Qx)."
The reason is simple: if (P,x,t)=(Q,y.t'), then the
constitutive properties P and Q are identical. Identi-
cal properties are co-extensive.

Returning to IT, Kim's construal of events guaran-
tees that every specific mental-physical event.identity
of the form "(Up,x,t)=(Up,y,t')" is founded upon a
psychophysical law of the form "(x)(Upx iff Upx)." So
IT entails the Tollowing thesis.?

The Correspondence Thesis:

For each primitive predicate M in T, there is a
configuration P of Tp-predicates such that -
(x)(Mx iff Px).

The correspondence thesis, in turn, clearly is quite
relevant to the microreducibility of psychology to na-
tural science. Specifically, it is logically equivalent
to the strong Nagel reduction thesis, and it entails
(but is not entailed by) the weak Nagel reduction-thesis.
(For a detailed discussion of these various logical in-
terconnections, I again refer the reader to Kim's paper,



8

"Reduction, Correspondence, and Identity.") So according
to Kim's analysis .of events, IT entails all three reduc- >
tion theses.

I shall adopt Kim's analysis in this thesis, be-
cause it does have these logical consequences. Entail-
ment of some such statement as the correspondence thesis
is a minimal condition for any viable formulation of the
identity thesis, since otherwise there is no logical link
at all between IT and the various reduction theses.
Another reason why I am adopting Kim's account of events
is that it is the most natural and intuitively plausible
account that I know of. Intuitively, individual events
do not seem to be concrete particulars like objects, nor
abstract particulars like numbers, nor univerals (pro-
perties). Rather, they seem to be ontblogically "mixed"
entities, with an element of the universal and an element
of the particular. An event is the having of a property
by an object (or an ordered series of objects) at a time.

We come now to the second question raised earliert
granted that events are to be conceived in such a way
that IT entails the correspondence thesis, does this
fact compel us to adopt IT as a part of the hypothesis
that psychology is reducible to natural science? The
answer is clearly negative, if we confine ourselves to
the accounts of reduction reflected in the above three
reduction theses. The Kemeny-Oppenheim thesis and the
weak Nagel thesis are weaker than even the correspondence
thesis, and the latter is itself weaker than IT. The
strong Nagel thesis is logically equivalent to the cor-
respondence thesis, and therefore it too is weaker than
IT. So even under Kim's construal of events, it continues
to be the case that any of the reduction theses could be
true even if IT were false., We can adhere to the reduc-
ibility of psychology, and to the Unity of Science
hypothesis in general, without adopting the identity
thesis,



Section 3

Some writers on the subject of intcrtheoretic re-
duction have contended that none of the three standard
accountas of reduction are adequate as they stand. 1t
has been argued that fully adequate reduction would in-
deed involve identities, and that the standard accounts
are therefore too weak.

We will begin with an uncontroversial fact, already
noted above. It is agreed on all sides +that micro-
reduction requires certain identity statements. If theory
T2 is microreducible to theory T4, then each concrete
entity countenanced by To is composed of concrete entities
which are countenanced by Ty. (People are composed of
cellsg, cells of molecules, molecules of atoms, etc.) Thus,
each object in Tp's domain of discourse is identical to
some complex entity whose components are objects from Ty's
domain of discourse. Thing-identity statements are
clearly needed in microreduction, although the questions
of property-identity and event-identity are more contro-
versial,

Turning now to a stronger claim regarding identity,
Lawrence Sklar® has argued that systematic thing-identity
statements are needed in all types of intertheoretic reduc-
tion, not only in microreduction. His claim is supported
by the examples of reduction that are usually discussed in
the literature, and it is intuitively quite appealing.

Take the reduction of optics to electromagnetic theory--a
case of reduction which is not a microreduction. Scientists
have identified light with electromagnetic radiation of
certain wavelengths, and this identification seems crucial.

On the hypothesis that light and electromagnetic radiation
are always copresent but are not identical, we are in-
clined to deny that optics is reducible to electromagnetic
theory, even though light obeys the laws which govern
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electromagnetic radiation. Our denial is based on the
firm feeling that a theory T, does not reduce to a theory
T1 unless tite concrete objects and substances postulated
by T, are identical either 1) to concrete objects and
substances postulated by Tq, or 2) to structured wholes
whose parts are concrete objects and substances postulated
by Tq. If this condition is not met then Ty and T, are
"about" different kinds of things, and this disparity in
their respective domains of discourse seems to render the
theories irreducible to one another.

So Sklar's claim about the need for thing-identity
statements in all cases of intertheoretic reduction seems
quite reasonable,and it is compatible with all I shall
say below. ©Let me emphasize once again, however, that
the need for thing-identity statements leaves open the
question of whether reduction requires either property
identities or event identities.

It might be thought that the presence of thing
identities does at least imply the identity of the proper-
ties expressed by sortal predicates. Sortal predicates
classify things into kinds; examples are 'is a gene' and
'is a DNA molecule'. But thing-identity statements do
not imply the. identity of the relevant sortal properties.
To see why, we should consider the logical form of the
relevant thing-identity statements. They are general
identities, which tell us that all light is electromag-
netic radiation of such-and-such wavelength, that all
genes are DNA molecules, that all salt is sodium chloride,
and so on. Because of this generality, they have the
logical form of universally quantified conditionals or
biconditionals. The predicates involved in the assertions
are sortal predicates.

Now, there is no a priori reason why the two sortal
predicates involved in such an assertion should express
the same property. In order for genes to be identical to
DNA molecules, it is sufficient that anything which has
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the property 'is a gene'! also has the property 'is a DNA
molecule', The question of the identity or nonidentity
of sortal properties therefore is left open.

We come now to the view that reduction involves the
identity of properties, as well as the identity of things.
This position has been explicitly advocated by several
wrriters, includige Hovboerl Meipl,? Hilarvy Putnam.lo
Kenneth Shaffner,1l and Robert Causey.l2 Shaffner's
work deserves explicit consideration here, because it
also involves an attempt to unify several different
accounts of reduction, some of which are not mentioned
above. In particular, he takes into account the studies
of Popper,13 Feyerabend,lu and Kuhnl5 on the relation of
later scientific theories to earlier oﬁes, and the
difficulties involved in obtaining an older theory as an
exact derivational consequence of a newer theory cum
connecting principles. He allows for these considerations
by introducing the notion of a corrected theory. He
adopts a version of Nagel's derivability requirement, but
he allows a theory T, to be réducible to a theory Tq even
if it's not possible to deduce T, itself from the con-
junction of Ty and appropriate connecting principles,
Rather, T4 and the connecting prineciples need only imply
a corrected version of the original theory T2. Thus,
provision is made for the familiar fact that a reducing
theory will often show that the reduced theory is only
approximately correct.

Shaffner's point is well taken. I shall not mention
it again explicitly, and I shall often speak of reduction
as though it involved the exact derivation of a higher-
level theory from a lower-level theory plus connecting
principles. But the reader should keep in mind that this
way of speaking implicitly allows for the fact that an
actual higher-level theory might need correction before
it conforms to strict derivational reduction. I shall
also occasionally describe the goal of unified science as
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“"the reduction of all of science to microphysiecs." It
should be understood that this ideal allows for future
corrections and alterations not only in the higher-
level sciences, but also in microphysics itself.

Shaffner's approach to reduction involves three
key ingredients: 1) acceptance of Nagel's derivability
requirement, but allowance for it to apply to a corrected
version of the reduced theory rather than to the reduced
theory itself; 2) acceptance of the requirement--familiar
from strong Nagel reduction--that every primitive term of
T, be connected via a biconditional connecting principle
to some term of Ty; and 3) stipulation that the connecting
principles linking T,-terms to Ti-terms be "interpretable
as representing referentlal identities."16 Thus, his
view is a modified version of strong Nagel-reducibility.
The modifications consist in a weakening of Nagel's
strong model to allow approximate derivation of T, from
Ty plus connecting principles, and in a strengthening of
the strong model through the requirement that all bicon-
ditional connecting principles must express synthetic
identities.

Shaffner's adoption of the identity requirement is
our main concern, of course. Notice that if we adopt the
identity requirement, then we must disallow putative
reductions which conform fo the weak Nagel model but not
the strong Nagel model--that is, putative reductions in-
volving connecting principles some of which are not bi-
conditional in form. The reason, of course, is that
connecting principles must express identities; in order to
designate one and the same property, two predicates must

be fully coextensive,

Adoption of the identity requirement also disallows
putative reductions which conform only to the K-0 model.
But one can still admit, as Shaffner does, that there may
be cases where we have to fall back upon the XK-0 para-
digm. These would be cases of "replacement reduction,"
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in which the reduced theory is not true or even approx-
imately true. In such cases, the reduced theory is lit-
erally replaced by the reducing theory, rather than
being explained by it. Hence there is no need to derive
the reduced theory T, from the reducing theory T1 plus
a set of connecting principles; it is sufficient that Ty
should explain the observational data originally explained
by To. (An example of this type of reduction might be
the explanation, by oxidation theory, of all the observ-
able facts which phlogiston theory explained.)
Independently of the question whether intertheo-
retic connecting principles must be identities, it seems
clear that K-0 reduction is best suited to cases where
the reduced theory is radically false. Reduction in
other cases should provide a deductive-nomological
explanation of the reduced theory (or of a corrected
version of the reduced theory). Deductive explanation,
in turn, requires the satisfaction of Nagel's derivabil-
ity requirement. I will have little to say about K-0
reduction in this thesis, therefore,since I will be con-
cerned with the reduction of true (or approximately true)
theories. Weak Nagel reduction will be discussed further
in chapter V. Until we come to chapter V, however, our
discussion will assume the strong Nagel model, with the
implicit understanding that reduction may involve a
"corrected version" of the reduced theory.

Section 4

What arguments can bz given in favor of the claim
that reduction requires property-identities? One putative
consideration is theoretical simplicity. It sometimes
seems to be suggested that an intertheoretic property-
identity statement amounts to a definition of a Tp-pred-
icate by means of a T1~predicate.17 For exampl;.-'temper-
ature' is defined as 'mean molecular kinetic energy'.
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Definitional introduction of Ty-predicates is clearly
simpler than non-definitional introduction, since the
former method allows us to obtain Tl/Tz connecting prin-
ciples without employing any primitive terms beyond those
is T, itself. Hence, property identity appears to be
theoretically simpler than mere correlation.

This argument is clearly in error. A synthetic
identity statement is not a definition. Definitions are
the result of meaning analysis or direct linguistic stip-
ulation. Microreductive property-correlations fall into
neither category. Rather, they are synthetic, empirically
disconfirmable hypotheses. Treating these hypotheses as
identity statements does not turn them into definitions.
Hence, such treatment does not reduce the number of
primitive theoretical properties or laws,

A second argument sometimes cited in favor of
property identity in reduction invokes considerations of

18 The systematic identification of

ontological economy.
To-properties with their correlated Tl-properties results
in our countenancing fewer distinct kinds of property.
S0 it is suggested that we ought to identify them, by
Occam's razor.

We need. not deny that this argument provides gsome
prima facie support for the identification of microre-

ductively correlated properties. But it is far from

decisive, for several reasons. First, certain microre-
ductively correlated properties are'intuitively quite
different: pain and its neural correlate, for example.
So there is a prima facie case against their identifica-
tion, given our intuitions.

Second, the ontological economy which would result
from a limitation in the number of distinct property-
kinds is somewhat less impressive than the economy which
would result if we were to eliminate properties-altogether.
Ontological economy of the kind in question is not an
overwhelmingly compelling goal,
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Third, the issue must be viewed in the context of
constructing a theory of properties, a +task which
includes the specification of identity criteria. I shall
discuss criteria of property-identity in a later chapter.
According to the most natural and intuitively plausible
criteria of property identity, I shall contend, microre-
duelively corprelated propevities are not identical.l?

A third argument for properiy identity in microre-
duction is based on the writings of Herbert Feig120 and
and J.J.C. Smart2! on the mind-body problem. Their argu-
ment for psychophysical identities is often rather vague
with regard to the distinction between events and proper-
ties, but I think it is best viewed as an argument pri-
marily in favor of the identity of microreductively cor-
related properties, and secondarily in favor of event-
identities on the basis of these property identities.
Their argument has quite general implications, and it can
be expanded into a general argument for the need for inter-
theoretic identities at all levels of microreduction.

The argument is based on considerations of theoretical
simplicity, but it is considerably more complex and so-
phisticated than the argument which claims that identity
allows for the definitional introduction of higher-level
theoretical terminology.

We shall examine this argument in detail in chapter
IT. The argument falls short of establishing the need
for property identity in microreduction, as I will argue.
Nevertheless, it contains. an important element of +truth;
it is based upon assumptions which are likely to. seem
highly intuitive and congenial to an advocate of the
Unity of Science hyptohesis. I shall formulate a prin-
ciple which appears to constitute the correct explicatiocn
of these assumptions. I call it the part-whole super-
venience principle. According to this principle, a
certain special relation obtains between microreductively
correlated properties. The relation is not identity,
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but it is very intimate. 1In particular, it is more inti-
mate than mere nomological correlation. The superveni-
ence principle will become the focal point of this thesis.

In chapter III I discuss ecriteria for property
identity, and I offer arguments against the view that
microreductively correlated properties are identical. 1In
chapter TV T argue in favor of the part-whole supervenience
principle. This principle is the basis for my ultimate
proposed solution to the mind-body problem. In chapter V
I consider some ways in which the microreduction of
psychology might be expected to differ from standard
microreductions in natural science, and I claim that
these differences do not affect the truth of the super-
venience principle.

In chapter VI I return to the subject of events, in
light of my discussion of properties. Simultaneous
events involving certain microreductively correlated
consitutive properties are not identical, on my account,
since the constitutive properties are not identical. But
the relation between such events is very intimate, because
of the close relation between microreductively correlated
properties which is asserted by the part-whole superven-
ience principle. My proposed solution to the mind-body
problem emerges as a special case of the event-relation I
discuss in this chapter.

ler. Jaegwon Kim, "Reduction.uCorrespondence. and
Identity," The Monist 3 (1968): 424,

2Ibidl' ppc 421"""38.

. 3John Kemeny and Paul Oppenheim, "On Reduction,®
Philosophical Studies 7 (1956): 6-19.

uErnest Nagel, "The Meaning of Reduction in the
Natural Sciences," Philosophy of Science, ed, A. Danto and
S. Morgenbesser (New York: Meridian Books, 1960), pp.
288-312 and E. Nagel, The Structure of Science (New York:
Harcourt, Brace, and World, 1961), XI.
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5Kim, "On the Psychophysical Identity Theory,"
American Philosophical Quarterly 3 (1966): 227-35. A
more recent and more fully-developed analysis is pre-
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IT. THE "NOMOLOGICAL DANGLER" ARGUMENT

Section 1

Feigl and Smart have claimed that identifying the
mental with the physical enables us to eliminate what
they call "nomological danglers," irreducible and unex-
plainable psychophysical laws. They appear to be arguing
as follows: We adopt the Unity of Science hypothesis,

In particular,we assume that mentalistic psychology is
reducible to natural science {to neurophysiology, perhaps,
and ultimately to microphysies)}. Now, suppose that we
discover a set of systematic psychophysical correlation
laws, The laws of psychology could then perhaps be ex-
plained on the basis of the laws of neurophysiology in
conjunction with these psychophysical laws. But how are
the correlations themselves to be explained? They cannot

be taken as irreducible and unexplainable, because then it

would not be strictly true that psychology is reducible

to neurophysiology; it would be more accurate to say that

psychology is reducible to neurophysiology cum correla-

tion laws. Psychophysical laws would "dangle" outside

the domain of the reducing science,: since they contain

psychological concepts. On the other hand, it isn't

clear how these correlation laws could be explained on

the basis of the reducing theory, since the laws of neuro-

physiology and the other natural sciences make no reference

to mental or psychological concepts at all. So psycho-

physical correlations pose a dilemma: they are neither

explainable nor acceptable as part of the reducing theory.
Feigl and Smart contend that the way out of. this

dilemma is to identify the entities and properties which

are connected by psychophysical correlation laws., If

19
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we discover a lawlike correlation between experiences of
pain and occurrences of a particular pattern of neural
stimulation, then we should identify pain with this type
of neural stimulation. A correlation that is based on an
identity requires no further explanation, since the
identity tells us that the "correlated" entities or
properties are really one and the same. Moreover, the
identity itself is simply not the sort of fact which re-
quires explanation; we don't ask why the morning star is
the evening star, or why water is H,0. Similarly, if
the property pain is the associated brain-property, we
don't need to ask why this is so.

Identities are different from laws of nature, it
is suggested, in that it is reasonable to ask for an ex-
planation of a law, An explanation will not always be
forthcoming, of course, since the law might be a funda-
mental one within a particular scientific theory, and
the theory itself might not be reducible to any other
theory. But in these cases, the demand for explanation
comes +to an end because there happens to be no further
explanation to be given, and not because of the nature of
the law itself. In principle, it is possible that there
is some true theory which microreduces the theory con-
taining the law we are interested in. Hence, it is pos-
sible that the law is explainable on the basis of more
basic laws. Identity statements, on the other hand,
supposedly describe facts which don't even need explana-
tion. It makes no sense to ask why two differently
named things are in fact one and the same thing. Thus,
identities. differ fundamentally from standard laws of
nature.

Because the question "Why?" allegedly never arises
with respect to them, identity statements are held to be
the only acceptable basis for connecting the concepts of
psychology to those of the reducing science. Identities
don't have the same status as the laws of the reducing
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science, since they aren't really laws at all. Yet they
don't need to be explained on the basis of the reducing
science, since they don't need explanation at all, Thus,
if we can derive the laws of psychology from the laws of
natural science in conjunction with psychophysical iden-
tity statements, then the reduction to natural science
will be complete. Identity statements, unlike mere
‘psychophysical correlation laws, are not "nomological
danglers" which themselves require explanation.

As I mentioned above, this argument of Feigl and
Smart's can be applied to cases of microreduction in gen-
eral, and not merely to the reduction of psychology to
natural science. The generalized form of the "nomological
dangler" argument (henceforth the N-D argument) concerns
the status of intertheoretic connecting principles. As
we saw in Chapter I, such principles are necessary if we
are to accomplish a microreduction of one theory to ano-
ther. The generalized N-D argument runs as follows: con-
sider two theories, T, and T,, where T, is reducible to
T1, ¥ia connecting principles C. This reducibility implies
that all the laws of Ty can be explained on the basis of
the laws of T,. The explanation will conform to the de-
ductive-nomological model, because of Nagel's derivability
requirement. I.e., the laws of T, can be derived by
logic alone from T4 U C. But what is the status of the
connecting principles themselves? It won't be possible
to give a deductive-nomological expianation of them on
the basis of the laws o Ty, because they contain concepts
which fall outside of Ty--concepts peculiar to T,. On
the other hand, these connecting principles cannot be
irreducible unexplained laws of nature. If they were i%
would not be strictly true that T, is reducible to Tg
alone. Strictly, T, would only be reducible to Tq U C.

S0 in order to uphold the c¢laim that T2 is reducible to
T4 alone, we must grant a privileged metaphysical status
to the connecting principles C. Connecting principles
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must be statements whose truth simply doesn't require
explanation. Only identity statements can meet this.
description., Therefore, identity statements are the
only bridge principles allowable in microreduction. Any
weaker kind of principle, such as a correlation law which
is not based on an underlying identity of the correlated
entities or properties, will be a "nomological dangler":
unacceptable as a part of the reducing theory Ty» yet
unexplainable on the basis of the laws of Ty

So the Feigl-Smart scenario for unified science is
as follows. We suppose that all branches of science are
reducible to microphysics via a complex system of micro-
reductive connecting principles linking each branch in
the scientific hierarchy to the branch immediately below
it., Two sorts of laws will count as logically primitive
within unified science: 1) the laws of microphysies, and
2) the various connecting principles. According to the
Feigl-Smart argument, only the first of these two sorts
of logically-primitive laws will count as fundamental
laws. The second component consists entirely of identity
statements, which are non-fundamental. Their nonfunda-
mentality is closely related to the fact that identity
statements never need explanation. So higher-level
theorics are reducible to microphysics alone, precisely
because microreductive connecting principles do not
count as fundamental laws within unified gcience.

Section 2

I will ultimately argue for acceptance of the key
claims made by advocates of the N-D argument, although I
will question their conclusion. That is, I shall argue
that we should accept the contention that microreductive
connecting principles are "non-fundamental” laws whose
truth "requires no explanation." When these claims are
understood, however, it will become clear that they do
not support the conclusion that microreductive connecting
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principles must be identity statements.

The immediate goal of the present chapter is to
provide clarification of the notions of fundamentality
and immunity from the need of explanation. The assertion
which will emerge as explication of these concepts (the
"part-whole supervenience principle’ mentioned at the
close of chapter I) will become the focal point in sub-
sequent chapters. Although I will reject the thesis |
that microreductively correlated properties are identical,
I will argue in favor of the supervenience prineciple.

We turn first to the idea of non-fundamentality,
which has the following intuitive content. The micro-
reductive connecting principles of unified science are
non-fundamental, relative to the laws of microphysies, if
the correspondence principles are "fixed" or “"determined®
by the laws of microphysics alone. I.e., the truth of
the connecting principles is somehow inevitable, given
the truth of the laws of microphysics, despite the fact
that connecting principles have the status of logically
primitive postulates within unified science. (Conse-
quently the laws of microphysics also "determine," in
and of themselves, the truth of all higher-level theore-
tical laws within unified science.)

The intuitive notion of "determination," which I
will shortly discuss in some detail, also helps to express
the content of the claim that microreductive connecting
principles should be immune from the need of explanation.
Suppose, once again, that there exists a complete system
of intertheoretic connecting principles which reduces all
of science to microphysics. If the laws of microphysics
are to count as the only fundamental laws, then all other
laws within the bedy of unified science, including the
connedting prineciples, are "determined" by the laws of
microphysics. On the other hand, the connecting principles
will be incapable of deductive-nomological explanation
on the basis of the fundamental laws, since they mention
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objects and properties which are not countenanced by the
laws of microphysics. So, the assertion that connecting
principles "need no explanation" expresses the fact that
their truth is determined by the truth of the fundamental
laws, even though they are not deductive-nomologically
explainable by means of the fundamental laws.2

Adoption of the Unity of Science hypothesis does
not automatically commit us to the principle that the
laws of the final microreducing science determine all
the other laws, including the connecting principles.
But this additional principle seems very reasocnable., One
reason for its naturalness, as noted in the above pre-
sentation of the N-D argument, is that otherwise it does
not appear strictly correct to say that the higher-
level branches of science are reducible to microphysics
alone. Another reason for the naturalness of the prin-
ciple is our feeling that the only truly fundamental
laws within unified science would be those which deal
with simple microphysical entities--entities from which
the entities countenanced by higher-level theories are
composed. Connecting principles, which mention higher-
level entities and properties, seem too complex to count
as basic laws of nature. Reasoning of this sort is
central to Smart's development of the N-D argument, as
evidenced in the following passage.

Certainly we are pretty sure in the future

to come across new ultimate laws of a novel

type, but I expect them to relate simple

constituents: for example, whatever ultimate

particles are then in vogue. I cannot be-

lieve that ultimate laws of nature could

relate simple constituents to configurations

consisting of perhaps billions of neurons

(and goodness knows how many billion billions

of ultimate particles) all put together

for all the world as though their main

purpose in life was to be a negative feed-

back mechanism of a complicated sort.

Such ultimate laws would be like nothing

so far known in gcience. They have a gueer
"smell" +to them..
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The queer "smell" of these principles reflects
our feeling that they are too complex to count as fun-
damental laws, since they deal with complex higher-level
entities such as neurons and neuron-configurations, It
seems that laws involving such entities should themselves
be determined by the fundamental microphysical laws.
(This consideration will be taken up again in chapter IV.)

The thesis that microreductive connecting principles
are determined by the laws of microphysics, as we have
geen, expresses the intuitive content of the claim that
these principles are non-fundamental, and it provides a
basis for their immunity from the need of explanation.

We now face the question of explicating the notion of
determination itself. To begin with we should consider
the identity thesis as a possible explication, in accor-
dance with advocates of the N-D argument. ‘

The identity thesis initially seems to be the
simplest and most natural way of explicating the assger-
tion that the fundamental laws of microphjsics determine
the truth of microreductive connecting principles. Sup-
pose, for example, that theory T, reduces to T4 and that
T1 reduces to Ty--where T, is microphysics. Suppose
further that the property expressed by predicate P2 of
theory T, is identical +to the property expressed by
predicate Py oftheory Ty, and that this property is also
identical to the property expressed by predicate Py of
theory By . Then the laws of Ty which pertain to the
property expressed by Pgo are also, ipso facto, the laws
which pertain to the properiy expressed by Py and the
property expressed by P2' Thus the connecting principles
linking P, to P, and Py to Py are determined by the laws
of To in the simplest way possible: +the. laws pertain to
the property expressed by Py, and this is the property
expressed by Py and P,.

But the matter is more complex than it seems
initially. The remainder of this chapter will be devoted
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to investigating the complications that arise when we
look more closely into the "determination" of connecting
principles by laws of the final reducing science. I will
argue in support of the following contentions: 1) The
idea that connecting principles are determined by funda-
mental laws should be explicated in terms of a principle
which differs from property identity (the "part-whole
supervenience principle"). 2) Property identity is
itself not sufficient to express the determination of
connecting principles unless ‘the criteria of identity
are formulated in such a way that property identity
entails the part-whole supervenience principle. 3) The
supervenience principle does not imply that microreduc-
tively correlated properties are identical; hence we are
not compelled by the thesis that fundamental laws deter-
mine connecting principles to conclude that the properties
connected by these principles are identical. 1In subse-~
quent chapters the part-whole supervenience principle,
rather than the identity thesis, will emerge as the key
metaphysical requirement which must be met in a complete
reductive unification of science.

Section 3

It will be convenient for subsequent discussion +to
set forth together the various claims which underlie the
N-D argument. These are best viewed as conditions of
adequacy for the complete reduction of higher-level
branches of science to microphysics. Let Tg be the final
reducing theory--some form of elementary-particle physies,
presumably. Suppose also that we have available a set R
of biconditional intertheoretic connecting principles,
which reduce all true higher-level theories to theories
immediately below them in the reductive hierarchy, and
which thereby ultimately reduce all of these theories to

Tqe (Thus, we are assuming the truth of the Unity of
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Science hypothesis. R is the complete set of connecting
principles within unified science.)
Now consider two true higher-level theories, T,
and T¢, such that T, is reducible to Ty. Let R1,2' a
subset of R, be the set of connecting principles which
reduces T, to Ty. It is claimed by advocates of the N-D
argument that ¢ fully adequate reduction of Tp to Tq
requires more than the deducibility of Ty from Ty U Ry, ».
In addition, the connecting principles must be immune
from the need of explanation. And with regard to unified
science as a whole, advocates of the N-D argument claim
that a fully adequate reduction of the various higher-
level theories to Tp requires more than the deducibility
of these theories from Ty U R. The connecting principles
R must themselves meet the closely related conditions of
immunity from the need of explanation and non-fundamen-
tality. We state these conditions as (E) and (F), for
future reference,
(E) The connecting principles R need no
explanation.
(F) The connecting principles R are non-
fundamental laws.
The content of these two theses, in turn, is expressed
intuitively by the determination thesis:
(D) The connécting principles R are deter-
mined by the laws of Tgp alone.
As we saw, the thesis that connecting principles are
based on underlying identities represents a seemingly
natural explication of the intuitive claim (D).
(I) Each connecting principle in R must be
such that the individuals or properties
it correlates are identical.
Statement (I), in asserting that the hierarchy of micro-
reductive connecting principles all express idéﬁtities,
has the consequence that each higher-level theoretical
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entity or property is ultimately identical to some
complex entity or property countenanced by Tg,.

In evaluating statement (I), a key preliminary
question which must be faced is whether true identity
statements are necessarily true or only contingently
true. Until recently, most philosophers have held that
identily statements which are not knowable a priori--
whose truth or falsity must be discovered empirically--
are contingently true, or contingently false. Often the
word 'contingent' is used as essentially equivalent to
"not knowable a priori." Employing the word in this way,
Smart maintains that statements asserting the identity of
physical event-types with mental event-types are contin-
gent.% Causey, who formulates the generalized version of
the N-D argument, maintains that all microreductive
attribute-identity statements are contingent.5

Contrary to these claims, Saul Kripke has recently
argued quite convincingly that identity statements con-
taining two names are necessarily true if true at all.
This is not to deny their empirical status, however.
Kripke maintains that it is wrong to assert a direct
connection between empirical knowledge and contingent
truth, or between a priori knowledge and necessary truth,
A statement like "Hesperus is Phosphorus" is empirical,
since 'Hesperus' was originally used (presumably) to
refer to the planet which appears on the western horizon
just after dusk, whereas 'Phosphorus' was used to refer
to the planet which appears on the eastern horizon just
before morning. We certaihly could not have known a
priori that one and the game planet meets both descrip-
tions., Still, the identity of Phosphorus and Hesperus
is necessary, Kripke maintains.

Are there really circumstances under which
Hesperus wouldn't have been Phosphorus?
Supposing that Hesperus is Phosphorus, let's
try to describe a possible situation in
which it would not have been. Well it's
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easy. Someone goes by and calls two dif-
ferent stars Hesperus and Phosphorus. It

may be even under the same conditions as
prevailed when we introduced the names 'Hes-
perus' and 'Phosphorus'. But are those
circumstances in which Hesperus is not
Phosphorus or would not have been Phosphorus?
It seems to me that they are not....How

would we describe this situation? He can't
have pointed lo Venug twice, and in the one
case called it Hesperus and in the other
Phosphorus, as we did. If he did so, then
'Hesperus is Phosphorus' would have been

true in that situation too. He pointed may-
be neither ‘time to the planet Venus--at

least one time he didn't point to the planet
Venus, let's say when he pointed +to Phosphorus.
Then in that case we can certainly say that
the name'Phosphorus' might not have referred
to Phosphorus. We can even say that in the
very position when viewed in the morning

that Phosphorus was not there--that something
else was there, and that even under certain
circumstances it would have been called
'Phosphorus'. But that still is not a case
in which Phosphorus was not Hesperus....

IFFor there couldn't have been such a case,
given that Hesperus is Phosphorus.

Two points in this argument call for comment.
First, the alleged necessity of "Hesperus is Phosphorus”
perhaps seems to violate our inclination to say that
this statement "could have turned out false." Doesn't
this inclination mean that there are possible worlds in
which Hesperus is not Phosphorus? No, says Kripke.

What underlies our assertion that things could have
turned out differently is the following fact: "...given
the evidence that someone has antecedent to his empirical
investigation, he can be placed in a sense in exactly

the same situation, that is a qualitatively identical
epistemic situation, and call {two bodies 'Hesperus' and
*Phosphorus', without their being identical. So in that
sense we can say that it might have turned out either
way."? The possibility of someone's being in such a
position and using 'Hesperus' and 'Phosphorus' in sucha
way does not affect the fact that we use the names in such
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a way that Hesperus and Phorphorus are identical in all
possible worlds.

Secondly, it should be noted that the argument
is based on an appeal to our actual intuitions about
counterfactual situaticns--an appeal to the way in which
we would actually describe such situations. The syste-
matic marshalling of intuitions constitutes a centrally
important guideline for theory construction in philosophy.
Moreover, Kripke seems to be right about our intuitions:
when we imagine a possible world in which the planet over
the eastern horizon in the morning is different from the
planet over the western horizon in the evening, we are
not inclined to describe the situation by saying "Hes-
perus 1is not identical to Phosphorus in that possible
world." Rather, there is a strong inclination to say
that at least one of the two planets in this possible
world is not Phosphorus--and hence, not Hesperus either.
Since Kripke's claim concerning our intuitions seems
right, and since the systematic capturing of such intui-
tions is a major goal of theory construction in philo-
sophy, his argument for the necessity of identity state-
ments is a powerful one. So unless and until evidence
to the contrary is presented, we are justified in accep-
ting the conclusion that identity statements containing
two names are necessarily true.

Kripke points out that this thesis is equivalent
to the thesis that names are rigid designators. A rigid
designator is a referring expression which designates
the same entity relative to any possible world in which
the entity exists. (In worlds where it doesn't exist,
the expression either doesn't designate or else it
arbitrarily designates some standard object, such as the
empty set.) Not all designators are rigid. Hence, not
all identities are necessary. Standard definite descrip-
tions, like 'the presidentof the U.S. in 1973', are non-
rigid desgignators: in various possible worlds, persons
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other than Nixon are designated by this expression.
Accordingly, it is only contingently true that Nixon is
the President of the U.S. in 1973.
On the strength of Kripke's argument, we shall
now adopt the thesis that identity statements involving
names are necessarily true if true at all. This brings
us back to thc consideration of statement (I) above. 1In
light of the necessity of identity generally, (I) entails
the following claim concerning the objects and properties
that are involved in microreductive connecting principles:
(NI) Each connecting principle in R must

be such that the individuals or pro-

perties which it correlates are iden-

tical in all possible worlds.
In chapter IV I shall question the truth of (NI), and
hence the truth of (I) as well. But first I will con-
sider a principle that is entailed by (NI), though weaker
than (NI}, and which itself seems to constitute a reason-
able explication of (E), (F), and (D). I shall call it
the part-whole supervenience principle. First, let me
introduce the preliminary notion of a K-world: a pos-
sible world in which the only kinds of concrete indecom-
posable entities are those which exist in the actual
world--viz., those countenanced by theory Tg. As before,
let R be the complete set of microreductive connecting
principles in unified science. We can now state the
part-whole supervenience principle, as follows:

(S) In all K-worlds in which T, obtains, the
connecting principles R also obtain.

This principle suggests that higher-level theore-
tical properties of structured wholes "supervene" upon
the lower-level theoretical properties of the component
parts. TI.e., it's not possible for two structured wholes
in two different K-worlds where Ty obtains to have exactly
the same structural decomposition into basic component
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tad

parts, and exactly the same Ty properties, and yet
differ in their T, properties. For example, it's not
possible for two objects in two K-worlds where Ty is
true to be such that both have exactly the same micro-
physical structure and exactly the same mean molecular
kinetic energy, and yet differ in temperature. Similarly
for property-correlaticn connecting principles generally.
Statement (S) is clearly entailed by (NI). (NI)
asserts that the properties involved in connecting prin-
ciples are identiecal in all possible worlds. A fortiori,
the properties are lawfully correlated in all K-worlds
where Ty is true. So (NI) entails (S). On the other
hand, (S) does not entail (NI), for the following reasons.
(S) is consistent with statement 1:
1} There are worlds in which the connecting
principles R do not obtain.
Now, properties that are not even co-extensive are not
identical. So statement 1, in asserting that there are
worlds in which the properties mentioned in the principles
R are not even correlated, clearly implies statement 2.
2) There are worlds in which the properties
mentioned in the principles R are not
identical.
But statement 2 implies the denial of (NI). So (S) is
consistent with 1, 1 implies 2, and 2 implies the denial
of (NI). Thus (S) is consistent with the denial of (NI).
Therefore, (38) does not imply (NI).

Section 4

We come now to the question of the adequacy.of (S)
as an explication of statements (E), (F), and (D). Does
(S) serve to capture the intuitive force of the claim
that the microreductive connecting principles R-are
"determined" by the laws of the final reducing théory
Tg? And does it thereby capture the force of the asser-
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tions 1) that the connecting principles are non-funda-
mental laws, and 2) that they need no explanation? I
suggest that (S) captures the intuitive force of these
claims quite clearly.

We'll rirst consider the adequacy of (S) as an
explication of (D), the determination thesis. The notion
of pozasible worlds arises quite naturally in connection
with the ideca of one set of laws L "determining" another
set L', especially when it is explicitly specified that
L does not entail L'. (Recall that the laws of a reduc-
ing theory in general do not entail the microreductive
connecting principles.) Intuitively, the truth of the
set L' is determined by the set L just in case it's not
possible for L' to be false if L is true.8 Entailment
of L' by L is a paradigm case of determination in this
sense, but perhaps not the only case. Perhaps there
are cases of determination without entailment.

Statement (S) does not employ this possible-world
model of determination in a full-fledged way, however,
(S) is somewhat weaker than the assertion

(S') In all possible worlds in which Tg

obtains, the connecting principles

R also obtain.
(S} is weaker because of its reference to K-worlds,
which restricts the applicability of (S) to possibdle
worlds in which the only kinds of indecomposable concrete
entities are those which are instanced in the actual
world, The point of this restriction is to rule out
possible worlds in which the entities countenanced by
higher-level theories have basic components over and
above the kinds of basic entities countenanced by Tj.
For example, possible worlds are excluded in which per-
sons are composed of immaterial Cartesian souls, in
addition to the material components countenanced by the
natural sciences. (Tp might continue to be true in such
worlds.) Similarly, possible worlds are ruled out in
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which multicellular organisms contain entelechies, or
"vegetative souls," in addition to the usual microphysical
components. The restriction to K-worlds also excludes
possible worlds in which things have material components
which differ from the kinds of ultimate indecomposable
entities which actually exist.

I sugmest that the determination thesis (D) it-
self is weaker than (S'). It seems that (S), rather
than (S'), represents the intended import of (D), for the
following reason. The effect of the reference to K-worlds
in (S) is to relativize the determination thesis to a
fixed class of basic kinds of entities out of which struc-
tured entities may be composed--viz., the class of thing-
kinds recognized by T,. When the advocate of the N-D
argument asserts that the final reducing theory T, "de-
termines" the connecting principles R, he is surely
assuming that structured entities countenanced by higher-
level theories are to be composed out of indecomposable -
entities of the sort which actually exist. His claim is
not meant to apply to possible worlds in which there are
basic entities of a radically different sort than in the
actual world, even if these possible worlds also contain
the same basic entities and the same fundamental physical
laws as our world. For example, perhaps there are pos-
sible worlds in which 1) the entities postulated by
natural science exist and the laws governing them are the
laws which apply in our world, but 2) Cartesian souls
also exist, and are components of persons. In such
worlds, the mental states of persons might involve the
soul-component. (For a Cartesian dualis+t, mental states
are states of the mind, or soul, rather than states of
the body.) And in these worlds the mental states of
persons would not be "determined" by the underlying
physiochemical states of their bodies, even if their
bodies are physiochemically indistinguishable from ours.
This is because minds are separate substances in these
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worlds. Thus, the laws connecting Cartesian soul to
body can differ from one world to another, even if the
basic physical laws Tp remain fixed. Consequently, psy-
chophysical laws are fundamental laws in worlds containing
mental substances. (Admittedly, the notion of a law
correlating properties of a material substance with
properties of a "co-present” immaterial substance is it-
self rather obscure. Nonetheless, the idea that various
different mind-body correlation laws are possible relative
to the same physical theory seems no more obscure than
the overall Cartesian-dualist picture.)

The advocate of the N-D argument may or may not
admit that there are possible worlds in which persons
are unities of body and soul. But whether he does so or
not, his thesis that psychophysical correlation laws are
"determined" by the laws of natural science is not in-
tended to apply to the Cartesian dualist case. It's
intended to apply to cases in which persons are composed
entirely out of the basic building blocks of the actual
world--indecomposable physical entities of the sort
countenanced by Tg. And in general, the thesis that
microreductive connecting principles R are determined by
the final reducing theory T; is intended to apply only
relative to the basic thing-kinds which are instanced in
the actual world.

So the truth of (8} is sufficient for the truth of
(D). I contend that (S) is also a necessary condition
for (D). I can see no other way to capture the intuitive
content of (D) except by means of a statement like (S).
The notion of determination seems closely bound up with
that of possibility, and (S) seems to express the way in
which these notions are connected. What could it mean to
assert that the truth of the principles R is dgﬁermined
by the truth of the laws of T,, if there were possible
K-worlds in which the connecting principles R did not
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obtain? If there are such worlds then surely the prin-
ciples R are not determined by the laws of Tj.

(S) also expresses the intuitive force of the claims
(F) and (E)--that the connecting principles B are non-
fundamental and that they are not in need of explanation.
This is to be expected, since the notion of determination
lies behind these assertions. It was suggested above
that the principles R are non-fundamental just in case
their truth is determined by the laws Tg. So according
to the explication of determination given by (S), the
laws D are non-fundamental just in case they're true in
all possible K-worlds where T, is true. (S) thus ex-
presses the central intuitive element in the claim that
the principles R are non-fundamental--viz., that the
truth of these principles is itself guaranteed by the
truth of the laws of T,.

To see how (8) captures the claim that the princi-
ples R need no explanation, we must briefly consider the
notion of explanation itself. When we ask whether or
not intertheoretic connecting principles require ex-
rlanation, we are bringing into focus a somewhat broader
notion of explanation than the conception which the de-
ductive-nomological model is designed to capture. Inter-
theoretic connecting principles are problematic precisely
because we can't obtain a deductive-nomological explan-
ation of them on the basis of the reducing theory alone.
What do we mean, therefore, when we ask whether or not
they require explanation?

To answer this question, consider the deductive-
nomological model in terms of possible worlds, rather
than in terms of deducibility. A deductive-nomological
explanation of an event shows why the event had to happen,
given the relevant laws and antecedent conditions. 1.e.,
it shows us that the event will occur in any possible
world where the antecedent conditions are the same in all
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relevant respects, and the laws are the same. Similarly,
a deductive-nomological explanation of a law--in terms
of deduction from more basic laws (and statements descri-
bing antecedent conditions, perhaps)--shows us that the
nonbasic law is true in all possible worlds where the
basic laws are true (and the felevant antecedent con-
diliong, il mny are true). 'This conception of explana-
tion is somewhatl broader than the deductive-nomological
model, but it seems to remain faithful to the spirit of
the model.

Now consider microreductive connecting principles.
In terms of the possible-worlds approach to explanation,
these principles will need explanation just in case there
is some need to show that they are true in all K-worlds
where Tg is true. They won't need explanation if we
know a priori that they will be true in all such worlds.
Here is where the supervenience principle, (S), comes
in: given this principle, we do know a priori that micro-
reductive connecting principles which are true in this
world will be true in all possible K-worlds. So these
connecting principles don't require explanation.?

Section 5

So far I have argued for the first and second of
the three contentions I mentioned at the end of section
2., 'These are (1) that statement (D), and hence state-
ments (E) and (F) as well, should be explicated in terms
of the part-whole supervernience principle (S); and (2)
that (5) does not imply that microreductively correlated
properties are identical. I turn now to the third
contention: that thesis (I) {the thesis of the identity
of microreductively correlated properties) is itself not
sufficient to guarantee (D), (F), and (E) unless the
criteria for identity are such that this identity thesis
entails the part-whole supervenience principle.
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This contention brings us back to the question
whether identity statements containing two names are
necessarily true or only contingently true. We opted
above for necessity, on the basis of Kripke's argument.
And we saw that on this construal, thesis (I) entails
the supervenience thesis (S). What I now wish to claim
is this: if we do not opt for the necessity of identity
statements that contain two names--if we subseribe to the
view that such identities can be contingently true--
then thesis (I) simply fails to capture the intuitions
which underlie the N-D argument.

At first sight, the argument for contention 3 seems
perfectly straightforward. We saw above that the super-
venience principle expresses a condition that is necessary,
as well as sufficient, for the truth of (D), (F), and (E).
Hence, (S) must be entailed by an identity thesis which
purports to reflect the intuitions expressed in these
three theses. But if property-identity statements are
taken to be only contingently true then (I) does not
entail (S), and it thus does not guarantee the truth of
(D), (P), and (E). (If statement (I) only expresses the
claim that microreductively correlated properties are
contingently identical, then (I) is consistent with the
‘agsertion that there are K-worlds, other than the actual
wofld, in which T, obtains but the connecting principles
R do not obtain. Thus (I), when so understood, does not
entail (S).)

At this point the following objection might beraised,
however. The argument just presented against construing
contingent property identity as the basis for the truth
of (D), (E), and (F), depends on the premise that (S) is
a necessary condition for the truth of these statements.
Yet this latter premise was advanced earlier on the basis
that there seems to be no other plausible way to under-
stand determination, non-fundamentality, and immunity
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from the need of explanation., But there is another
way to understand these notions, it might be claimed--
viz., in terms of contingent identity.

This reply is a fair one. We must examine more
carefully the question whether contingent property iden-
tity would provide an adequate explication of (D), (F),
and (E). (We are waiving Kripke's arguments for the
necessity of identity, for the moment.) Consider the
notion of immunity from explanation. Advocates of -‘the
N-D argument have contended that we can account for the
fact that microrgductive connecting principles need no
explanation by treating them as (contingent) identities,
since identities never need explanation. But it's not true
that identities never need explanation. Certain facts ex-
pressed by identity statements, like the fact that blue is
the color of the sky and the fact that Nixon is the presi-
dent of the U.S. in 1973, can and do receive explanation.

Treating microreductive connecting principles as
contingent identities, therefore, will not by itself
guarantee that they need no explanation. Furthermore,
suppose that we were to deny explicitly that the connec-
ting principles R are supervenient upon T, while we
also asserted that the higher-level properties mentioned
in the statements R are contingently identical to their
To correlates. Under these circumstances, could we legi-
timately claim that the principles R "need no explana-
tion"? It seems not. After all, if it were explicitly
stated that the identities do not hold in other K-worlds
where Ty obtains, then the question would naturally
arise as to why these identities obtain in our world,
given that they do not obtain in these other worlds which
are similar ‘o ocurs in point of microphysical laws and
basic indecomposable entities. If the identities are
indeed peculiar to our world, then it seems just as
legitimate to ask why they obtain as it is to ask why
blue is the color of the sky. An explanation would not
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be forthcoming, of course, since the contingent identities
R would be logically primitive postulates within unified
science. But their lack of explanation would not rest on
immunity-in-principle from the need of explanation, any
more than the unexplainability of the laws of Ty rests

on such a basis. Rather, they would have the status of
fundamental laws within unilied science.

So it turns out that the mere contingent identity
of microreductive connecting principles cannot sustain
the statements (E) and (F). Thus the conception of
identity as a contingent relation, which we have already
found reason to reject, is inadequate to reflect the
intuitions underlying the N-D argument.io

Section 6

It has already beenexplained why (S) provides an
adequate explication of (D), (E) and (F). This account
does not require that mircoreductively correlated
properties be identical, since (S) does not entail (NI)
or (I). But perhaps we should briefly digress to consider
identities specifically, with respect to the matter of
explanation. Why are certain identities immune from the
need of explanation, while others are not? Kripke's
account of identity appears to give a satigsfactory ac-
count of the matter. On his view, "Hesperus is Phorpho-
rus” is necessarily true, since it is an identity state-
ment containing two names. The statement "Hesperus is
Kripke's favorite planet," on the other hand, is not a
necessary truth, since it contains a definite descrip-
tion which designates different entities in different
possible worlds., (Such terms are "non-rigid" desig-
nators.)

The following thesis suggests itself in light of
Kripke's theory. An identity statement needs no -explan-
ation just in case it is {rue in all possible worlds.
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We can explain why Hesperus is Kripke's favorite planet,
because there are certain facts about this world which
explain why he prefers Hesperus to all other planets.

But it makes no sense to "explain why Hesperus is Phos-
phorus," because there are no facts about our world in
virtue of which this assertion is true; the statement is
true in any world. (O course, it does mnke sense to
explain why Hesperus is called "Phosphorus" in our world.)
The truth of the identity statement in all possible
worlds is no mystery, of course. It's just a reflection
of the fact that "{x)(x=x)" is necessarily true, together
with Kripke's principle that names are rigid designators.

So Kripke's approach allows us to plausibly account
for the fact that certain identities need explanation
and others do not. This account constitutes an additional
argument in favor of his theory, which can be added to
his own argument cited earlier,

Our above discussion of (I) provides a third argu-
ment in favor of the necessity of identity statements
containing two names. Notice that it is quite counter-
intuitive to allow the possibility that the connecting
principles R of unified science are not determined by
To: Af we assert that the correlated properties are
identical. And it is equally counterintuitive to deny
that (S) is a necessary condition for the truth of the
determination thesis. The conclusion to be drawn is
clear: we should reject as untenable the view that micro-
reductively correlated properties are ccntingently iden-
tical, since contingent identity does not guarantee the
truth of (S). If the properties are identical at all,
the identity obtains in all possible worlds.

Section 7

In this final section we shall consider several
frequently made claims about the nature of reduction which
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are quite close in their intuitive content to the prin-
ciples (E), (F), and (D). I will suggest that these
additional claims can and should be understood in terms
of the supervenience principle (S).

Virtually all the claims I have in mind are dis-
cussed by Carl Hempel, in a paper entitled "Reduction:
Mntological and Tinguictic Mceets.” Hempel begins by
pointing out that one reason for the fascination the
subject of microreduction has held for philosophers
lies in the "ontological roots" of many questions con-
cerning reduction--question such as these:

Are mental states nothing else than brain
states? Are social phenomen simply compounds
of individual modes of behavior? Are living
organisms no more than complex physiochem-
ical systems? Are the objects of our every-
day experience nothing else than swarms of
electrons and other subatomic particles?

Or is it the case, as the doctrine of emer-
gence would have it, that as we move from.
subatomic particles to atoms and molecules,
to macroscopic objects, to living organisms,
to individual human minds, and to social

and cultural phenomena, we encounter at each
stage various novel phenomena which are
irreducible, which cannot be accounted for
in terms of anything that is to be found

on the preceding levels? 11(Emphasis mine)

It is certainly true that microreduction is often
thought to establish that objects and processes desceri-
bed by higher-level theories are "nothing else than," or
"no more than," or "simply compounds of," the objects
and processes described by the lower-level reducing
theory. In terms of the Unity of Science hypothesis,
this position would amount to the view that all objects
and processes described by true scientific theories are
ultimately "nothing else than" complexes of objects and
processes of the kind coutenanced by microphysics.
Hempel goes on to consider what these theses might
mean, in light of Nagel's characterization of interthe-
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oretic reduction in science. He contends that the theses
imply at least that higher-level theoretical concepts can
be extensionally characterized in terms of the concepts
of the reducing theory. TI.e., microreductive connecting
principles must be biconditional in form, in accordance
with strong Nagel-reducibility. He discusses the matter
explicitly with respect to.the thesis of mechanism: the
view that biological characteristics "are nothing else
than" physiochemical characteristics.

Even a set of connective principles
powerful enough to permit a reduction of
all the principles of a biological theory
B to those of a physiochemical theory P
need not permit the corresponding reduction
of concepts; i.e., it need not provide a
characterization of every concept of B by
means of concepts of P. And only if this,
too, had been accomplished could the biological
theory be said to have been reduced to a -
chapter of the physiochemical one. For short
of this, the reduction of B to P would amount
to the establishment of a set of connecting
principles which...would constitute additional
biological laws and would thus simply expand
the theory B, but would not make its con-
ceptual apparatus dispensable.

Full reduction of concepts in this
strict sense would require, for every term of
B, a connective law of biconditonal form,
specifying a necessary and sufficient conditon
for its applicability in terms of concepts of
P alone. Such a law could then be used to
"define" the biological term and thus, the-
oretically, to avold it. The "definition"
of the temperature of a gas as the mean
kinetic energy of its molecules illustrates
this kind of connective principle...These
principles do not, of course, express synon-
ymies ascertained by meaning analysis, but
empirical connections ascertained by chemical
analysis.

Several closely intercorrelated notions are introduced
in this passage. A systematic set of biological/
physiochemical connecting principles would permit a
"reduction of concepts"--i.e., "a characterization of
every concept of B by means of P." It would reduce the
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biological theory B "to a chapter of" the physiochemical
theory P. It would "make dispensable" the conceptual
apparatus of B. And finally, it would allow us to "'de-
fine'" (note Hempel's scare-quotes) biological terms by
means of physiochemical terms, thus "theoretically
avoiding" the biclosical terms.

There deoes som to be a strong inclination to use
such expressions as these when we are discussing the
status of microreductive connecting principles. More-
over, there also seems to be a close connection between
these various claims about connecting principles and the
ontological thesis that higher-level characteristics are
"nothing else than" their microreductive correlates. But
we must ask about the import of these various expressions.
Is the existence of a pervasive set of biconditional con-
necting principles enough to guarantee their applicability?
I suggest not.

Suppose that the Unity of Science hypothesis is
true, but that the supervenience principle (S) is false.
Now consider the various expressions Hempel uses. Would
it be legitimate to say that the connecting principles R
of unified science effect a "reduction of the concepts”
of higher-level theories to those of lower-level ones,
and ultimately to those of microphysics? Clearly not:
the higher-level concepts would be separate and irreduc-
ible, since there would be some K-worlds where T is

true but these concepts are not even correlated with their
lower-level counterparts from the actual world.

Would it be legitimate to say that the higher-level
theories had been "reduced to chapters of Ty" by means of
the principles R? No: +the principles must themselves be
counted among the fundamental laws of our world, since
we are hypothesizing that there are other K-worlds,
similar to ours in point of microphysical laws TO, in
which these principles do not obtain.
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Could we assert that the principles R "make the
conceptual apparatus of higher-level theories indispen-
sable"? Here we must be careful. The concepts unique
to higher-level theories will be dispensable in a certain
pragmatic sense, since it will always be possible to
employ their T, correlates in their place. But can they
be said to be theoretically dispensable if (S) is false?

It seemms not: the reason why higher-level concepts are
pragmatically dispensable is that the biconditional laws
R obtain in the actual world. And these laws must them-
selves count as fundamental laws, if (S) is false. Thus,
higher-level concepts would not be dispensable in a
theoretically important sense.

Finally, would it be legitimate to assert that the
principles R could be used to “"'define'" the terms of
higher-level theories by means of the terms of Ty, and
thus theoretically to aveid them? The answer is clearly
negative, in light of the remarks just made concerning
digspensability. We cannot "theoretically avoid" the
concepts of higher-level theories if the connecting prin-
ciples R themselves count as fundamental laws of nature.

These considerations indicate that the truth of
(S) is a necessary condition for the truth of the various
assertions put forward by Hempel concerning connecting
principles. I suggest that (8) also expresses a suffi-
cient condition for the truth of these assertions. Sup-
pose now that the Unity of Science hypothesis is true, and
that (S) is also true. The key fact to note is that the
principles R are non-fundamental, in that their truth is
determined by the truth of Ty. So it's true that each
higher-level theory "reduces to a chapter of To:" since
the laws of T, are the only fundamental laws.

As for the "dispensability" and "theoretical avoid-
ability" of the concepts unique to higher-level theories,
it must be admitted that the principles R are logically-
primitive postulates within unified science. However,
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since their truth is determined by the truth of Ty, the
applicability of higher-level predicates is itself deter-
mined by the applicability of their counterparts from
microphysical theory. 1I.e., their theoretical avoida-
bility consigts in the fact that they do not figure in
the fundamental laws of nature. This fact perhaps also
justifies referring to the principles as'definitions', if
we emphasize the scare-quotes,

Concept reduction alsoc receives a plausible expli-
cation in terms of the notion of fundamentality. As I
Just noted, the applicability of higher-level predicates
is itself determined by the applicability of their T,
correlates. Such determination, as explicated by (S),
seems to correspond closely to the intuitive notion of
concept reduction. So it appears that (S) (together with
the Unity of Science hypothesis,which is presupposed by
(S)) expresses a condition which is sufficient, as well
as necessary, for the truth of Hempel's various claims
about reduction.

This brings us back to the intuitive principle
which we considered initially: +the idea that higher-
level qualitities are “nothing else than" their T, cor-
relates. This idea is captured by the closely-related
theses just discussed. These theses, in turn, are cap-
tured by (S). So we can add the following statement to
the list of intuitive principles which receive their
explication in statement (S):

(N) The higher-level properties mentioned

in the connecting principles R are "nothing
else than" the T, properties with which
they are correlated.

It might be thought that the identity of micro-
reductively correlated properties is a prerequisite for
the truth of (N). But to see that this is not so, con-
sider a phenomenal property such as having-the-sensation-~
of-red. Suppose this property has a precise neural (and
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ultimately a precise microphysical) correlate. If this
phenomenal property is identical to its microphysical
correlate, then the two properties must have the same
extension in all possible worlds. Now, it does seem

true that it ‘the sensation of red is "nothing else than"
its microphysical correlate in the brain of an organism,
then this phenomenal propertly and the related microphysical
property will have the same extension in all K-worlds

where Ty is true. However, it seems clear that we can
imagine other possible worlds where there are conscious
beings who have the sensation of red without simultan-
eously instantiating the relevant microphysical property.
Perhaps the beings have different indecomposable paris

than we do, such as souls, or perhaps theory Ty does not
obtain in their world. We need not deny such possibilities
when we assert that the sensation of red is "nothing else
than" its microphysical correlate, So the truth of

(N) does not require the truth of the identity thesis for
microreductively correlated properties.

1?he generalized form of the N-D argument is pre-
senteq in Causey. Sklar expresses sympathy with the argu-
ment insofar as it applies to sortal predicates.

zlt will become clearer below why determination of
the connecting principles eliminates the need to explain
them. A full account of this fact requires prior ex-
plication of the notion of determination.

3Smart. p. 143,
QSee Smart's reply to "Objection 2," ibid., p. 147.
5Causey. p. 412,

Saul Kripke, "Naming and Necessity," Semantiecs_ of
Natural Language, ed. D. Davidson and G. Harmon (New
York: Humanities Press, 1972), pp. 306-307.

"1bid., p. 308.
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BStatements true in all possiﬁle worlds are thus
"determined" by every statement. Similarly, logically-
true statements are entailed by every statement.

9Jaegwon Kim has suggested to me that it may be
equally plausible to say that (S) allows us to explain
the connecting principles R on the basis of the funda-~
mental laws T.. That is, since (S) asserts that the
principles R are true in all K-worlds where T, is true,
we can treat the conjunction of T, and (S) as an explana-
tioen of the connecting principles R. To me it seems
more natural to say that {(8) shows why the principles R
need no explanation. But for my purposes it makes no
real difference which way we phrase the matter. The
important point is that the connecting principles R do
not count as fundamental laws within unified science.
(Non-fundamentality thus plays a more important role in
my explication of the N-D argument than immunity from the
need of explanation.)

1OIt has perhaps occurred to the reader that we can
regard microreductively correlated properties as contin-
gent identities, even if we accept Kripke's account of
identity, by treating expressions referring to higher-
level theoretical properties as non-rigid designators.
This possibility is discussed in the appendix. For the
present, note that the above observations carry over to
such an approach. I.e., the proposed contingent identities
would count as fundamental and in need of explanation,
unless the supervenience principle obtains,

11
12

Hempel, p. 177.
Ibid., p. 189.



ITI. PROPERTY IDEMTITY AND MICROREDUCTION

Section 1

Although the intuitive principles underlying the N-D
argument are best explicated in terms of the supervenience
principle rather than in terms of property identity, the
question of the putative identity of microreductively
correlated properties still has considerable philosophical
interest. We shall examine this question in the present
chapter. I first propose a criterion for property iden-
tity, and I defend its plausibility. I then consider
several ways in which the putative identity of microre-
ductively correlated properties might be defended, rela-
tive to the proposed criterion. I argue that these
approaches are inadequate, and I ultimately reject the
identity thesis for microreductively correlated properties.l

The difference between property correlations and
property identities is not a straightforward empirical
one. In an important sense, the scientist comes to the
end of empirical discovery or hypothesis when he finds
that pain and a certain neural property are strictly
correlated, or when he hypothesizes that temperature is
directly proportional to mean molecular kinetic energy.
The question whether two such correlated properties are
identical is not one which he can answer simply by further
empirical investigation, or even by further abstract
theory-construction within the scientific domains he
deals with. This is because it is not antecedently
clear what a property identity asserts, above and beyond
the associated correlation statement. The criteria of
property identity must be specified, and this task is

52
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largely a matter for philogophical theory construction.2
When do two predicates attribute the same property
to things? Synonymy of predicates seems too strong a
criterion, since there are true property identities in-
volving nonsynonymous expressions ("Blue is the color of

the sky.") Co-extensiveness of predicates, on the other
hand, seems much too weak: having a liver is not the
same property as having a heart. Even nomological co-
extensiveness is too weak: the Wiedemann-Franz law cor-
relates electrical conductivity with thermal conductivity,
but it has never been suggested that the two properties
are identical.’

Our intuitions tell us that two predicates P; and
P> express the same property if and only if there is no
possible world in which there are objects to which Pq
applies but not Ps, or vice-versa. P1 and P, must have
identical extensions not .only in the actual world but in
all possible worlds. I.e., they must have the same in-
tension, where an intension of a predicate is understood
as a function from possible worlds into sets of individ-
uals, This is the sense of 'intension' that's employed
in intensional logic. (We can, if we wish, go on to
identify properties with intensions; properties themselves
are then treated as functions from possible worlds to
sets of individuals.u But this additional step won't be
required for purposes of my argument.)

The sameness-of-intension criterion (henceforth the
SI criterion) conforms with our previously adopted prin- .
ciple that identity statements containing two names are
necessarily true. This principle implies that sameness
of intension is at least a necessary condition for pro-
perty identity, for the following reason. Let 'pl' and
‘p,! represent names for the properties expressed by the
predicates Py and Pz. regspectively. In any possible
world where the identity statement "p1=§2" is true, Py
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and Pp will have the same extensions. (Clearly, two
predicates do not express the same property in a given
world if they don't even apply to the same individuals

in that world.) But according to the necessity-of-iden-
tity principle, "p4=pz" is necessarily true if true at
all. Hence, "py=p," is true only if in each possible
world, Py and P, have the same extension. Thus, sameness
of intension is a necessary condition for property iden-
tity. According to the SI criterion, it is a sufficient
condition as well,

The SI criterion is met by synonymous predicates.
It generally is not met by predicates which are merely
co-extensive, since we usually can imagine a possible
world in which two such predicates have different exten-
sions. But what about contingent identity statements,
like "Blue is the color of the sky"? It might be thought
that the SI criterion is essentially equivalent to the
view that property identity is a matter of predicate
synonymy, and hence that contingent identities do not
meet the criterion. Not so: +the SI criterion results in
a completely natural account of contingent property
identities.

It will be worthwhile to examine the account in
some detail, since the adequacy of the SI criterion de-
pends upon it. The account makes use of Kripke's dis-
tinction between rigid and non-rigid designators, mentioned
above, Recall that a rigid designator is a referring
expression which designates the same ‘thing relative to
each pogsible world--provided, =at least, that the thing
exists in the world. A non-rigid designator is a re-
ferring expression which designates different things
relative to different possible worlds. Contingent iden-
tity statements contain at least one non-rigid desig-
nator.

Consider the following two contingent identity
statements:
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1) Nixon is the president of the United States.

2) Blue is the color of the sky.

'Blue' and 'the color of the sky' are rigid and non-
rigid designators respectively, paralleling "Nixon' and
*the president of the United States'. 1 and 2 are both
contingently true because their non-rigid designators
refer to dil'ferent things in different possible worlds.
They are true in this world, but not in all possible
worlds.

Next, consider these two contingent identities, in
which 'a' names the actual world:

3) The president of the United States is the president
of the United States (at a).
4) The color of the sky is the color of the sky (at a).
These two statements are trivially true relative to
world a, the world we happen to live in. But notice that
by appending the phrase 'at a' to the definite deserip-
tions in 1 and 2, we have converted these terms into
rigid designators. 'The president of the United States
(at a)' designateé Nixon relative to any possible world
in which Nixon exists, whether or not Nixon is president
in that world. Likewise, 'the color of the sky (at a):
designates the property blue relative to any possible
world, regardless of the color of that world's sky. Con-
sequently, the following two statements, which follow
from 1 and 3 and from 2 and 4% respectively, are necesgsar-
ily true--i.e., true in all possible worlds.
5) Nixon is the president of the United States (at a).
6) Blue is the color of the sky (at a).

We are thus led to the following important conclu-
giont contingent identity statements of any sort, in-
cluding contingent property identities, correspond to
certain necessary identity statements in an important
way. This correspondence results from three fdcts:

1} it is always possible via trivially true statements
lixe 3 and 4, to construct rigid designators from non-
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rigid designators; 2) contingent identities always contain
at least one non-rigid designator; and 3) it is always
possible to obtain a necessarily-true identity statement
from a contingently-true identity statement, by replacing
all non-rigid designators by the appropriately constructed
rigid designators.

We now congider property identities specifically.
Earlier, I staoted the SI c¢riterion only for predicates:
two predicétes express the same property if and only if
they have the same intension. But we also need to apply
the criterion to referring expressions which designate
properties, like the referring expressions in 2, 4, and
6. So we need a way of constructing predicates from re-
ferring expressions; the constructed predicates can ‘then
be compared with respect to the SI criterion. For rigid
designators, it's clear how to proceed. The designator
'blue' refers to the property expressed by the predicate
'is blue', and the designator *'the color of the sky (at
a)' refers to the property expressed by 'is the color of
the sky (at a)'. So the method of constructing predicates
from rigid property-designators is completely straight-
forward.

In the cases of non-rigid designators, however, the
situation is more complicated. What property does 'the
color of the sky' designate, when this term is used re-
lative to the actual world,a? Statement 4 provides an
a priori answer: +the term designates the same property
that 'the color of the sky (at a)' designates, viz., the
property expressed by the predicate 'is the color of the
sky (at a)'. So the latter predicate is the one which
we construct from the term 'the color of the sky', for
purposes of applying the SI criterion.

Why doesn't the 'the color of the sky' designate
the property expressed by the predicate 'is the color of
the sky'? T[irst, the term is a non-rigid designator. So
we would expect it to refer to different properties
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relative to different possible worlds. But if it refers,
relative to any possible world, to the property expressed
by the predicate 'is the color of the sky', then it
ceases to be a non-rigid designator at all. It refers to
the same property relative to each possible world: the
property possessed by blue things in worlds where the sky
is blue, by green things in worlds where the sky is green,
etc. Secondly, the property expressed by the predicate
*is the calor of the sky' isn't even a color; it's a
property possessed by different-colored things, depending
on the color of the‘sky in the possible world we happen
to consider.? Clearly, we are not identifying this pro-
perty with the color blue when we say "Blue is the color
of the sky." Rather, we're identifying ‘the color blue
with the color of the sky in the actual world--i.e., with
the property expressed by 'is the color of the sky (at
a)'.

So the referring expressions in "Blue is the color
of the sky" are understood to designate, respectively, the
properties expressed by the predicates 'is blue' and 'is
the color of the sky (at a)'. These two predicates are
not synonymous, but they do have the same intension. 1In
any possible world, something is blue if and only if it
is the color of our world's sky. So it turns out that
the SI criterion does indeed underlie the contingent
identity "Blue is the color of the sky," since the criter-
ion is met by the predicates corresponding to the terms
'blue’ and 'the color of the sky'.

This same line of reasoning applies to any contin-
gent property identity, since the argument doesn't de-
rend upon any peculiarities of the statement "Blue is
the color of the sky." Consider another example:

?) Truth is Plato's favorite property.
An argument exactly analogous to the one above will
show that the predicate 'has Plato's property (at a)' is
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understood as expressing the property designated by
'*Plato's favorite property'. O0Of course, the predicate

'is true' is understood as expressing the properity desig-
nated by ‘'truth'. As in the earlier example, the SI
criterion is met by these two predicates: in any possible
world, something ig true if and only if it has Plato's
nivori le property {at a). Statement 7, and contingent
property identities in general, meet the SI eriterion.

We can understand why the SI criterion is met when
we notice that non-rigid property-designators typically
make mention of certain specific objects:the sky, Plato,
etc, This feature of a non-rigid designator is precisely
what makes it non-rigid; it depends for its reference on
the nature of the objects it mentions. So it designates
different properties relative to different worlds, since
the nature of the objects it mentions varies from one
world to another. This object-dependence is held constant,
so to speak, when we construct a rigid designator from a
non-rigid designator by appending the phrase ‘at a‘.
Accordingly, the predicates 'is blue' and ‘'is the color
of the sky (at a)' do not diverge in their intension.
Relative to any possible world, the extension of the
latter predicate still depends on the nature of our
world's sky.

We can, as I mentioned above, go on to identify
properties with intensions, thereby.treating properties
as functions from possible worlds to sets of individuals.
This approach is attractive for several reasons. To
mention two prominent ones, 1) it allow us to adopt an
ontologically economical approach to properties (of course
we may wish ultimately to adopt a similar ontological-
reductive approach to possible worlds as well), and 2)
it conforms with, and gives a theoretical bagis for, the
SI criterion. But whether or not we identify properties
with intensions, my present claim is that the SI criter-
ion does capture our fundamental intuitions about property
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identity, including contingent property identities.

Finally, if the above discussion of contingent
property-identities is correct, then there should be two
possible formal renderings of the statement "Blue is the
color of the sky." One formal version would reflect our
actual nermal usame of this statement. The other would
voprosent Lhe asserlion that the property blue is iden-
tical to lthe property being sky-colored--i.e., the false
assertion that blue is identical to the property possessed
by green things in possible worlds where the sky is green,
by orange things in worlds with an orange sky, etc. I
shall now briefly indicate the formal representations
of these two alternative interpretations.

For simplicity we will treat properties as functions
from possible worlds to sets of individuals. (This treat-
ment can be avoided, by introducing notation to represent
the property which corresponds to a given function from
possible worlds to sets of individuals.) F is the set of
such functions, Let 'f' be a variable function-letter

ranging over the functions in F, 'w' a variable ranging
over possible worlds, 's' a name for the sky, and 'a’
a name for the actual world. 'I' is the definite-descrip-
tion operator. T, is the truth-operator; it operates on
a statement to form the assertion that the given state-
ment is true in the possible world w. ‘Mem* is the pred-
icate for set-theoretical membership, 'Blu' the predicate
for 'is blue', and 'Colorsim' the predicate for 'is color-
similar to'.

We designate the property blue, or blueness, as
follows.
(I£)¢ (w)(x)( Mem(x,f{w)) iff T,(Blue(x)) ) )

Now consider the property expressed by 'is the
color of the sky', in the sense that's not specific %o
our world's sky--viz., the property which a thihg.pos-
sesses at a world just in case it has the color of that
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world's sky. We designate this property this way:

(I£)( (w)(x)( Mem(x, £(w)) iff T, (Colorsim(x,s)) ) )

Now for the second property expressed by 'is the color
of the sky'--the property which a thing possesses at a
world just in case it's blue in that world. Iet C be
the class of color properties--i.e., the subset of F
which contains the properties blueness, redness, yellow-
ness, elc. We represent the second proﬁérty expressed
by 'is the color of the sky' as follows:

(I£)( Mem(f,C) & (x)( Mem(x,f(a)) iff T,(Colorsim(x,s)) ) )
The identity statement containing the first and third of
these expressions is true, and the identity containing
the first and second is false.

Section 2

We return now to microreductive identity statements
of the sort which are advocated hy prbponents of the N-D
argument. If we discover a correlation law connecting
pain and some physiochemical property P, may we then go
on to identify these two properties? According 1o the
SI criterion, we may do so only if the predicates 'is in
pain' and 'has P' have the same intension--viz., the
same extension in all possible worlds.® But it is clear
that they do not have the same intension, since we can
imagine possible worlds in which there are consclous
beings which experience pain, with all its phenomenal
features and behavioral symptoms, but which differ radi-
cally from us in their "neurophysiology." Perhaps they
are biological organisms which experience pain in a
physiochemically different way than we do (such organisms
may well exist in the actual world), or perhaps they are
beings which are physically so different from us that we
wouldn't call them organisms at all.

The same is true for temperature and mean kinetic

energy. We can imagine possible worlds in which macro-
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scopic objects obey all the laws of thermodynamics, but
in which the objects are composed of different entities,
governed by different laws, than the entities and laws
postulated by current chemistry and physics.

These considerations seem applicable to virtually
all cases of microreduction. Consider any two theories
T4 and T, where T, is microreduced to Ty. Relative to
T1» the entities and properties of T, are "macroscopic."
So 1t seems that it will always be possible to imagine
possible worlds in which 1) there are entities "macro-
scopically" similar to those of Tpo--entities which obey
all the laws of Ty, but 2) the micro-theory underlying
T, is radically different from Ty. So according to the
SI criterion, the connecting principles used in microre-
duction will not be based on identity of the correlated
properties. |

Three potential lines of reply against this argu-
ment come to mind. The first is to deny that it's always
possible for entities to be "macroscopically”" similar to
those of T, and yet to be composed of micro-entities
whose governing laws differ from T,. The second is to
deny that terms designating T, properties are rigid
designators, and to claim that T, properties are contin-.
gently identical to the correlated Ty properties, Jjust as
the color of the sky is contingently identical to blue.
For example, it might be held that "pain" designates
neural property P in our world, but that it designates
different properties in other possible worlds. The third
line of reply admits that names of T, properties are rigid
designators, and it admits that entities can be macrosco-
pically similar to those of T, while having a radically
different micro-structure, but it asserts that such
entities don't really possess T, properties; the appro-
priate Ty property is held to be a criterion for the
actual posscssion of the correlated T, property. For
example, it might be held that entities in other possible
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worlds don't really have a certain temperature unless
they are composed of molecules, and unless the molecules
have the appropriate mean kinetic energy.

I know of no argument in favor of the first line
of reply, so I will not discuss it further. The second
line has been advocated explicitly by David Lewis, with
respect to mental properties such as pain. "The defini-
tive characteristic of any (sort of) experience is its
causal role, its syndrome of most typical causes and
effects,"” he says.7 So if the materialist is right in
maintaining that the relevant causal roles are occupied
by certain physical states, then we should identify an
experience-type with the correlated physical state-type,
according to Lewis. The identity will be contingent, of
course, because the causal role definitive of the exper--
ience will be occupied by different state-types in diffe-
rent possible worlds. Thus, experience-predicates like
'pain' must be viewed as non-rigid designators. They
designate different properties in different possible
worlds.

There are several problems with Lewis' argument.
First, it seems clear that causal roles are not the
definitive characteristic of many sorts of experiences.
Pain is an excellent example. The definitive character-
istic of pain is no more nor less than the feel of pain--
the phenomenal event with which we are acquainted non-
inferentially in our case, and which we inferentially
attribute to others. To be sure, we learn to use the
concept "pain" by learning its typical causes and effects,
but the fact remains that the "raw feel" associated with
pain is the key criterion which determines whether pain
is really present in an organism or not. We can imagine
beings which undergo states that have the causal role of
rain, but which don't feel pain--perhaps they don't feel
anything. Such beings could perhaps be said to "exhibit
pain behavior," but it seems quite clear that they
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wouldn't feel pain.

But let's set aside the problems of the phenomenal
aspect of our mental life. It does seem-true that cer-
tain mental states, particularly some that involve inten-
tionality, have definitive causal roles. Wanits and be-
liefs, for cxample, perhaps can be viewed as states
which tend Lo cauuse certain appropriate actions. (Thus,
if a person wants something and he believes that a cer-
tain action A will bring about the want, then this want-
belief complex is likely to result in his doing A.) We
come now to the second objection to Lewis' argument: it
doesn't follow from the fact that the definitive charac-
teristic of a certain mental property is its causal role,
that this mental property is contingently identical with
a physical property which happens to occupy the same
causal role.8 On the contrary; why can't we say that the
typical causes and effects of a particular mental pro-
perty are also the typical causes and effects of the
distinct nomologically correlated physical property? (A
particular action, for example, might be caused by a
particular want and by a neural event simultaneous with
the occurrence of the want.)

Lewig himself considers a dual causation view of
this sort, which he labels a brand of epiphenomenalism.
He contends that it is unsatisfactory, for two reasons:

1) "At best, this position yields nonphysical experiences
alongside the physical experiences, duplicating them,
which is not what its advocates intend”; 2) "The position
exploits a flaw in the standard regularity theory of
cause. We know on other grounds that the theory must be
corrected to discriminate between genuine causes and the
spurious causes which are their epiphenomenal correlates.
(The "power on" light does not cause the motor to go,
even if it is a lawfully perfect correlate of the_ elec-
tric current that really causes the motor to go.)"9
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The dual causation view I'm suggesting, and the
relation of this view to traditional epiphenomenalism,
will be discussed at length in chapter VI. For the
present, I1'll only sketch a brief reply to Lewis' two
points, His first point is that the position yields non-
physical experiences alongside physical experiences, which
is not whatl's intended. But why should the dual cause
theorist admit that the physical event-types in gquestion
are experiences? The theorist admits that a physical
event-type can occupy the causal role that's occupied by
an experience-type, but he denies that the physical event-
type is itself an experience. So Lewis is simply asser-
ting what the dual causation view denies.10

Lewis' second point invokes the distinction be-
tween genuine and spurious causes. He asserts that men-
tal causes, on the proposed dual causation view, are
really spurious causes. I.e., they are themselves caused
by the relevant physical events (just as the electric
current causes the "power on" light to switch on), and
they are not the genuine causes of any subsequent actions
or events (just as the "power on" light does not cause
the motor to go.) This point would perhaps have some
validity against a dual causation view which held that
mental events are themselves caused by the simultaneous,
nomologically correlated physical events. (The "power
on" light is a spurious cause of the motor's running be-
cause it is itself caused by the real cause of the mo-
tor's running--the electric current.) But the dual cau-
gation theorist can deny that physical events cause the
nomologically correlated mental events. In support of
his denial, he can invoke the part-whole supervenience
principle, which in effect asserts a necessary connection
between the physical and the mental of the sort which
does not obtain between cause and effect. The "spurious
cause" argument could thus be avoided. (More on this
point in chapter VI.)
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Since Lewis has failed to rule out the dual cau-
sation view, he has not shown that the alleged contingent
identity of mental event-types with physical event-types
is a consequence of his premise that mental event-types
have definitive causal roles. And in any case, I have
already argued that we have independent reason to reject
the premise as it applies to many mental event-types.

I come now to a third difficulty with Lewis' argument.

He is forced to deny the contention that pain is identical
to the attribute of having pain. This is because he

takes 'pain' to be a non-rigid designator of whatever
physical property happens to occupy the causal role that's
(allegedly) definitive of pain, while he admits that *the
attribute of having pain' is a rigid designator of that
property which belongs, in any world, to whatever things
have pain in that world. This approach is counterintui-
tive, Intuitively, it seems clear that 'pain' designates
the same property as ‘'the attribute of having pain'--viz.,
that unique property which is expressed by the predicate
'is in pain'. Pain is the property that's possessed,

in any given possible world, by the individuals to which
the predicate 'is in pain' applies.

Compare 'pain' to 'the color of the sky'. The
latter is a non-rigid property designator, as we saw. 3But
the reason is clear: +the expression is not a name but
a definite description, and it mentions a specific
entity (the sky) whose characteristics vary from one
world to another. Similarly for 'Plato's favorite pro-
perty'. 'Pain', on the other hand, is a name, and it
makes no mention of any specific objects whose character-
istics change from one world to another, such as the sky
or Plato. 8o it seems reasonable to treat 'pain' as a
rigid designator. This approach not only conforms to
our intuitions, but it also reflects the sharp digsimi-
larity between 'pain’' and 'the color of the sky'.11
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Although I have rejected Lewis' position, I wish
to emphasize a certain basic intuition that is reflected |
in his view, which I too seek to capture. The intuition,
which was discussed at the end of chapter II, is this:
although it's possible for mental properties like pain to
correspond to different physical properties than those to
which they correspond in the actual world, it's true
. nonetheless that in the actual world, and in possible
worlds that are "nomologically accessible" from the ac-
tual world, pain is "nothing more than" the correlated
physical property. Lewis captures this intuition in the
contention that"pain' is a non-rigid designator, whose
designatum in the actual world is neural property P, I
contend, on the other hand, that the intuition is success-
fully captured by the part-whole supervenience principle,
as applied to psychophysical correlation laws. If pain
correlates with neural property P in all worlds in which
the laws of natural science obtain and in which the only
indecomposible entities are those postulated by natural
science, then it seems reasonable to assert that pain is
"nothing more than" property P.

Section 3

I turn now to a second potential reply to my argu-
ment that microreductively correlated properties are not
identical. This reply has not been formulated as an
explicit argument, as far as T kncw, but it is at least
suggested by Kripke.12 and perhaps also by Putnam. 3
The reply is this: It's true that the SI criterion must
be met if microreductlively correlated properties are
to count as identical, and it's Lrue thal names ol pro-
perties are rigid designators. Thus, identities like
“Pain is property P" and "Temperalure iz mecan kinctic
energy" are true in all possible worlds il they're true
at all. But in fact, these assertlions are true in all
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possible worlds. An object doesn't really have a parti-
cular temperature unless it's composed of molecules, and
these molecules have the proper mean kinetic energy.
Likewise, an entity doesn't really have pain unless it
has the neural property P. Now, perhaps there are pos-
sible worlds in which certain entities are macroscopi-
cally similar to those in the actual world, but micro-
scopically quite different. Thus, there might be objects
with properties that are macroscopically indistinguish-
able from temperature or from pain, and which don't cor-
relate respectively with mean molecular kinetic energy and
with property P. But these macroscopic properties would
not actually be temperature and pain, since genuine tem-
perature is mean kinetic energy and genuine pain is
property P.

This position can be formulated in general terms,
as follows. Suppose theory T, reducesz to theory Tq via
connecting principles R1,2° Let P1 and P2 be two pro-
perties whose correlation is asserted by the principles
R1,2’ such that Py is a property recognized by T, and
P, is a property recognized by T,. The position we are
considering asserts that the presence or absence of Py
ig the criterion, in all possible worlds, for the pre-
sence or absence of P,. No entity in any possible world
will really possess property P, unless it possesses
property P4, no matter how much it might appear that the
entity possesses P, in the absence of Py or lacks P,
in the presence of Py. I shall call this view the “cri-
terial identity thesis," since it treats instantiation
of P, as the definitive criterion, in all possible
worlds, for the genuine instantiation of Py

This approach is quite implausible when applied to
mental event-types. Take the case of phenomenal mental
event-types, like pain or the sensation of red. Suppose
there is a possible world in which certain entities have
a radically different microstructure than living organ-
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isms in the actual world, but these entities have con-
scious experiences qualitatively indistinguishable from °
our experiences of pain. Then surely we would wish to
say that the entities do have pain, even though their
pain does not correspond to physical property P. Now
consider mental event-types of the more "cognitive" sort,
like beliefs. Suppose our imagined entities have the
same intelligence level and the same behavior patterns as
humans. Then presumably 1t would be no more difficult

to ascribe beliefs to them that it is to ascribe beliefs
to one another.- And we would surely say that the entities
really possess the beliefs we ascribe to them, even if
such beliefs in ourselves are nomologically correlated
with certain physical states which these alien entities
never undergo.

But although the viewpoint under consideration is
implausible when applied to mental-physical property
correlations, it does have a certain prima facie appeal
when applied to microreductively correlated properties
like temperature and mean kinetic energy. Xripke, for
example, seems willing to say that the identity of tem-
perature with mean kinetic energy holds in all possible
worlds, since an object in a possible world doesn't
really have a particular temperature unless it has the
relevant mean kinetic energy. Being identical to mean
kinetic energy is alleged to be an essential property of

temeprature.

What arguments are there in favor of this view?
One argument might be that scientists themselves are
inclined to say that temperature is "identical to" mean
kinetic energy, that surface tension is identical %o
molecular attraction, and so on. It has been suggested
that this usage, and the intuition that underlies if%,
constiyte reasons for maintaining that such properties
really are identical.l¥# It must be granted, I think,
that they constitute prima facie reasons. But they are
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not conclugive in themselves, especially if we can offer
1) some alternative way of accounting for the intuition
underlying this view, and 2) a linguistic expression,
other than 'is identical to', which reflects the under-
lying intuition. I submit that both tasks have been
accomplished above. The key intuition involved here is
captured in the assertion that temperature is “nothing
but," or “nothing else than," mean kinetic energy. I
have argued that this assertion is explicated by the
part-whole supervenience principle; the additional sup-
position of property identity is therefore superfluous.

A second argument which might be advanced in sup-
port of the view in question is the N-D argument itself.
The argument could be used ag follows: If we stipulate
that objects in other possible worlds don't really have
a particular temperature unless they have the appropriate
mean molecular kinetic energy, then we can thereby ac-
count for the fact that the correlation law involving
temperature and mean kinetic energy needs no explanation.
Otherwise, the law has the same status as fundamental
laws of nature.

The reply to this argument is by now familiar: the
~intuitive premises underlying the N-D argument are ef-
fectively reflected in the part-whole supervenience prin-
ciple, and this principle does not entail property iden-
tity.

A third potential argument involves considerations
of ontological parismony. It might be claimed that the
stipulative identification of microreductively correlated
properties effects a systematic reduction in the kinds
of properties we must countenance, thereby achieving
significant simplification of theory. We need not deny
that this argument provides a degree of prima facie support
for the contention that we should stipulatively identify
higher-level properties with their microphysical counter-
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parts. However, the putative gain in simplicity is not
a conclusive consideration in itself. It must be weighed
against any petentional theoretical disadvantages of
stipulative property-identification. Some important dis-
advantages will emerge in the next section.

A fourth argument for the crierial identity thesis,
some mighl contend, can be developed on the basis of
Kripke's discussion of alleged theoretical identities in
"Naming and Necessity."15 Although Kripke specifically
rejects the identity thesis with respect to psychophysi-
cal correlation laws involving properties such as pain,
much of his discussion suggests that he looks favorably
on the thesis as applied to microreductive connecting
principles at the level of natural science. But he
never specifically argues for the thesis, even in the
case of connecting principles which reduce one natural
science to another. It will be worthwhile to briefly
examine his discussion, in order to see why it does not
really apply to microreductive connecting principles.

He first considers the nature of the substance
gold. He asks whether yellowness is part of the concept
of gold.

Could we discover that gold was not in fact

yellow? Suppose an optical illusion were

prevalent, due to peculiar properties of the
atmosphere in South Africa and Russia and

certain other areas where gold mines are

common. Suppose there were an optical illusion

which made the substance appear to be yellow;

but, in fact, once the peculiar properties

of the atmosphere were removed, we would see

that it is actually blue...Would there on

this basis be an announcement in the

newspapers: "It has turned out that there is

no gold. Gold does not exist. What we

took to be gold is not in fact gold."?...

It seems to me that there would be no such

announcement. On the contrary, what would

be announced would be that though it appeared

that gold was yellow, in fact gold has turned
out not to be yellow, but blue. The reason is,
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I think, that we use 'gold' as a term for
a certain kind of thing...The kind of thing
is thought to have certain identifying
marks. Some of these marks may not really
be true of gold. Further, there might be
a substance which has all the identifying
marks we commonly attributed to identify
the substance of geold in the first place,
but which is not the same kind of thing,
which is not the same substance...Such a
thing is, for example, ag we all know, iron
pyrites or fool's gold.l

Yellowness, then, is not a part of the concept of
gold. We could discover that gold is not really yellow.
The term 'gold' is used to name a certain natural kind,
and it might turn out that the natural kind does not
(or sometimes does not) possess the characteristics we
thought it had when we first began referring to it as a
thing-kind.

Kripke next turns to the question of delimiting
natural kinds. On what basis do we demarcate the natural
kind we call 'gold'? The answer, as we might expect, is
provided by scientific theory: gold is the element with
atomic number 79. Having atomic number 79 is thus an
essential property of gold--i.e., the statement "Gold
hag the atomic number 79" is necessarily true.

Given that gold does have atomic number 79,
could something be gold without having the
atomic number 79? Let us suppose the scien-
tists have investigated the nature of gold
and have found that it is part of the very
nature of this substance, so to speak, that
it have the atomic number 79...Consider a
possible world. Consider a counterfactual
situation in which, let us say, fool's

gold or iron pyrites was actually found in
various mountains in the United States, or
in areas of South Africa and the Soviet
Union. Suppose that all the areas which
actually contain gold now, contained pyrites
instead, or some other substance which coun-
terfeited the superficial properties of .
gold but lacked its atomic structure. Would
we say, in this counterfactual situation,
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that in that situation gold would not even
be an element (because pyrites is not an
element)? It seems to me that we would
not...It would ngt be gold; it would be
something else,l

Kripke discusses several other examples, including
that of heat. Heat is in a class somewhat apart from
most of his examples, in that it is a process-kind rather
a thing-kind or substance-kind. In terms of the concep-
tion of events and processes we adopted in chapter I, heat
is a property: spoecific instances of this process consist
in the having of this property by certain things or sub-
stances, Kripke's discussion of heat parallels what he
said about gold: heat is a natural kind, and empirical
scientific discovery has demarcated the natural kind as
molecular motion. Hence the statement "heat is molecu-
lar motion: is necessarily true. Science has discovered
that being molecular motion is an essential property of
heat.

Can we then imagine a possible world in
which heat was not molecular motion? We

can imagine, of course, having discovered
that it was not. It seems to me that any
case which someone will think of...would
actually be a case in which some creatures
with different nerve endings from ours
inhabit this planet (maybe even we, if it's
a contingent fact about us that we have

this particular neural structure); and

these creatures were sensitive to something
else, say light, in such a way that they
felt the same thing that we feel when we
feel heat. But this is not a situation

in which, say, light would have been heat,
or even in which a stream of photons would
have been heat, but a situation in which

a stream of photons would produce the char-
acteristic sensations which we call sensations
of heat...What characteristically goes on

in these cases of, let's say, 'heat is mole-
cular motion'? There is a certain referent
which we have fixed, for the real world

and for all possible worlds, by a contingent
property of it, namely the property that
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it's able to produce such and such sen-

sations in us...One doesn't know a priori

what physical phenomenon, described in

other terms--in basic terms of physical

theory--is the phenomenon which produces

these gsensations . .We've discovered eventually

that this phenomenon is in fact molecular

motion. When we have discovered this we've

discovered an identification which gives us

an eusgential property of this phenomenon.

We have discovered a phenomenon which in

all possible worlds will be molecular motion--

which could not have failed to be molecular

@ot%gn,-because that's what the phenomenon

is.

In sum, Kripke has argued that "natural kind"
terms have scientifically-established criteria of ap-
plicability, which may differ substantially from the
macroscopic qualities by virtue of which we initially
"picked out" or identified the natural kind. The essen-
tial properties of gold are delineated scientifically, in
terms of molecular structure, rather than in terms of its
macroscopic qualities. The essential properties of heat
are delineated scientifically in terms of the physical
processes which actually occur when people feel heat-
sensationsg, rather than in terms of the presence {or
potential presence) of heat sensations in a sentient or-
ganism.,

Having cited the key passages in Kripke's argument,
we can now assess its relevance to the criterial identity
thesis. The thrust of his argument is that natural kind
terms~-whether they be sortal terms like 'gold' or pro-
perty terms like ‘heat'’--have scientific eriteria of
applicability. The most obvious application of this con-
tention is to terms which do not (at least initially)
have a place within scientific theory itself., After all,
terms within scientific theory itself do have scientific

criteria of applicability: they are gcientific- terms,

and the theory in which they occur will itself provide
criteria of applicability. (Otherwise, the terms would
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play no useful role in the theory.)

We are now in a position to see why Kripke's dis-
cussion has no clear application to the criterial iden-
tity thesis. This thesis concerns the status of inter-
theoretic connecting principles. The higher-level pred-
icates in these principles are already a part of scien-
Litice theory, nlbeit higher-level theory. Hence, these
predicates already have scientific criteria of applica-
bility, by virtue of their theoretical status. Kripke's
own example of heat will serve to illustrate the point
I am making. His basic claim is that heat is a natural
kind: phenomenal hotness is used to pick out the pheno-
menon in our world, but it is not an essential property
of heat. The essential properties of heat, he says, must
be specified at the theoretical level. But the crucial
question is this: which theoretical level? Kripke turns
directly to the molecular level, in his assertion that
heat is molecular motion. But the concept of heat occurs
at a higher theoretical level than this--viz., the level
of macroscopic thermodynamics. Now, Kripke's argument
does seem to require us at least to say that the criteria
for proper applicability of the term 'heat' are those
provided by thermodynamic theory. But his argument does
not require us to move below the level of thermodynamics,
as far as I can tell. It would seem that we can regard
heat as a natural kind on the basis.of its status as an
explanatory concept within thermodynamics.

Earlier in this chapter I denied that microreduc-
tively correlated properties are identical. I based my
denial on the claim that we can imagine possible worlds
in which a higher-level theory is true even if the funda-
mental reducing theory is false. 1I.e., various of our
higher-level theories can obtain in worlds where Ty does
not obtain. This contention amounts to the position that
there are possible worlds where the higher-level theories
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have a different "reduction basis" than theory T,.
Evidently, Kripke's argument regarding natural kinds does
not rule out the view that there are possible worlds
which contain an alternative miero-level reduction basis
for higher-level theory. 1In footnote 68 of "Naming and
Necessity," Kripke seems to acknowledge this point:

Some people have been inclined to argue

that although certainly we cannot say that

sound waves ‘'would have been heat' if they

had been felt by the sensation which we

feel when we feel heat, the situation is

different with respect to a possible phe-

nonmenon, not present in the actual world,

and distinct from molecular motion. Per-

haps, it is suggested, there might be another

form of heat other than ‘our heat', which

was not molecular motion; though no actual

rhenomenon other than molecular motion,

such as sound, would qualify. Similar

claims have been made for gold and for

light. Although I am disinclined to ac-

cept these views, they would make relatively

little difference to the substance of the

present lectures.t

In sum, Kripke's basic point is that terms like
'gold', 'cat', and'heat' designate natural kinds., Con-
sequently, definitive criteria for their applicability
are provided by scientific theory, rather than by a
cluster of concepts which might seem to typify the na-
tural kind prior to the discovery of its key theoretical
properties. But this point has no apparent relevance
to the metaphysical status of microreductive connecting
principles. We can accept Kripke's basic claim, and still
maintain that higher-level scientific theories are true
in possible worlds where theory T, is not true. There
might be other forms of heat besides "our heat," since
thermodynamic theory might have an alternative micro-
level reduction basis in some world where T, is false.
S0 Kripke's discussion does not support the criterial

identity thesis.
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Section 4

In this section we continue our discussion of the
criterial identity thesis. Of the various arguments we
have examined in relation to this position, only the
argument f'rom ontological parsimony lends any clear sup-
port to the thesis. I turn now to an argument against
the thesis, which I think will outweigh the prima facie

positive support which comes from considerations of par-
simony.

We first consider the case of mental properties
like pain. As noted earlier, the proposal that a pro-
perty isn't really pain unless it's neural property P
doesn't even seem initially plausible, because the defin-
itive characteristic of pain is quite clearly its pheno-
menal "“raw feel," rather than the presence of the neural
property which happens to correlate with this feel. When
we consider possible worlds in which entities have phe-
nomenally similar experiences, we are strongly inclined
to say that these entities really do feel pain, although
it is differently realized than in the actual world. But
we will ignore this problem for the present, while focu-
sing on the second argument against the proposal to
treat property P as the criterion of genuine pain. This
argument will be rather similar structurally to our ear-
lier argument against the proposal to treat property iden-
tities involving two names as contingent rather than
necessary. It was claimed that the latter proposal is
defective because property identity so construed cannot
guarantee the truth of the part-whole supervenience
principle. For example, saying that pain is contingently
identical to property P does not imply that pain is
identical to property P in all worlds which resemble ours
in point of fundamental physical laws and fundamental
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indecomposable entities. And since the supervenience
principle itself embodies the intuitions which are sup-
posed to be captured by an identity thesis (viz., the
intuitions expressed as (N), (D), (E), and (F)), failure
to imply this principle constitutes good reason for re-
jecting the view that property identities involving two
names are sometimes cnly contingently true.

The proposal for property identity that we're
presently considering, on the other hand, is based on
the SI criterion, and it therefore involves the necessity
of identity. Moreover, the supervenience principle is
implied by the present proposal: if property P is the
criterion of genuine pain, then no property in any pos-
sible world will count as pain unless it's property P.
Still, this proposal runs into trouble with respect to
part-whole supervenience, because of ‘the phenomenal as-
pect of pain., The trouble arises as follows: Even
though we are granting (for the sake of argument) that
its not unreasonable to say that an event isn't an in-
stance of genuine pain unless it's an instance of P, it
seems true nevertheless that an instance of P shouldn't
count as an instance of pain unless it is experienced as
painful--unless it hurts. I.e., even if not all occur-
rences of the-phenomenal "raw feel" associated with pain
are instances of genuine pain, it does seem that all
instances of genuine pain should include this raw feel,
Now, in this world they certainly will include the raw
feel, because we would not asgert that genuine pain is
identical to property P unless we believed that the phe-
nomenal feel we associate with pain is present if and only
if property P is present. But now consider possible
worlds, other than the actual world, which resemble ours
in point of fundamental indecomposable entities. There
is no guarantee that in these worlds, instances of P are
accompanied by the phenomenal feel of pain. On the
contrary; since property P--and not the phenomenal feel--
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is supposed to be the criterion of genuine pain, property
P might be associated with the phénomenal feel of pleasure
in some of these worlds, or with no feel at all, or with
radically different feels at different times. Conversely,
the feel of pain might be associated in these worlds with
physical occurrences other than the occurrence of P. In
short, taking property P to be a criterion of genuine

pain does not guarantee that the feeling of pain is su-
pervenient upon occurrences of P,

This result is highly counterintuitive. The asser-
tion that pain is identical to property P geems to imply
that the phenomenal sensation associated with pain is
determined by P--that there's nothing more to this phe-
nomenal occurrence than the physical property with which
pain is identified., And this apparent implication is
crucial, if the identity thesis is to serve as a full
explication ol the assertion that pain itself is 'nothing
more than' property P. But on the view of property iden-
tity we are now considering, the result is not implied at
all, The supervenience principle is implied, to be sure,
but only in a purely trivial way: property P correlates
with pain in all possible worlds whose laws and basic
entities are like ours, but only because an event alle-
gedly doesn't count as an instance of pain unless it is
an instance of P, The ‘'raw feel' of pain is left out of
this version of the principle completely.

Two conclusions can be drawn here. First, it is
clear that the criterial identity of pain and property
P is inadequate to capture an important belief which
lies at the basis of materialism--viz., the intuition
that the phenomenal aspect of pain is itself 'nothing
more than' property P. Principles (E), (F), (D), and
(N) are all meant to apply to pain gua phenomenal exper-
ience, since the phenomenal aspect of pain is fhe.pe-
culiarly mental aspect. Thus, the criterial identity
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thesis is inadequate to express the materialist concep-
tion of the mental. We must add to it an assertion of
the supervenience of pain-feelings upon instances of P,
This principle involves a property other than P, which
can be expressed roughly as follows: '"has a property
which involves the same 'raw feel' which we associate
with the term ‘pain'.”

The second conclusion to be drawn is the one we
have been working toward: we ought not to treat property
P as the criterion for genuine pain; consequently, this
purported criterion does not establish the identity of \
pain with P. This conclusion emerges from the conside-
rations just cited, which show 1) that there is no point
in treating property P as the criterion of genuine pain,
and 2) that adopting the proposed criterion would involve
unnecessary complication of theory, and 3) that the cri-
terion would be counterintuitive. There is no point in
adopting the criterion, because the resulting identity
thesis fails to express the materialist conception of
the mental that it's meant to express; the phenomenal
aspect of pain is not guaranteed to be determined by
property P, The critericn would introduce needless com-
plexity into unified science; it would be necessary to
distinguish pain qua physical property from the phenomenal
raw feel we normally associate with pain, and we would
have to employ the latter notion in stating the superven-
ience principle that's needed to express the materialigt
conception. Finally, the criterion would be counter-
intuitive, because it allows the following two possibi-
lities:t 1) that there are beings in worlds other than
ours who have experiences qualititiveiy indistinguish-
able from pain, but which nevertheless are not pain; and
2) that there are beings in worlds other than ours who
have pain (property P) when their phenomenal experiences
differ radically from the raw feel we associate with
pain, or even when they have no phenomenal experience
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at all. Thus, there is no advantage to the view that
‘property P is the criterion of genuine pain, and there
are clear disadvantages.

" It should perhaps be noted here that the argument
just presented does not in itself rule out the possibi-
lity that pain and property P are identical properties.
It is directed only against the view that P is the cri-
terion of genuine pain, and that the properties are iden-
tical because of this criterion. It's possible to hold
that the properties are identical, according to the SI
criterion, without adopting the criterial view. This
position is held by someone who maintains that pain (gua
phenomenal property) can only be instantiated in one way
in any possible world--viz., by property P. But as I
said some time ago, I know of no argument in support of
this extremely strong thesis. We can imagine possible
worlds in which there are beings who are composed of
fundamental components of an entirely different kind than
those in the actual world, and which experience pain.
(Imagine a world in which angels exist and feel pain, for
example. ) .

T turn now to the case of the reduction of one
physical theory to another, where the criterial identity
thesis appears more plausible initially than in the case
of reduction involving physical-phenomenal_connecting
principles. We will again consider the case of tempera-
ture and mean molecular kinetic energy. I shall contend
that we ought not to view mean kinetic energy as the
criterion for temperature, for reasons that are impor-
tantly similar to the reasons why we ought not to view
property P as the criterion of pain.

Suppose we were to adopt the position that mean
kinetic energy is the criterion for genuine temperature--
a position whose corollary is that temperature is iden-
tical to mean kinetic energy, at all possible worlds.

¥
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This position runs into trouble for reasons analogous

to those that emerged against the corresponding position °
regarding pain and property P. In the case of pain, the
proﬁiem arose for the following reason: although the
"raw feel" of pain correlates with property P in the
actual world, we have no guarantee that this correlation
will obtain in other possible worlds. In the case of
temperature, the analogous problem concerns the "corres-
pondence rules" which associate the theoretical notion of
temperature with various observational statements.20 (A
typical correspondence rule is the principle that a
particular temperature corresponds to a certain reading
of a mercury thermometer.) The problem is this: although
the correspondence rules associated with temperature ap-
ply to mean kinetic energy in this world, we have no
guarantee that these rules will apply to mean kinetic
energy in other possible worlds.

This lack of a guarantee is problematic because it
leaves open the possibility that there are possible worlds
in which mean kinetic energy displays none of the usual
observable effects of temperature, and in which there is
no explanation for this fact. (The lack of explanation
is crucial, since observational correspondence rules
presumably don't establish as strong a link between theo-
retical properties as the link between pain and the "raw
feel" of pain. Thus, there certainly are cases in which
a particular temperature is not reflected by the appro-
priate thermometer reading--for example, cases where the
thermometer is defective. But in instances such as
these, the failure of the usual correspondence rules is
capable of explanation.)

So just as before we were faced with possible worlds
in which pain doesn't hurt, we are now confronted with
possible worlds in which temperature doesn't behave
observationally the way it does in the actual world. The



82

supervenience principle is met in a trivial sense, but
it fails in the important sense. It's met trivially
because no property in any possible world counts as
temperature unless it's mean kinetic energy; hence,
temperature and mean kinetic energy are co-extensive in
all possible worlds. But the principle fails in the im-
portant sense that there is no guarantee that the usual
observational characteristics of temperature will remain
fixed, ceteris paribus, in all possible worlds. Thus,

the criterial identity of temperature with mean kinetic
energy leaves open the possibility that there are pos-
gilbe worlds which are exactly like the actual world in
composition, except that certain theoretical-observa-
tional correspondence rules are radically different than
in the actual world. (Perhaps there are worlds where
the mercury in thermometers falls, rather than rising,
in accordance with an increase of mean molecular kinetic
energy. )

This result is clearly counterintuitive. It geems
that the identity of temperature with mean kinetic
energy implies that the observational correspondence
rules associated with temperature are true of mean kine-
tic energy in all possible worlds. We surely don't
wish to say that a property can be temperature without
displaying the usual observational characteristics of
temperature (unless, of course, the lack of the usual
characteristics can be explained). The reason we feel
this reluctance is that ‘'temperature', as a theoretical
concept in thermodynamics, is a useful notion largely
because it helps to explain, predict, and unify certain
observable phenomena. This explanatory/predictive role
is crucial to the concept, as it is to thermodynamies
as a whole. Moreover, if the usual connections to ob-
servation are not maintained, then the observable
phenomena themselves are no longer necessarily governed
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by the laws of thermodynamics. This leaves open the

- possibility that they don't obey any laws at all in cer- »
tain possible worlds, even though these worlds have the
same basic entities and the same micro-laws as the actual
world.

The advocates of the N-D argument surely don't en-
vision this poseibility. When they assert that tempera-
ture is determined by mean kinetic energy, or that it's
nothing more than mean kinetic energy, they mean to imply
that mean kinetic energy will display, in all possible
worlds, the observational characteristics we associate
with temperature. This leads us to two conclusions,
parallel to those we drew earlier concerning pain and
property P. TFirst, the criterial identity of temperature
and mean kinetic energy is inadequate to capture an im-
portant belief which lies at the basis of the N-D argu-
ment--viz., the belief that correspondence rules we as-
sociate with temperature are true, ceteris paribus, in

all possible worlds, of mean kinetic energy. This belief
is central to the intuition that temperature is "nothing
but” mean kinetic energy. Thus, we must add to the cri-
terial identity thesis an assertion of the supervenience
of these correspondence rules upon mean kinetic energy.
This supervenience involves the following property:
"gsatisfies the constraints imposed by the laws and cor-
respondence rules assocliated with the term 'temperature'.“
The required supervenience asserts that this property is
co-extensive, in all possible worlds, with mean molecular
kinetic energy.

The second conclusion to be drawn, as in the
earlier example of pain, is that we ought not to treat
mean kinetic energy as the criterion of genuine tempera-
ture; consequently, this purported criterion does not
establish the identity of the two properties. The rea-
sons are the same as in the earlier case. First, there
is no point in adopting the criterion, because the re-
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sulting identity thesis fails to express the intuitive
content of the assertion that temperature is "nothing
but" mean kinetic energy. Second, the criterion would
introduce needless theoretical complexity, because it
would be necessary to distinguish temperature gua mean
kinetic energy from the property which entities have
Just in case they satisfy the constraints imposed by the
laws and correspondence rules assoclated with 'tempera-
ture’, It's simpler to identify temperature with this
latter property. Third, the criterion is counterintui-
tive, because it fails to rule out the existence of pos-
sible worlds in which mean kinetic energy lacks--without
explanation--the usual observational traits of tempera-
ture. So there is no theoretical advantage in the view
that temperature is criterially identical to mean ki-
netic energy, and there are clear disadvantages.

In sum, the proposal to treat mean kinetic energy
as ‘the criterion for genuine temperature has the effect
of divorcing the concept of temperature from the usual
macroscopic, publicly observable phenomena with which
this concept is associated in the actual world. If
mean kinetic energy were the criterion for genuine tem-
perature, then the role of theoretical-observational cor-
respondence rules would be guite secondary. But corres-
pondence rules are actually linked to theoretical con-
cepts in a vitally important way, since one key purpose
of theoretical notions is to facilitate explanation and
prediction of the observable phenomena with which they
are associated. Consequently, the applicability of the
appropriate correspondence rules becomes at least a
partial criterion for the applicability of the concept
of temperature in other possible worlds. And if we
accept this latter criterion, we must reject the cri-
terial identity thesis.

In conclusion, let me briefly emphasize the dif-
ference between microreductively correlated properties,
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according to the position I advocate. 1 contend that we
should reject the identity thesis for microreductively
correlated properties, but that we should adopt the
part-whole supervenience principle. How exactly do
temperature and mean kinetic energy differ, on this con-
strual? The difference is based on the fact that tem-
perature is ascribable to whatever entities satisfy the
constraints imposed on the concept 'temperature! by the
laws and correspondence rules of thermodynamics. We can
imagine possible worlds where Tqo does not obtain, such
that the relevant constraints are satisfied even though
molecular theory does not obtain., In such worlds, an
object would possess a certain temperature without pos-
sessing a mean molecular kinetic energy. But the fact
that temperature can be instanced this way in some pos-
sible world does not affect the contention that in our
world, and in all K-worlds where Tp obtains, temperature
is co-extensive with mean molecular kinetic energy. And
the truth of the latter contention is sufficient to es-
tabligh that temperature is "nothing else than" mean
molecular energy.

11 reconsider one possible form of the property
identity thesis in the appendix. There, I continue to
reject +the thesis with respect to psychophysical con-
necting principles, but I leave open the possibility of a
certain kind of identity thesis in natural science.

2Cf. Kim, "On the Psycho-~Physical Identity Theory,"
ppo 22?"‘28- ’

3cr. Sklar, p. 119.

“of. Richard Montague, "On the Nature of Certain
Philosophical Entities,” Mon 53 (1969): 159-164,

5Jaegwon Kim has asked whether I am prepared to say
the same about 'the teacher of Plato'": that this expres-.
gion doesn't denote an indlividual because it applies to
different things in different possible worlds. In reply,
let me point out that I do maintain that the expression
'the color of the sky' denotes a color--it non-rigidly
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designates the color of the sky in whatever world is
under discussion. Similarly, 'the teacher of Plato'
designates (non-rigidly) an individual. But these facts
are consistent with my claim in the text--viz., that the
property expressed by 'is the color of the sky' is not a
color. This claim is based on the fact that different-
colored objects have this property in different possible
worlds. One further comment: As we actually uge the
predicate 'is the color of the sky' in ordinary parlance,
it perhaps has the meaning of 'is the color of the sky
(at a)'. But this usage would help, rather than hinder,
the argument in the text, since the latter predicate has
the same intension as 'is blue’',

61 am assuming that 'pain' and the expression des-
ignating the neurological correlate of pain are rigid
property designators. They make no mention of any
specific objects whose characteristics change from one
world to another, such as the sky or Plato. So there is
no initial reason to think that they designate different
properties in different possible worlds. (This matter
is taken up in the appendix.)

"David Lewis, "An Argument for the Identity Theory,"
JP 63 (1966): 17-25.

8When we speak of a property occupying a causal
role, we mean of course that the concrete events which
are its instances occupy the causal role,

9Lewis, p. 17.

10Lewis' position is actually ambiguous. He
phrases his "causal role" analysis of experiences by
saying that certain causal roles "belong by analytic
necessity to experiences." (p. 17) This assertion can

be interpreted in two ways:

a) By analytic necessity, a property is an experience of
kind E iff it has causal role C.

b) A predicate expresses a property of kind E iff by
analytic necessity., it expresses a property with
causal rocle C.

Statement (a) has the consequence that my proposed dual-

causation view yields non-physical and physical experi-

ences. But the dual-causation theorist can reply that
statement (b) expresses the essential content of the "cau-
sal role" position; statement (a) is tendentious.

11I will have more to say about this approach, with
respect to properties other than phenomenal properties, in
the appendix. .
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12See Kripke's discussion of the alleged identity
of heat with the motion of molecules, "Naming and Neces-

sity,", p. 325.

13Putnam, p. 236. Putnam asserts that "the prob-
lem of stating a 'principle of individualtion®' for
physical properties, magnitudes, etc., reduces...to the
problem of describing the methodological constraints on
reduction."”

1uPutnam. ibid., seems to take this view, although
he is not writing within the confines of the SI cri-
terion.

15Kripke, pp. 314-42,

61y34., p. 315-16.

}71bia., pp.319-20.

181pid., pp. 325-26.

191pia., p. 353.

20The notion of a correspondence rule is employed
by philosophers of science to refer to a statement which
connects assertions stated in theoretical vocabulary to
assertions stated in antecedently-understood, pre-theo-
retical vocabulary. I discuss the notion critically in
chapter IV, and I adopt a modified notion in its place.
But the modification will not affect the points I make
in the present chapter, so I will continue to use the
notion uncritically until chapter IV.



IV. THE PART-WHOLE SUPERVENIENCE PRINCIPLE

Section 1

Having rejected the view that microreductively cor-
related properties are identical, I now turn to a defense
of the part-whole supervenience principle (S).

(S) In all K-worlds in which theory Tj obtains, the
connecting principles R also obtain.
Recall that this principle assumes the truth of the Unity
of Science hypothesis. T4 is the fundamental reducing
theory of unified science. R is the set of microreduc-
tive connecting prineciples in unified science--the prin-
ciples which reduce various branches of science to
branches immediately below them in the reductive hierar-
chy, and which thereby ultimately reduce all of science
to Ty. And K-worlds are possible worlds in which the
only kinds of concrete indecomposable entities are those
kinds which exist in the actual world--viz., entity-
kinds recognized by Tp.

Statement (S) is a fundamental metaphysical thesis.
If adopted, it will occupy a position very close to the
"center" of our theory of the world, in Quine’s sense
of centrality. I.e., it will resemble the principles of
logic and mathematics, in that it will be subject to
emprical disconfirmation only very indirectly, if at
all. Empirical questions arise when we ask whether or
not a particular theory T, is microreducible to some other
theory T4; proposed biconditional correspondence prin-
ciples will be subject to the test of experience, to the
same degree that other aspects of the particular scienti-
fic theories are so subject. Similarly, the Unity of

88



89

Science hypothesis is a (very general) empirical thesis,
despite the fact that it also serves as a guiding metho-
dological principle in research and theory construction.
But the supervenience principle is much less subject to
the vicissitudes of experience., For, it seems that the
best we can do empirically is to determine whether or
not certain proposed microreductive connecting princi-
ples actually obtain between two theories Tos and Tq.

We cannot tell, on the basis of empirical evidence,
whether or not the connecting principles would obtain

in all K-worlds in which Ty is true. Nor can we decide
the truth of this latter_ thesis simply by appeal to
specific scientific theories. These theories inform us
of lawlike regularities which obtain in the actual
world, but they are silent regarding the question of
whether the correspondence principles will obtain in

all possible K-worlds. The supervenience principle is
further from the periphery of experience than any of the
individual sciences. Accordingly, empirical considera-
tions (other than those which are involved in establish-
ing the existence of connecting principles in the actual
world) will have little bearing on the truth or falsity
of the principle.

This is not to deny that arguments for the princi-
ple can be given. The present chapter will be devoted
to arguments in its favor. But arguments will occur at
a different level than those which occur in theory-
construction at the level of the particular sciences.
Considerably more weight will be placed on considerations
of simplicity, economy, intuitive naturalness, concep-
tual coherency, and the like, while virtually no weight
will be placed upon empirical considerations.

It's clear that more of an argument is needed for
the truth of a principle like (S) than is needed for
the truth of the principles of logic or mathematics.
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The truth of the latter can be maintained on the basis
of their crucial role in our conceptual scheme: we are
reduced to virtual incoherency if we deny them. It
does not appear that the same can be claimed for prin-
ciple {S). Nonetheleass, if we are strongly influenced
by the various intuitions which underlie the N-D argu-
ment then we will no doubt feel an inclination to adopt
the supervenience principle on the grounds of these in-
tuitions. Thus, intuitive naturalness represents a
prima facie reason for adopting the principle. But
there is more to be said on the subject than this. We
need to inquire more fully into the foundations of the
various intuitions which underlie the supervenience
principle, in order to understand why they arise and

why they deserve to be heeded. And we must also confront
and reply to certain arguments which purport to show the
falsity of the principle.

In order to obtain a more precise understanding
of (S), and also to facilitate my defense of this prin-
“ciple, it will be necessary to discuss first the nature
of scientific theories. This is a very large topic, of
course, and my discussion will be limited. WMy purpose
is to survey some main considerations which have been
offered by others in support of a particular view of
scientific theories--a version of which I shall adopt
myself in arguing for the supervenience principle. This
- view,which I shall call the "modified conception" of
scientific theories, is advocated explicitly by the re-
cent Carl Hempel, and I suspect that something like it
is held by many others. The view has emerged largely
as a reaction to, and modification of, what Hempel calls
the "standard conception" of scientific theories., I
shall briefly describe the standard conception, the major
objecfions which Hempel and others have levelled against
it, and the modified conception which has emerged as a
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result of these objections.1 I will then introduce some
distinctions of my own within the framework of the modi-
fied conception, distinctions which will prove useful

in defending (S). And I will indicate the relevance of
the modified conception to the understanding of certain
key concepts of (S8), notably the concept of a connec-
ting principle.

The standard conception of scientific theories, as
Hempel notes, is represented in the writings of N.R.
Campbell, F.P. Ramsey, Rudolph Carnap, R.B. Braithwaite,
and Ernest Nagel. On the standard construal, a theory
is characterized by two constituents. The first is an
axiomatized deductive system of uninterpreted formulas,
the postulates of the system corresponding to the basic
principles of the theory. The postulates may be thought
of as formulas obtained by axiomatizing the basic prin-
ciples of the theory and then "disinterpreting" (to use
Quine's expression) the primitive theoretical terms in
the axioms. The second component is a set of sentences
that give empirical import to the system by interpreting
gsome of its formulas in empirical terms--in terms of the
vocabulary that deseribes the phenomena the theory is to
explain, These sentences are usually called correspon-
dence rules. They have also been known as operational
definitions, co-ordinative definitions, or interpreta-
tive principles, and they have been characterized as
forming a dictionary, or an interpretative system. Wri-
ters who employ the standard conception frequently as-
sume a sharp dichotomy of vocabulary into "theoretical"
and "obgervational" components, and they have thought of
correspondence rules as gsentences containing vocabulary
of both kinds. But it seems possible to adhere to the
essentials of the standard conception without relying on
a sharp theoretical/observational dichotomy: corres-
pondence rules are then viewed as relating theoretical
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terms to pre-theoretical ones. A pre-theoretical term

ig one which is understood and has empirical import in- °
dependently of the particular theory under consideration;

it may or may not be "observational."

I come now to a brief mention of the major criti-
cisms that have been levelled against the standard con-
ception. First, there are several well-known critiques
of the theoretical/observational dichotomy.2 These cri-
tical discussions have sometimes been presented as an
argument against the standard conception jtself.2 And
this approach has often ‘been justified, since certain
advocates of the standard view (notably Carnap) have
tended to give the distinction a central role. But the
objection can perhaps be avoided, by employing the
weaker theoretical/pre-theoretical distinction.

So stated, however, the conception becomes vul-
nerable to a second objection. The construal of a
thebry as an axiomatized uninterpreted calculus plus a
set of interpretative correspondence rules strongly
suggests that all the terms in the axiomatized calculus
are "new" theoretical ones, and that antecedently un-
derstood pre-theoretical terms are all introduced via
the correspondence rules. Actually, however, the basic
laws of most scientific theories employ not only "new"
theoretical concepts but also "old" or pre-theoretical
ones. For example, the basic laws of the classical
kinetic theory of gases attribute to atoms and molecules
such properties as mass, volume, velocity, momentum,
and kinetic energy--all of which were previously used in
antecedent theorizing about physical objects; the wave
theory of light employs the antecedently available
notions of wavelength and wave frequency, etc. Thus,
the two-tier conception of a theory as an uninterpreted
calculus plus a set of interpretative correspondence
rules linking theoretical to pre-theoretical terms,
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cannot be maintained.

A third objection to the standard conception con- >
cerns its treatment of the role of models. Certain pro-
ponents of the standard conception, notably Nagel, have
regarded a theory as having a third component, namely
"a model for the abstract calculus, which supplies some
flesh for the skeletal structure in terms of more or
less familiar conceptual or visualizable materials."%
Nagel observes that a theory is usually embedded in a
model, rather than being formulated simply as an abstract
calculus and a set of correspondence rules. The main
reagon for this, he suggests, is the greater ease of
understanding which ensues. The implication is that the
model, although it facilitates understanding and it can
sometimes be a heuristic aid in formulating new hypo-
theses, nevertheless is logically dispensable.

The objection is that not all models used in
science seem to be logically dispensable. Certain of
them are dispensable, admittedly, such as the mechanical
or hydrodynamic representations of electric currents
or the luminiferous ether that played a considerable
role in the physics of the late nineteenth and early
twentieth centuries. But consider the models implicit
in such theories as the kinetic theory of gases, classi-
cal wave and particle theories of light, Bohr's theory of
the hydrogen atom, or the molecular-lattice theory of
erystalline structure. All these claim to offer, not
Picturesque analogues, and not re-interpretations of a
theory's abstract calculus in concretely visualizable
terms, but tentative descriptions of the actual micro-

structure of the objects and processes under investiga-
tion. A model is often an integral and logically in-
dispensable component of a theory.5

A fourth objection concerns the notion of a corres-
pondence rule, Their designation as rules, as opera-
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tional definitions, or co-ordinative definitions sug-
gests that they have the gstatus of metalinguistic prin-
ciples which render certain sentences true by terminolo-
gical convention or stipulation. But there are several
problems with this conception: 1) Scientific statements
that are initially introduced by "operational defini-
tions" or more general rules of application for scienti-
fic terms usually change their status in response to
new empirical findings and theoretical developments.
(Hempel gives the following example. Some periodic
process, such as the axial rotation of the earth as
reflected in the apparent daily motion of some fixed

- star, might be used initially to "define" equal inter-
vals of time in experimental terms. But ancient astro-
nomical reporits have been used to establish a very slow
deceleration of the earth's axial rotation, with a con-
sequent slow lengthening of the mean solar day.) 2)

A theory usually links a given theoretical concept to
geveral distinct kinds of phenomena that are characteri-
zed in terms of the antecedently available vocabulary.
Hence, not all the true interpretive sentences thus
provided for a given theoretical term can be true by
convention, since they jointly imply certain empirical
statements to the effect that if one of the specified
methods yields a certain numerical value for the quan-
tity in question, then the other methods will yield the
same value. 3) Quine‘'s critique of the analytic/syn-
thetic distinction suggests that no sentence, with the
possible exception of the truths of logic and mathema-
tics, qualifies as immune to revision should the theory
encounter certain recalcitrant empirical findings.
Hence, it's not clear what claim is being made when
certain sentences of a theory are characterized as
"true by convention."

A fifth objection concerns the initial motivation




95

of the standard construal. The presumptive problem
which the standard conception sought to solve was the
question of how the meanings of the "new" terms in a
theory are specified. But writers like Putnam and the
recent Hempel have argued that this presumptive problem
does not really exist.6 Those who posed the problem
ansumed thal we ammot come to understand new theoreti-
cal terms oxcept by way of sentences specifying their
meanings with the help of previously understood terms.
This idea seems untenable, in light of the ways in which
new theoretical terms are introduced into a language,
and the ways in which we learn to use them properly:
from instances of their use in particular contexts,

from loose paraphrases that employ "broad spectrum”
terms (like 'thing' and ‘'physical magnitude') or certain
imprecise everyday terms (e.g., 'harder to accelerate',
‘heavier than'), from reading the theory or text in
which the term is employed, and so on.

A sixth objection? involves the notion that the
correspondence rules specify the interpretation of the
abstract calculus. The traditional view suggests that
the cognitive significance of theoretical terms and
statements is solely a function of their relation to
assertions framed in the pre-theoretical vocabulary.
The significance is drawn up to the theoretical terms--
by osmosis, as it were--through the theoretic/pre-theo-
retic connections asserted by the correspondence rules,
and then secondarily by means of the intratheoretic con-
nections established by the postulates of the calculus.
If this view is ‘taken literally, it seems to imply a
a fairly drastic instrumentalism. No provision has yet
been made for treating theoretical referring expres-
sions ('electron', 'DNA molecule') as having any
actual referents, and no provision has been made for
treating theoretical predicates ('has a unit negative
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charge', 'is radioactive') as having an extension other
than the null extension. We have been given no reason

to think that theoretical entities exist, or that theo-
retical predicates are true of anything. So if the only
cognitive significance possessed by theoretical asser-
tions is that which is provided by the correspondence
rules (and then, indirectly, by the postulates of the
calculus), then the theory becomes a mere instrument

for purposes of systematically connecting pre-theoretical
assertions.

Before we can embrace even a minimal scientific
realism, we must allow for more than mere empirical in-
terpretation of the abstract calculus: we must also
allow for semantic interpretation, in the sense of
Tarski.® That is, we must take theoretical denoting
terms to refer to actual entities, and we must take
theoretical predicates as having actual extensions
among the theoretical entities. Suppose we so take
them, in a suitable metalanguage. Then the set of theo-
retical postulates, viewed as an uninterpreted calculus,
can be given the desired semantic interpretation by
asserting the truth condition for each sentence of the
calculus to be its restatement in, or its translation
into, our metalanguage. Now, it seem obvious that we
can and should so interpret the postulates of a theory,
precisely because the alternative is o embrace an im-
plausible instrumentalism. And it may be the case that
some advocates of the standard conception would not
wish to dispute the need for semantic interpretation.
But the fact remains that provision is not made in the
standard conception itself for semantic interpretation.
According to the received view, a theory is an ordered
couple of sets (T,R), where T is a set of statement
forms--a semantically uninterpreted calculus--and R
is the setl of theoretical/empirical correspondence
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rules., In order to allow for semantic interpretation,
the standard view would have to be modified, by constru-~
ing T as a semantically interpreted calculus. (In such
a modified construal, correspondence rules would con-
tinue to function as statements of empirical truth con-
ditions, thus providing an "empirical interpretation"
for T. They would delimit a set of empirical constraints
which must be satisfied by the actual, intended semantic
interpretation.?)

Before leaving this objection, & historical ob-
servation is in order. The distinction between semantic
and empirical interpretation of theoretical terms and

statements has been blurred in the past largely because
of the legacy of the logical empiricist conception of
cognitive significance. For a good logical empiricist,
there is simply nothing more to the cognitive content
of a theoretical assertion than its empirical import.
Hence, theoretical statements receive as much interpre-
tation as they're capable of by means of cerrespondence
rules. Carnap has been bravely consistent on this
point. He accepts the conseguence that the realism/
instrumentalism controversy is really a pseudo-issue--
that questions as ‘to the reality or non-reality of theo-
retical entities are meaningless.10 But the fact that
he has been forced to such a heroic stand seems to con-
stitute a good reason, in addition to the many others
that have been adduced by critics, for rejecting the
logical empiricist conception of meaning.

On the basis of objections of the sort just out-
lined, -Hempel has recently been led to adopt a concep-
tion of scientific theories which differs somewhat from
the standard construal. I will briefly desecribe his
conception, since it will play an important role in our
subsequent discussion of the supervenience principle.
He suggests that a theory contains statements of +two
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kinds, which he calls internal principles and bridge

principles.

The internal principles serve to charac-

terize the "theoretical scenario": they

serve to characterize the basic entities

and processes posited by the theory, as

well as the theoretical laws that are as-

sumed to govern them. The bridge principles,

on the other hand, indicate the ways in

which the scenario is linked to the previous-

ly examined phenomena which the theory is

intended to explain...If I and B are the

sets of internal and bridge principles by

which a theory T is characterized then T

may be represented as the ordered couple of

those sets: T=(I,B). Or alternatively,

and with greater intuitive appeal, T may be

construed as the set of logical consequences

of the sum of the two sets: T=c(I U B).l1l

This division of a theory into two components has
certain parallels to the standard division into an un-
interpreted axiomatized calculus and a set of correspon-
dence rules, but it differs in important respects. The
internal principles of the theory are not conceived as
an uninterpreted logical skeleton; rather, they include
the full-fledged semantically interpreted laws of the |
~theory. They can include other statements, too--specifi-
cally, statements specifying models which purport to
further describe the theoretical entities mentioned in
the basic laws of the theory. Internal principles may
also contain pre-theoretical terms,: if such terms are
required in the formulation of basic laws of the theory.
In all these respects, internal principles differ from
the semantically uninterpreted statement-forms which com-
prise the first component of a theory, according to the
standard conception. -

Hempel's bridge principles are somewhat analogous
to the correspondence rules of the received view,
Their role is, essentially, to connect internal prin-~

ciples to the body of phenomena they are intended to
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explain. But again there are important differences
between Hempel's view and the standard conception. Not
all bridge principles involve observational language:
some will link the "theoretical scenario" to other ante-
cedently understood theoretical phenomena. Thus, a

sharp theoretical/observational dichotomy is not pre-
supposed by the notion of a bridge principle. Rather,
bridge principles are pictured as relating "new" theo-
retical voacabulary to pre-theoretical vocabulary, and
the latter will often include vocabulary from other
theories.

This broad conception of bridge principles may or
may not conflict with the notion of a correspondence
rule, depending upon whether or not the theoretical/
observational distinction is taken to be a part of the
standard construal. (I suggested above that it need not
be.) In any case, we come now to some definite discre-
pancies between the two notions. First, Hempel's bridge
principles are not considered expressions of linguistic
convention, Rather, they are substantive assertions of
the theory, subject to revisions in the face of recal-
citrant experience. Secondly, they are not viewed as
the sole meaning-confirming vehicles of the theory. They
do specify the empirical content of the theory, of course,
but they do so by making substantive assertions about the
relations between the theoretical and the empirical,
rather than by specifying the sole "cognitive signifi-
cance" of theoretical assertions.

Section 2

The objections described above to the standard
conception of scientific theories are jointly quite
compelling, and they provide .ample reason for adopting
Hempel's modified view, or something like it. & shall
adopt his basic conception, therefore, and I shall use
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it as a basis for defending the part-whole supervenience
principle. Certain asgspects of the modified conception -
will be crucial--in particular, its thoroughgoing realism
as regards theoretical micro-entities and micro-processes,
and its recognition that models in science are often in-
tended as actual descriptions of these entities and pro-
cesgses. (Actually, I will not adopt the modified con-
ception in quite the form presented by Hempel. I will
further modify Hempel's own conception,in a way that will
be made clear shortly.)

We will also require several distinctions which
Hempel himself does not make explicitly. First, as re-
gards the set of bridge principles of a theory, we need
to distinguish the subset of these which count as theo-
retical-observational bridge principlés. Now, I have no
wish to re-introduce the Jjustly criticized distinction
between observational vocabulary and theoretical vocabu-
lary, nor do I wish to suggest that we can give a com-
pletely sharp and precise delimition of the class of
theoretical-observational bridge principles. Nonethless,
it is important to distinguish this subset, because it
encompasses the more-or-lesg direct empirical import of
a theory, as opposed to its interconnections with other
theories. (Hempel's characterization of bridge prin-
ciples is wide enough to include even microreductive
connecting principles.)

A bridge principle will normally assert that the
truth of a statement S; that's phrased in pre-theoretic
vocabulary is necessary, or sufficient, or perhaps
necessary and sufficient, for the truth of an assertion
S, that involves certain "new" theoretical terms. (For
example, 5S4 might be a statement asserting that a
spectral line is present at a specific position in the
spectrum of a certain element; S, might be the assertion
that electrons in the element are jumping from one
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specified permissible orbit to another. The truth of
S, would count as sufficient, or at least ceteris paribus

sufficient, for the truth of S4.) The problem we face
is to describe the conditions under which Sy will count
ag obsecrvational. This task has been accomplished, in

a way thal scems adequate for our purposes, by Quine.

He cmploys the notion of the gtimulus meaning of a sen-
tence for a native speaker of a language, and the notion
of an occagion gentence. Roughly, the affirmative stim-
ulus meaning of a sentence for a speaker is the class of
all the stimulations that would prompt his assent; the
negative stimulus meaning is the class of all the stim-

ulations that would prompt his dissent; and the stimulus
meaning in toto is the ordered pair of the two.12 0c-
casion sentences, as against standing sentences, are
sentences "which command assent or dissent only if que-
ried after an appropriate prompting stimulation."13

Now for Quine's characterization of observation
sentences:

Occasion sentences whose stimulus
meanings vary none under the influence of
collateral information may naturally be
called observation sentences, and their
stimulus meanings may without fear or con-~
tradiction be said to do full justice to
their meanings...Or better, we may speak
of degrees of observationality....

In behavioral terms, an occasion
sentence may be said to be more observa-
tional the more nearly its stimulus meaning
for different speakers tends to co-in-
cide....

Among standing sentences that are
well over toward the occasion end,...the
notion of observationality works quite
as well as among occasion sentences....

Viewing the graded notion of obser-
vationality as the primary one, we may
s1ill speak of senlences simply as ob-
gservational sentences when they are high,
in observatlonallty.l

Quine observes that 'observation sentence' sug-
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gests +the datum sentences of science. And indeed,
these are precisely the sentences we must capture in 3
order to delimit the theoretical-observational bridge
principles of a theory.

On this score our version is not amiss;

for the observation sentences as we have

identified them are Just the occasion

sentences on which thereis pretty sure

to be firm agreement on the part of well-

placed observers. They are just the sen-

‘tences on which a scientist will tend to

fall back when pressed by doubting col-

leagues.15

I shall use the term 'correspondence principle’
to refer to bridge principles which connect theoretical
agssertions directly to observation sentences. These prin-
dples may be thought of as coinciding'with the theore-
tical-observational "correspondence rules" of the stan-
dard conception. But of course they are not rules; they
are substantive assertions of the theory.

We come now to another set of distinctions which
' Hempel does not explicitly make, but which is important
for our subsequent discussion. This involves various
narrower and wider senses which might be assigned to
the notion of a theory. We can accept Hempel's conten-
tion that intertheoretic bridge laws, correspondence
principles, and models are all "a part of theory" in
some sense, and yet still ask whether there are legi-~
timate narrower senses of 'theory'. It seems that a
narrower sense is appropriate, for example, when we
speak of the reduction of one theory to another; on
Hempel's construal of theories, a reduced theory is
actually a part of the reducing theory, rather than a
separate theory. This is because the class B of "bridge
principles” includes microreductive connecting principles.
Thus, if T, is microreducible to Ty, and Ty=c(I4 U By},
then T, is contained in Ty4.
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A narrower sense will likewise be needed if the
supervenience principle is to count as a non-trivial
assertion: a reduced theory T, will be trivially true in
all possible worlds where the final reducing theory Tg
is true, if the comnecting principles linking T; to Ty
are themselves regarded as a part of Ty So in order to
prevent the term 'intertheoretic reduction' from becoming
a misnomer, and in order to save (S} from triviality,
we must disfinguish at least one sense of theory that's
narrower than Hempel's.

A solution to the problem is ready at hand., We
should distinguish different components in the set of
bridge principles B, and we should only include certain
of the bridge principles as a part of theory in the
narrower sense. Let Bs be the set of "secondary" bridge
principles~-those that connect "new" theoretical asser-
tions to antecedently understood theoretical assertions,
and to observational assertions which are associated
with these antecedently understood theoretical assertions
through the correspondence principles of the antecedently
understood theories., ("New" theoretical assertions, as
against antecedently understood theoretical assertions,
are statements which make essential use of vocabulary
unique to the internal principles I of the given theory.)
Bs thus includes microreductive connecting principles
which 1ink T to other theories. I+t also includes cor-
respondence principles which link the internal concepts
of T to observation indirectly--correspondence principles
which follow logically from intertheoretic connecting
principles together with the correspondence principles
of antecedently understood theories.’

Let Bp be the set of principles which are "primary"
corregpondence principles--those which associate obver-
vational statements directly with the theoretidal asser-
tions employing only the vocabulary of the theory's
internal principles. Bp and Bs together comprise ‘the
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full set B of bridge principles.

I suggest that the most useful sense of 'theory'y
both generally and for purposes of understanding inter-
theoretic microreduction and the supervenience prineciple,
is this: P=c(I U Bp). Bridge principles which involve
antecedently understood theory should be treated as auxil-
iary to a given theory, as the phrase "intertheoretic
connecfing principle" itself suggests. Before we accept
this narrower sense, however, we should note the reason
why Hempel himself employs a broader conception of theory
than this., In the above-quoted passage in which he de-
scribes his conception, he characterizes the bridge
principles as statements which indicate the ways in which
the "theoretical scenario" described by the internal
principles is linked to the previously examined phenomena
which the theory is designed to explain. The class of
such principles is wider than Bp, because the phenomena
explained by theory T will not necessarily be observa-
tionally described phenomena. Accordingly, Hempel's
conception of theory is broader than ours.

It is certainly true that certain theoretically-~
described phenomena are sometimes explained by means of
a theory other than the theory which provided the ori-
ginal description. In fact, this is just the sort of
explanation which goes on when one theory has been re-
duced, or partially reduced, to another. So it might
seem that if we wish to assert that lower-level theories
do provide explanations for phenomena described in terms
of higher-level theory, then we must say with Hempel that
intertheoretic connecting principles are a part of the
lower-level theory, on a par with the theoretical-
observational correspondence principles of the lower-
level theory. However, I shall argue in chapter VI that
we are not obliged to adopt such an inclusive sense of
"theory' in order to allow for the fact that theoreti-
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cally described phenomena are explainable by more basic
theories. We can provide for the motive underlying
Hempel's wide sense of 'theory' without actually adop-
ting this wide sense. Accordingly, we will understand
the notion of theory in the sense of ¢{(I U Bp), the
sense which saves the supervenience principle from tri-
viality and which prevents the term 'intertheoretic
reduction’ from beecoming a misnomer. This conception of
theory is itself a modification of Hempel's "modified
conception" of scientific theories.

In light of our conception, we should take note
of the types of statements that must be included in a
class Ry, p of connecting principles which reduce a
theory Tp to a theory Tq. Of course, the set Ry, 2 will
include certain higher-level biconditional assertions
which link the theoretical laws in I, to those in Ij.
But it must contain more than this, if Nagel's derivabi-~
1ity requirement is to be met for correspondence prin-
cipleg of Tp. In order for T, to be deducible from
Ty U Ry,2, the class Ry o must also contain principles
which allow us to deduce T2's primary correspondence
principles Bpp from Ty U Ry,2. Thus, Rj,2 will contain
a set of auxiliary correspondence principles, R-Auxliz,
which result from replacing the non-observational To
predicates in Bp, by their nomologically equivalent Ty
counterparts., These auxiliary correspondence principles
will not necessarily be biconditional in form, since
primary correspondence principles are not necessarily
biconditional in form. Non-observational concepts
employed in the laws of I must still have co-extensive
counterparts from I,, however. So we continue to conform
to the spirit, if not the letter, of strong Nagel redu-
cibility.

The presence of models within some theories:
threatens to further complicate the nature of micro-
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reductive connecting prineciples. A+t first sight, it
would appear that Ri,2 must contain principles which
allow us to deduce a description of the model of T2 en-
tities, if there is a model, from T4. However, I sug-
gest that such principles will never be necessary, be-
cause of the nature of the models themselves. If theory
Ty, is reducible to theory T4, then the model for To
entities will be constructable from the model for T4
entities. TI.e., 1t will be possible to deduce, on the
basis of the model and theoretical laws of Ty, that the
T, model is satisfied by the Ty thing-complexes with
which T, things are microreductively identified.

A vivid illustration is provided by a considera-
tion of Bohr's "solar system" model of the atom in micro-
physics and the "elastic sphere" model of the molecule
in molecular chemistry. The latter model asserts that
molecules are roughly spherical in shape, that they have
varying degrees of mutual cohesiveness, that these de-
grees of cohesiveness are related to their kinetic ener-
gies, that groups of molecules can take the form of
solid, liquid, or gas, that they are composed of varying
numbers of atoms of varying kinds, and so on. The Bohr
model, on the other hand, gives us more specifics about
the internal structure of molecules and of the atoms of
which they are composed. Atoms are solar systems with
protons and neutrons at the center and electrons cir-
cling around in various orbits;: the orbits of different
atoms can intertwine to form interlocking systems of
atoms (molecules):; and so on.

The crucial point concerning these two models is
this: the Bohr model treats complexes of atoms in such
a way that they satisfy the "elastic sphere" model for
molecules. The latter can be constructed from the for-
mer. Considerable additional detail about the -internal
structure of atoms is added, of course, but the Bohr
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model guarantees that atom-complexes as a whole have the
characteristics specified by the molecular model. In
fact, a major task in constructing a model of the atom
is to show how atoms so construed cluster together to
form molecules, to explain the details of molecular
bonding in various solids and liquids, and in general
to explain how the antecedent model of the molecule is
satisfied. If this can't be done, then one model or

the other (perhaps both) must be revised or rejected.

In sum, our acceptance of models as a component of
some theories does not mean that further types of con-
necting principles will be required for reduction, over
and above 1) the biconditional principles linking lower-
level concepts to higher-level concepts, and 2) the auxi-
liary correspondence principles. But the T, model must
be constructable from the T4 model before Tp can be re-
duced to Ty. Specifically, the model for T, things
must be constructable from the T model as applied to
the Tq thing-complexes with which T, things are putative-
ly to be identified. Thus, the constructability of
higher-level models is presupposed by the microreductive
connecting principles which connect sortal properties--
the connecting principles we call "thing identities.”

So constructability of higher-level models is a condition
which must be satisfied by any adequate microreduction.16

(Having mentioned microreductive thing identities,
we should perhaps digress briefly to discuss their
metaphysical status. The reader will recall from chap-
ter I that generalized thing identities, like "Genes
are DNA molecules,"” have the logical form of universally-
quantified biconditionals. They involve sortal predi-
cates--predicates for thing kinds, like 'is a gene'
and 'is a DNA molecule'. Such statements count in-
tuitively as identities because they assert that two
classes of entities (like the class of genes and the
class of DNA molecules) are one and the same class.,
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Two further points deserve mention. First, as we saw in
chapter I, these generalized thing identities do not
imply the identity of the relevant sortal properties.
Secondly, such identities may well be contingent, given
Kripke's treatment of identity statements. The state-
ment "Genes are DNA molecules" is equivalent to the

statement "The class of things that are genes is iden-
ticnl to the elasg of things that are DNA molecules,"
and the terms flanking identity in the latter statement
may well be non-rigid designators. In fact, as I argued
in chapter III, we can imagine possible worlds (other
than K-worlds where Tg is true) in which a given higher-
level theory obtains although the lower-level theory to
which it is reducible in the actual world does not ob-
tain, In such worlds, the microreductive thing-iden-
tities of our world do not obtain. For example, in a
world where Mendelian genetics obtains but molecular
chemistry does not obtain, genes are not DNA molecules.)

Section 3

We come now to the task of defending the superven-
ience principle. We must show that in all K-worlds
where the final reducing theory obtains, the connecting
principles of R also obtain. (In subsequent discussion,
I shall refer to K-worlds where Ty obtains as "T, K-
worlds.") To begin with, we must ask what criteria
should be used to decide whether or not the connecting
principles R obtain in a given Ty K-world. The question
of the truth or falsity of (S) cannot be significantly
raised until we have specified the criteria for truth
of the connecting principles. So our first task is to
set out the appropriate criteria. We will then turn to
arguments to show that the criteria are met in all Ty
K-worlds, .

Let w be an arbitrary Ty K-world. What conditions
must be met in w, in order for the connecting principles
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R to obtain there? Two sorts of conditions are clearly
provided by the connecting principles R themselves.
First, the statements R include auxiliary correspondence
principles. These link observable phenomena originally
associated with higher-level theoretical properties to
lower-level theoretical properties which are the puta-
tive micro-correlates of the hirgher-1level ones. And
ultimately in the hierarchy of microreduction, the auxi-
liary correspondence principles link observable pheno-
mena originally associated with higher-level theoretical
properties, to the T, properties which are the ultimate
putative micro-correlates of these higher-level theore-
tical properties. So one clear necessary condition for
the truth of the full set R of connecting principles is
the truth of the auxiliary correspondence principles in
R. Before we can assert that the connecting principles
linking higher-level theoretical properties to lower-
level theoretical properties are true in world w, we at
least must be assured that the lower-level theoretical
properties have the appropriate connections to observa-
tion. (For example, before we can assert that tempera-
ture is correlated with mean molecular kinetic energy

in w, we must be assured that the latter property has
the connections to observation which are specified by
the theoretical-observational correspondence principles
of thermodynamics.) _

A second clear condition is provided by the thing-
identities of R--the biconditional connecting principles
linking higher-level sortal properties to complex lower-
level sortal properties. (For example, the property
"being a hydrogen molecule" is correlated with the com-
plex property "being such-and-such a structure of sub-
atomic particles," where “such-and-such" is spelled out
in microphysical terms.) As we saw earlier, oné condi-
tion for the truth of these microreductive thing-iden-~
tities is that the model for higher-level things be con-
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structable one the basis of the model for lower-level
things. (For example, we must be able to construct the
molecular model of a hydrogen molecule as an "elastic
sphere" from the subatomic model which treats the entity
as a "solar system" with one internal proton and one
orbiting electron.) So, before we can assert that the
thing identities of R are true in world w, we must be
assured of the constructability cf the models of higher-
level entities on the basis of lower-level models as
they apply to the complex lower-level entities with which
higher-level things putatively are to be identified. Thus
constructability of higher-level models is another condi-
tion, in addition to the truth of auxiliary correspon-
dence principles, which must be met before we can claim
that the full set of connecting principles, R, obtains.
Beyond these two conditions, the question of cri-
teria for the truth of the full set R becomes somewhat
hazy. What more is needed, above and beyond the satis-
faction of these conditions, for the full set of principles
R to obtain in the world w? I submit that these two con-
ditions are the basic ones, and that very little more is
needed. Specifically, the'only further condition which
must be satisfied is the following "uniqueness" condition
for the set of statements R: There is no set of state-
ments R', different from R, such that a) R' is comparable
to R in theoretical simplicity, b) R' satisfies thé above
two requirements regarding model constructability and
truth of auxiliary correspondence prineciples,and ¢) R
would, if true, reduce all true higher-level gscientific
theories to T;. Unless this third condition is added,
we face the prospect that two incompatible and equally
simple sets of putative connecting principles might both
satisfy the above two conditions in the possible world wi
we would then have no way to choose between them. Ac-
cordingly, R must be the unique simplest set of connec-
ting principles which would reduce higher-level theories
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to T,.

° My claim is that the above three conditions are
sufficient conditions, as well as necessary conditions,
for the truth of the connecting principles R in world w.
The conditions, once again, are these: 1) The auxiliary
correspondence principles of R obtain in world w. 2) In
world w, the models for the theoretical entities coun-
tenanced by higher-level theory are constructable on the
basis of the Ty model, when the latter model is applied
to the structured complexes of Ty entities which are
putatively to be identified with higher-level entities.
3) There is no comparably simple set R' of putative
connecting principles which satisfies conditions (1) and
(2). On what basis can it be claimed that satisfaction
of these three conditions in world w guarantees the truth
of the full set R in world w?

First, it's difficult to see what further conditions
there could be. Consider, for example, the connecting
principles which reduce thermodynamics to molecular sta-
tistical mechanics. Suppose that the relevant auxiliary
correspondence principles are true in world w: a given
level of mean molecular kinetic energy corresponds to a
given volume of mercury in an appropriately constructed
thermometer just as it does in the actual world, and so
on. And suppose that there are no other micro-properties
at the level of molecular theory which satisfy the rele-
vant auxiliary correspondence principles., Can we specify
any further conditions which must be met, in order for
the connecting principle linking temperature and mean
molecular kinetic energy to obtain in the world w? It
seems that no further conditions are specifiable, and
that none are required. Those already specified are
sufficient to guarantee that the connecting principle
does obtain in w.17 _

Consider another example, in which the role of
models becomes prominent., Take the Bohr theory of the
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atom, and the theory of atomic and molecular bonding
which is based upon it. Various laws of molecular chem-
istry are reducible to microphysical principles, on the
basis of this model together with connecting principles
which link the higher-level concept of atomic and mole-
cular "cohesiveness" to detailed microphysical concepts
which deal with electron-orbits and the like. In addi-
tion, the "elastic sphere" model of the molecule and

the atom, as put forward in molecular chemistry, is con-
structable on the basis of the Bohr model of the atom.
Suppose, first of all, that the "elastic sphere" model is
again constructable in world w, on the basis of the pu-
tative identification of various molecules with the com-
plex Bohr-structures with which they are identified in
the actual world., I,e., the relevant Bohr-structures in
world w meet the specifications of the molecular-chemistry
model: they are roughly spherical in shape, they have
varying degrees of mutual cohesiveness which are related
to their kinetic energies, in groups they can take the
form of solid, liquid, or gas, and so on. Secondly,
suppose that the various auxiliary correspondence prin-
ciples involved in the reduction of molecular chemistry
to the Bohr theory are also true in the world w. Bohr-
structures which we call "H,0 molecules" have the ceteris
paribus observable characteristics which water possesses
in the actual world; the same is true for Bohr-structures
“which we call “"sodium chloride molecules," and so on.
Finally, suppose that there is no .comparably simple set
of putative chemical/microphysical connecting principles
which meet the above two conditions in world w. What
more would we require, above and beyond the truth of

the above three suppositions, in order for the full set
of chemical/microphysical connecting principles to obtain
in the world w? As with the case of temperature and

mean molecular kinetic energy, no further conditions
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seem specifiable, and none seem needed.

One reason why the above mentioned conditions are
sufficient for the truth of a full set of connecting
principles in a Tg K-world, therefore, is that further
conditions are hard %o find and seem unnecessary. This
claim is further reinforced when we consider the status
of microreductive connecting principles in the actual
world. Suppose T4 and T, are both true theories. TLet
Ry,2 be a set of putative connecting principles which
would, if true, reduce T, to Tq. What conditions must
be met, in order for the principles Ry, 6» to be true?

The conditions are very similar to those discussed above.
First, the auxiliary correspondence principles of Ry p
must be true. I.e., it must be true that the observable
cccurrences originally associated with'Tz entities and
their properties are also associated with those Tq en-
tities and properties proposed as the microreductive
counterparts of the T, entities and properties. Secondly,
the T, entities must actually be identical to complex Ty
entities, in accordance with the thing-identity statements
of Ry, 6. Thirdly, there must be no comparably simple

set of connecting principles, Ry, 2" which meets the first
two conditions. I submit that if these three conditions
are met, then we won't hesitate to accept the connecting
principles Ry , as true in our world. There are no
further conditions which must be established. ,

The three conditions just mentioned apply in the
actual world. Let me digress here to note the difference
between these conditions and the above conditions for the
truth of connecting principles in T, K-worlds gther than
the actual world. The difference involves the second
condition in the two cases. In the case of reductjon
in the actual world, the second condition specifies that
the thing identities of R1,2 must be true, in order for
the complete set Ri,z to be true. In the case of alter-
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native Tp K-worlds, the second condition merely asserts
that the model for higher-level theoretical entities ’
must be constructable on the basis of the lower-level
model. The reason for the difference is this. In the
actual world case, we were given that the higher-level
theory T, obtains, and hence that T, things actually
exist. So in order for the full set of statements Ri,2
to obtain, T» things must be composed in the way the
thing-identities of R1,2 say they are composed. In the
case of a To K-world other than the actual world, however,
we do not know in advance that any higher-level theories
obtain, or that any higher-level theoretical entities
exist. Accordingly, the problem of finding conditions
for the truth of the connecting principles includes the
problem of determining conditions under which the higher-
level sortal predicates apply. Constructability of the
model for higher-level entities thus becomes a relevant
condition.18

Returning to the question of criteria for the truth
of connecting principles R in Ty K-worlds, we have now
geen two reasons for accepting the above-discussed con-
ditions as sufficient. First, it is difficult to find
further conditions, and it does not appear that further
conditions are needed. Second, very similar conditions
are adequate to establish the truth of a set of putative
microreductive connecting principles in the actual world.,
A third reason, perhaps implicit in the first two, in-
volves simplicity. We -would introduce needless compli-
cation and obfuscation were we to assume that further
conditions must be met in order for the principles R to
obtain in Ty K-worlds. This contention is well illus-
trated by the case of temperature and mean kinetic energy.
Consider a Ty K-world, w, in which molecular statistical
mechanics obtains, in which the full set of auxiliary
corregspondence principles involved in reducing therm-
dynamics to statistical mechanics also obtains, and in
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which there is no comparably simple alternative set of
putative - connecting principles whose auxiliary con-
necting principles are true. In such a world, mean mole-
cular kinetic energy has all the observable characteris-
tics of temperature, and no other molecular property has
these characteristics. Suppose it were claimed that
these facts alone do not suffice to establish that temper-
ature is correlated with mean kinetic energy in world w,
because there is some further "something"--something
essential to the presence of temperature--which may or
may not be present in world w at times when molecules
have the appropriate mean kinetic energy.

An advocate of this position would have consider-
able difficulty in describing this further "something."
Furthermore, his contention has no evident theoretical
advantage. On the contrary, this proposal threatens to
entirely obfuscate the main question we are considering--
the question of criteria for the truth of connecting prin-
ciples in Ty K-worlds. These observations apply to micro-
reductive connecting principles quite generally. There
is no evident theoretical advantage in the claim that the
above-mentioned conditions are inadequate to establish
the truth of a given set of microreductive connecting
principles in a Ty K-world. Purthermore, such a claim
could only serve to obfuscate the question of truth con-
ditions. Considerations of simplicity and clarity thus
provide a third reason, in addition to the two already
mentioned, to accept the criteria discussed above.

Having established the criteria for truth of
connecting principles in K-worlds where Ty obtains, we
are now in a position to argue for the supervenience
principle. We must argue, with respect to the set R of
microreductive connecting principles in unified science,
1) that the auxiliary correspondence principles- in R are
true in all Ty K-worlds, 2) that higher-level theoretical
medels are congtructable, in all Ty K-worlds, on the basis
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of the Ty model, and 3) that in no Ty K-world is there a
comparably simple alternative set of connecting principles
which meets the conditions of model constructability

and truth of auxiliary correspondence principles.

Section &

The argument for the supervenience principle will
be presented in two stages. The first will occupy the
remainder of the present chapter, and the second will be
presented in chapter V. The first stage deals with
standard cases of microreduction in natural science, while
the second deals with the reduction of psychology (and,
at least by implication, with the reduction of the higher-
level social sciences). One reason for the separate
treatment involves the fact that there are two types of
microreductive correspondence principles, which will be
handled quite differently: I'1ll call them theoretical-
observational correspondence principles and theoretical-
phenomenal correspondence principles. The former are
principles connecting ‘theoretical assertions to publicly
perceivable phenomena--phenomena to which no person has
'logically privileged access'. Meter readings, cloud
. chamber photographs, computer print-outs, slides under
microscopes, and the myriad of other phenomena observable
by reserachers in the laboratory all fall within this
class. Theoretical-phenomenal correspondence principles,
on the other hand, connect certain theoretical assertions
to phenomena of a logically privileged sort--phenomena
like pain, the sensation of redness, the sensation of
heat. These phenomena are logically privileged in the
following sense: it is only possible for me to directly
experience my own sensation of redness, or my own feeling
of pain. Others can perhaps infer from my behavior
that I am undergoing these experiences, but they cannot
have a direct awareness of my phenomenally-present mental
states.

-
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Within psychology itself there are no theoretical-
phenomenal correspondence principles, except in the de-
generate sense in which the "correspondence" relation
is that of identity. ‘'Pain', for example, is both-a
phenomenal term and a theoretical term: we are directly
aware of our sensations of pain, and pain is also the
subject of psychological theorizing. 4nd similarly for
other sensation-describing terms of theoretical and com-
mon sense psychology. But there can also be nondegener-
ate theoretical-phenomenal correspondence principles.
Suppose, for example, we achieve one step in the en-
visioned overall reduction of psychology to natural
science--viz., the discovery of a correlation between
pain and neural property P. Such a correlation law
would ‘count as a "theoretical-theoretical" connecting
principle, since pain is a subject of psychological
theory. But it would also count as a microreductive
correspondence principle--a theoretical-phenomenal
correspondence principle.

Because theoretical-phenomenal correspondence
principles would be a part of the reduction of psycholo-
by to natural science, this case of microreduction will
be considered separately in our argument for (S). Cor-
respondence principles involved in other parts of science,
and in other cases of microreduction, can all be re-
garded as theoretical-observational. This is certainly
not to deny the obvious fact that we constantly use the
phenomenal contents of our awareness as a bagis for
affirming public observation statements. But it is to
deny that phenomenal content is essential to the itruth
of statements about intersubjectively observable events
and processes. Redness, for example, is a property '
that's describable in terms of electromagnetic radia-
tion theory, and so described it's independent of how
the object happens to affect us phenomenally. (If a
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person has an optical device planted behind his retina
which converts the neural impulses from red light into
green-light impulses--so that red objects look green to
him--the fact remains that such objects are really red.)
A meter needle that moves +to the left three notches
might appear to someone to move to the right, through
some neurological quirk of his; but again, it really
moves left, regardless of what it appears to do.

It's no accident that correspondence principleg
for theoretical statemenits other than assertions about
our own states of awareness are all theoretical-obser-
vational. If this were not the case, then the truth of
various theoretical assertions about what goes on "“out
there" in the world, independently of the conscious ob-
server, would be made to depend upon the truth of as-
sertions about the observer's states of consciousness,
And this is a very dubious dependence, for several rea-
sons. First, some neurological quirk in a particular
observer might cause him to fail to have the appropriate
phenomenal experiences in the presence of a certain the-
oretically-described phenomenon. (He might not feel
hotter in the presence of increased heat because of
brain-damage, or a cleverly implanted electrode.) Se-
condly, one observer might have the appropriate pheno-
menal experience when ‘the other doesn't, because of dif-
ferent neuroclogical hookups or for whatever reason. These
problems can only be avoided if we connect theoretical
assertions about the way things are "out there" to ob-
servational assertions about the way things are "out
there," rather ‘than to phenomenal assertions about the
way things are in the consciousness of various observers.

So the unique presence of theoretical-phenomenal
correspondence principles in the microreduction of
psychology constitutes one major reason why we Wwill need
to consider this case of microreduction separately in
our argument for (S). Another reason for separate con-
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sideration involves psychological properties of the cog-
nitive and volitional variety. As we shall see in chapter
V, - there seem to be excellent reasons for thinking that
strong Nagel reducibility is not obtainable with respect
to those parts of psychology employing typical cognitive
and volitional concepts. {These considerations will
apply to higher-level social sciences also, insofar as
they employ such concepts.) Accordingly, we must recon-
sider the concept of reduction itself with respect to
psychology, before we can argue for the supervenience
principle.

Section 5

We turn now to the argument for the supervenience
principle as it applies to cases of microreduction in
natural science. We shall begin ‘the argument with a
discussion of the metaphysical status of theoretical-
observational correspondence principles, both primary
and secondary. As we observed in chapter III, the role
of correspondence principles within scientific theory is
central and vital. One major purpose of scientific
theory is to explain and predict observable phenomena,
and correspondence principles have the role of linking
the obgservable phenomena to the sometimes unobservable
theoretical entities and processes which underlie them.
But although the principles are vital to scientific
theories, they are not mere rules of linguistic usage
which are true by stipulation. As we saw above, they
must be treated as substantive empirical components of
theory, and not as rules.

Even though these principles are vital to a scien-
tific theory, however, it seems clear that in a certain
sense they are not "basic" statements of the theory.
The basic statements,it seems, are those which describe
the micro-level entities, processes, and laws which the
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theory postulates. These basic entities and processes
underlie the observable phenomena with which they are s
associated by means of theoretical-observational corres-
pondence principles. It is more than mere historical
accident that certain observable phenomena are initially
associated with certain theoretical phenomena. The as-
sumption that is normally operative is that the obser-
vable phenomenon is ‘the cumulative result of the micro-
rhenomena. Consider, for example, the theoretical no-
tion of electron transition in the Bohr theory of the
atom. The theory associates the wave length of a light
ray emitted by an atom with the jump of an electron from
one of its permissible orbits to another. The theoretical
notion of an electron jump is thereby linked to the ex-
perimental notion of a spectral line, via the electro-
magnetic theory of light.19

The spectral lines that result from specific levels
of electron jumps are ‘the cumulative effects of the latter
micro-processes, in the following sense. The difference
in energy-levels between the electron's original orbit
and its new orbit is just enough that, whenever a jump
from the first orbit to the second is made, the same wave-
length of electromagnetic radiation is emitted. And
the specific wavelength is the one which leaves a line in
a particular position in the spectrum of a given chemi-
cal element, according to electromagnetic theory. So
the observable spectral lines are the direct macro-level
effects of unobservable micro-level processes. A conti-
nuity of micro-level processes with macro-level processes
is thus involved in the correspondence principles which
connect specific electron jumps to particular observable
spectral phenomena.

Underlying this example is a very general principle
of theory construction: +the principle of the continuity
of micro-level phenomena with macro-level phenomena. If
we adopt an attitude of thoroughgoing realism with
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respect to theoretical entities--if we assume that they
really exist, and that they really do possess properties *
like size and mass--then the observational components of
theo}etical-observational correspondence principles

must be viewed as the cumulative results of micro-pro-
cesses involving the ‘theoretical entities. There is a
continuity from the micro-level to the macro-level, since
publicly observable macro-processes are the "resultant”

of innumerable micro-processes.

The principle of micro-macro continuity consti-
tutes an important methodological constraint upon the
adoption of theoretical-observational correspondence
principles. These principles cannot simply be stipulated
haphazardly, and of course they never have been in actual
‘scientific practice. In practice,l think it's fair to
say, scientists have indeed viewed the observable pheno-
mena which they seek to explain as the cumulative result
of the theoretical phenomena in terms of which they con-
struct explanations. And it is clear that they should
treat the observable phenomena in this way, because
otherwise it is not at all clear how the theoretically
described phenomena could provide any genuine explanation
of the observable phenomena. Purely haphazard theoreti-
cal-observational correspondence principles would not
permit genuine scientific explanations of observable
phenomena, since the correspondence principles would them-
selves lack justification. A theoretical-observational
correspondence principle is justifiable only insofar as
it treats the observable phenomena as the cumulative out-
come of the theoretically described phenomena. I know
of no other adequate justification for the adoption of
these principles, either in scientific theorizing or in
discussions by philosophers of science.Z0

So the micro-macro continuity principle has the
status of a methodological constraint on the theoretical-
observational correspondence principles of a theory, a
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constraint which is grounded on the metaphysical re-
quirements for adequate explanation of macro-level pro- *
cesses on the basis of micro-level processes. In fact,
we can even view the correspondence principles as asser-
ting that the observational phenomena which they describe
are the cumulative result of the micro-level phenomena
they describe. This makes the micro-macro-continuity
rerfectly explicit. (For example, the Bohr theory of
the atom asserts that observable lines in the spectrum

of a given chemical element are the cumulative result of
millions of electron quantum-jumps from one specified
energy-level ‘o another.)

In light of the methodological constraint on cor-
respondence principles which is imposed by the principle
of micro-macro continuity, we can discern an important
element of truth in earlier characterizations of these
principles as rules of correspondence. When theoretical
concepts are introduced in an effort to explain certain
observable phenomena, one condition which we place on
the postulated theoretical processes from the outset is
that the given observable phenomena must be the cumulative
result of these putative processes. Thus, the theore-
tical-observational correspondence principles have a reg-
ulative status in theory construction from its inception.
These principles must continue to be held true for the
mogt part, as we go about the business of refining and
elaborating the +theory, if the theory is to successfully
explain the observable phenomena it was introduced to
explain. Of course this regulative status does not mean
that the correspondence principles are immune from revi-
sion. They are empirical propositions themselves, and
they may very well be altered or replaced in ‘the course
of the ongoing effort to achieve a great "closeness of
fit" between scientific theory and empirical data. Never-
theless, a theory must continue to treat the observable
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phenomena as the cumulative outcome of the postulated
theoretical processes, or else the link between theory
and observation will be broken. '

* I have expressed the principle of micro-macro
continuity by saying that observable phenomena are the
"ecumulative resuli" of the theoretical phenomena with
which they are associated. We turn now to the task of
explicating (or at least partially explicating) the
principle as so characterized. When we say that an ob-
servable process or state of affairs is the cumulative
result of numerous micro-level processess or states of
affairs, we seem to have in mind at least facts of the
following sort. First, the observable entities instan-
ced in the processess are composed of, or partially com-
posed of, the theoretical entities mentioned by the

relevant correspondence principles. Secondly, the obser-

vable process itself is determined by the theoretical

laws which govern the micro-entities underlying the
process. .

The first of these two conditions, concerning

the composition of the relevant observable entities,
will normally be reflected in the correspondence princi-
ples themselves. I.e., it will be clear from the
wording of a given correspondence principle that the
kinds of observable entities it refers to are composed
of, or partially composed of, the kinds of theoretical
entities it refers to. So we will focus on the second
condition, involving the determination of observable
processes by the theoretical principles which govern
the component theorelical entities. The notion of de-
termination is by now quile familiar. I submit that it
should be explicated here in the same way as in chapter
II--by reference 1o possible worlds. Recall that we

are regarding a theory T as consisting of two components:

3

the internal principles I and the (primary) correspondence



124

principles Bp. The assertion we seek to explicate is

this: For any true theory T, where T is identical to

c(I U Bp), the truth of the primary correspondence

prinéiples Bp is determined by the truth of the internal

principles I. The natural explication, I suggest, is

as follows:

1) For any true theory T, the primary correspondence
principles Bp of T obtain in all possible worlds
in which the internmal principles I of T obtain.

As I noted in chapter I1I, it is difficult to find
any alternative way to explicate the notion of "deter-
mination" in cases where entailment is not involved,
and in general the internal principles of a theory do
not entail the correspondence principles. We should
note, however, that the notion of "determination" itself
may not do full justice to the micro-macro continuity
principle. This principle not only asserts that the in-
ternal principles of a theory determine the truth of the
bridge principles; it also claims that the mode of de-
termination involves "cumulative outcome" or "resultant
effect.” Statement 1, therefore, evidently does not
state a sufficient condition for the truth of the micro-
macro continuity principle. But it does state a neces-
gsary condition: we surely cannot regard a given obser-
vable process as the "cumulative result" of certain
micro-processes unless the laws governing these micro-
processes determine the occurrence of the observable
processes. For the purpose of our subsequent argument,
it will be enough that statement 1 expresses a necessary
condition for the truth of the micro-macro continuity
principle.

Another point deserves re-emphasis here. As I
mentioned in chapter III, theoretical-observational
correspondence principles often carry an understood
ceteris paribus clause. For example, specific increases
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in the height of a column of mercury in a thermometer
will correspond to specific increases in temperature,
ceteris paribus. If the thermometer is not properly
constructed, or if the tip of the thermometer has re-
cently been dipped in icewater, then the correspondence
principle might fail. In general, the correspondence
principles obtain only insofar as there are no such mi-
tigating factors present. Furthermore, the presence of
such factors allows a theoretical explanation of parti-
cular instances in which the usual correspondence prin-
ciples fail. Since correspondence principles have a
ceteris paribus aspect in the actual world, they also
will have this aspect in other possible worlds in which
the internal principles of a theory are true. And mi-
tigating factors may arise in these_poésible worlds which
do not normally arise in the actual world. This possibi-
1lity creates no problems, as long as the presence of

the mitigating factor allows for a theoretical explana-
tion of the failure of a correspondence principle. On
the other hand, statement 1 rules out the possibility of
in-principle unexplainable failures of the correspondence
principles.

We have established that the micro-macro continuity
principle expresses a basic methodological constraint on
the formulation of theoretical-observational corres-
pondence principles, and we have seen that this principle
implies statement 1. But statement 1 only deals with
primary correspondence principles, those which are part
of an isolated scientific theory. We now come to the
question of auxiliary correspondence principles. These
are the ones which become associated with a theory Ty
when a higher-level theory T, is reduced to Tq through a
set R1.2 of connecting principles. Auxiliary correspon-
dence principles, a subset of Rl,z’ are the reductive
"translations," so to speak, of the primary correspon-
dence principles of T,. Observational phenomena which
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originally were associated with T,'s theoretical proper-
ties are associated, via auxiliary correspondence prin- >
ciples, with the correlates of these T, properties. So,
let P, be a theoretical property of T, and Py a theore-
tical property of Ty, such that the two properties are
linked by a biconditional connecting principle. Then for
any primary correspondence principle of T, which involves
property P,, there will be an auxiliary correspondence
principle in Ry o which is identical in content, except
that the reference to P, is replaced by reference to Py
Qur above discussion of the micro-macro continuity

principle applies, mutatis mutandis, to the case of auxi-
liary correspondence principles. Consider an observa-
tional correspondence principle which involves the higher-
level theoretical property Pz‘ If we wish to assert a '
parallel correspondence principle linking the relevant
observable phenomena with Py, the putative micro-correlate
of Pz, then we must treat the observable phenomenon as

the cumulative result of processes involving Py. The

reasons are exactly the same as in the case of primary
correspondence principles. Viz., the observable process
cannot reasonably be regarded as explainable on the basis
of the presence of property P1 unless the process is the
cumulative result of micro-processes invelving Py IF

a theoretical-observational connection is postulated
without the accompanying assumption of micro-macro con-
tinuity, then the alleged connectinn will at best be a
statement of unexplained co-incidence of theoretical and
observational phenomena, and at worst a purely arbitrary
postulation with no justification whatever. If the ob-
gservable phenomena are to be explained on the basis of
the associated theoretical phenomena, the former must be
the cumulative result of the latter. Otherwise, the
putative auxiliary correspondence principle will be in-
adequate for its basic role--the role of establishing the
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explainability of observable phenomena on the basis of
theoretical phenomena.

So the-principle of micro-macro continuity consti-
tutes a methodological constraint on auxiliary corres-
pondence principles, as well as primary ones. Hence,
the auxiliary correspondence principles associated with
a given theory will be determined by the theory's inter-
nal principles, just as the primary correspondence prin-
ciples are so determined. Once again, the appropiate
determination thesis itself is evidently best explica-
ted by reference. to possible worlds; no other type of
explication seems adequate. The determination thesis
for auxiliary correspondence principles is as follows.
(Recall that auxiliary correspondence principles in-
volved in a particualr instance of microreduction are
a subset of the class of microreductive connecting
principles.)

2) For any two true theories T4 and Tp, such that T,
is microreducible to T¢ via connec%ing principles

Ry ,2,» the auxiliary correspondence principles

B-Aux1,§ obtain in all possible worlds where the

internal principles Iy of Ty obtain.

Statement 2 emerges as a consequence of the principle

of the continuity of micro-level phenomena with macro-
level phenomena. The latter principle expresses an in-
dispensible methodological constraint on primary and
auxiliary correspondence principles. The reason why
this constraint is vital, as we saw, is that it reflects
the metaphysical conditions which must be met before

an observable phenomenon can properly be explained on
the basis of underlying theoretical micro-phenomena.

Statements 1 and 2, whose truth I endeavored to
establish, are directly relevant to the truth of the
supervenience principle (S). In particular, statement
2 entails that in all T; K-worlds, the auxiliary cor-
respondence principles of unified science obtain. This



128

result iz one of the threc conditions which must be es-
tablished in order to demonstrate the truth of (S). It ,
now remaing to argue for the remaining two conditions:
a) that higher-level theoretical models are construc-
table, in all Ty K-worlds, on the basis of the Ty
model; and b) that in no Ty K-world is there a set of
putative connecting principles for unified science,
other than the set R, which is comparable to T in sim-
plicity and which meets the conditions of model construc-
tability and truth of the correspondence principles.
Before we .turn to these claims,however, we should
consider the relevance of statement 1 above to the super-
venience principle. Recall that the supervenience prin-
ciple asserts the following: in all K-worlds where Ty
obtains, the connecting principles R of unified science
also obtain. Statement 1 has no direct bearing on (S)
as so stated. However, we should perhaps reconsider our
formulation of (S) in light of the conception of theories
we have adopted in this chapter. A theory T, on our
present construal, consists of a set of internal prin-
ciples I and a set of primary correspondence principles
Bp. Statement 1 tells us that the truth of the latter
component is determined by the truth of the former.
Thus, the primary connecting principles of theory Ty
are themselves determined by Ty's internal principles.
This fact is of considerable importance, if we recall
the various intuitive notions that (S) was designed to
capture: +the idea that theory Tp contains the only fun-
damental lawg of unified science, the idea that higher-
level theoretical properties are "nothing else than"
the microreductively correlated lower-level properties,
and the idea that the truth of statements about higher-
level properties is determined by the truth of state-
ments about the entities desecribed by fundamental micro-.
physical laws. When we reconsider these intuitive
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principles, it becomes clear that the fundamental laws
they refer to are the internal principles of Ty. These
determine the truth of all the other logically-primitive
principles of unified science, including the primary
correspondence principles of Ty itself. Accordingly, we
should modify our formulation of the supervenience prin-
ciple. Let I, be the set of internal principles of T,
and Bp, the set of primary correspondence principles of
Ty As before, R is the set of microreductive connec-
ting principles of unified science. The modified super-
venience principle is this:

(S*) 1In all K-worlds in which I, obtains, the
correspondence principles Bpo and the
connecting principles R also obtain.

We have already established that the principles

Bpg obtain in all K-worlds where T; obtains; this con-
clusion follows from statement 1 above. Hence, it will
be sufficient, in defending (S#*), to defend the super-
venience principle as originally stated. TI.e., we must
show that the principles R obtain in all K-worlds where
To obtains.

Pursuant to this task, we have already shown that
the auxiliary correspondence principles in R, R-Aux,
obtain in all T, K-worlds. We turn now to the construe-
tability of higher-level models con the basis of the model
for Ty entities which is specified by Ty's internal prin-
ciples. Consider what is involved in constructing a
higher-level theoretical model on the basis of the in-
ternal principles of Tpe We are given a set of putative
thing-identities: statements with certain complex
sortal predicates of To- Suppose Sy and S; are two
sortal predicates from theories T, and T, respectively,
and suppese that the statement "(x)(Syx iff S;s)" is
under consideration as a potential microreductive thing-
identity. Before the statement can be accepted, it
must be shown that the T; model for entities of kind Sj
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is satisfied by entities of kind S,. I.e., we must con-
struct the model for such Si entities by applying the s
model and theoretical laws of Tp to entities of kind Sg.
This task ‘of construction is accomplished by showing

that the applicability of the higher-~level model to
entities of kind S, is entailed by the internal principles
of Ty. (Recall ourearlier example of the Bohr model of
the atom and the "elastic sphere" model of the molecule

in molecular chemistry. The applicability of the latter
model, with respect to the complex Bohr-structures with
which molecules are microreductively identified, is en-
tailed by theoretical laws and the model of the Bohr
theory itself.)

Given the nature of model-construction as we have
described it, little argument is needed to show that
complex T, entities which satisfy certain higher-level
models in the actual world will satisfy the same models
in all Tg K-worlds. Satisfaction of the higher-level
models is entailed by the internal principles Iy of Tj.
Therefore, model constructability will obtain in all K-
worlds where the internal principles I, obtain, and hence
in all K-worlds where T, obtains.

Our argument for the truth of {S) requires one
further step. We must show that the connecting principles
R of unified science satisfy the uniqueness requirement
in all Ty K-worlds. I.e., we must show that in no Ty
K-world is there an alternative set of putative microre-
ductive connecting principles for unified science, R',
which is comparable to R in theoretical simplicity and
which meets the requirements of model conslructability
and truth of auxiliary correspondence principles. This
assertion too will require little argument. IFor suppose
there were such a set of putative connccting principles
in some T, K-world, world w. This would mean that ob-
servable phenomena which are accounted for one way by
means of the auxiliary correspondence principles of R,
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could be accounted for another way by means of the
putative auxiliary correspondence principles of R'. The »
condition of micro-macro continuity would be met by

these alternative correspondence principles, as well as
by those of R. Also, the putative thing-identities of

R' would meet the condition of model constructability,

as do the thing-identities of R. Now, supposing that
such an alternative set of connecting principles were
available in ‘the world w, we could conclude that it is
also available in the actual world. After all, its avai-
lability in w would not depend on any unique features of
w. Rather, it would depend on certain assumed features
about theory T, itself--viz., that observable phenomena
can be systematically connected with Tg's theoretical
phenomena in a way that's incompatible‘with the way
indicated by the correspondence principles of R, and that
higher-level theoretical sortal predicates can be success-~
fully applied to complex Ty entities in some way other
than the way specified by the principles R. If theory T,
meets these conditions in world w, then it also meets
them in our.world. But in fact it does not meet them in
our world, since our world has a unified science based

on the uniquely simple set of microreductively connecting
principles R. (The reader is reminded that the latter
agsumption about our world underlies the entire discus-
sion of the supervenience principle in this chapter, and
that the assumption is central to this entire thesis.)
Thus, the unigueness of the connecting principles R in
our world suffices to establish their uniqueness in all
T0 K-worlds.

Let me put this argument in slightly different
terms. In all Tg K-worlds, the same sorts of micro-
level entities exist as in our world, and the same micro-
physical laws apply to these entities. Thus, the same
kinds of cumulative macro-level outcomes of micro-level
processes are possible in all Ty K-worlds. And the same
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kinds of complex Tg entities will be possible in all
such worlds. Accordingly, if an alternative set of
connecting principles R' is available in one T, K-world,
it will be available in all. So, since such an alter-
native set is not available in our world, it will not be
available in any Ty K-world. Therefore, we are assured
that the uniqueness condition for the connecting prin-
ciples R is satisfied in all T, K-worlds.

This completes the argument for the supervenience
principle (S), with respect to cases of microreduction
in natural science. I have argued, first, that three
criteria must be met in order to guarantee the truth of
the connecting principles R in all T, K-worlds: a) the
truth of the auxiliary connecting principles in all
such worlds, b) the constructability of higher-level
theoretical models in all such worlds, and ¢) the unigue-
ness of the connecting principles R in all such worlds.
Secondly, I have argued that each of these criteria is
indeed satisfied, with respect to the microreduction of
higher-level natural sciences to Tgp. Together, the two
components of the argument establish the truth of (8),
with respect to microreduction in natural science. In
addition, we saw in the course of the argument that T4's
primary correspondence principles are themselves super-
venient upon the truth of the internal principles I,.
Combining this conclusion with the truth of (S), we may
conclude that (S#*) is also true, with respect to natural
science, This latter assertion, as we saw, is better
suited than (S) to express the full content of the in-
tuitive principles which underlie the N-D argument. The
only truly fundamental principles of unified science are
those which specify the nature and the behavior of the
basic concrete indecomposable entities of our world--vis.,
the internal principles of theory Tp. In subsequent
chapters, references to "the supervenience principle"
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will be understood ‘o designate (S*), rather than (S).

1My description will rely heavily on Hempel's
paper, "On the 'Standard Conception' of Scientific
Theories," Minnesota Studies in the Philosophy of Science,
hsed, M, Radner and S, Winokur (Minnespolis: University
of Minnesota Press, 1970), pp. 142-163,

2For example, G. Maxwell, "The Ontological Status
of Theoretical Entities," Minnesota Studies 3, and H.
Putnam, "What Theories are Not," Logic,_Methodology,_and
Philosophy of Science, ed. E. Nagel, P. Suppes and A.
Tarski (Stanford: Stanford University Press), pp. 240-51.

3 ¢f. Putnam, ibid.
L

Ernest Nagel, The Structure of Science, p. 90. Quo-
ted by Hempel, p. 156.

5For further argument along these lines, as well
as a more detailed critique of the standard conception's
account of the role of models, see Marshall Spector,
"Models and Theories," BJPS 15 (1965): 121i-42.

6Pu't:nam.pp. 249-51 and Hempel, pp. 162-23.

?I have not found this objection formulated ex-
plicitly by others, but similar observations are made
by Fredrick Suppe, "On Partial Interpretation," JP 68
(1971): 57-76. See pp. 67-70 in particular.

8Alfred Tarski, "The Concept of Truth in Forma-

lized Languages," in his Logic, Semantics, Metamathema-
tics, trans., J.H. Woodger (Oxford: Oxford University
PI‘GBS, 1956)| ppl 1.52"'87-

9For further details on such a proposed modifica-
tion of the standard conception, see Suppe.

1ORudolph Carnap, "Empiricism, Semantics, and On-
tology,” Revue Internationalle de Philosophie 11 (1950):
20-40; Carnap, "The Methodological Character of Theoreti-
cal Concepts," Minnesota Studies in the Philosophy of
Science, 1, 44-45,

11

Hempel, pp. 142-43,

12Willard van Orman Quine, Word and Object (Cam-
bridge, Mass.t MIT Press, 1960), pp. 32-33.

131pid., pp. 35-36.
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Wrpia., pp. b2-bl,

151pid., p. Uk,

i 16The requirement that higher-level models be
constructable from lower-level models commits us to
the position that Tp must provide some sort of model
for at least some of the entities it countenances. I
am strongly inclined to accept this position, since the
alternative seems to be an instrumentalist interpreta-
tion of microphysics. But because of my nearly total
ignorance of quantum mechanics and related desciplines,
I can't discuss this issue with any competence.

1?Interconnectedness of models doesn't come into
play in this example, because there really isn't any
model within thermodynamics that's assoclated with
temperature. Temperature is a property of macroscopic
entities and systems. Models generally come into play
when the entities described by a theory are microscopic.

18At this point, it might cccur to the reader
that we should opt for sortal essentialism: the view
that complex T, entities possess, in all possible
worlds, the same sortal properties from higher-level
theories which they possess in the actual world. I do
not assume the truth of sortal essentialism in advance,
but a version of +this view is entailed by ‘the superven-
ience principle. I return to sortal essentialism in the
appendix.

19 is examﬁle is taken from Nagel, The_ Sitructure
of Science, pp. 94-95.

20pp 14 claim needs qualification. The claim does
hold true, I think, when the theoretical entities in
question are micro-level entities. When we move to the
macro-level (as in the case of psychology, where the
relevant theoretical entities are entire human organisms),
the relation of the theoretical to the observational may
be somewhat different. For example, certain inner psy-
chological properties may be linked to observable beha-
bior by thelr analytically-characterized causal role
in bringing about the behavior. We consider this type
of theoretical-obgervational connection in the latter
part of chapter V.




V. DPSYCHOLOGY AND THE PART-WHOLE
SUPERVENIENCE PRINCIPLE

Section 1

In this chapter we consider the supervenience
principle with respect to the microreduction of psycho-
logy. Phenomenal properties on the one hand, and cog-
nitive and volitional properties on the other, each
raise special difficulties which were not encountered in
our above defense of (S) and (S#*) as applied to natural
science. With respect to the aspects of psychology that
involve phenomenal properties, we will find that prob-
lems arise because the principle of micro-macro conti-
nuity evidently does not apply to microreductive theore-
tical-phenomenal correspondence principles. Hence, we
need an independent argument to establish the superven-
ience of these principles. With respect to the cognitive
and volitional aspects of psychology, difficulties arise
because it appears that the prospect of strong Nagel-
reducibility is rather bleak. I will suggest a more
plausible form of reduction, and I will argue that the
superveniénce principle applies with respect to the
comnecting principles involved in this weaker type of
reduction.

We turn first to the consideration of (S*) with
respect to those parts of psychology involving phenomenal
concepts. The uniqueness of this envisioned instance of
microreduction results from two facts: 1) instances of
phenomenal properties are directly experienced, and 2)
instances are directly experienced only by the organism
who is itself instantiating the property. As a conse-
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quence of these facts, the reduction of the relevant
parts of psychology will involve connecting principles
which serve two roles simultaneously: a) the role of
"theoretical-~theoretical® connecting principles which
treat phenomenal properties as subject matter for the
internal principles of psychology; and b) the role of
theoretical-phenomenal correspondence principles. The
envisioned correlation of pain with the neural property
P is an excellent example: pain is experienced by the
subject as phenomenally present, and it is also the sub-
jeet of psychological theorizing.

The uniqueness of this case stands out in even
sharper constrast when we consider it in light of the
arguments Just presented in support of (S#*). The funda-
mental notion employed was that of the continuity of
micro-phenomena and macro-phenomena. For example, the
mercury in the capillary tube undergoes visible expan-
gion upon increase in temperature because the millions
of invisible molecules areincreasing their average dis-
tance from one another, as the result of increased mean
kinetic energy. The continuity here centers around
concepts like distance and volume. Distances between
molecules are like visible distances, only smaller.
Accordingly, increases in distance among the invisible
molecules result in a visible increase in the volume of
the mercury. _

We saw that the principle of the continuity of
micro-level phenomena with macro-level phenomena is
fundamental to all observational-theoretical correspon-
dence principles, primary as well as auxiliary. Here
is where the sharp contrast with the present case of
microreduction emerges. Continuity of micro-level
phenomena with macro-level phenomena is not present in
the case of theoretical—phenomehal correspondence prin-
ciples. A characteristic of phenomenal experiences is
that they are qualitatively unique: there is an un-
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bridgeable qualitative gap beiween the third-person

world of physical things and physical process, and the .
first-person world of phenomenal sensation. The sensual-
ness of phenomenal experience does not emerge as the ob-
vious resultant extension or cumulative effect of micro-
processes in the brain. On the contrary, there is some-
thing qualitatively new about the visual sensation of
redness, the tactual sensation pain, and the olfactory
sensation of Chanel No. 5. There is "something that it
is like" +to experience these sensations, and the only
way to know what it is like is to actually undergo them
yourself, or at least to undergo similar sorts of exper-
iences., No amount of insight into the physiological pro-
cesses underlying these experiences will give us any
inkling of what they are like qua experiences. There is
a glaring lack of continuity between physical processes
and phenomenal experiences.

The fact-that phenomenal awareness occupies a
wholly different qualitative dimension than the dimen-
sion of the physical has been a major source of perplexity
over the mind-body problem. And this fact makes itself
felt with respect to the problem of defending (S*), the
principle which will be central to the solution I shall
eventually propose. Because of the qualitative gap
between the phenomenal and the microphysical, the micro-
macro continuity principle cannot be used to defend the
supervenience of phenomenal mental properties upon the
correlated neurophysiological properties. A different
defense must be found.

Before embarking on this defense, wc should note
that the lack of continuity in the present case of micro-
reduction does not seem to alter the following intuitions:
thatpain is "nothing but" the correlated neurological
property,that this correlation needs no explaining, and
that only the laws of Ty should count as fundamental laws
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in unified science. The fundamental intuitions behind
the N-D argument thus do not seem to conflict with the
qualitative gap between the microphysical and the phe-
nomenal. Rather, it seems that phenomenal experiences
occupy the role of the "inner aspect"--the felt aspect--
of neurophysiological processes. This "inner aspect"
notion does not conflict with the principles (E), (F),
(D), and (N). I.e., it is consistent with the super-
venience of phenomenal properties upon the correlated
physical properties, It does seem to involve the view
that the properties are not identical--that phenomenal
properties are individuated by their "raw feel," and
hence that they are instanced in some possible worlds in
ways other than by the instantiation of their actual neu-
ral correlates. But of coﬁrse. this non-identity position
is one I have already advocated in chapter III,

In facing the problem of defending the superveni-
ence of phenomenal properties upon the correlated neuro-
physiological properties, we must address the question of
the relation between possibility and imaginability. It
has often been assumed by philosophers that whatever is
‘imaginable or conceivable is possible, Contradictions
are not supposed to be imaginable, so they're not pos-
sible. And some philosophers have held that certain
statements other than outright contradictions are such
that we can't imagine their being true. (For example,
Kripke maintains that we can't imagine a world in which
Nixon has different parents than his actual parents, or
a world in which a table which is wooden in our world can
be the same table and yet be composed of ice. Parentage
and composition therefore are essential properties of
things, according to Kripke. A particular individual
has the same parents and the same composition in all
possible worlds.l)

The notion of conceivability or imaginability is
relevant to our earlier argument in support of the view
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that microreductive theoretical-observational correspon-~
dence principles are true in all K-worlds where the re- °
ducing theory is true. As a result of the micro-macro
continuity that's involved in these correspondence prin-
ciples, we can't really lmagine K-worlds where the re-
ducing theory is true but the correspondence principles
are not. TFor example, it seems clear that we can't
imagine a possible world in which 1) the individual mole-
cules in a quantity of mercury undergo the same increase
in their average distance from one another as a result

of increased mean kinetic energy as they do in the actual
world, but 2) the total volume of the mercury differs
from the total volume in the actual world, even though
the initial volume and temperature were the same in the
two worlds. .

But just as the notion of micro-macro continuity
does not seem applicable to the case of theoretical-
rhenomenal correspondence principles, the question of
imaginability becomes somewhat problematic in the case of
these correspondence principles. Two guestions must be
considered: 1) Can we imagine possible K-worlds in which
all of physical theory is true, but in which the theore-
tical phenomenal correspondence principles which hold in
our world do not obtain? 2) How does this question of -
imaginability related to the question of whether there
are such possible worlds? My defense of the supervenience
principle for phenomenal properties will be predicated
on the conclusions we reach concerning these two questions.

One way in which we can perhaps imagine different
psychophysical correlations obtaining, relative to the
truth of physical theory, is to consider possible worlds
whose basic indecomposable components include Cartesian
souls. If the mind is a separate entity than the body,
then psychophysical correlations might vary from one
world to another without any change in the truth of
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physical theory. But of course, the supervenience
principle does not apply to such worlds, It applies to
K~-worlds: worlds whose basic indecomposible entities are
all of the sort which exist in the actual world. (I'm
assuming, of course, that Cartesian souls don't exist in
the actual world.)

There is at least one acceptable sense of 'possi-
bility* according to which the truth of an assertion can
be "possible" even though there are no possible worlds in
which it is true. I'm referring to what has sometimes
been called epistemic possibility. A statement is epis-
temically possible if, for all we know, its truth value
could turn out either way. An example often cited is
Goldbach's Conjecture. This is a mathematical assertion
- which is true in all possible worlds if true at all, and
false in all possible worlds if false at all., But it is
"possible™ that 1t's true and "possible" that it's false,
in that we don't know the truth value which it necessarily
possesses.

Related to the epistemic sense of possibility is a
certain rather loose sense of imaginability. We can
imagine Goldbach's conjecture having either truth value,
in that we can imagine what it would be like to read in
the newspaper that a renowned mathematician had proved
(or disproved) it. We can also imagine what it would be
like %o read and understand the proof, or even to dis-
cover the proof ourselves. This sort of imagination is a
very loose affair: we simply imagine an experience that
is roughly the same as reading or discovering any other
proof, except that the last line of the proof is Gold-
bach's conjecture (or its negation). The salient feature
of this sort of "imagination" is sketchiness and non-
specificity. Imagining proving Goldbach's conjecture is
really no different from imagining proving any other
mathematical assertion. '
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Imaginability in this loose sense does not seem to
be restricted to statements whose truth value is pre-
sently in doubt. We can imagine Godel having proved the
completeness of arithmetic. Notice, however, that there
is some tendency to say that one can't imagine Godel's
theorem really being false -- one can only imagine what
it would be like to prove the completeness of arithmetic.
We'll return below to this linguistic nuance.

These observations indicate that certain assertions
can be epistemically possible even if they're not meta-
physically possible, and they also indicate that 'imagin-
ability' can be understood in so loose a sense that even
truths that we know to be necessary can be imagined false.
We must therefore focus our discussion somewhat more nar-
rowly. We are concerned with metaphysical necessity and
possibility, and we are concerned with the concrete,
specific imaginability of the truth of certain assertions,
rather than the vague sort of imaginability discussed
above., With these points in mind, let's address the
first of our questions concerning the supervenience of
phenomenal properties: Can we imagine a possible K-world
in which all of physical theory is true, but in which the
theoretical-phenomenal correspondence principles which
hold in our world do not obtain?

Qur present lack of neurophysiological knowledge
concerning the correlates of phenomenal properties is not
directly relevant to this gquestion, since lack of know-
ledge only establishes an epistemic possibility of other
correlations obtaining than those which actually do
obtain. So the question is not whether we can "imagine"
different alternative psychophysical correlations being
discovered, in the sense that any of these alternatives
might be the correlation law which actually obtains, for
all we know. Rather, the question is whether we can
concretely and vividly imagine two K-worlds in which the
physical theory of our world obtains, but in which the
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psychophysical correlation laws are different.

It seems that the answer is yes. Consider the
‘relevant sort of experimental situation: a conscious,
awake subject is reporting his phenomenal states honestly
and accurately. Meanwhile, complex electrocnic apparatus
that's been wired into his brain by the experimenter is
accurately monitoring the physical events in his brain.
Now, it seems that we can imagine two K-worlds, both of
which are the same as ours in point of physical laws, in
which the experimental results are different. Different
psychophysical laws are discovered, Moreover, we can add
indefinitely many specific details to the imagined cases
without changing the result. The cases are therefore
quite different from the case in which we "imagine" -~ in
a loose and nonspecific way ~-- proving Goldbach's conjec-
ture. We can imagine the experimenter implanting elec-
trodes at very specific cites in the brain, we can cite
in precise detail the different experimental results which
we imagine the experimenters to obtain in the two worlds,
and so on. In short, we can imagine the two envisioned
experiments in minute detail and specificity -- something
we clearly cannot do when we "imagine" proving Goldbach's
conjecture.

Our ability to so imagine is not surprising, how-
ever. It results from the very fact which forced us to
give separate consideration to phenomenal psychology in
the first place: +the lack of continuity between the
micro-physical and the phenomenal. Since the phenomenal
is in a different qualitative dimension from the physical,
we are free in our imaginations to vary this dimension
with respect to the physical dimension. I.e., we are free
to imagine K-worlds where different psycho-physical cor-
relations obtain, even though the same physical theory
obtains. _

This brings us to our second question: Does the
imaginability of such worlds imply that they really are
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such worlds? Given our affirmative answer to the imagin-
ability question itself, it's clear that we must answer
this question negatively if we are to defend the super-
venience of phenomenal properties.

To begin with, let me mention an inclination which
I feel, and which the reader will perhaps share. I'm
inclined to say this: although I can imagine, in the way
psycho-physical comnections than those which obtain in
the actual world, I cannot imagine such a discovery
really being made in a K-world whose physical laws are
the same as ours. This linguistic nuance was menticned
above in connection with Godel's theorem. We have an
inclination to say that although we can imagine what it
would be like to prove Godel's theorem false, we can't

imagine it's really being false in some world. We say
this because we know that Godel's theorem is necessarily
true. Thus, the assertion that we "can't imagine it's
really being false in some world" reflects our belief
that there are no possible worlds in which it is false.
Imaginability in this sense presupposes a prior belief in
metaphysical possibility.

The locution functions similarly in the case of
phenomenal properties. When I say that I can't imagine
a discovery of different psychophysical connections really
being made in a K-world where the physical laws are the
same as ours, I mean that I don't believe that there are
any such K-worlds. If the reader shares my inclination
to say this, he no doubt shares my belief.

Of course, the inclination is based on an accep-
tance of the intuitions underlying the N-D argument as
they apply to phenomenal properties, and on an acceptance
of the supervenience principle (S%*) as an explication of
those intuitions. If we subscribe to the N-D principles
(N), (E), (F), and (D) as applied to psychophysical
correlation laws, and if we subscribe to (S*) as an
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explication of these principles, then we cannot also
subscribe to the view that vivid imaginability is the
criterion of possibility. Something has to give: either
the N-D principles, of the contention that (S*) explicates
them, or the imaginability criterion.

We thus arrive at a prima facie case against the

imaginability criterion. Many philosophers are inclined
to accept the premises of the N-D argument as applied to
phenomenal properties. (Recall that Feigl and Smart's
original version of the argument applied specifically to
phenomenal properties.}) And we saw in chapter II that
the supervenience principle constitutes an explication of
the N-D intuitions. So the philosophers who accept the
N-D principles are obliged to reject the view that vivid
imaginability guarantees metaphysical possibility.

They need only reject this view to limited extent,
however., It still seems true in most cases. Vivid ima-
ginability will fail to guarantee metaphysical possibility
only in a limited number of cases-~those in which we
imagine phenomenal properties altered in their relation to
the physical world, even though the physical laws remain
unchanged. And the failure of the imaginability criterion
in these cases is not really surprising. It results from
the lack of qualitative continuity between the microphysi-
cal dimension and the phenomenal dimension, and the con-
sequent free reign which the imagination possesses to
contemplate various alternative ways that the two dimen-
sions might be interconnected. The supervenience prin-
ciple asserts that only one such system of interconnec-
tions is.really possible: +the actual one.

Section 2

Having sidestepped the obstacle presented by the
problem of imaginability, I shall now offer positive
arguments in support of the supervenience of the phenomenal
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upon the physical. My general strategy will be to argue
that a theory which treats phenomenal properties as super-=
venient has the double advantage of conceptual conserva-
tism and simplicity, as compared with alternative
theories. The two closely-related notions of conceptual
congservatism and simpliclty are very general principles

of theory construction, which deserve to be invoked
wherever possible.

The theory I'm discussing includes the reduction-
ist's ideal of Unified Science, but it is broader than
this. It also includes certain philosophical components,
primarily metaphysical ones. The supervenience principle,
(S*), is an example of such a component: it tells us
about the nature of microreductively correlated proper-
ties, above and beyond the fact of their correlation.

The thesis ‘that such properties are identical, which I
have argued against, is another example. The arguments
below are designed to show that the pranciple of the
supervenience of phenomenal properties affords a signifi-
cant degree of simplicity to our envisioned philosophico-
scientific theory, and to show that adoption of the
principle is conceptually more conservative than failure
to adopt it. (The arguments have application to cases of
(S*) other than the microreduction of phenomenal psycho-
logy. But phenomenal psychology is the one instance where
our earlier arguments don't apply, because of the quali-
tative dissimilarity problem.)

The principle of conceptual conservatism comes into
play when we compare the envisioned microreduction of
phenomenal psychology to other cases of microreduction.
In the other scientific theories, where (S%*) holds true,
microreductive connecting laws between these theories are
non-fundamental laws. So if the Unity of Science hypo-
thesis is true as regards the domain of natural science,
then the laws of microphysics become the only fundamental
laws. Thus, reduction of the higher-level natural
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sciences to microphysics does not increase the number of
fundamental laws. ' )

Now suppose that the Unity of Science hypothesis
extends to psychology. The conceptually conservative
approach would be to adopt (S*) in this case as well:
the microreduction of psychology could thereby by accom-
plished without an increase in the number of fundamental
laws of nature. If we do not adopt (S*) in this case,
then we must add psychophysical correlation laws to the
body of fundamental laws, even though this step is not
taken with other sorts of microreductive correlation laws.
Conceptual conservatism dictates that we keep the number
of basic laws in our theory as small as possible. Hence,
we should adopt (S#*) for all cases of microreduction,
ineluding the reduction of phenomenal psychology.

The principle of conceptual conservatism provides
us with a second argument, as follows. As we saw in the
original presentation of the N-D argument in chapter II,
complete microreduction of higher-level scientific
theories to Tp requires that the intertheoretic connecting
principles R be non-fundamental. Otherwise, higher-level
theory cannot properly be said to be reducible to Tg ;
rather, it is reducible to Ty U R. The nonfundamentality
of microreductive connecting principles has already been
sustained for microreduction in natural science, as a
result of our earlier arguments in favor of (S#),. The
following alternatives face us if we fail to adopt (S*)
in the present instance: 1) We can retain the principle
that in complete microreduction, only the laws of the
final reducing science may count as fundamental laws; on
this approach, we must reject the hypothesis that pheno-
menal psychology is reducible to natural science. 2) We
can lower our usual standards of adequate microreduction
in order to accomodate phenomenal psychology; +this line
entails a partial rejection of the view that complete
microreduction requires that the connecting laws be non-
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fundamental. Each alternative requires us to drop a key
thesis that we are strongly inclined to assert: either °
the complete microreducibility of psychology to physical
theory, or the principle that complete microreduction
requires non-fundamental connecting laws. Conceptual
conservatiem dictates that we adopt principle (S¥#) as
applied to phenomenal psychology rather than give up
eilther thesis.

Conceptual conservatism also provides the basis for
a third argument in favor of the supervenience of theoret-
ical-phenomenal. connecting laws. Theorists who adopt the
Unity of Science hypothesis usually connect fundamental-
ity of scientific laws with indecomposability of the
entities which the laws describe. Thus, the laws of
microphysics are basic because they deal with the proper-
ties and interrelations of the basic entities from which
other entities are composed. The nomological nexus at the
level of microphysics is thought to be complete, if the
Unity of Science hypothesis is true. I.e., the laws
governing all higher-level processes are determined by
the laws which govern the basic components from which
higher-order entities are constructed. (This type of
determination, as we saw in chapter II, requires that
microreductive connecting principles themselves are de-
termined by the laws of microphysics, where the determi-
nation is expressed in (S%).)

The conception of fundamental laws as those which
deal with basic entities is borne out, in most cases, as
the argument of 4.4 in favor of (S*) indicates. But
unless (S*) is adopted with respect to the reduction of
phenomenal psychology, then the conception must be given
up. So once again, the principle of conceptual conserva-
tism dictates that (S%*) be adopted for microreductive
property correlations generally. In this connection, it
is appropriate to quote again the following passage from
J.d.C. Smart, orginally quoted in Chapter II.
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Certainly we are pretty sure in the future

to come across new ultimate laws of a novel

type, but I expect them to relate simple

constituents: for example, whatever ultimate

particles are then in vogue. I cannot believe

that ultimate laws of nature could relate

simple constituents to configurations consis-

ting of perhaps billions of neurons (and good-

ness knows how many billion billions of

ultimate particles) all put together for all

the world as though their main purpose in

life was to be a negative feedback mechanism

" of a complicated sort. Such ultimate laws

would be like nothing so far known_in science.

They have a queer "smell" to them.Z

I turn now from conceptual conservatism to consid-
erations of simplicity. I shall contend that the various
intuitive claims which underlie the N-D argument--{(N),
(R}, (D), (F), and (E)-~involve an important element of
simplicity. This simplicity element is what makes them
intuitively compelling, and it constitutes good reason
for accepting the principle (S#*) which explicates them.

Take the principle (N). When we assert that pain
is 'nothing more than' neural property P, there is an
obvious suggestion that the relation between the proper-
ties is more intimate than it would be if the assertion
were false. In addition, the assertion connotes that a
theory which postulates this intimate relation is simpler
than a theory which does not. This connotation of simpli-
city is re-inforced by principles (D) and (F): we don't
need to treat the law connecting pain and property P as
a fundamental law; its truth is determined by the laws of
. natural science alone. (E) connotes simplicity as well
in suggesting that it's clearly out of place %o ask why
the two properties are correlated.

(S*), I have alleged, explicates these closely
connected intuitions. It describes the intimate connec-
tion between pain and neural property P in terms of
extensions of the two properties in possible worlds

other than the actual world. The suggestion is that the
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extensions do not diverge from one another in any K-world
where the fundamental laws of natural science obtain, s

In claiming that a theory which postulates this
non-divergence of extensions is simpler than one which
does not, I am not invoking the traditional measures of
simpliecity: ontological parsimony, inductive simplicity,
or the type of simplicity described by Goodman.3 An
ontological parsimony argument would require us to iden-
tify phenomenal properties with their physical correlates,
thereby effecting a systematic reduction in the number of
distinct property-kinds that are countenanced by theory.
But I have already argued against such identification in
this case. Inductive simplicity is concerned with "the
problem of curve fitting"--the problem of "inducing" the
simplest ("smoothest") curve or function that's descrip-
tive of a body of empirical data. Inductive simplicity
isn't relevant to (S*), because the question we face re-
garding (S*) is whether or not there are relevant possible
worlds in which the empirical data changes in certain ways
--specifically, whether there are relevant K-worlds where
different psychophysical correlations obtain. Goodman's
approach measures the simplicity of predicate bases of
descriptional systems or theories, in terms of certain
formal properties of the predicates. This type of sim-
plicity isn't relevant to (S*) either, since we are not
envisioning possible worlds whose description requires
different predicates. Rather, the question is whether
there are relevant worlds with different psychophysical
connections than ours; such correlations would involve no
new descriptive vocabulary. :

My claim is that supervenience is itself a type of
simplicity, distinct from the types just mentioned. How .
can this claim be justified? To begin with, (S*) passes
the test of intuition. It is backed by the Intuitions
(N), (R), (F), (D), and (E). And these intuitions them-
selves all connote simplicity, as we saw.
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But there is a more direct way to bring out the
fact that supervenience is a type of simplicity. Suppose,
that phenomenal properties are not supervenient on their
physical correlates. This means that there are possible
worlds which are just like ours at the physical level,
but in which the phenomenal-physical correlation laws
are different. Now, as soon as we admit such possible
worlds, the following question unavoidably arises: why
are the psychophysical correlations the way they are in
our world? If they could have been different without
any accompanying differences in the physical aspects of
the world, then what explanation is there for their being
as they are?

We will be told, of course, that this question is
unreasonable. Psychophysical correlation laws are fun-
damental laws of nature: they have no further explana-
tion on the basis of prior laws, just as the laws of
microphysics have no further explanation.

But this reply is not satisfying. Psychophysical
laws are just too early an end to explanation. The con-
nection between consciousness and the physical world be-
comes inordinately puzzling, if this connection can differ
in possible worlds whose physical aspects are just like
ours. We are puzzled by the fact that we have our par-
ticular psychophysical laws and not others, given that
others are perfectly compatible with the physical aspects
of the world. We feel the need for an explanation of
this fact, but no explanation is forthcoming. If pheno-
menal properties are not supervenient, then we must ac-
cept paychophysical laws as fundamental and unexplainable.

Our puzzlement is removed, on the other hand, if
we adopt the supervenience principle for phenomenal pro-
perties. There is no impulse to ask why the actual
psychophysical correlations obtain rather than others,
since no others are possible relative to the truth of
the fundamental laws of natural science. The key factor
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in the simplicity of supervenience is that it eliﬁinates
puzzlement about the connections of the phenomenal to
the physical.

" Scientific explanation must come to an end within
unified science. Certain principles must be accepted as
fundamental and unexplainable, as the basis for the
others. But we are not compelled to conclude that we
have reached the end of explanation until we come to
the level of scientific principles which govern the ulti-
mate indecomposable entities of our world. Our unified
science will be simpler if we do not declare an end to
scientific explanation until we are compelled to do so.

If we adopt the supervenience principle, then
the instancing of phenomenal properties can be viewed
as the "inner aspect" of the instancing of +the correlated
physical properties. I.e., it is the nature of neural
property P that its instances involve the "raw feel” of
rain; this raw feel is not a part of the nature of any
other property countenanced by natural science. To say
that pain is the "inner aspect," or part of the '"nature,"
of property P is to say that the link between the two is
stronger than mere nomological correlation. And it is
stronger, according to the supervenience principles: +they
are co-extensive in all relevant K-worlds. '

This completes the simplicity and conceptual con-
gservatism arguments for the superfénience of phenomenal
properties upon the physical properties with which they
are nomologically correlated. It must be admitted that
the arguments are less conclusive than those given ear-
lier for supervenience in other instances of microreduc-
tion. But it does not appear that stronger arguments
can be given in the phenomenal case. The sharp lack of
continuity between the phenomenal and the microphysical
precludes any stronger argument. Specifically, it
precludes any argument based on limitations in what can
be imagined; it is fairly easy to imagine different cor-
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relation laws obtaining than the ones which actually
do obtain, precisely because the phenomenal dimension is
g0 dissimilar from the physical.

But although a stronger argument is not possible
because of this gap in continuity between the phenomenal
and the physical, it does not appear that a stronger
argument is needed. The supervenience principle is sup-
ported by several compelling intuitive prineciples, it
affords a significant degree of simplicity to our envi-
sioned Unified Science, and adopting the principle is
conceptually more conservative than failure to do so.
Therefore we should adopt the principle, with respect
to the theoretical-phenomenal connecting principles of
unified science.

Section 3

We now focus on the subject of cognitive and vo-
litional mental properties, as against phenomenal pro-
perties. 'Cognitive' applies to properties like 'is
thinking of Vienna', 'knows that the earth is round', and
'*believes that the moon is inhabited'. Examples of
volitional prbperties are 'wants an ice cream cone',
'hopes to win the race', and 'intends to leave'. In
general, i+t appears that cognitive and volitional pro-
perties fall within the class of so-called "propositional
attitudes." I shall discuss, rather speculatively, the
relationship that psychology might be expected to bear
to the properties countenanced by natural science, in
light of the pervasive presence of cognitive and voli-
tional notions within psychological theory. I shall
suggest several reasons for thinking it unlikely that
the cognitive and volitional elements of psychology are
strong-Nagel-reducible to natural science. I will then
degscribe a weaker sort of reduction, akin to weak Nagel
reduction, which is more likely to be obtainable in the
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case of psychology. PFinally, I will contend that the
supervenience principle applies with respect to the con- »
necting principles involved in this weaker type of reduc-
tion, just as it applies to cases of strong Nagel reduc-
tion. (Much of what I shall say about psychology may be
applicable to the more general problem of the reduction

of social science theories to theories in natural science,
in light of the pervasive presence of cognitive and vo-
litional concepts throughout social science.)

A number of reasons have been given by various
authors for thinking that cognitive and volitional pro-
perties differ in fundamental ways from the properties
countenanced by the natural sciences, and hence that
psychology itself differs fundamentally from the natural
sciences. Among the alleged differences are these: 1)
There are no precise laws involving cognitive and voli-
tional properties; 2) Many of the principles concerning
these properties that come closest to being “"lawlike"
are virtual analytic truths; 3) There is no neat mapping
of these properties onto the properties countenanced by
natural science; 4) These properties possess intentiona-
lity; and 5) Statements ascribing these properties to
things contain opaque contexts.

In light of such claims, four general stances are
possible. One can take the view that psychology is not
fundamentally different from natural science, and then
either accept or reject the hypothesis that psychology
is reducible to natural science. Or, one can concede
that there do exist fundamental differences, and then
either accept or reject the reducibility thesis. Notice
that the fourth position is compatible with Unity of
Science, if we are willing to dispense ultimately with
cognitive and volitional notions in science. Quine, for
example, adopts the view that the intentionality of
these notions and their tendency to create opagque con-
texts place them outside of objective science.* And
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he evidently holds that a reduction of an intentional
psychological theory to natural science would not be
poss?ble, because of his principle of the indeterminacy
of translation.” But he takes this result to show the
"baselessness of intentional idioms and the emptiness
of a science of intention," rather than the importance
of an autonomous and irreducible science of intention.
Quine's position seems to me to be unnecessarily
austere. It is not clear to me what the doctrine of in-
determinacy of translation implies with respect to the
question of reducing intentional psychology to natural
science, and I am not an advocate of this doctrine in
any case.6 Moreover, it seems that intentional notions
are quite centrally entrenched in psychology as we know
it today, and in many other social sciences as well.7
Skinner's attempt to found a non-~intentional science of
behavior is one notable exception, but so far the at-
tempts to produce an austere stimulus-response science
have been rather unsuccessful.8
On the other hand, it remains +true that there are
aspects of intentional psychology which render it quite
different from the natural sciences, and which suggest
that strong Nagel-reducibility is unlikely. We will
focus on the first three of the five aspects mentioned
above, First, consider the conjecture that there are
few fully precise laws involving intentional properties.
The suggestion is that "tendency laws" and very vague
general laws are likely to be the best that we can do in
this realm. Cognitive and volitional concepts, with
their origins in our common-sense conceptual scheme and
their relatively loose conditions of applicability, are
perhaps inherently lacking in precision. If so, then we
cannot expect to discover precise, exceptionless, uni-
versal laws involving these concepts. The much-discussed
lack of precise laws in the social sciences is perhaps
inevitable, in light of the concepts that are employed.

3
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Given this lack of laws, and given the common-sense
origing of many of our intentional notions, it seems )
plausible to conjecture that there indeed are inherent
limitations on the degree to which the generalizations

of intentional psychology can be improved.

In Davidson's terminology, the conjecture is that
the generalizations of intentional psychology are "hete-
ronomic," as against the "homonomic" generalizations we
find in the basic natural sciences. The distinction is
as follows:

On the one hand, there are generalizations
whose positive instances give us reason to
believe the generalization itself could be
improved by adding further provisos and
conditions stated in the same general vo-
cabulary as the original generalization.
Such a generalization points to the form
and vocabulary of the finished law: we
say that it is a homonomic generalization.
On the other hand there are generalizations
which when instantiated may give us reason
to believe there is a precise law at work,
but one that can be stated only by shifting
to a different vocabulary. We may call :
such generalizations heteronomic.

This passage from Davidson also points to the re-
lation between the heteronomic character of psychological
generalizations and the thesis that psychology is redu-
cible to natural science. For, if the precise laws under-
lying our psychological generalizations are not within
the domain of psychology itself, they must be formulable
at the level of the natural sciences. This unique aspect
of intentional psychology renders reducibility all the
more likely. The form which reduction is likely to take,
however, is not that of the strong Nagel model. No neat
one-to-one isomorphism is to be expected between psycho-
logical properties and microphysical properties, since
intentional psychology lacks the precision of natural
science.
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The second conjecture I wish to consider concerning
intentional psychology is the assertion that many psycho->
logical generalizations are virtual analytic +truths,
rather than empirically disconfirmable principles. It is
suggested that the generalizations are so central a
rart of ordinary conceptual scheme that anyone who denied
them would likely be accused of failing to understand
the relevant concepts. The relation between intentions,
beliefs, and actions is often cited as an example. As
Alan Donagan puts it, "No conceivable empirical evidence
would count against the proposition that if you hold to
your intention to bring something about, and believe that
you must take certain steps to do so, then you will take
those steps if you can."10 Another example of such a
psychological principle is this: "If, given that x had
not been expecting p but now suddenly judged that p would
be the case, x would feel joy, then x wants p."11

I think it must be admitted that such generalizations
do have ‘the status of virtual analytic truths. Their
centrality in our conceptual scheme is no accident: we
assume their truth as a basis for our ascription of the
mental properties themselves. In this regard, they con-
trast rather sharply with phenomenal properties, which
we can ascribe (to ourselves) independently of any as-
sumed connection to other méntal properties or to subse-
quent behavior. For example, the fact that we tend to
avoid pain does not count as a virtual analytic truth,
since pains are identifiable independently of their
behavior-dispositional characteristics, by means of
their 'raw feel’.12

The relevance of the virtual analyticity of certain
psychological generalizations to the microreduction of
psychology will become clearer below. But for the pre-
sent, we should note that we may be able to arrive at a
satisfactory account of reduction which does not meet
Nagel's derivability requirement with regard to these
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laws. If the laws are analytically true, perhaps they
don't need to be derived from more basic laws. 3

A third important conjecture is that many cognitive
and volitional properties do not map neatly onto any
physicalistic properties countenanced by natural science.
There are good reasons for suspecting that this is the
case., First, we ascribe these properties to people under
varied and diverse circumstances, and the conditions of
ascription are rather loose. Just imagine, for example,
the broad range of different situations in which we might
say of a person "He is thinking of Vienna." Secondly,
there is the closely-related fact that instances of cog-
nitive and volitional properties can have quite different
"contents" at different times. One person's thinking of
Vienna might involve a vivid recollection of the opera
house he saw there, a second person's might involve con-
templation on the plight of Vienna in the second world
war, and a third person's might involve the planning of
a stop at Vienna in his upcoming trip to Europe. In
light of such diverse possible “contents," it is mani-
festly implausible 1to suppose that "is thinking of Vienna"
corresponds to scme unique physical property of the brain
and central nervous system. And similarly for a great
many other cognitive and volitional properties.

The implications of this fact for the reducibi-
1ity thesis are clear. If there is no unique mapping of
such mental properties onto physicalistic properties of
natural science, then we cannot expect to obtain the
biconditional psychophysical correlation laws which are
needed for strong Nagel reduction. Reduction presumably
must take some weaker form.

Before turning to a description of the weaker
form that seems appropriate, let me briefly mention
some connections between the above observations about
intentional psychology and some recent work on the mind~
body problem. The causal theory of the mental, as advo-
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cated by D.M. Armstrong13 and by David Lewis,1u has

much in common with the view that many mental notions >
belong to a common-sense conceptual framework, many of
whose truths are virtually analytic. The causal theory,
which I discussed in chapter III in connection with
property identity, asserts that certain mental event-
types have definitive causal roles: typical causes and
typical effects under various circumstances, which'by
analytic necessity belong to a mental event-type and are
jointly distinctive of it.15 Thus, it claims not only
that there are analytic principles involved, but also
that these principles are sirong enough to provide a
full characterization of certain psychological states in
terms of their typical causal connections to one another,
and ultimately to sensory stimulation and behaviar.

The causal theory also makes room for the other
two likely characteristics of intentional psychology
noted above: +the heteronomic character of psychological
generalizations and the lack of a neat one-to-one rela-
tionship between intentional mental properties and physi-
cal properties. The latter possibility is allowed be-
cause there may well be different physical properties
which can occupy the causal role that's definitive of a
given intentional property. The possibility of hetero-
nomic generalizations is allowed for, because nothing
in the causal theory rules it out.

The functionalism of Putnam,16 Fodor,1? and
Dennettl8 also has much in common with the view that
intentional mental states are characterized largely by
their role in virtually analytic generalizations of our
common-sense conceptual scheme. Putnam's analogy be-
tween the mental states of persons and the logical states
of Turing machines can be understood in various ways,
some more literal and specific than others.19 But at
a general level, the analogy suggests that mental states
are characterized in the same general way that logical
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states of Turing machines are characterized--viz., by
their relation to one another and to (sensory) "input" )
and (behavioral) "output." At this level of generality,
the functionalist viewpoint merges with the causal theory.
Thus, my remarks about the compatibility of the causal
theory with the heteronomic nature of psychology and

with the lack of mental-physical isomorphism, are ap-
plicable here too.

Section 4

What sort of reducibility of psychology to natural
science might we reascnably expect, in light of the
unique features of psychology that we have been dis-
cussing? Strong Nagel reduction seems. ruled out, as we
saw. I shall suggest in this section that a form of
weak Nagel reducibility seems fairly plausible. The
modification results from a weakening of the derivabi-
lity requirement. Suppose we drop this requirement with
respect to analytic psychological principles, precisely
because these principles are true on the basis of their
role in our conceptual scheme. We are then left with
the task of constructing a set of connecting principles
between natural science and psychology, such that the
many non-analytic generalizations of psychological theory
are derivable from these connecting principles in con-
junction with statements from physical theory.

What form shall these connecting principles take,
if they are not to be biconditionals that connect primi-
tive predicates of intentional psychology to predicates
of natural science? An alternative scenario that comes
to mind involves statements of two general sorts: 1)
"one-way" correlation principles, of the form
“(x)(If Px then Mx)", where 'P' represents a predicate
from physical theory and 'M' represents a primitive
intentional predicate;2° and 2) various statements about
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the scope and completeness of the set of laws in the
first component. Suppose, for example, that the first >
component contains three laws connecting various physical
prOpérties to mental property Mj: (x}(If Pyx then Mjx),
(x)(If P,x then Mjx), and (x)(If P5x then M;x). And
suppose the second component contains a statement asser-
ting that the property Mi is usually (though not neces-
sarily always) accompanied by one or another of the
physical properties mentioned in these three laws. Now,
if the two components contained such one-way correlation
laws and "+typical accompaniment" statements for enough
intentional properties, then it might be possible +to
derive the general tendency-statements of intentional
psychology from some branch of natural science. If so,
then a form of reduction will have been achieved.

The limiting case of a "typical accompaniment"
statement would be an assertion that instances of a given
mental property Mj are always accompanied by some member
of the set of physical properties mentioned in the one-~
way correlation laws involving Mj. But such limiting-
case assertions would not be necessary in order to derive
psychological generalizations which have the form of non-
universal tendency statements.

Certain analytic psychological principles, on the
other hand, do not have the form of tendency statements.
For all their vagueness, they are still stated in uni-
versal form. The reason for dropping the derivability
requirement with respect to them thus becomes clear:
our set of one-way connecting laws may not be complete,
Thus, we may not be able to actually derive certain
analytic principles. But we know that they're true any-
way, because of their analyticity.

- I turn now to an argument designed to show that
weak Nagel reducibility of this sort does indeed obtain,
however difficult it might be to exhibit an actual reduc-
tion of intentional psychology in detail. The argument
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is based on several crucial assumptions: 1) The laws of
microphysics remain true of the basic microphysical
entities, no matter how these entities are grouped to-
gether into "higher levels" of integration. That is,
the laws governing the basic indecomposable entities of
the universe remain in force even when these entities
are combined to form atoms, or molecules, or cells, or
multicellular organisms, or living human beings. The
laws are not abrogated at high levels of organizational
complexity. 2) If the basic laws of microphysics are
only statistical in nature, then this statistical factor
is not eliminated in the behavior of complex entities
by the higher-level laws governing those entities. (Thus,
if a person is only 99.9 per cent likely to perform a
certain act on the basis of his present physical state,
the chances of his doing the act aren't increased be-
cause he is also in a particular psychological state.
The laws of psychology don't “fill in" the causal gaps
which result from guantum-level indeterminacy.) 3) The
analytic principles involving cognitive and volitional
properties are sufficiently rich to guarantee that such
properties can be characterized solely in terms of their
typical connections to one another, to phenomenal pro-
perties, to sensory input, and to behavior output. I.e.,
the analytic principles provide "functional" characteri-
zations of cognitive and volitional psychological pro-
perties.

The first two of these assumptions are implicit
in all the standard reducibility theses: strong Nagel,
weak Nagel, and Kemeny-Oppenheim, A reductionist always
assumes that the laws of the reducing science are uni-
versally true at all levels of integration, or at least
that whatever degree of lawlike regularity that exists
in the universe is a result of these laws alone. On
the basis of this agsumption, the Nagel-reductionist
proceeds to look for connecting principles which will
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allow a derivation of higher level laws from the basic
theory. The Kemeny-Oppenheim reductionist, on the basis
of the same assumption, attempts to explain the obser-
vable phenomena involving higher-level entities in terms
of the basic theory.

The third assumption is admittedly quite tentative.
Interesting attempts in the direction of providing de-
tailed functional characterizations of various types of
mental states have been given by Armstrong and by Dennett,
but whether or not the program can be successfully car-
ried through remains to be seen. Let me emphasize, in
addition, that I am tentatively adopting a functionalist
viewpoint only with respect to cognitive and volitional
properties. As I have already argued, it seems clear
that phenomenal states are not susceptible to functional

characterization, since their definitive characteristics
are their experienced 'raw feels. "2l Accordingly, 1 need
not deny that many cognitive and volitional properties
often are instanced in ways that involve vivid phenomenal
content. TFor example, instances of the property "wanting
an ice cream cone" might often include a vivid sensory
image of Bressler's for a given individual, and a feeling
of the "gnaw" of hunger. The functionalist contention
is simply that the definitive features of such a want
are its tendencies to produce further mental and beha-~
vioral states, rather than its phenomenal accompaniments.
Given these three assumptions, the argument pro-
ceeds as follows. Consider first the case of mental
properties which can be assigned to an organism directly
on the basis of its dispositional tendencies to certain
forms of overt behavior. (Wanting to raise one's arm is
an example.) Suppose a person has such a property, Mq,
at time ty. Now, given the assumption of the univer-
sality of basic physical laws, the person will also
instantiate some physical property P, at time %4, which
itself is likely to give rise ‘to the relevant overt
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behavior. I.e.,.there must be some physical basis for
the relevant disposition to owert behavior. Now, since
the relevant dispositions of the organism are the basis
for assigning to it the mental property My, and since
the universality of our physical laws guarantees that
these dispositions are present whenever the organism
has property P4, it follows that the organism will have
My whenever it has P;. Thus, we are guaranteed the ex-
istence of a "one-way" law, connecting instances of Py
to simultaneous instances of M,.

Now consider a mental property M,, which is as-
signed to organisms on the basis of dispositional ten-
dencies of the following two sorts: a) tendencies to
overt behavior, and b) tendencies to result in mental
properties which themselves have definitive connections
to characteristic overt behavior. The argument proceeds
as before. Suppose M, applies to an organism at time
t>. Then the universality of physical law guarantees
that there is some underlying physical property P, which
tends to cause the relevant overt behavior, and which al-
gso tends to cause certain physical states which them-
selves are related via one-way laws to the mental states
to which M, is dispositionally related. Now, since P2
will have the same dispositional tendencies whenever it
is instanced, and since these tendencies are definitive
for the presence of My, we are guaranteed that M, occurs
whenever P2 occurs.

The argument proceeds by analogous steps, to in-
clude mental properties that are progressively farther
removed from direct overt behavior and which have ana-
lytic interconnections with increasing numbers of other
mental states. Also, the same form of argument can be
used to include certain analytic dispositional connec-
tions between cognitive or volitional properties and
phenomenal properties, if we assume that phenomenal
properties are themselves connected to physical properties
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at least by one-way laws. (The present argument cannot
be used to establish such a connection, of course, since
" I have denied that phenomenal properties can be func-
tionally characterized.)

The argument as just presented made the assumption
that intentional psychological properties fall into a
sequence, with some intentional properties directly
linked to physical input and output, others linked to
physical input and output or to intentional properties
at the first level,still others linked to physical input
and output or to intentional properties at the first and
second level, etc. Actually, however, intentional pro-
perties may not fall into a sequential ordering of this
sort. So we need a different version of the argument
just presented, which will applyeven if the assumption of
sequential ordering is false.

The argument is quite similar to that just given.
Consider an intentional property M,, characterized in
terms of its typical connections to other intentional
properties, to sensory input, to behavioral output, and
to phenomenal properties. (We assume the existence of
pervasive physical-phenomenal correlation laws,) Sup-
pose property My is instanced in a particular person at
time t. Because of the presence of My at t, the person
has a tendency to instantiate certain other intentional
mental properties, or certain phenomenal properties, or
certain behavioral properties, or perhaps properties of
each kind. Given the universality of physical laws at
all levels of organizational complexity, we know that at
time t the person's body instantiates a physical pro-
perty, Py, which establishes certain definite physical
tendencies in the person. Because of P4, he has a ten-
dency to instantiate a) certain physical properties
which are connected, via physical-phenomenal correlation
laws, to phenomenal properties of the sort which My
tends to bring about, b) certain behavioral properties,
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of the same sort which M; tends to bring about, and c)
further physical properties which in. turn have the same °
phenomenal and behavioral tendencies as the intentional
propérties which My tends to bring about.

Category (c) involves physical properties which
would underlie occurrences of intentional properties
subsequent to the occurrence of My. Suppose part of
the analytic characterization of property My is its dis-
positional tendency to result in intentional property M,,
and suppose that the person who has M; at time t does
subsequently instantiate Mo at time t', as a result of
M;+ Then the person will also instantiate some physical
property P2 at time t', a property with these character-
isticst: 1) the person had a tendency to instantiate this
property by virtue of the presence of Pl at time t, and
2) the presence of this property renders the person
likely to subsequently instantiate a) certain physical
properties which are connected, via physical-phenomenal
correlation laws, to phenomenal properties of the sort
which M, tends to bring about, b) certain behavioral
properties, of the same sort which M, tends to bring
about, and c) further physical properties which in turn
have the same phenomenal and behavioral tendencies as
the intentional ﬁroperties which M, tends to bring about.

Similar remarks continue to apply, with respect to
any further intentional property M; which M, is likely
to lead to, with respect to any still-further intentional
property Mj which M; is likely to lead to, and so on.
Thus the relevant dispositions toward phenomenal and
behavioral properties are "carried along," by the tem-~
poral sequence of physical events which underlies any
given sequence of intentional-psychological events. The
conclusion to be drawn is clear. Whenever a person in-
stantiates an intentional mental property, he also in-
stantiates some physical property which is such that the
relevant intentional property would be attributable to
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him at any other time in which he instantiated this
physical property. I.e., we are guaranteed of one-way
laws from the physical to the intentional-psychological.
Analytically-characterized regularities involving in-
tentional properties "ride piggy back," as it were, upon
the regularities of physical theory.

- Thus, our argument appears to guarantee the fol-
lowing result. If a functionalist account can be pro-
vided for the full range of cognitive and volitional
properties that are needed for psychology, then any in-
stance of such a property in an organism will be accom-
panied by some undeflying physical property, such that
whenever this physical property is instanced the mental
property is instanced as well. 1I.e., we are guaranteed
a pervasive gystem of one-way physical-mental correlation
laws, even if we cannot yet state such laws in any detail.

What now of the existence of "typical accompani-
ment" principles? The physical properties which normally
underlie instances of functional psychological properties
must be such as to guarantee the truth of our empirical
generalizations, Given that a pervasive system of one-
way correlation laws exists, we can be assured that the
typical physical accompaniments of psychological proper-
ties do indeed meet this requirement, since if they did
not do so then our empirically discovered generalizations
simply would not obtain. Thus, it would appear that the
modified weak Nagel reducibility of intentional psycho-
logy is guaranteed by our argument. If we assume that
the phenomenal properties of psychology are also connec-
table to physical properties, either by pervasive one-
way laws or by conventional microreductive biconditional
laws, then we are evidently assured of the reducibility
of psychology in toto.

Actually, however, a further complication must
still be dealt with., We have thus far used the notion
of "behavior," or "behavioral output," rather freely.
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But a crucial ambiguity is thereby concealed. Behavior
of an organism, as describable by the principles of
physics, must be viewed essentially as simple motion of
various bodily parts or of the organism as a whole. The
psychologist, on the other hand, deals not only with "raw
motion" but with human action. A satisfactory microre-
duction of psychology would have to allow for connections
between raw motion and action, as well as allowing for
connections between physical events and intentional men-
tal events.

One-way laws are not in order here. For example,
not all occasions in which a person's arm rises will be
occasions where he performs the action of raising his
arm, In order for the action to occur and to count as
a "basic" action (one which isn't performed by performing
gome other action), the arm-raising must be intentional,
It must be caused, in a certain characteristic way, by

wants and beliefs of the agent in question. Causation
by wants and beliefs seems to be built into the concept
of action,%? Thus, a set of connecting principles that
establishes a modified weak Nagel reduction would pre-
sumably have to include certain analytically true state-
ments, to the effect that certain actions occur simul-
taneously with certain motions, provided that the motions
are caused in the appropriate way.

A further issue that arises concerning action, and
which presumably would have to be dealt with before an
adequate microreduction of psychology could be complete,
is the question of the relation between basic and non-
basic actions. (For example, the relation between my
extending my arm and my signalling for a turn, in the
gituation where I signal for a turn by extending my
arm.) If non-basic actions are countenanced as part of
the domain of psychological theory, some appropriate
further connecting principles will be required before a
satisfactory microreduction of psychology to natural
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science can be effected. Thus, my above argument for
reducibility is incomplete insofar as it ignores this :
topic. ,
" To gpeak glibly about this matter, I'll simply
note the clear presence of intuitions of the sort that
underlie the N-D argument, with respect to the relation
between basic and non-basic actions. Thus, we clearly
feel that signalling a turn is "nothing more than" ex-
tending one's arm, provided that z suitable convention
exists. And the ultimate origin of this convention is
presumably explainable in principle in terms of certain
neurological processes in the brains of those who estab-
lished the convention, if the Unity of Science doctrine
is true. Thus, it is reasonable to conjecture that the
problem of the relation between basic and non-basic
actions can indeed be accomodated within a microreduction
of psychology, although I have said little about how to
do so. The problem of action, then,dces not appear to
seriously threaten the above argument concerning the
microreducibility of intentional psychology to natural
science,

It should also be noted, at this point, that there
are special problems involved in delimiting the class of
"theoretical terms" in intentional psychology. From
the point of view of ordinary parlance, there are in-
definitely many action-types that can be described, and
indefinitely many propositional attitudes as well., An
intentional verb like "thinks that," or "believes that,"
can be followed by virtually any sentential clause at
all. Actions, similarly, can be described in a myriad
of ways, many of which are a clear part of the collo-
quial idiom and quite far removed from the sort of dis-
course we consider "scientific." Thus, two closely re-
lated problems must be given more attention by scientists
and philosophers than they have received so far, before
the general requirements for a microreduction of psecyho-
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logy can be specified. First, we need some delimitation
of the class of "theoretical" predicates in psychology:
those predicates which must be systematically associated
with predicates from natural science if microreduction
is to be achieved. Secondly, we need some way of con-
necting the theoretical vocabulary of psychology to the
ordinary psychological idiom--the idiom whose range of
possible “"content" for intentional verbs and for action
ascriptions is virtually endless, (A theory speci-
fying the relation between basic and non-basic actions
would perhaps be a part of this latter program.) My
remarks concerning the microreduction of psychology
have been rather inconclusive precisely because the two
problems just mentioned have not yet been addressed in
any systematic way. '
But although I haven't proposed a solution to the
problems, the above argument for the existence of one~
way connecting laws between physical properties and in-
tentional mental properties is certainly quite relevant
to both. If a given mental property counts as a theo-
retical property, then the existence of a one-way con-
necting law involving this property will be crucial for
modified weak Nagel reducibility of psychology to natural
science, as I described it earlier., If the mental pro-
perty does not count as a theoretical property, then the
exigtence of such a law might still be crucial in an
account of the relation between "scientific" discourse
and "ordinary" intentional-psychological discourse. For
the remainder of the present chapter it will be assumed
that at least some intentional predicates constitute
theoretical predicates in psychology. We shall hypo-
thesize that psychology is capable of modified weak
Nagel reduction.
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Section 5

Assuming that psychology is so reducible to
natural science, the question we now face is whether
the supervenience principle will apply to modified
Nagel reducibility. Can we uphold this principle with
respect to the class of connecting principles that would
establish a weak Nagel reduction? If so, then the
various intuitive principles underlying the N-D argument
would apply in the present case as well. If not, then
we would have to add these connecting principles to the
set of fundamental laws in science, thereby violating
the N-D intuitions. This consequence would be undesir-
able, since the full reducibility of one science to
another seems to require that the intuitive principles
be satisfied., They are satisfied in standard cases of
microreduction, according to the argument in chapter IV.
I shall contend that they are satisfied in the present
instance also.

Consider first the one-way connecting laws, which
link properties from physical science to intentional
psychological properties. Will these laws remain true
in all T, K-worlds? I suggest that they will, for pre-
cisely the same reasons which established that such one-
way laws exist in the actual world, We have adopted a
functionalist view of cognitive and volitional properties,
which asserts that such properties have definitive con-
nections to one another, and ultimately to sensory in-
put and to behavioral cutput. Given this assumption, it
follows that such properties will be possessed by en-
tities in other possible worlds whenever the relevant
dispositional tendencies are present in the entities.
But in the relevant K-worlds, these dispositional ten-
dencies are fixed by thé physical properties of the
entities, since the physical theory of our own world
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(which is complete for all "levels" of integration, by
hypothesis) is true in all K-worlds as well. Accor-
dingly, the same one-way laws from the physiéal to the
intentional-psychological will apply in all T, K-worlds.

Any analytically-true statement in the set of con-
necthg principles will also remain true in all relevant
K-worlds, of course. (For example, the set might include
a principle which asserts that an arm-raising occurs
whenever an organism's arm rises and the rising is caused
(in an appropriate way) 3 by the organism's want that it
rise.,) Also, the analytically-true statements which may
not be derivable from the reducing theory plus connec-
ting principles will be true in all possible worlds, and
hence in all TO K-worlds. _

What about the "typical accompaniment" principles,
which allow the derivation of non-analytic psychological
tendency-laws? Here, we face two possibilities: 1) the
actual relative frequency of occurrences of the various
possible physical correlates of any given psychological
property is determined by the laws of physical theory
alone; or 2} this relative frequency is not so determined,
but depends upon certain antecedent physical conditions,
which might be different in some other Ty K-world. In
the former case, but not the latter, the "typical ac-
companiment" principles are supervenient. If the latter
case obtains, then these principles are not even lawlike,
since they depend upon specific antecedent conditions.
Hence, the psychological generaligzations which depend
upon the principles would also be non-lawlike.

Either possibility is acceptable, as regards the
N-D intuitions. If the first obtains, then we have
standard supervenience. If the second obtains we do
not, but we still have an acceptable form of supervenience.
That is, we are still guaranteed that in all Ty K-worlds
in which the appropriate physical antecedent conditions
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obtain, the same "typical accompaniment" principles
obtain as in the acitual world. In all such worlds, just
as in the actual world, these principles will be non-
lawlike, Their truth is determined by the conjunction
of basic laws and antecedent physical conditions. But
their truth is determined, nevertheless, at the level

of physical theory: +the only difference is that their
truth is determined by the conjunction of physical laws
and antecedent physical conditions, rather than by
antecedent laws alone.
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VI, EVENTS

Section 1

We began in chapter I with a discussion of the
relation between two questions: 1) whether physical
events are identical to mental events, and 2) whether
psychology is microreducible to natural science. I
adopted a conception of event which is such that the
identity thesis entails, but is not entailed by, the
strong Nagel reduction thesis. Events were conceived
as mixed entities. An event is the having of a property
by an object (or group of objects) at a time. The iden-
tity conditions for events included identity of the
congtitutive properties. The psychophysical identity
thesis thus entails that there are biconditional cor-
relations between physical properties and mental pro-
perties, and such biconditional connecting laws estab-
lish strong Nagel-reducibility.

Since chapter I, our attention has focused pri-
marily on relations between properties. There has been
little attention to events as such. Our major conclu-
siong regarding the properties involved in microreduction
were these: 1) The supervenience principle obtains with
respect to biconditional microreductive property-corre-
lationg; 2) This principle expresses the content of the
various intuitive principles which underlie the N-D
argument for property identity: 3) Such properties in
fact are not identical; and 4) The supervenience principle
also obtains with respect to a certain form of weak Nagel
reduction, which involves one-way property correlation
laws,

174
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In the present chapter, we shall take up the topic
of events. We shall consider the nature of the relation
between two simultaneous events both involving the same
entity, where the congstitutive properties of the events
are connected by a microreductive connecting principle.
(We are concerned, for example, with the relation bet-
ween a particular gas' having a certain temperature at
time t, and the component molecules® having the approp-
riate mean kinetic energy at time t. And with the re-
lation between a person's having a yellow-orange after-
image at time t and the person's body having the cor-
related physical property at time t.) Much of the discus-
sion will focus on the guestion of the relation beiween
mental events and physical events--on the mind-body
problem., But it will be applicable to virtually all
cases of two simultaneous events involving the same physi-
cal entity, where the constitutive properties are con-
nected by a microreductive connecting principle

If the constitutive properties of the respective
‘events in such event-pairs are not identical, then the
events themselves are not identical. But microreductively
correlated properties are not identical, according to
the argument of chapter IIX. (And in the case of one-
way correlation laws, the properties are not even co-
extensive; so they clearly are not identical.) Hence,
the event-identity thesis is ruled out by our earlier
considerations regarding properties.

In light of the supervenience principle, on the
other hand, it is clear that a very intimate relation
exists between members of the event-pairs we are con-
sidering. We shall examine the relation in some detail
in the present section of this chapter. In subsequent
sections, we will apply the results tc two issues in-
volving events which are closely related to microreduc-
tion and to the mind-body problem: +the explanation of
mental events by means of physical theory, and the role of
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mental events and physical evenits in causation. I will
compare my account of the relation between mental events >
and physical events to traditional non-identity theories:
interactionism, parallelism, and epiphenomenalism.

The most fundamental feature of microreductive
connecting principles is the presence of the part/whole
relation. When a theory Ty is microreduced to a theory
Ti' the things recognized by T, are identified with
structured wholes, whose parts are the things recognized
by Ti‘ Each T, property involved in a connecting prin-
ciple applies to certain 7, things, and hence applies
to the structured sums! of T4 things with which T, |
things have been identified. Each Ty property that's
microreductively correlated with a T, property will also
apply to T1 thing-sums with which T2 things have been
identified. In the commecting principle which links
temperature to mean molecular kinetic energy, for example,
particular temperatures of objects are correlated with
mean-kinetic-energy values of the molecule-sums with
which the objects are identified.

In the case of certain connecting principles, we
initially might be inclined to say that the higher-level
property applies to an entity as a whole, whereas the
lower-level properties only applies to component parts
of the entity. An example is the envisioned correlation
of pain with neural property P. A neural property, it
seems, is only instanced by certain parts of an organism,
such as the brain or the components of the brain. How-
ever, a closer look at the form which the relevant con-
necting principle takes will reveal that this initial
impregsion is mistaken. The connecting principle will
have the form of a universally-quantified biconditional,
as in the following schema: *"(x){Ax iff Bx)." Accor-
dingly, any predicate we substitute for 'A' must apply
to the same kinds of entities as does the predicate we
substitute for 'B'. So, if we substitute 'is in pain'
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for 'A', then the relevant physicalistic predicate we
substitute for *B* must be one which applies to the R
whole human organism. Thus, if the predicate ‘has
neural property P' is substituted for 'B', this predi-
cate is understood to apply to the entire organism. To
be more specific about property P, suppose it involves
the firing of certain neurons in the brain ("nociceptive"
neurons). Now when we say that pain is microreductively
correlated with the firing of nociceptive neurons, we

are referring to two properties of the whole organism:

1)} the property expressed by the predicate 'is in pain’,
and 2) the property expressed by the predicate 'is such
that it's nociceptive neurons are firing'.

What, then, is the relation between two simultaneous
instancings of microreductively correlated properties,
where the instancings both involve the same concrete
physical entity? I suggest that the term 'constitutes'
is an appropriate predicate to express the relation. A
gas' molecules' having & particular mean kinetic energy
(at time t) constitutes the gas' having a certain tempe-
rature (at t). A human organism's having neural property

P congtitutes the person’s (simultaneously) being in

pain. An event (a,P,t) constitutes an event (b,Q,%t")
just in case the following conditions are met:

1. a=b
2, t=t'

3. P and Q are properties countenanced by
two true theories Tq1 and To respectively,
such that T, is microreducible to T
via a set o% connecting principles h1,2-

L. R contains either a universal
bid¢onditional simultaneity-law con-
necting P and Q, or a universal con-
ditional simultaneity-law which asserits
that Q occurs whenever P occurs.

5. a is a structured sum of Ty things
{viz., things to which sortal predicates



178

of Ty apply); b is a T, thing.

" The term 'constitutes' is designed to reflect a
rather deep-seated materialist intuition about event-
pairs of the sort we're considering. This is the view
that there is "nothing more" to any concrete mental event
than the corresponding physical event. An instance of
pain is held to be "nothing more than" a particular in-
gtance of property P; someone's wanting to go 1o the
Bahamas is "nothing over and above" the associated state
of his body, etc. A similar intuition was mentioned
in chapter II with respect to microreductively corre-
lated properties, along with the other intuitive N-D
principles. But in the present sense, the intuition
applies to concrete, unrepeatable events, rather than
to properties. I think it's fair ot say that the intui-~
tion hasg been a strong motivating factor behind many
philosophers' adoption of the thesis that mental events are
identical to physical events. '

But we need not postulate event-identity to account
for this intuition, any more than we needed to postulate
property-identity to account for the various N-D intui-
tions. Instead, we can account for it by observing that -
the "nothing but" intuition regarding individual events
is closely connected 4o the corresponding intuitions con-
cerning event-types {properties). Why are we inclined
to say that there's nothing more to Jones' pain at ten
o'clock than the occurrence of neural property P in
Jones' body at ten o'clock? Clearly, because we believe
that in general, there's "nothing more" to pain than the
associated physical property. The intuition regarding
particular events is derivative from principle (N) re-
garding properties. And of course, we have already seen
in chapter II that (N) is explicated by the supervenience
principle. '

The constitution relation, as I have characterized



179

it, is transitive, irreflexive, and asymmetric. All
three properties result from the nature of the relation
of* microreducibility among scientific theories. That
relation too ig transitive, irreflexive, and asymmetric.
Transitivity transforms to the constitution relation in
the following way: If (a,P,t) constitutes (b,Q,t'), and
(v,Q,t') constitutes (c,R,t''), then we are guaranteed
that there are at least one-way laws connecting P to Q,
and connecting @ to R. Hence, we know that there is at
least a one-way law connecting P to R. So, (a,P,t)
constitutes (c,R,%t''), since all other conditions are
automatically met by virtue of the fact that each of
these events is involved in a prior constitution relation.

2

The irreflexivity of the constitution relation results
from the fact that no "law" of the form "(x)(Px iff Px)"
or "(x)(If Px then Px)" counts as a microreductive cor-
relation law. (And hence, no scientific theory microre-
duces to itself.) Thus, (a,P,t) does not constitute
(a,P,t). '

The asymmetry of the constitution relation is a
direct consequence of the asymmetry of microreducibility.
Suppose (a,P,t) constitutes (b,Q,t). Then according to
clause 3 of the above characterization, the properties P
andQ belong respectively to two theories Ty and Ty, where
To is microreducible to Ty. Now if it were to turn out
that (b,Q,t') constitutes (a,P,t), then Ty would also be
microreducible to T,, according to clause 3. But micro-
reducibility is asymmetric. Hence, the constitution
relation is also asymmetric.

Some further observations are in order concerning
agsymmetry. As I indicated above, the term "constitutes®
is meant to express the "nothing more than" intuition, as
it applies to the relation between mental events and
their physical counterparts. Now, the asymmetry of micro-
reducibility does not yet explain why this "nothing but"
intuition is also asymmetric--why it proceeds from the



180

micro-level toward the macro-level, and not vice-versa.
But an explanation is ready at hand, in the supervenience’
prinpiple. We have already seen that the supervenience
principle is at the basis of the "nothing but" intuition,
And we also know this: +the principle guarantees that
the truth of the microreductive connecting principles R
of unified science are determined by the final reducing
theory Tp. On the other hand, the principle does not
guarantee that the truth of the connecting principles is
determined by any higher-level theory. On the contrary,
there are possible worlds where higher-level theories
have different reduction bases than Tg. Thus, the source
of the agymmetry of the "nothing but" intuition lies in
the fact that micro-level theory determines macro-level
theory according to the supervenience principle but not
vice-versa.

This fact is important in explaining why we seek to
microreduce higher-level theories, rather than to “"macro-
reduce" lower-level ones. We seek microreductions not
only because we have been notably successful in achieving
them in the past, but also because of the metaphysical
primacy of the parts over the whole. This primacy is
reflected in the fact that the theory governing the micro-
level entities determines the truth of the theories
governing complex siructures composed of these entities,
whereas the latter theories do not determine the truth of
the former.

The constitution relation between two events is a
very intimate one. In particular, it is evidently a
closer and more intimate relation than causation. The
Humean conception of causation, however it is to be
worked out in detail, asserts roughly that two events
are causally related if they are subsumable under a
universal law, a law which guarantees that events of the
first kind are invariably followed by events of the second
kind. One reason for distinguishing constitution from
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~ causation is the temporal factor: +two constitutionally-
related events are simultaneous, whereas causation is ’
often (though not always) thought to involve a temporal
precédence of cause to effect. But more important is
the status of the microreductive connecting laws involved
in constitution, as opposed to the subsuming laws invol-
ved in causation. The connection between properties that
is involved in such laws is stronger ‘than mere nomological
correlation, because the laws are supervenient upon fun-
damental laws of physical theory. Their truth is thus
determined by the fundamental laws, despite the fact that
they are not logical consequences of these laws. They
are not merely true in the actual world, or in all worlds
where we explicitly specify that they obtain. Rather,
they are true in all K-worlds whose fundamental laws are
the same as ours.

0f course, the truth of the non-fundamental laws
of the various higher-level scientif'ic theories is also
determined by more hasic theory, if the Unity of Science
hypothesis is correct. But this is because the non-fun-
damental laws are logical consequences of ‘the conjunction
of fundamental laws and connecting principles. This
logical determination merely reflects the fact that the
higher-level laws are derived, rather than primitive,
within unified science. It doesn't involve any stronger-
than-nomological connection between the properties that
are connected in the laws of the higher sciences. Micro-
reductive connecting principles, on the other hand, do
count as theoretically primitive within Unified Science,
since they don't follow logically from the fundamental
laws, Nonetheless, their truth is determined by the fun-
damental laws; they are supervenient. Their determina-
tion is non-logical, and it is thus indicative of a con-
nection that's stronger than mere nomological correlation.
The additional strength of the connection between micro-
reductively correlated properties is precisely this:
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such propertigs do not diverge in extension in any
possible K-world where fundamental physical theory is
true, even though their divergence is not precluded
logically. This non-divergence is not guaranteed by
mere nomological correlation, and it allows us to con-
clude that the constitution relation between events is
more intimate than the relation of causation.

Let me conclude this section by noting certain im-
portant parallels between the constitution relation and
Alvin Goldman's "generation" relation for actions.?

(My thesis was originally conceived on the idea of des-
cribing a relation between physical events and mental
eventg analogous to Goldman's generation relation.) The
generation relation is meant to elucidate the "by" re-
lation, as it is expressed in ordinary discourse about
human acts. (This is the relation which holds between
Jones' act of shooting a gun and his act of killing Smith,
in the situation where he kills Smith by shooting a gun.)
Generation is transitive, irreflexive, and asymmetric. It
involves simultaneous events. It is non-causal. (In the
above example, Jones' shooting a gun is the cause of
Smith's death; but it is not the cause of Jones' killing
Smith.) Finally, a generating act is intuitively more
fundamental than the generated act, and +the relation be-
tween the two is intuitively very intimate. In all

these respects, generation resembles constitution.

Section 2

We turn riow to the topic of scientific explanation,
as it ig related to microreduction and the Unity of
Science. It has often been held that the microreduction
of theory T, to theory Ty should make it possible to
explain, by means of T1 alone, events which were explained
by T, prior to the reduction. In particular, it has been
held that Tl should be capable of explaining any obser-
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vational data which T, can explain. The Kemeny-
Oppenheim view of reduction, in fact, asserts that the
reducibility of T2 to Tl amounts fo no more than this:
T, containg terms not in Tl’ and any observational data
explainable by T, are explainable by Ty

So far, we have considered reduction in terms of
the Nagel approach, with its requirement that reduction
involve a set of connecting principles R ,2 such that
Ty U R1,2 entails TZ' K-0 reduction does not impose
this requirement. It seems inadequate on account of
this failure, since a K-0 reduction of T, to Ty might
not be capable of explaining why the theoretical prin-
ciples of T, are true--something which we strongly feel
that a reduction of T, to T1 should do. Moreover, even
K-0 reduction is likely to require a certain number of
intertheoretic connecting principles, since the obser-
vational data explainable by T, will sometimes be charac-
terized in terms of vocabulary that is not part of T4.
{(For example, a reduction of mentalistic psychology to
physical theory would presumably require that physical
theory be able to explain certain mentalistic data--
wants, beliefs, thoughts, etc.--as well as overt be-
havior.3)

We shall continue ‘to subscribe to Nagel's concep-
tion of reduction, since his derivability requirement
allows for a deductive-nomological explanation of the
theoretical principles of the reduced theory. Still, we
are inclined to feel that an adequate account of reduc-
tion should indeed satisfy the K-0 account. In fact, once
we return to Nagel reducibility with its connections
between theoretical predicates, it seems that the explai-
nability requirement should be even stronger than the
K-0 requirement, That is, theory Ty should be capable
of explaining any event which T, explains, not just any
obgervational datum which T2 explains.
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To see what is required for this desideratum to
be met, we must examine the notion "explainable by a
theory," as it applies to evenis. We will adopt the
standard deductive-nomological model of explanation. The
D-N model proceeds on the assumption that we have avai-
lable canonical event-describing sentences, which can be
assigned non-problematically to the events we are inte-
rested in. Adopting this agsumption, we let 'E;' repre-
sent the canonical sentence describing event e;. Accor-
ding to the D-N model, an ideal and fully explicit
scientific explanation of an event e; is a valid deduc-
tive argument, whose conclusion is the statement E; (the
Mexplanandum” ), and whose premises consist of certain
general laws and certain statements describing specific
antecedent conditions (these premises jointly being the
"explanans“).4

The simplest notion of “"explainability by a theory,"
in terms of the D-N model, is this: Event ey is explai-
nable by theory T1 just in case there is some true ante-
cedent~-conditions statement A, such that T, and A con-
stitute an explanans for E; without A alone constituting
an explanans for it.0 (In accordance with the D-N model,
A is understood to be a statement describing an indivi-
dual event or several individual events. It does not in-
corporate any additional theoretical laws.)

However, this notion clearly isn't strong enough
for present purposes, since it doesn't allow for the
explainability by Ty of events that are described in
terms of the vocabulary of the reduced theory .T,. (Nor
does it allow for the explainability by Ty of observa-
tional occurrences which are associated with T2 by theo-
retical-observational correspondence principles.) Sup-
pose e, is such a "higher-level" event, (e; might be a
mental event, while Ty is some physical theory.) In

order to be able to say that e, is explainable by Ty, we
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must expand the notion of explainability by a theory, to
something like this: Event es is explainable by theory
T, Jjust in case there is some true antecedent-conditions
statement A (stated solely in terms of the theoretical
and pre-theoretical vocabulary of Ty) and an auxiliary
theory T' (which may be vacuous) such that T4, T', and
A constitute an explanans for E; without T' and A alone
constituting an explanans for it

Now while this expansion of the idea of explaina-
bility does indeed allow for the possibility that the
higher-level event e, is explainable by Ti' the question
ariges whether the expansion is accepitable, Is it rea-
sonable to say that ey is "explainable by Ti'" when the
construction of an explanans for E2 requires the explicit
mention of an auxiliary theory T'? On the face of it, it
seems not. The reasonable claim appears to be that ez is
explainable by T1 U 7', but not by T1 alone. If T' were
false, our explanation would collapse.

The force of this objection does not lie in the
mere observation that a deductive-nomological explana-
tion of e, cannot be constructed on the basis of theory
T, alone. This fact has already been granted, and the
proposed wider sense of "explainable by a theory" is
explicitly designed to apply to such cases. Rather, the
objection draws its strength from the fact that if T*
were false, then the explanation of e, would collapse.
Since the falgity of T' would vitiate the explanation
of e,, it seems incorrect to assert that e, is explai-
nable by theory T1 alone,

The extent to which this objection can be met will
depend upon the nature of T'. The sort of auxiliary
theory we are interested in, of course, is a set R1.2 of
connecting principles that establish a microreduction of
T, to T;, where T, (together with suitable antecedent-
condition statements) provides a direct D-N explanation
of €54 In this situation, a D-N explanation of e, can
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also be obtained on the basis of T, U R1,2' but not on

the basis of T1 alone. So we need to justify the claim >
tha.tﬁe2 is explainable by Tl' in the face of the fact

that the explanation based on T, U R1,2 would be vitiated
if the connecting principles Ri’2 were false.

Fortunately, the requisite justification is provided
by the supervenience principle. Given this principle, we
know that the connecting principles R1.2 will not be false
in any possible world similar to our world in point of
fundamental physical laws and basic indecomposable enti-
ties. And this fact seems fully adequate as a reply to
the above objection, since the claim that event e, is
"explainable by T1" is made against the background of the
final reducing theory of unified science. The explaina-
bility of e, by T, obtains, modulo the truth of the fun-
damental reducing theory TO and the absence of concrete
indecompogsable entities not countenanced by T,. (So, in
worlds where Cartesian souls exist but theory T0 is true,
we might deny that mental events are explainable by neuro-
physiology, even if systematic psychological correlation
laws exist, since these laws could presumably differ
from one such world to another without any change in
physical theory. But this fact does not affect the claim
that in our worldd, mental events are explainable by
neurophysiology. This explainability results from the
fact that psychophysical correlation laws of our world
obtain in all T, K-worlds. )

Let me connect these considerations to the consti-
tution relation. Consider the scenario for an explana-
tion of e, on the basis of A, Ti' and R1,2' By hypo-
thesis, A and T1 do not provide a direct D-N explanation
of ey, However, they do provide a D-N explanation of an
event e1,-which stands in the constitution-relation to
€,5. We may rephrase the claim that e, is explainable by
T, as follows: the constitution relation preserves ex-



187

plainability. For any two events e, and e,, if ey is
explainable by Ty via a D-N argument, and if ey consti-
tutes e,, then e, is explainable by T,. Consider the
microreductive correlation of neural property P with
rain. Such a correlation would establish that occasions
of property P constitute instances of pain. So occur-
rences of pain would be explicable by neurophysiology,
provided that the associated physical events are neuro-
rhysiologically explainable.

Section 3

In this section I shall discuss the subject of

" causation, in light of the constitution relation. The
discussion will be somewhat tentative because the notion
of causation requires careful philosophical analysis, and
I shall not attempt such an analysis here. I will assume
a Humean conception of causation, by which I mean the
view that causation involves general laws in an essential
way. Beyond this, I shall rely largely on the intuitive
content of the notion; hopefully, a theory of causation
can ultimately be given which captures this intuitive
content.

I will focus on.the guestion of the relation be-
tween mental causationand physical causation, where the
pPhysical events we are interested in are those which con-
gtitute the mental events that are simultaneous with them.
But it should be kept in mind that the implications of
the discussion are more general: they apply with respect
to any two microreductive event "levels"--e.g., to the
relation between microphysical causation and chemical
causation, or between chemical causation and biological
causation, etc.

There are two principles regarding causation which
are generally advocated by proponents of the view that
Psychology is reducible to physical theory--principles
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I think we should allow for. First, it is held that the
reduction of psychology would establish a complete causal’
nexus at the level of physical theory. Physical events
are always caused by prior physical events; or, if there
are causal indeterminacies at the physical level,
these indeterminacies are not "filled in," as it were,

by mental causes. This principle extends to the causa-
tion of people's overt behavior: bodily motions result
from prior chains of purely physical causes.’ Secondly,
it is held that the reduction of psychology brings mental
events within the closed physical-level causal nexus.
Just how they are brought within this nexus is a question
we shall consider below. _

These two principles both seem quite natural, once
we hypothesize that psychology is reducidble to physical
theory. But in addition, there are two further principles
about causation which derive directly from common sense.
The first is mental/physical interactionism, the view
that mental events can sometimes cause physical eventis
in the body, and vice-versa. Examples of mental-physical
caugsation are readily at hand: pains can cause winces,
thoughts can cause the heart to pound, feelings can cause
trembling. Examples of physical-mental causation are
even easier to find: blows that can cause dull aches,
flashes of light that cause a person to have a certain
after-image, pieces of music that cause a person to have
certain feelings or memories, and electrical brain stimu-
lations that cause a person to have a certain thought.8

The second common-sense principle is that some
mental events cause other mental events. Thinking of
Nixon's "dirty - tricks" department might cause strong
feelings of suspicion toward Nixon; thinking of John
Dean's testimony might cause one to believe that John
Mitchell is a liar, and so on. |

It has of‘ten been held that the above four princi-
ples regarding causation cannot be simultaneously main-
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tained. I shall contend that they can be, and indeed
that they are all true. But before describing my own
position with regard to causation, let me mention that
one advantage of the identity thesis for mental and
physical events is that it too allows for the truth of
the above four principles. Since mental events are
identical with physical events, the postulation of a
closed causal nexus at the physical level automatically
guarantees the truth of the second, third, and fourth
principles. I think it is fair to say that this fact is
one reason why the identity theory has been attractive
{0 many philosophers.

The position I advocate can be briefly described
as a dval-causation parallelist/interactionist view. I
advocate parallelism regarding mental and physical events
which are simultaneous, and interactionism regarding men-
tal and physical events that are nonsimultaneous. And
I hold that mental causation and physical causation
operate together: events with mental causes have simul-
taneous physical causes, and events with physical causes
may have simultaneous mental causes. The position is
illustrated by the following diagram. Eventis p, and Py
are physical events, and my and m, are mental events.

) 5
€i§

FL YT T

- s E .-
- -

‘U-.---

fany
1
]
1
1
[]
L}
L
1)
$
L
t
t
]
1
1
\ 4
o

2

We stipulate fhese facts: 1) Py and i, are simul-
taneous, and Pq constitutes myi 2) Ps and m, are simul-
taneous, and Ps constitutes m, ; 3) Po and m, are later
than p; and my; L) p, causes p,. Given these stipula-
tions, I make the following claims regarding causation:
1) p, causes My 3 2) m, causes pz; 3) m1 causes m,. The
single arrow represents causation, and the double arrow
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represents constitution. Broken arrows represent rela-
tions which obtain by stipulation, and solid arrows
reprgsent the causal relations which obtain, I claim,
when the stipulated relations are met. Dual causation is
represented by the two single arrows pointing to 'pz'

and the two single arrows pointing +to 'mz'. Interac-
tionism.is represented by the diagonal arrows. Paralle-
lism is represented by the double arrow of constitution,
rather than the single arrow of causation, between 'pl'
and 'mi' and between 'pz' and 'mz'.

As I indicated in the first section, the constitu-
tion relation differs from causation. It is more inti-
mate than causation, since it involves the co-extensive-
ness of the higher-level event-types in all possible K-
worlds where TO is true. Thus, when I apply the term
‘parallelism' to the relation between simultaneous mental
and physical events, I should not be taken to mean that
the connection of the events is somehow fortuitous or
accidental. On the contrary, the connection is stronger
than a causal connection, rather than weaker. Still, the
term 'parallelism' is being applied in the traditional
way: +to indicate that the relation between a physical
event and its mental counterpart is neither identity nor
causation.

Traditionally, parallelism, interactionism and
epiphenomenalism have been itreated as mutually exclusive
views. This is because they were often stated without
regard to simultaneity and non-simultaneity, as follows.
“Interactionism asserts that physical events cause mental
events and mental events cause physical ones; cepipheno-
menalism asserts that physical events cause mental events
but mental events don't cause physical ones; and paral-
lelism asserts that neither sort of event ever causes
the other." Stated in this loose form, my view counts
gimply as interactionism. But the three views are no
‘longer exclusive if we distinguish the case of simul-
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taneous events from the nonsimultaneous case. And if
we make the distinction, then the paralielist aspect of
my position emerges.

My viewpoint alsoc embodies something of an epi-
phenomenalist element. Epiphenomenalism asserts that
the (apparent) causation of physical events by mental
events, and also of mental events by prior mental events,
is really grounded in physical causation. Now, I deny
that mental causation is only apparent. It is perfectly
real. However, I do adopt the view that any event which
has a mental cause my also has a physical cause Py such
that P4 constitutes m; . Mental causation is thus grounded
in physical causation.

My reasons for adopting parallelism with respect
to simultaneous mental and physical events have already
been made clear. As for nonsimultaneous evenits, I advo-
cate an interactionist position for two reasons. First,
interactionism is strongly supporied by our usual causal
idiom, and by our intuitions about causation. Secondly,
interactionism is in accordance with the basic Humean
model, which asgerts that causal relations depend on
underlying nomic regularities.

Several sorts of case come into consideration, as
regards the applicability of the Humean approach. I will
refer to the above diagram in distinguishing them. The
different cases involve the nature of the constitution
relation between p; and m;, and between p, and m,. The
relation can be based either on a biconditional correla-
tion law connecting the constitutive properties, or on a
one-way conditional law. Thus, we have four cases to
consider: 1) The constitution relation between p, and m,
involves a biconditional law, and the relation between P,
and m, involves a biconditional law. 2) The first in-
volves a biconditional law, and the second a conditional
law. 3) The first involves a conditional law, the second
& biconditional. #4) Both involve conditional laws.
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The first two form a single category, and they are
nonproblematic from a Humean point of view. Let Py, Py,
Mi, and M, be the constitutive properties of the respec-

-
v

tive events Pyv Pps My, and my . Since p; causes p,, we
know by the Humean account that there is a lawlike re-
gularity involving the respective constitutive properties,
Pl and Pz. This guarantees that whenever P1 is instanced,
P2 is instanced subsequently. Now, cases 1 and 2 involve
a biconditional correlation law connecting P1 with Ml' So,
given the law connecting P1 to P2' whenever M1 is instan-
ced by a person, P2 is instanced by his body. A mental/
physical covering-law is therefore guaranteed. Also,
cases 1 and 2 involve at least a one-way law connecting
P2 to MZ' Hence, whenever P1 is instanced by a person’'s
body, M2 is instanced by the person. A physical/mental
covering law is therefore guaranteed, also. (A similar
argument also establishes a covering law connecting Ml
and Mz.) _

The second two cases are less straightforward. Both
involve a one-way law connecting P, to M;. The problem

is that there is no guarantee, given only a one-way law
from Py to M, and our basic one-way law from P, to Py

that there will be a law from M1 to Pz. Hence, there is
also no guarantee of a law from Ml to MZ' So we apparently
lack assurance that there are covering-laws sufficient to
establish mental/physical causation, or mental/mental
causation.

We can surmount this problem, however, if we are

willing to modify the basic Humean conception along

lines suggested by Davidson.”? lle sugees'ts thal although
singular causal statements do entail the cxistence of

a law which subsumes the two concrete events,such sin-
gular statements do not entail that the statement of the
subsuming law will employ terminclogy that is even re-
motely similar to the terminology of the singular causal
statement itself, This approach conforms well with his
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speculation that psychology is heteronomic--i.e, that
precise laws to underlie the qualitative generalizations ,
of psychology can only be found at the level of natural
science. His approach allows us to speak of mental
causation, while looking to physical theory for precise
covering laws.

On Davidson's conception of events, these underly-
ing covering laws from physical theory would directly sub-
sume the mental events which are involved in singular cau-
sal judgments. He holds that the mental event is also a
physical event, and that it can be re-described physically
in such a way that the law applies. This course is not
open to us, since we denied the identity of mental and
physical events. However, an analogous course is open:
we simply extend the concept "subsumability under a law,”
just as we extended the concept "explainable by a theory"
in the previous section. That is, we assert that the con-
stitution relation preserves subsumability. This gives us

just the results we want, as consideration of the above
diagram will show ,Since py constitutes m; and p, consti-
tuties m,, m; and m, are subsumed under the law which sub-
sumes p,y and Ps respectively. Thus, we can assert that
m, causes p, and that my causes m,.

The principle that constitution preserves subsuma-
bility is a reasonable one, I suggest, because of the
extremely intimate connection hetween events that are
related by constitution. If €4 constitutes €51 then
there is "nothing more" to the occurrence of e, than the
occurrence of e,. The relation between the two consti-
tutive properties is stronger than nomological, as we have
seen. In short, all the reasons which spoke in favor of
the view that constitution preserves explainability also
allow us to conclude that constitution preserves sub-
sumability.

The preservation of subsumability establishes that
the interactionist viewpoint I advocate is indeed in
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accordance with the Humean picture of causation. A glance
at the earlier diagram should make this point clear: ’
mi and m, are both subsumable under the law which under-
lies the causal connection between p, and Py- Specifi-
cally, m, falls under the constitutive property P, of

the event p,, and m, falls under the constitutive pro-
perty P2 of the event Py Thus, the causation of m, by
Pqs of Py by m and of m, by my is supported by the
underlying law connecting P1 to P2.

The extension of subsumability which we have adop-
ted does not in itself require that we assert the exis-
tence of causal relations in these three cases, of course.
But it does open the door to this position, within the
context of the Humean conception of causation. 4nd I con-
tend that we should go on 1o maintain an interactionist
view., The reasons, as mentioned earlier, as these: 1)
interactionism is strongly supported by our intuitions
about causation, and by our usual causal idiom, and 2)
the interactionist position I have described satisfies
the Humean requirement that causally-related events must
be subsumable under a general law.

Section 4

A potential difficulty arises at this point, how-
ever, The form of interactionism I am advocating re-
guires dual causation, and the notion of dual causation
has come under attack. I am referring to David Lewis'
"spurious cause" argument, which was discussed in chap-
ter III. 1In terms of the above diagram, the argument is
this: Consider the event pz.' If the mental event my
is not identical to the physical event Py then my is
not a genuine cause of Py Event my occupies a role
analogous to the "power on" light, which "does not cause .
the motor to go, even if it is a lawfully perfect cor-
relate of the electric current that really causes the
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motor to go."10

Similarly, the argument goes, my does

not cause Pys even though M1 is a lawfully perfect cor- °
relape of Pl' the property whose instancing really

causes P,. So mental/physical causation is ruled out by
the presence of a closed chain of physical causes.

A similar analogy can be constructed to apply to the
case of mental-mental causation. Suppose our motor has
a "motor on" light. This light's being on is ‘the ana-
logue of mental event m,. Now, the "power on" light does
not cause the "motor on" light to come on, any more than
it causes the motor to go. The electric current causes
the "motor on" light to come on, just as it causes the
motor to go. Similarly, Lewis might claim, m, does not
really cause m,. Event p; is the genuine cause of both
P, and m,. The "dual causation" view is thus ruled out
altogether.

Presumably, Lewis' contention that the "power on"
light is a spurious cause involves the following counter-
factual considerations. If the light were not on when
the electric current were flowing, the motor would still
run and the "motor on" light would still come on. But
if the current were not flowing when the light was on,
the motor would not go, and the "motor on" light would
stay off. Thus the current, and not the light, is the
real cause of the motor's running and the light's coming
on.

The analogous argument in the case of the causa-
tion of p, by m; is this. (We will assume, for sim-
plicity, that P1 and M1 are connected by a biconditional
correlation law and that P2 and M, are connected by a
biconditional correlation law.)} If p4 occurred but my
did not, then-p1 would still have caused P, and m, .

This is because the law connecting P, to P, would still
be in effect, as would the law connecting P2 to Mz. But
if m, occurred but p, did not, then P would not have
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occurred subsequently %o m . And so My would not occur ,
either. Thus Py and not my is the real cause of Py
and of m,. Event my is & gpurious cause. The alleged
dual-causation view really denies all causal efficacy
to mental events.

We can add further details to this argument by
referring to a recent discussion by Lewis on the truth

11 He takes as

conditions for counterfactual statements.
primitive the relation of "comparative over-all simila-
rity" among possible worlds. Given this relation, one
world is "closer to actuality” than another if the first
resembles our actual world more than the second does,
taking account of all the respects of similarity and
difference and balancing them off one against the other.
He then states the truth conditions for counterfactuals
as follows. Given any two propositions A and C, the
counterfactual "If A were true then C would be true" is
true if and only if either 1) there are no possible A-
worlds (i.e., there are no possible worlds in which A
holds; in this case the counterfactual is vacuously true},
or 2) some A-world where C holds is closer to actuality
than is any A-world where C does not hold. That is, "a
counterfactual is non-vacuously true if and only if i%
takes less of a departure from actuality to make the
consequent true along with the antecedent than it does to
make the antecedent true without the consequent."12

Let's apply Lewis' analysis to the cases we are
considering. We must examine the following two counter-
factuals, whose alleged truth is the basis for the claim
that even my is a spurious cause.
1) If py; had occurred but my had not, then p, and m,

would have occurred.
2) If my had occurred butp, had not, then p, and m,
would not have occurred.

We first will consider statement 1. Suppose there is a
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possible world which is exactly like the actual world
except that the law connecting properties P1 and M1 ’
momeptarily fails to obtain. The failure occurs at just
the moment when p, occurs in this world, and the failure
is limited to the one organism whose having of property
P1 is the event Py Such a world would be exactly like
ours up to the moment when p, occurs, and then would be
exactly like ours from the moment after p, occurs, At
the moment of Py the only difference from our world
would be that the organism instantiating P1 does not
instantiate M. " Clearly, this world would be the closest
to actuality of all worlds in which the antecedent of
statement 1 obtains. And since it would resemble the
actual world in all respects except the occurrence of
m, 4 the consequent of statement 1 would obtain in this
world., So according to Lewis' analysis of counterfactuals,
if there is such a world then statement 1 is true.

Now consider statement 2. We are now concerned
with possible worlds where event my occurred but event p,
did not. To begin with, we know that in all such worlds
the biconditiconal law connecting P1 to M1 does not obtain
at the moment of m,y . Beyond this, how do we go about
choosing the relevant possible world which is closest to
actuality? That is, how do we get rid of the event 12
We will follow Lewis' own directive: "To get rid of an
actual event e with the least over-all departure from
actuality, it will normally be best not to diverge at
all from the actual course of events until just before
the time of e."13 Apparently, the least departure from
actuality in Lewis' judgment would inveolve a very brief
failure of the physical laws of the actual world--just
enough of a failure to prevent event Py from occurring.lu
I.e., the closest world to actuality in which p, does
not occur will be a world where the course of events up
to the moment just prior to Pq is the same in the actual
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world, but where Py does not occur because of a very
brief failure in the laws of nature,. | ?
. So it appears that the world closest to actuality

in which the antecedent of statement 2 obtains, has the
following features: 1) the law connecting P1 to My
fails at the moment of my and 2) the course of events
just prior to m, is the same as in the actual world, but
Py does not occur because of a brief failure of physical
laws., Three further features presumably would also apply:
3) the laws of our world resume, at the moment immediately
after the occurrence of my, 4) the subsequent course of
events is as much like the actual subsequent course of
events as possible, given that the laws of our world are
again in effect and that Pq did not occur, and 5) with
the exception of the non-occurrence of py» the situation
at the time m, occurs is the same as it is in our world.

Having specified the characteristics of the world
clogsest to actuality in which the antecedent of state-
ment 2 obtains, we can now ask whether the consequent
of 2 obtains in this world. Evidently it does. Physical
~ theory has resumed by the time Py is supposed to occur,
but Pq has not oqcured. The non-occurence of Py toge-
ther with the truth of physical theory, is presumably
sufficient to guarantee the non-occurrence of Ppe And
the non~occurrence of Pos together with the biconditional
law linking P, to M,, is sufficient to guarantee the non-
occurrence of M « Thus, the consequent of statement 2
is true in the world we have described, a world which
seems to be the closest to actuality in which the ante-
cedent of 2 obtains. So according to Lewis' analysis
of counterfactuals, if there is such a world then state-
ment 2 is true.

Turning now from the development of Lewis' argu-
ment ot its evaluation, I think we would have to admit
that statements 1 and 2 are true, and hence that the
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"spurious cause" argument is well-taken, if we were to
admit ‘that there are possible worlds of the sort just
desc?ibed. But the supervenience principle now comes

to the fore. Because of the supervenience of the law
connecting P1 to Ml' I contend, there are no possible
worlds which meet the descriptions set out above. Let's
return to the first putative world we described, which
seemed to be closest to actuality of the worlds in which
the antecedent of statement 1 obtains. This was a world
just like ours, except that the law connecting P, to M,
was momentarily violated. Such a world is precisely the
sort which the supervenience principle rules out of
existence: a Ty K-world in which a particular microre-
ductive connecting principle fails to obtain.

Now consider the second putative world we described,
which seemed to be the closest world to actuality in
which the antecedent of statement 2 obtains. Strictly,
this putative world is not a T, K-world, since the re-
quired breach in physical law would involve a breach in
the laws of T,. (No purely higher-level nomological
failure occurs in any TO K-world, because of the super-
venience principle.) But I submit that the force of the
~ supervenience principle carries over ta this putative
world as well. Since event my is "nothing more than"
event Py 2 momentary failure in the laws of To which
prevents the occurrence of Py will also, ipso facto, pre-

vent the occurrence of m . So the second putative world
we described doesn't exist.

How do these observations affect the truth-values
of statement 1 and 2? To begin with, it becomes clear
that any possible world which satisfies the antecedent
of statement 1 or statement 2 will be much further re-
moved from actuality than Lewis apparently supposes.
Specifically, it will have to be a world whose final re-
ducing theory differs from Tqe or which contains differ-
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ent kinds of indecompsable entities than those of the
actual world, Since the relevant worlds must be so dis-
similar from the actual world, the question of the truth-
values of statements 1 and 2 becomes hazy to the point of
indeterminacy. How would we decide which of such far-
removed worlds, so vastly dissimilar from ours, are
clogsest to actuality? And how would we know whether or
not Py would lead to P, and.m2 in these worlds? (Remem-
ber that we are discussing possible worlds with different
fundamental scientific theories, or different fundamental

bl

entities, or both.)

The very insuperability of these problems points
to another fact about counterfactual assertions like
statements 1 and 2. Clearly, such statements are not
intended to refer to counterfactual situations as far
removed from actuality as the situations we are now dis-
cussing. They are intended to refer to counterfactual
situations much closer to home. If the envisioned situ-
ations do not occur in any possible world that's even
remotely similar to actuality in point of fundamental
physical laws and basic indecomposable entities, then we
cannot assign any determinate truth-value to the counter-
factuals in question. Given the supervenience principle,
this is the fate of statements 1 and 2. Because there
are no sufficiently-close possible worlds where the coun-
terfactual situations described by their antecedents
obtain, their truth value is indeterminate.

The dual causation view I have espoused is there-
fore immune to the "spurious cause" objection, because
of the supervenience principle. This principle stands
behind the constitution relation for simultaneous physi-
cal and mental events. The resulting intimacy of the
events Py and my s and of Py and my,, is what prevents the
mental event ml'from being a spurious cause of subsequent
events Py and my . Events Py and m, can each be regarded
as genuine causes of both Py and Loy because the event-
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types P, and My do not diverge across K-worlds in which
fundamental physical theory is true. The common-sense

3

doctrines of mental-mental causation and interactionism
are thus preserved.

Finally, let me note that the dual causation po-
sition I have advocated ﬁecomes a multiple causation
thesis, once the various scientific "levels" of microre-
duction are all taken into account.15 Events can have
simultaneous causes from each of the levels: sociological,
psychological, physiological, biological, chemical, and
microphysical., ‘Each event in the group of causes will
bear the constitution-relation to every higher-level
event in the group. None of the causes will be spurious,
for the reason just described in the mental/physical
case. Furthermore, the intimacy of the relation between
these events allows us to speak of any of them as “the"
cause of the subsequent event, even though there are
several causes, strictly speaking. After all, a higher-
level cause is "nothing more than" the lower-level cause
which constitutes it.

Section 5

I will now briefly summarize my solution to the
mind-body problem, and I will compare my solution to
certain traditional answers to the problem. My solution,
predicated upon the Unity of Science hypothesis, involves
two basic components: 1) an account of the relation
between simultaneous physical and mental events, and 2)
an account of the relation between non-simultaneous
mental and physical events.

With respect to 1, I claim that every concrete
mental event is constituted by a simultaneous concrete
physical event. This position is akin to traditional
parallelism, in two respects{ a) the constitution-re-
lated events are neither identical nor causally related,
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and b) there is a regular concomitance of instances of
the first event-type with instances of the second event-
type. But there is also an element rather different
from traditional parallelism: +the strong intimacy of the
constitution relation, as reflected in the supervenience
principle. If event Py constitutes event m, then there
is a supervenient nomological connection between the res-
pective constitutive properties, P; and M;. Thus, the
fact that instances of P, are regularly accompanied by
those of M, is not a happy co-incidence, as it seems to
be under certain traditional forms of parallelism. There
is no need to invoke a doctrine of pre-established har-
mony to explain the concomitance, as Leibnitz did, or to
invoke the Occasionalist doctrine that God constantly
intervenes to assure the concomitance, as Malebranche
did. 8o my viewpoint does not suffer the problems of
these earlier forms of parallelism.

With respect to 2, I have proposed a dual-causation
interactionist account of the relation between mental
events and physical events. My account is quite different
from the classic interactionism of Descartes, since it
involves no dualism of substances. On the contrary,
persons are composed entirely of microphysical compo-
nents, according to the Unity of Science hypothesis.

My account algo differs from forms of interactionism
which hold that there are gaps in the chain of physical
causation, and that mental causes fill these gaps. This
view too is at odds with the Unity of Science hypothesis.,
Unified science would establish that there is a closed
causal nexus at the level of microphysics, or at least
that any lower-level indeterminacies are not "filled in"
by higher-level laws.

The supervenience principle (S*) is at the basis
of my account. (S5%) establishes the intimacy of the
congtitution relation, by guaranteeing that there is
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more to the constitution relation between iwo events Py
and ms than the mere nomic correlation of the constitu-
tive properties P; and M;. The intuitive N-D principles
(N), (D,), (F), and (E) carry over to events as well.
Thus, there is "nothing more" %o m; ‘than Py since there
is nothing more to the property Mi than the property Pi'
The occurrence of event m, is determined by physical
events plus physical laws, since the correlation of

- P; and M; is itself determined by the truth of physical
theory. Event m, is a non-fundamental event, since the
law connecting Pi to M, is non-fundamental. Event my is
explainable by physical theory by means of a D-N expla- -
nation of Py because the law connecting Pi to Mi is
itself in need of no explanation. Given these conse-~
quences, I think it is fair to label my account "materia-
list," even though I have denied that mental events and
physical events are identical. A materialist need not,
and should not, subscribe to the psychophysical identity
thesis.

11 use the term 'sum® in the sense of Goodman's
calculus of individuals.

2

3This point is made by Kim, "Reduction, Correspon-
dence, and Identity," pp. 428-29.

4For the classic exposition of the deductive—ngmo-
logical model, see C, Hempel and P. Oppenheim, "Studies
in the Logic of Explanation," PS 15 (1948): 135-75.

Cf. Goldman, especially chap. 2.

5This characterization is adopted from the dis-
cugsion in Kim, "Reduction, Correspondcnce, and Tdentity,"

p. 430.

6For a discussion of causation using the event-con-
ception I am using here, see Kim, "Causation, - Nomic
Subsugption, and the Concept of Event," JP 70 (1973):
21?-3 .
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"Human actions, too, are thought to be brought
within the causal nexus of physical theory. But the
case of actions perhaps falls under the second principle
I mention, involving mental events. The concept of
action is "mentalistic,” since the notion of causation
by wants and beliefs seems built into it.

8The examples are from J. Shaffer, "“The Mind-Body
Problem," The Encyclopedia of Philosophy, ed. P. Ed-
wardﬁ (New York: Macmillan Publishing Co.), vol. 35,
p. 341,

IDavidson, "Actions Reasons, and Causes,” JP 60
élg63): 685-700; and "Causal Relations," JP 64 (1967):
91-703.

10
11
1

Lewis, p; 25,

Lewis, "Causation," JP 70 (1973): 556-67.
®Ivid., p. 560.

V31vid., p. 566

14Lewis makes clear that in his judgment, failure
of a law may well involve less departure from actuality
than failure of particular fact. The possible world I
have described seems to be the sort he has in mind when
he says: "“Similarities in matter of particular fact
trade off against similarities of law....Comprehensive
and exact similarities of particular fact throughout
large spacio-temporal regions seem to have special
weight. It may be worth a small miracle to prolong or
expand a region of perfect match.” (Ibid., p. 560.)

15A multiple causation thesis may not be appropiate,
given ‘the remarks I make in the latter part of the appen-
dix.



APPENDIX

Section 1

As an afterword I will briefly discuss two matters
closely related 4o the concerns of this thesis, neither
of which received adequate attention above. In the
present section I will consider the matter of "sortal
essentialism.” Sortal essentialism, as I shall use the
phrase, is the view that the microreductive thing-iden-
tities of unified science express essential properties
of the complex T, things mentioned in these identities.
I.e., such Ty thing-sums possess,in all possible worlds,
the same sortal properties countenanced by higher-level
theories which they possess in the actual world. The
Bohr-structures which we call hydrogen molecules are
hydrogen molecules in all possible worlds, DNA molecules
are genes in all possible worlds, sodium chloride is salt
in all possible worlds, the physiochemical organsims which
we call persons are persons in all possible worlds, etc.,
The matter of sortal essentialism has direct relevance to
the problem of classifying things into "natural kinds,”
a problem which has come into prominence among philo-
sophers who wich to apply the resources of intensional
logic to philosophical issues. (The notion of a natural
kind plays a major role in the latter parts of Kripke's
"Naming and Necessity," as we saw in chapter III.)

Intuitively, sortal essentialism seems quite plau-~
sible. We have a strong feeling that the composition of
a thing is central to its status as a certain gort of
thing. Accordingly, we are inclined to treat sortal
properties from higher-level theories as essential pro-
perties of the To thing-sums ‘to which they apply. On
careful consideration, however, there seem  to.be limits
to the intuitive appeal of sortal essentialism. The
essentialism clearly extends +to all‘To K-worlds. But

205
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when we move beyond these, intuitions begin to get hazy.
Suppose, for example, that there is a possible world
where theory T, obtains, but persons have an immaterial
soul as the seat of consciousness. Would we say that the
predicate 'is a person' applies, in +this world, to physio-
chemical organisms like ours? It seems not. Rather, a
person would be a unity of body and soul. Now consider
possible worlds where TO does not obtain. Suppose that

in one such world, w, Ty things continue to exist.1
Suppose further that the T, things in w happen to come
together temporarily into a particular complex structure--
say, the structure we call a "hydrogen molecule" in our
world., Would we classify this temporary structure in w

as a hydrogen molecule, given that the laws of T, are

not in force? Probably not.

In short, we remain in conformity with pre-analytic

intuition if we take the thesis of sortal essentialism

as relativized to T, K-worlds. Relativized sortal
essentialism is the view that the microreductive thing-
identities of unified science are true in all T, K-worlds.
The latter thesis, of course, is a special case of the
supervenience principle, since microreductive thing-iden-
tities are among the connecting principles of unified
science, So I have provided a justification for relati-
vized sortal essentialism, by means of my above argument
for (8%),

It should be emphasized, moreover, that sortal
essentialism was not presupposed in my argument for (S#)
in chapters IV and V. I did presuppose the supervenicnce
of primary and auxiliary theoretical-obscrvational cor-
respondence principles, on the basis of the contention
that micro-macro continuity is a methodological constraint
on the formulation of such principles. And I also pre-
supposed a "functionalist" account of cognitive and vo-
litional mental properties, when arguing for (S*) as
applied to psychology. But nowhere in my argument did I
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assume in advance ‘that hipher-level sorial predicates
apply, in all T, K-worlds, to the same entities to which °
they apply in the actual world.

" This is as it should be, in my opinion. The reason
why DNA molecules are genes in all Ty K-worlds is that
they can have the appropriate biological properties in
all such worlds--not because of their composition alone.
Human beings are persons in all T, K-worlds because they
can undergo the appropriate sorts of mental properties
in all such worlds--not because they have the same physio-
chemical composition as in our world. (In the latter
example, I have assumed that 'is a person*' is ‘the pri-
mary sortal predicate of psychology.)

These remarks about the status of sortal essen-
tialism do not conflict with remarks made by Kripke in
"Naming and Necessity" concerning the status of compo-
sitional properties as essential properties of indivi-
duals. He suggests in several places that the composition
of any given individual thing counts as an essential
property of that thing.z This suggestion seems reasona-
ble, and I do not wish to deny it. But I emphasize that
the suggestion does not entail that having a particular
compositional structure is an essential property of
things of a certain kind, or that belonging to a certain
thing-kind is an essential property of all entities with
a given compositional structure. Kripke's position does
not imply, for example, that being a gene is an essential
property of DNA molecules, or that being a DNA molecule is
an essential property of genes.

In sum, sortal essentialism emergoes as a special
case of the supervenience principle, and it was not pre-
suppogsed in my arguments for this principle. I do not
think that sortal essentialism should be adopted on a
priori grounds. Complex Ty things should not be assumed
in advance to possess the same higher-level sortal pro-
perties in all Ty K-worlds which they. possess in the
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actual world. Before we adopt sortal esgseontialism, we
must be assured that the relevant complex Ty things can ,
have the same non-sortal properties,in all Ty K-worlds,

as they do in the actual world.

Section 2

I now wish to reconsider an approach to microre-
ductively correlated properties which deserves more at-
tention than it received above. This approach would treat
such properties as contingently identical, given Kripke's
account of identity statements. That is, it would treat
denoting expressions which refer ‘to higher-level theo-
retical properties as non-rigid designators, and it would
treat higher-level theoretical predicates as "nonrigidly
expressing" different properties relative to different
possible worlds.

The notion of non-rigid expression of a property
by a predicate has not been explicitly put forward else-
where, so far as I know, The view I have in mind is
this: when we apply a predicate to something, which
property we thereby attribute to the object depends on
which possible world we are describing. For example, the
predicate ‘has temperature T' would attribute a parti-
cular mean molecular kinetic energy to objects, when the
predicate is used relative to the actual world, But it
would attribute a different property to objects when
used relative to possible worlds in which thermodynamic
theory has a different reduction basis than in the actual
world,

I think there are reasons to reject this approach
as it applies to the psychophysical connecting principles
which reduce psychology to natural science. (I will re-
“turn to this case below.) But in the case of microre-
ductive connecting principles which reduce one natural
science to another, the view seems fairly plausible.
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Furthermore, it seems to mesh fairly well with the
discussion of such connecting principles in the text. s
Take the case of temperature, for example. At the close
of chapter III, I suggested that the difference between
temperature and mean molecular kinetic energy consists
in the fact that temperature is ascribable, in a possible
world, to whatever entities in that world satisfy the
congtraints imposed by the laws and correspondence prin-
ciples of thermodynamics. This way of describing tem-
perature would seem to accord quite well with the view
that the predicate 'has temperature T' is non-rigid. 1I.e.,
we could contend that this predicate expresses different
properties relative to different possible worlds; in a
given world w, it expresses whatever property in w sa-
tisfies the constraints imposed by the laws and cor-
respondence principles associated with the expression
*temperature T',

The non-rigid view also meshes quite well with
my discussion in chapter IV, concerning the criteria for
the truth of the connecting principles R in a Ty K-
vwrld w. The criteria were these: 1) the auxiliary cor-
respondence principles of R cbtain in world w; 2) in
world w, the models for the theoretical entities counte-
naced by higher-level theories are constructable on the
basis of the T, model; and 3) there is no comparably
simple set R' of connecting principles in world w which
satisfies conditions 1 and 2. It seems that we can view
these criteria as "picking out" the properties which are
non-rigidly expressed, in world w, by the various higher-
level theoretical predicates in R. (If we adopt the

non-rigid view with respect to all microreductive con-
necting principles within unified science, then the only
rigid predicates will be those of theory Ty Higher-
level theoretical predicates will all non-rigidly express
the microphysical properties with which they are ulti-
mately correlated.)
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The following question quite naturally arises at
this point: what is the substantive difference between
this non-rigid view, and the view that higher-level
theoretical predicates express properties rigidly?
Whether or not there is a substantive difference, and
what specifically the difference comes to, will depend
largely on the nature of properties themselves. I have
not directly addressed the question of the nature of
properties in this thesis, and I shall not do so now.

I do not have a theory of properties to propose.

Let's now consider the non-rigid view as applied
to psychophysical connecting principles. -First, take
the case of theoretical-phenomenal connecting prin-
ciples, Can we plausibly say that the predicate 'is in
pain' non-rigidly designates some microphysical property
of sentient organisms? I suggest not. What would be
the criterion for determining which lower-level property
this predicate expresses in other possible worlds? The
appropriate criterion is this: +the property non-rigidly
expressed must be one which an entity undergoes if and
only if it has pain. But clearly this won't do: we
end up treating pain as a separate property in the very
act of attempting to state criteria for the non-rigid
use of the predicate 'is in pain'. Pain is a separate
property from its neural correlate.

Secondly, consider the case of cognitive and vo-
litional predicates in psychology. It seems implausible
to treat them as non-rigid predicates, for the following
reason. There are many underlying physical properties
of a person which can accompany the same cognitive or
volitional property, as we saw in chapter V. 8So, on the
non-rigid view, we would have to say that we are con-
stantly assigning different properties to people when we
apply a given intentional predicate to them. This posi-
tion is highly counterintuitive. If we say on two dif-
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ferent occasions that Jones wants to go to Nassau, or that
Jones believes that Nixon is a liar, it seems clear that
we mean to ascribe the same property to him on both oc-
casions, even though the underlying microphysical pro-
prerty of Jones might be quite different on the two oc-
casions. Thus, the lack of a neat one-one mapping from
the intentional to the physical vitiates the non-rigid
approach to intentional predicates.

If we do adopt the'non-rigid view with respect to
microreductively correlated properties in natural science,
while rejecting it in the case of psychophysical pro-
perty-correlations, then the microreduction of psychology
becomes somewhat unique. But the +truth of the super-
venience principle is not affected and this uniqueness .
thus does not affect the applicability of the intuitive
principles (D), (E), (F), and (N) to the case of the
reduction of psychology. Moreover, there may be advan-
tiges in adopting the non-rigid property-identity thesis
as applied to connecting principles within natural science,
For example, we do not need to expand the dual causation
thesis of chapter VI into a multiple causation thesis.
Also, we achieve a degree of ontological economy, since
we countenance fewer distinct property-kinds within
natural science.

In conclusion, let me emphasize the way the super-
venience principle is related %o the non-rigid property-
identity thesis. The non-rigid identity thesis expli-
citly treats higher-level properties as non-rigid desig-
nators of those lower-level properties which meet the
constraints imposed by Higher-level laws, correspondence
principles, and models. If property identity is under-
stood in this way, then the assertion that microreduc~-
tively correlated properties are identical does not en-
tail the supervenience principle, The possgibility is
left open that there are T, K-worlds in which higher-
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level theoretical predicates do not non-rigidly express
the same Ty properties which they express in the actual °
world. So if we were to adopt the non-rigid identity
thesis without adopting ‘the supervenience principle, the
resulting contingent property identities would be fun-
damental laws of unified science, whose truth was not
determined by Tg. In order to avoid this result we

would have to adopt the supervenience'principle, pver

and above the non-rigid identity thesis.

1Even this may be a problematic assumption, Will
entities which are Tp things in our world possess their
Tq sortal properties in worlds where the laws of Ty do
not obtain? Perhaps not.

2Kripke, p. 314 and footnote 57, p. 351.
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