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ABSTRACT

In this dissertation, a version of physicalism is formulated and
evaluated. A number of potentially devastating objections are consid-
ered and strategies of defense are suggested.

In Chapter 1, the underlying philosophical and scientific motiva-
tions for pursuing the physicalist program are explored and three are-
as of critical concern are identified: ontology, objectivity and ex-
planation. Criteria of adequacy and acceptability for formulations of
the physicalist doctrine are proposed.

In Chapter 2, a taxonomy of physicalist theses is developed in
terms of general categories of entity (i.e., linguistic and non-lin-
guistic) and types of relation between classes of entities (i.e., re-
ductive and non-reductive). A number of extant formulations of physi-
calism are located within the taxonomy and evaluated with respect to
the criteria of adequacy. It is concluded that none of the formula-
tions considered is adequate; and, it is argued that, in general, for
a formulation to be adequate it must include bnth linguistic and non-
linguistic theses and must not consist of only non-reductive theses.

In Chapter 3, the problem of identifying the physical bases is ad-
dressed. Past strategies are reviewed and their shortcomings identi-
fied. An alternative strategy is suggested which is based upon a prin-
ciple for circumscribing the subject matter and research questions
studied in physics. Three presuppositions of this strategy are isolat-
ed and defended against objections. It is concluded that the physical
bases do not suffer from any pernicious indeterminacy and that they
can be developed in a way which does not trivialize the theses or de-
prive them of their intended content. However, it is not clear that
paradigmatically non-physical entities (e.g., mental states) cau be
definitively excluded from the bases, a prospect which threatens basic
physicalist motivations.



In Chapter 4, a set of theses is developed which satisfies the cri-
teria of adequacy. Two objections are formulated: (1) that the theses
are "utopian" and (2) that they suffer from physicalist indeterminacy
and, hence, are not acceptable on physicalist grounds.

In Chapter 5, three standard metatheses are formulated that charac-
terize the scope of application, the empirical status and the methodo-
logical roles of the theses. It is argued against this "Received View"
that the scope of the theses is not well defined and that the theses
have a dubious empirical content. It is suggested that the theses be
viewed, not as empirical hypotheses, but as '"regulative ideals" for
natural science. This revision provides a means for responding to the
objections that the theses are "utopian", that they suffer from physi-
calist indeterminacy, that their scope is ill-defined and that they
have dubious empirical content. Finally, strategies of defense against
the objection that the bases could include non-physical entities are
suggested and the outlook for the program is briefly surveyed.

Thesis Supervisor: Jerry Fodor
Professor of Philosophy
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1. THE PROBLEM OF FORMULATION

The doctrine »f physicalism consists of a set of claims concerning,
roughly, the nature of reality and the structure of scientific knowl-
edge. Such theses as "Everything is physical", '"No difference without
a physical difference",! "The physical truth determines the whole
truth about nature",2 and "Theories in science are reducible to physi-
cal theory" have been entertained, developed and endorsed by leading
philosophers for over forty years. Such claims hold forth the promise
of solving a multitude of philosophical and scientific problems in ad-
dition to giving expression to a number of deeply entrenched philo-
sophical beliefs; further, the success of the physicalist program in
science is thought by its proponents to yield substantial gains in
scientific understanding; and, the doctrine is believed to play a ma-
jor role in the ongoing practice of science and philosophy. In short,
if physicalism is a tenable doctrine, then it is an extremely impor-

tant one.3

1 The principle of the indiscernibility of physical identicals.
2 The principle of physical truth determination.
3 In this work, the following distinctions will be honored:

1. The doctrine of physicalism consists of a set of three types
of claim as follows: (a) theses, which are explicit view:
concerning nature and science, (b) presuppositions, which are
claims that are presupposed by the theses, and (c) metathes-
es, which are claims concerning the theses (e.g., that the
theses are empirical).

2. The program of physicalism is the enterprise consisting of:
(a) formulating the doctrine, (b) defending the doctrine

-6 -



The history of physicalism has not been smooth sailing. Lespite its
attractiveness, the doctrine has proven difficult to formulate rigor-
ously in such a way as to both avoid the objections of critics and re-
tain its significant content.* Original physicalist formulations
(e.g., those of Carnap, Feigl, Hempel) were typically very strong def-
initional and derivational theses concerning relations between terms,
laws and theorie< of the special sciences and those of physics; and,
they were motivated by, inter alia, the verificationist theory of
meaning and the view that all substantive claims in philosophy can be
couched in linguistic terms. This latter view we shall refer to as

"the replacement thesis".

During the time since the ori¢inal presentation of physicalist doc-
trine, a number of developments have shown that (1) the original for-
mulations of the theses are untenable and (2) the program as a whole

may be doomed tc failure.

First, the original formulations are untenable because (a) they are
too strong as constraints on the structure of science and (b) they are
inadequate as expressions of physicalist views. They are too strong

because there are branches of science which fail to satisfy them but

against objections, (c) verifying the doctrine by assessing
relevant evidence, and (d) the actual construction in science
of a system of knowledge which exhibits the properties de-
scribed by the theses (this will be refered to as '"the work-
ing out of the program in science").

4 See Field (1972), p. 357, fn. 13, for explicit recognition of this
difficulty.
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which are, nonetheless, legitimate branches of natural science.
Clearly, tne strategy behind this objection presupposes that there are
ways, independent of specific formulations of physicalism, for distin-
guishing legitimate from illegitimate branches of science. This is es-
sential for any construal of physicalist theses as empirical; as we
shall see below, the supposed methodological role of the theses com-
plicates this situation since many physicalists (e.g., Quine) take
their doctrine to formulate criteria for assessing the legitimacy of
theories in different branches of science. Despite this complication,
it is generally agreed that the strong reductionist claims of the ear-
ly physicalists are too strong for either correctly describing or con-
straining theories in science. This is so because, roughly, if an in-
dependent criterion of scientific objectivity does exist, then
classical reductionism is too strong if there could exist theories in
science that are objective in accordaace with such a criterion but
which fail to satisfy the reductionist theses. Essentially, this has
been shown by proponents of a "functionalist" metatheory for current

cognitive psychology.®

Strong reductionist theses are inadequate expressions of the physi-
calist position because they could be satisfied while the basic physi-
calist concerns of a unified ontology and a unified ezplanatory system

would not be satisfied. As we shall see,® liberation from the strong

5 See Putnam (1960), Fodor (1965).

¢ See Chapter 2.



forms of the verificatjonist theory of meaning, the replacement thesis
and classical reductionism has opened up considerable latitude in the
kinds of thesis that are available for the expression of physicalism.
In particular, adequate formulation of the doctrine will be seen to
require linguistic and non-linguistic theses.? Further, less stringent
theses, admitting a variety of relations between linguistic or non-
linguistic objects in the different branches of science, will be seen
to provide more accurate and more plausible formulations of physical-

ist belief.®

Second, and more critical with respect to the survival of the pro-
gram, there are a number of objections to physicalism which are de-
signed to show that, even if the formulations of the doctrine are mod-
ified to accomodate the above described developments, the program is

doomed to failure. Chomsky and others have been concerned with diffi-

7 A linguistic thesis here is one which quantifies over linguistic ob-
jects, as classical definitional and derivational reductive theses
do.

® Relaxatio of the criteria for relating the terms of the special
sciences to those of physics as well as for relating the theories
and the objects in the domains of the theories of the special sci-
ences to the theories and objects of physics, will be seen to yield
more accurate formulations of the physicalist position as well as
more plausible ones; apparently, early physicalists opted for im-
plausibly strong formulations that, even if they had succeeded,
would not have expressed what the physicalist wants to say. We note
that early physicalists were not entirely in agreement concerning
the proper formulation of their position. For example, Quine (1966)
and Oppenheim and Putnam (1958) presented versions of the doctrine
that signaled the difficulties of the original formulations both in
terms of the implausibility of the reductionist theses and the need
for explicitly non-linguistic theses.

‘9-



culties involving the princlipled identification of "the physical" that
is presupposed by any non-trivial formulation of the doctrine: to
date, there have been no adequate responses to these concerns.® Fur-
ther, Goodman and Putnam have contended that physicalism is, at best,
in a position comparable to that of the phenomenalist program that
preceded it: that is, physicalism is, at best, a program with too many

promises of success and too faw actual successes,

Despite these developments and difficulties, physicalism, vaguely
construed, continues to exert a powerful command over intuition and a
strong directive force in science. As a consequence, physicalists are
reluctant to abandoa their doctrine and, hence, are faced with the
task of formula%ing a version which adequately expresses their views
and, yet, which avoids the objections of critics and does not hold out
promises that are not likely of fulfillment. Opponents of physicalism,
of course, believe that the prospects of successfully completing this

task are poor.

A number of questions emerge from this rough overview as very much

in need of being answered:

? as we shall see below, it is a presupposition of the theses of phys-
icalism that there be distinctions between physical and non-physical
branches of natural science, theories and ontologies that are based
upon considerations relevant to the physicalist program (cf., Chap-
ter 3). Opponents hold that any such divisions are based upon fac-
tors that are arbitrary with respect to the physicalist program
(e.g., socio-historical factors); hence, the theses are thought to
be devoid of substintial content.

- 10 -



1. What does an adequate formulation of physicalist doctrine con-
sist in?
2. Can such a formulation survive the objections of the aritics?
3. If so, what is the outlook for the physicalist program with re-
spect to (i) the verification of the theses and (ii) the work-
ing out of the program in science?
It is the objective of this project to provide answers to these ques-

tions.

The plan for proceeding towaird this objective is as follows: in the
remainder of this chapter, the principle motivations of physicalists
will be clarified; it will bhe seen that physicalists are guided by
powerful convictions and by the promise of significant cognitive and
non-cognitive g;;ns. Toward the end of the chapter, criteria of ade-
quacy for formulations of physicalism will be stated in terms of how
well a formulation expresses physicalist motivations. In Chapter 2, a
review of major physicalist proposals of past and present physicalists
will be made; it will be seen that all formulations fail to satisfy
our criteria of adequacy, and we shall summarize the central reasons
for such failures as an aid to avoiding such a problem for our own
formulation. In Chapters 3 to 5 we shall put forward a full statement
of physicalist doctrine including presuppositions (Ch. 3), theses (Ch.
4) and metatheses (Ch. 5); it will be seen that the theses are ade-

quate by our criteria and that most of the standard objections to the

program can be fended off. Finally, strategies of defence against the
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most difficult of the objections will be considered and the prospects
of the program will be considered. It will be seen that physicalism is
vulnerable to the objection that the theses are not acceptable empiri-
cal theses of natural science and to the objection mentioned above
that the doctrine is hampered by many promisory notes that are unlike-
ly of fulfillment (i.e., physicalism is a "utopian" doctrine.) Propo-
sals will be made for how the metatheory can be revised so as to avoid
these objections while retaining the significant content of the theses
as well as their important methodological role in science. We will

conclude with some remarks concerning the future of the program.

1.1 MOTIVATIONS FOR THE PHYSICALIST PROGRAM

Preliminary to our discussion of the motivations of the physicalist
program, two distinctions must be made. First, we distinguish between
issues concerning the growth of scientific
knowledge and issues concerning the structure of scientific knowledge.
The first are highly important issues that have figured centrally in
many discussions of physicalist reduction as a form of scientific de-
velopment. Such issues are not of direct interest to us in the current
project; they are orthogonal to the second class of issues that con-
cern the logical and epistemological structure of scientific knowledge
at any given stage of development. It is this class of issues with
which we shall be directly concerned. For example, we shall be con-

cerned with views about what logical and epistemological relations
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betwen theories in different brancnes of science ought, ideally, to
exist; "ideally" in the sense that a corpus of knowledge exhibiting
such structural relations ought to be a goal of scientific activity.
Thus, characterization of such an ideal can be viewed as a characteri-
zation of a goal state toward which scientific progress ought to be
aimed; for someone working within a program accepting such a charac-
terization, the goal state will play a major methodological role in
directing inquiry and evaluating developments. In this way, growth is-
sues and structural issues, though distinct, are clearly relevant to
each other. In what follows, we shall be concerned primarily with
physicalism taken as a doctrine about the structure of science; in the
final chapter, we shall discuss how such a doctrine bears on scientif-

ic growth.

Second, we distinguish between "unitary science" and “unified sci-
ence”.1? A view of science as unitary will be taken as a view of sci-
ence as ideally consisting of a single total theory in one language
and embodying a set of basic explanatory principles that are suffi-
cient for explaining al' laws and all specific events within the do-
main of scientific study (i.e., a unitary explanatory system). For a
physicalist, unitary science is usually conceived of as physics con-
stituting the total explanatory system of science: on such a view, the

physical vocabulary and the esplanatory principles couched in that vo-

10 See Feigl (1963) for a discussion of this distiction; our develop-
ment differs somewhat from his.
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cabulary suffice for all scientific description and explanation. What
is essential to this view is that science does not consist of any
branch of science other than physics.!! All "“special sclences" serve
only heuristic purposes that "in prirciple" could be served by an
ideally completed physics. On this view, the idea of structural rela-
tions between branches of science has no place; it is the expression
of a strong, eliminative physicalist position: i.e., that every spe-
cial science is eliminable in favor of physics. As a structural posi-
tion, the ideal of unitary science expresses the view that science is
monolithic and embodied completely by physics; as this pertains to
growth issues, scientific activity ought to be directed toward the ab-
sorption of all explanation into physics and the gradual elimination

of the special sciences.1?

In contrast to unitary science i. unified science, the main fea-

tures of which are: (i) there are principled divisions between branch-
es of science and (ii) there are principles which specify relations
that sciences must bear to some basic science (e.g., physics, psychol-
ogy). Thus, the unification consists, not in the eliminability of all
branches in favor of one, but in the kinds of relations that the

branches bear to the basic branch. Physicalism, in the spirit of uni-

1t where branches of science are individuated by such considerations
as: canonical vocabulary, problems and questions addressed, pat-
terns of explanation, etc.

12 See Quine (unpublished), Davidson (1970) and Fodor (1978).
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fied, not unitary, science is the topic of the current project.!3

Thus, in what follows, we shall be concerned with the physicalist pro-

gram conceived of as a program for unified science and as constituted

by a set of strucuvural principles that characterize the unifying rela-

tions in scientific knowledge. We now turn :0 a discussion of the un-

derlying motivations for such a program.

We

There are, at least, three such kinds of motivation:

1. The doctrine of physicalism serves to express certain deeply
entrenched ontological and epistemological convictions of its
proponents.

2. The success of the'program would result in substantial cogni-
tive gain§.

3. The success of the program would result in substantial non-cog-
nitive gains.

shall consider these in turn,!4

13

14

Such a view does not preclude the possibility that a given branch
of science might be eliminable in favor of physics; what the view
affirms is that this is not the paramount goal of scientific activ-
ity. Rather, as we shall see, such elimination could, in many cas-~
es, only result in an undermining of "the aims of inquiry." Fur-
ther, this view may be better conceived in terms of relations
between levels of organization and of theory rather than relations
between branches of science; for this to succeed however, the rele-
vant notion of levels must be clarified.

Another motivation would be that there is strong reason to believe
that the program will be successful, However, this project will be
concerned primarily with the a priori features of the physicalist
program; questions of evidence for specific claims or for the over-
all success of the program will only be briefly touched upon at the
end.

- 15 -



Typical formulations of physicalist theses have, either implicitly
or explicitly, been motivated to express a certain view of science:
viz,, that physics occupies a special position relative to all other
branches of science. Physicalists who have been explicit in this
write as follows:

Mathematical physics, as the most basic and comprehensive of
the sciences, occupies a special position with respect to
the overall scientific framework. In its loosest sense,
physicalism is a recognition of this special position.!%
It [the claim that there is no mental difference without a
physical difference] is a way of saying that the fundamental
objects are the physical objects. It accords physics its
rightful place as the basic natural science without ventur-~
ing any dubious hopes of reduction of other disciplines.,.l6
This second thesis of physicalism claims that the facts and
laws of the natural and social sciences can all be derived -
at least in principle - from the theoretical assumptions of
physics. We may formulate this second thesis as the belief
in the possibility of a unitary explanatory system.17
A review of physicalist writings reveals that there is considerable
variety in the kinds of relations which are thought to hold between
physics and other scientific disciplines in virtue of this special
place of physics in the structure of science. Physicalist theses have

typically characterized those relations and have been concerned with,

at least, three areas: ontology, objectivity, and explanation.!®

15 See Hellman wnd Thompson (1975), p. 551.

16 gSee Quine (1979), p. 163,

17 see Feigl (1963), p. 227.

18 physicalist theses have often been formulated in terms of formal
relations between linguistic objects in different branches of sci-

ence. But, in most cases, it has clearly been the intent of the

- 16 -



First, with respect to ontoloyy, the physicalist holds that the on-
tology of physical theory is sufficient to incorporate the ontology of
any other branch of science. As a result, physica! sm rules out '"onto-
logically independent" objects or attributes (i.e., objects or attri-
butes that fall outside of the physicalist ontology). Such entities as
spirits and entelechies or vital forces are unacceptable posits to the
physicalist because they are entities introduced for an explanatory
purpose but do not fall within the physical ontology. All physicalists
appear to be in agreement with respect to the fundamental ontological
concerns of the program, although we shall see that chere ar: many

different ways of construing these concerns.

Second, several physicalists!® have been concerned with the condi-
tions of objective knowledge; that is, they have attempted to formu-
late principles which characterize conditions under which there is an

objective fact of the matter in some domain of inquiry.29 The theses

proponents of such theses to be expressing claims (or the equiva-
lent of claims) concerning the above areas. Our concern in this
section is with the basic interests of physicalism rather than with
issues of how best to express theses that serve those interests,
See Feigl (1963), Nagel (1961), Hellman & Thompson (1975), Boyd
(unpublished), Fodor (1975) for explicit discussion about how best
to express physicalist concerns.

19 For example Quine, Friedman, Hellman and Thompson.

20 The notion of "objectivity" within science is, at best, a partially
analyzed one. Although emphasis in the philosophical literature has
focused upon inter-subjective testability as a condition of objec-
tive knowledge, this is not sufficient. Physicalists have focused
on the "factual basis" required for objective knowledge and have
made proposals concerning necessary conditions for objective knowl-
edge in terms of relations to a physical basis of fact or truth,

- 17 -



of physical truth determination and of the indiscernibility of physi-
cal identicals formulate, respectively, a condition for objective
truth which all claims to objective knowledge must satisfy and a con-
dition for objective difference in some respect between any two ob-
jects. Within a physicalist view of science, all claims to objective
truth and all putative similarities and differences must be correctly
related to physical truth and physical similarities and differences.?}
Although not all physicalists have been explicitly concerned with
questions of objectivity, no physicalist would deny either of the

principles mentioned above.

Finally, physicalists have, until recently, been quite explicitly
concerned with explanation in science. The physicalist's view has been
that science should be a unified explanatory system in which branches
of science are organized hierarchically with physics as the basic sci-
ence, and, in which the laws and individual phenomena at each level in
the hierarchy are explainable in terms of the laws and individual phe-

womena at lower levels.22 With the rejection of classical reduction-

Our approach assumes that there are, at least, these two components
(i.e., inter-subjectivity and factuality) to an adequate analysis
of objectivity. We observe that there are notorious difficulties
involved in making such an assumption, since the idea of a "factual
basis" needs clarification. It is this that physicalists concerned
with objectivity have sought to provide.

21 An example of employment of such principles is Quine's discussions
of "indeterminacy" in linguistics and psychology.

22 Versions of this picture have been provided by Oppenheim & Putnam
(1958), Causey (1977), Feigl (1963), Hempel & Oppenheim (1953), and
Nagel (1961).
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ism,23 these explanatory concerns of physicalism have tended to be
minimized or overlooked or to be judged as '"utopian." In the interest
of presenting a plausible doctrine many physicalists2?4 have advanced
versions of the doctrine that eschew explanatory concerns and are pri-
marily concerned with ontology or objectivity. An emerging issue which
we mention now and discuss later in this section is whether or not ex-
planatory concerns are an integral part of the physicalist program,
and hence, whe¢ther or not any adequate formulation of physicalist doc-

trine must address itself to such concerns.?5

So far, we have seen that the physicalist view of science involves
acknowledgement of physics as occupying a special position in the
structure of sc{entific knowledge; that special position consists in
being most basic and comprehensive with respect to ontology, objectiv-
ity and explanation. As a result, formulations of physicalist theses
have been typically designed to accord physics its special position by
characterizing the relations that ought to hold between it and the
other sciences in virtue of that position. Now, bypassing for the mo-

ment questions of how best to formulate these theses, it might be

23 gee Fodor (1975, 1978), Hellman & Thompson (1975), Boyd (unpub-
lished), for arguments. See below, Chapter 2.

24 For example, Davidson, Boyd, Quine, Fodor, and Hellman & Thompson.

25 This issue is significant with respect to a number of questions:
(1) what formulations are adequate?, (2) how much room for retreat
does physicalism have when faced with objections?, (3) when study-
ing inter-theoretic relations in science, what questions ought to
be addressed and what are the constraints on answers to those ques-
tions?
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asked, "Why should physics be accorded this special position in sci-
ence?", or alternatively, "What motivates the physicalist view of sci-

ence?",

We note that some motivation for the physicalist view of science
originates from within science itself and will be discussed later in
the sections on the cognitive and non- cognitive gains of the physi-
calist program. But, in addition to explicitly scientific concerns,
physicalists have revealed a philosophical bias in their program which
influences their conception of science, At a minimum, an understanding
of this bias will give us some insight into the powerful grip that

physicalism exerts on intuition.

The philosophical bias of the physicalist program involves a cer-

tain view of nature expressed in such passages as the following:

He [the physicalist] is content to declare bodies to be fun-

damental to nature in somewhat this sense: there is no dif-

ference in the world without a difference in the positions

or states of bodies.26
This view of nature, that bodies are fundamental to nature, requires
some unpacking. There are two components of the view: the first con-
cerns what exists and is an assertion of the classical materialist

view that matter, or bodies, and states of matter are what exist in

nature.?7 Further, this ontological picture involves a set of "basic"

26 see Quine (1979), p. 162,

27 Many contemporary physicalists have, with the developments in mod-
ern physics, dropped talk of matter or bodies in formal presenta-
tions of their doctrine, The ontological basis for physicalism is



material states and a set of '"basic" material objects out of which all
complex material states and objects are composed. The second component
of this view of nature is a claim about determination: all attributes
of matter (bodies) are determined by the basic material states. Once
:he basic material states are fixed all other states or attributes are
fixed. The fundamental intuition lying behind this view of nature may
be expressed as follows: it is in virtue of what something is made of
(i.e., the fundamental constituents of matter and their attributes)
and how it is put together (i.e., the arrangement of the basic con-

stituents) that it has all of the other attributes it does.

The above described view of nature, or variants of it, is very much
at the core of the physicalist program. We have described it as a
philosophical bias of the program because, although it influences an
approach to the conduct of science, its significance transcends sci-
ence. More specifically, this view is an assertion of "the matter de-
pendence of mind" and as such bears directly on the classical disputes
between idealist and materialist forms of realism. An opposed view,
"the mind dependence of matter", would undercut the primacy of matter
in our view of nature and replace it with mind (e.g., mental activity)

as the determinant of what matter is like.2? For our current purposes,

not seen as being populated by objects, bodies or matter as we or-
dinarily conceive of these. In less formal discussions, the more
familiar terms are still employed. See below, Chapter 4, for more
formal development of the physicalist ontological position,

28 An alternative to these positions is one advocated by Goodman which
affirms the value of both approach while denying each its claim to



we must only see that the physicalist, in being committed to the mat-
ter dependence of mind, holds that whatever the properties of mind,
especially whatever properties it has concerning knowing and repre-
senting nature, they are all determined by matter and its states. The
strong alternative view would deny matter this special place by claim-
ing that matter has that place only in a representation that is creat-
ed and changeable by the mind; hence, mind occupies a position of pri-
macy with respect to nature. The physicalist, of course, has a

predictable reply to this.

The bearing of this dispute on the structure of science is clear:
if one affirms the matter dependence of mind, then fairly rigid con-
straints on the scientific representation of mind and its place in na-
ture (especially its relations to physical phenomena) are imposed; if
one denies such dependence, then the structure of a scientific repre-
sentation is constrained in a quite different way (e.g., the converse
of the principle that there can be no mental difference without a
physical difference might be endorsed). It should be clear that one

cannot resolve the philosophical dispute by studiously watching the

‘primacy. Essentially, the recent dispute between Quine and Goodman
involves the "monopolistic" character of Quine's physicalism, See
Quine (1978), Goodman (1979), and Putnam (1979). It should be kept
in mind that a denial of the matter dependence of mind need not
consist in an affirmation of the mind dependence of matter; if, for
example, some mental states do not depend on matter, that is suffi-
cient for rejection of the matter dependence of mind as a general
view about the relation between mind and matter. The physicalist,
of course, denies that there are any mental states that are inde-
pendent of the physical (matter).
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progress of science, since how science is conducted depends directly
upon what position one takes with respect to the question at issue.
Insofar as science currently proceeds in accordance with an assumption
of the matter dependence of mind, it is exhibiting a philosophical
bias; and, the physicalistic view of science is an explicit affirma-

tion of that bias.?29?

At this point, one might ask, "Why accept this view of nacure?".
As we have suggested, the evidence for this view to be gleaned from
the progress of science is of questionable value. The philosophical
arguments in support of either side of the dispute are stunningly un-
convincing to opponents. Perhaps the situation is, as Goodman might
put it, "less like arguing than like selling". That is, to adopt one
or the other of ;he two philosophical positions is to be justified
more in terms of what such an adoption produces by way of achieving
certain goals than by explicit arguments for its truth, It was essen-
tially this approach that we adopted in this project when we proposed
to evaluate formulations of physicalism in terms of how well they re-

alize the motivations of the program.

2% This way of putting things glosses over the complex and important
issues concerning the empirical status of physicalist principles
and their methodological role in science. That the principles are
often conceived of in both of these ways complicates the construal
of the physicalist's view of nature as a bias. Our view is that,
ultimately, physicalism does embody such a bias, but that such a
bias is not arbitrarily adopted and that empirical considerations
bear on such an adoption. See Chapter 5 for further discussion.
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The impact of the above described view of nature upon science is
fairly straightforward. Insofar as it is a goal of science to provide
an adequate representation of nature, then the materialist conception
of nature leads to a view of science in which the ontology is a mater-
ial (or, physical) one and all the attributes of matrrial objects are
determined by the basic attributes of matter: hence, the physical de-
termination of (i) truth and (ii) sameness and difference. Further,
the view of nature suggests the idea that explanation of any phenom-
enon, if possible at all, should be possible in terms of the basic
constituents and their attributes. In short, for the physicalist, his
view of science (i.e., that physics occupies a special position in
science with respect to ontology, objectivity and explanation) is in-

fluenced by his view of nature.

To summarize, the first motivation of the physicalist program is to
express two related views: (1) a view of nature which constitutes the
adoption of a fundamental philosophical stance concerning the primacy
of matter and (2) a view of science which is partly informed by the
view of nature and which asserts the special position of physics in
relation to all other sciences. As we have noted above, however, the
physicalist's view of science is not only motivated by his philosophy;
rather, there are independent reasons originating from within science
that, at least, reaffirm that view. Further, those same considerations
constitute additional justification for the physicalist program in the
sense of characterizing the gains of adopting such a program, It is to
those "cognitive" and "non-cognitive" gains that we now turn.
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The second type of motivation for the physicalist program involves
the "cognitive gains" that would result if the program were to be suc-
cessful. By a cognitive gain is meant some improvement in our corpus
of knowledge and consequent understanding; and, there are at least two
ways in which the success of the physicalist program would result in
cognitive gain: the first involves solution of specific philosophical
and scientific problems, and the second involves improvements in some
of the global features of our knowledge (e.g., consistency, parsimony,

simplicity, explanatory power).

Physicalists have always seen advantages in their approach result-
ing from solutions it would provide to problems in such areas as: (i)
mental phenomena, (ii) moral and aesthetic phenomena, (iii) biological
phenomena, (iv) semantical phenomena, (v) social phenomena, and (vi)
the theories of each of these, The physicalist program, if successful,
would show how each of (i)-(v), insofar as they are real and objec-
tive, fit into a scientific conception of the natural order; and, it
would provide a basis for resolving foundational questions concerning
theories of each. An additional problem that would be partially solved
concerns the delimitation of the boundaries of objective knowledge
within science; that is, boundaries between knowledge that concerns
‘matters of fact and knowledge that involves a component of subjectivi-
ty, or relativity to the knowing subject. The principles of physical
truth determination and of the indiscernibility of physical identicals

are candidates for principles that would serve this purpose. As we
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shall see below, they have played a central role in recent physicalist
thought concerning the distinction between objective and non-objective
branches of knowledge (e.g., Quine's concern about the lack of objec-

tive status of linguistics and psychology.)

The second kind of cognitive gain that would result if the physi-
calist program were to be successful involves global improvements in
our corpus of knowledge. There are three such kinds of improvement
that have interested physicalists: (i) ontological parsimony, (ii)
unification of the overall scientific explanatory system and a result-
ing increase in simplicity and consistency of our knowledge, and (iii)

a substantial increase in our understanding of nature.

There appears to be a consensus among physicalists that the program
is motivated by ontological concerns; and, inter alia, those concerns
involve a certain kind of parsimony: viz., that of not exceeding the
ontology of physical theory for any scientific purpose. That is, with
respect to the ontology of science, nothing more need be posited than
what is included in the domain of physics. From an ontological point
of view, therefore, there is only one kind of entity in nature: physi-
calism is a brand of mon.sm. Essentially, this monism requires that
every individual in nature is either a basic physical constituent or a
complex physical entity composed of basic constituents. Further, every
class of entities in nature is a class of physical entities. And fi-

nally, every attribute that occurs in nature is an attribute of a



physical entity and is realized3® by the physical attributes of such

entities. In short, everything in nature is physical.31

To better understand what kind of parsimony this is, it is impor-
tant to see what it is not: it is neither a parsimony of theoretical
kinds of entity nor a parsimony of kinds of attribute nor a parsimony
of the individuals in nature. That is, ontological parsimony does not
put any restrictions on the groupings of individuals for the purposes
of theoretical inquiry; nor does it entail that entities in nacure
must only have physical attributes rather than possessing more ab-
stract attributes as well.32 Hence, this ontological parsimony does
not involve any restrictions on what we can say about objects in na-
ture; it only reguires that the things we say something about be phys-

ical things.32 Finally, there is no suggestion in this parsimony that

30 Below (Chapter 4) we shall discuss what "realization" is. We use
this notion because (1) there are good reasons for not adopting the
very strong physicalist position that every attribute is a physical
attribute and (2) it captures a significant sense in which the on-
tology of nature does not exceed the physical ontology.

31 Not every physicalist would state his position this way of course;
stronger versions would have it that all attributes are physical
attributes as well. Because, on our view, this is patently false,
weaker forms of physicalism must be explored.

32 such attributes must, according to the physicalist, be related in
specific ways (e.g., by a realization relation) to physical attri-
butes however,

33 gee Quine (1951) and Hellman and Thompson (1977) concerning the
distinction between ideology and ontology; also, see Chapter 3 be-
low. The amount of independence between what the physicalist be-
lieves to exist and what he believes to be constraints upon what we
can say about what exists has been a critical issue throughout the
history of the program,
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there be a reduction in the number of individuals in nature, except
insofar as is entailed by the inclusion of the individual domains of

each branch of science within the domain of physics.

Having said what ontological parsimony does and does not consist in
for the physicalist, we now ask, "Why is this ontological parsimony a
cognitive gain?". Of what value is ontological parsimony that i

should be a positive guin if realized by the physicalist program?

Let us begin by pointing out that ontological parsimony is not in-
trinsically a significant cognitive goal; alone, it is at best an
aesthetic property of a system. However, ontological parsimony is an
important property of a system insofar as it contributes to an in-
crease in the uﬁderstandiuq provided by the system. There are at
least two ways that ontological parriimony can contribute to under-
standing: first, by leading to a decrease in the number of mysteries
in nature; such reduction can come about by there being fewer 'funda-
mental" mysteries (i.e., those which are not explainable within a giv-
en explanatory system because they are basic) and by there being a ba-
sis for explaining higher level phenomena not previously understood.
In the case of physicalism, one of the attractive features it shares
with its ancestors (i.e., materialism and mechanism) is that it prom-
ises to provide a basis for solving the problem of mind-body causal
interaction. If interaction at the level of physics is well understood

in terms of some class of basic processes and interactions, and if all
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interaction at other levels can be related to physical ilteraction,
then there are no mysterious interactions in nature in addition to the
basic ones.3* Such an approach decreases the number of mysteries be-
cause it avoids positing "special" interactive forces between mind and

body and it avoids leaving the interaction unexplained or denied.3%

A second way in which ontological parsimony can contribute to in-
creasing understanding is by leading to integration of an associated
explanatory system. Essentially, a parsimonious basis creates the pos-
sibility for explaining more and more phenomena with 4 single class of
fundamental objects, processes and attributes. Notice that, although
ontological parsimony creates such a possibility, by itself it cannot
guarantee actual}zation: the existence of an explanatory system with
certa.n properties is an independent requirement for attaining such
increases in understanding. Ontological parsimony of the kind advocat-
ed here need not lead to increases in understanding if, for example,
non-physical attributes of physical systems cannot be explained in

terms of physical attributes of those systems. In such a case, the de-

34 Two proposals consonant with physicalism for solving this problem
are (1) the token identity of mental events, states and processes
with physical events, states and processes and (2) the "superveni-
ence"” of the mental upon the physical. See Kim (1979) for a lucid
discussion of this latter prcposal as it bears on issues of causa-
tion.

35 A burden of the physicalist position involves showing that it is
not trivially satisfied by locating all mysteries in the domain of
physics; that is, showing that it does not avoid proliferation of
ontological kinds by simply increasing the number of theoretical
kinds in physics.
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crease in fundamental mysteries secured by a parsimonious basis is
offset by the existence of higher level mysteries comparable to the
mystery of mind-body interaction. This is possible even if it is
claimed that all instances of non-physical attributes are realized by

instances of physical attributes.36

The second type of global improvement that has been sought by phys-
icalists is unification and simplification of the overall explanatory
system in science. Because such a goal has always been associated with
classical definitional and derivational reductionist programs, it is
important to see that those programs were only one way of attempting
to unify and simplify the scientific explanatory system. With the dem-
ise of those programs, it is incumbant upon physicalists to understand
what the goals of those programs were and to seek new ways of achiev-
ing those goals. In the case of unification and simplification (as
with parsimony) the fundamental motivation for trying to achieve them
is to effect increases in understanding by reducing the number of
unexplained phenomena and laws in science and by increasing the expla-
natory power of explaining laws. By subsuming more and more phenomena
and explanatory principles under quite general principles, the expla-

natory power of the latter is, in general, thereby increased.3? It is

36 One of the key explanatory questions involved here, which drives
much physicalist thought is, roughly, "In virtue of what do certain
physical attributes realize certain non-physical attributes?'. See
below (Chapter 4) for further discussion.

37 See Fodor (1978) for an important discussion of how this strategy
can fail. Also, see Kemeny and Oppenheim (1956) for a discussion of



an important goal of the physicalist program to subsume as many phe-

nomena and explanatory laws as possible under basic physical laws; the
problem besetting contemporary physicalists is how to conceive of such
a pursuit of unification in science without running into the difficul-

ties encountered by classical reductionism.38

Parsimony of ontology and simplicity and unity of the scientific
explanatory system have been seen to be cognitive gains of the physi-
calist program because they contribute to increases in the understand-
ing provided by that system. We now turn to explicit discussion of in-
creasing understanding as the fundamental cognitive gain that would

result if the physicalist program were to be successful.

Essentially, hnderstanding is gained in science, at least, insofar
as (i) there is a decrease in thte number of fundamental mysteries,
(ii) there is a decrease in the number of total mysteries throughout
the scientific system, and (iii) the explaining principles have more
and more explanatory power. The physicalist program can lead to such
understanding through ontological parsimony (which can have the effect
of reducing fundamental and total mysteries) and through unification

(which can lead to reductions in the total number of mysteries and in-

the notion of "explanatory power".

38 Nancy Cartwright has further suggested that a principle motivation
of derivational reductive programs was to ensure the consistency of
the system of scientific knowledge; as with simplicity and unifica-
tion, this goal can be achieved in other ways. See Cartwright
(1979).
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creases in the explanatory power of explaining principles). Further,
physicalism leads to understanding by epitomicing a s:andard practice
in science of seeking to explain the properties and behaviors of com-
plex phenomena in terms of the properties and behaviors of simpler
phenomena of which they are composed.2®? Such patterns of explanation
can achieve increases in understanding based upon all of (i)-(iii) in-
sofar as successes decrease the need for positing new basic phenomena,
lead to answers to questions concerning complex phenomena (thereby re-
ducing the total number of mysteries), and tend toward unification of
the total system (thereby increasing the explanatory power of the ex-
plaining principles). Hence, proposals that physicalism be taken to
require 'microreduction" of one branch of science to another, or that
physicalism invdélves explanation of abstract properties of entities in
terms of their physical realization, or that physicalism involves ex-
planation of regularities in one branch in terms of underlying physi-
cal mechanisms are all construals of the physicalist program explicit-
ly involving explanatory concerns of the kind we are considering that
lead to increases in understanding. The issue, mentioned earlier, to
which we now turn, is whether formulations of the physicalist program
that do not explicitly address these concerns are adequate formula-

tions.

39 Thus, Niels Bohr (1961) has described the essence of scientific ex-
planation as consisting in explaining the complex in terms of the
simple; and, Oppenheim and Putnam (1958) have assimilated their
version of the physicalist program to "The Democritean Tendency'" in
science to explain a wide range of diverse phenomena in terms of a
few basic phenomena.
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By an adequate formulation of physicalist doctrine we mean one that

is such that, if the program based upon that formulation is success-
ful, then the motivations of the program will have been served. We
shall argue that a formulation that does not explicitly address expla-
natory concerns is not adequate: i.e., that it is possible that a pro-
gram based upon such a formulation could be successful and yet the mo-

tivations of the program not be served.*?

Of the three traditional areas of physicalist concern (i.e., ontol-
ogy, objectivity and explanation), explanation has been neglected in
recent physicalist writings in favor of the other two. Our present
claim is that formulations of physicalist doctrine that are exclusive-
ly concerned witp ontology and objectivity are not adequate because
the success of a program based upon such formulations is compatible
with a failure to increase understanding. Our argument for this claim
is that formulations concerned with only ontology and objectivity pro-
vide no guarantee that the success of the program will not lead to a
body of scientific knowledge that is permeated by mystery and lacking
in unity. The point here is that success of a physicalist program con-

cerned with only ontology and objectivity could make no substantial

40 We remind the reader that rejection of classical reductionism (con-
strued as definitional and derivational reduction of syntactic ob-
jects) does not entail the rejection of the explanatory concerns
that motivated that program. Hence, one should not jump to any con-
clusions about the feasibility of a physicalist program with ex-
plicit explanatory concerns., What we now know is that, if we have
explanatory concerns, we should not try to formulate them in
strong, purely syntactic terms.
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difference to the understanding provided by a system of scientific
knowledge. This is because only by developing certain types of expla-
nation is it possible to rid a scientific representation of nature of
a host of "vertical" mysteries: such as mysterious non-physical attri-
butes of physical objects and the existence of mysterious non-physical
regularities and their exceptions. In addition, if objectivity is ex-
pressed in terms of the principle of physical truth determination, in
the absence of explanatory connections between different branches of
science, such determination is an additional mystery. Such a formula-
tion of physicalism exerts little influence on the structure of the
explanatory system in science.*! In a nutshell, for the success of the
physicalist program to guarantee satisfaction of all of the fundamen-
tal motivations of physicalists, explanatory unification of scientific
knowledge is required. Therefore, we shall adopt the view that explic-
it explanatory theses are required for an adequate formulation of
physicalist doctrine, Such a requirement bears directly on the evalua-
tion of recent moves made by physicalists to avoid objections; specif-
ically, any reformulation of the doctrine designed to avoid objections

but which weakens the formulation so as to not address explanatory

41 Hellman and Thompson are sensitive to the problem that a purely on-
tological formulation of physicalism is not adequate; the point
here is that what they augment the doctrine with (i.e., physical
truth and reference determination) does not substantially improve
the situation regarding the explanatory motivations of the progranm,
Classical reductionism, on the other hand, bolstered by the D-N
model of explanation, purported to address the explanatory motiva-
tions of the program. As we shall see below, the shortcomings of
the D~N model undermine this effort.
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concerns will be avoiding the objections at the cost of the adequacy

of the formulation; our view is that this is too high a price to

The third class of motivations for the physicalist program involves
"non-cognitve" gains that would result if the program were to be suc-
cessful. By a non-cognitive gain is meant some advantage that would
result for the behavior of humans; and, the primary advantage of this
kind involves the role of physicalist doctrine in the conduct of sci-
entific inquiry. As we shall discuss below, physicalist principles can
potentially contribute to scientific practice in two ways: (i) by sug-
gesting and providing some definition to a wide class of research
questions, and (ii) by providing a basis for evaluating'the accept-

ability of scientific theories (e.g., by placing constraints upon for-

mulations in physics and the special sciences).*3

42 The failure of adequacy is, of course, relative to our criteria; it
is surely appropriate to formulate weaker versions of the program.
Our main point is that, in doing so, one should be aware of the
differences in motivations achieved: our criteria serve the expousi-
tory purpose of affirming a certain set of motivations as highly
desirable. Weaker formulations fulfill fewer of these motivations
thereby lessening the worth of the program. The general maxim we
believe ought to be observed in the design of any system of knowl-
edge is to opt for the maximum criteria of adequacy possible; if
unavoidable difficulties are encountered, then (and only then)
ought the criteria be weakened.

43 As we shall see, there is some difficulty in determining what de-
gree of abstraction is required in formulating such constraints.
History has taught us that strong syntactic constraints are not ab-
stract enough in that they fail to allow for variability in the
forms of scientific theories and in the kinds of relations between
higher and lower level theories. As we hope to show, while syntac-
tic constraints are not sufficiently abstract, explicit ontologi-
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1.2 CRITERIA OF ADEQUACY AND ACCEPTABILITY

Given the discussion of physicalist motivations in the last sec-
tion, the objective of this section is to formulate criteria of ade-
quacy and acceptability for formulations of physicalist doctrine
which will be employed in subsequent chapters as a basis for evaluat-
ing specific physicalist proposals. By the adequacy of a formulation
we mean whether or not it expresses the motivations of the program;
our approach to understanding the formulation problem confronting
physicalists is that there are a number of reasonably well defined ob-
jectives which physicalists seek after and which the physicalist pro-
gram should be designed to reach. Hence, any formulation of the doc-
trine should have the property of being such that if the program based
upon that formulation is successful, then the principal objectives of
the program will be reached.** Therefore, the criteria that a formula-
tion of physicalism must satisfy include:

1. It must express the physicalist's view of nature and science.?*®

cal, determinationist and explanatory constraints are. However,
syntactic constraints had the virtue of being actually employable
in practice; it is not so clear that more abstract constraints will
have this property.

44 This strategic approach has not been explicitly employed by many
physicalists (much to the detriment of the program); exceptions in-
clude Fodor, Hellman and Thompson and the adamantly non-physicalist
Nelson Goodman (in his discussion of systems building in general).

42 I,e., that nature consists of physical systems and that all attri-
butes of such systems are determined by basic physical attributes;
and that science reflects this view of nature by according to phys-
ics a special place in the structure of scientific knowledge.
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2. It must promise to realize the cognitive gains of ontological
parsimony, theoretical unity, consistency, simplicity, in-
creased scientific understanding and provision of solutions to
specific scientific and philosophical problems.

3. It must provide usable principles for directing scientific in-

quiry.

These criteria will provide a measure of adequacy for formulations
of physicalist doctrine; clearly, a formulation that satisfies all of
them will be of more potential importance than one which does not.
Further, failure to satisfy any one of them, cn the view taken in this
project, raises serious questions about the value the physicalist pro-
gram as formulated; and hence, the justifiability of pursuing the pro-
gram, especially in the face of objections, is suspect. Unless a for-
mulation satisfies all of the criteria, we shall judge it to be
inadequate and in need >f replacement because, although such formula-
tions may be easier to establish than stronger ones, they are not ex-

pressive of the deeper motivations behind the program.

Once the question of adequacy of a formulation is settled, the
question of its acceptability arises. By an acceptable formulation is
meant one which is (i) adequate, (ii) immune from the objections of
critics, and (iii) plausible on the basis of relevant evidence. The
current project will focus on the issues associated with formulating

an adequate version of physicalism and on the objections of critics to
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adequate formulations. The question of plausibility on the basis of
relevant evidence will not be discussed because, on our view, the em-~
pirical situation is not sufficiently clear to make such an evalua-
tion. In the last chapter, we shall briefly discuss a program of re-
search which would eventually issue in a sufficiently clear body of

relevant evidence to evaluate the plausibility of the program.
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2. A REVIEW OF PAST FORMULATIONS

The objective of this chapter is to review past formulations of
physicalist doctrine and to explore, relative to our criteria of ade-
quacy, the reasons for their failure. Preliminary to this will be a
discussion of the general formulation problem with respect to physi-

calist doctrine.

Essentially, the formulation problem facing us is to develop a set
of theses which are jointly sufficient for (1) expressing the physi-
calist's views of nature and science, (2) realizing the cognitive
gains of the program if it is successful, and (3) serving as usable
and fruitful principles for guiding scientific inquiry. What, then, is

a plausible strdtegy for solving this problem?

In answering this question, we shall begin by discussing the gener-
al character of physicalist theses and the ways in which they can
vary. Typical formulations include the following:

1. All scientific terms are definable in physical terms.

2. All scientific theories are derivable from physical theory.

3. Every event is a physical event.

4. The physical truths determine all the truths about nature,

5. The laws of the special sciences are explainable by the laws of

physics.
The general form of such theses may be construed as involving a rela-

tion between two classes of objects. Hence, there are, at least, two
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ways in which such theses can vary: (i) they can vary with respect to
the kinds of objects that are members of the two classes, and (ii)
they can vary with respect to the character of the relation between

the two classes.

Concerning the kinds of objects that are members of the classes,
there are two general categories of interest: linguistic and non-lin-
guistic. Each of these categories further sub-divides into the various
kinds of linguistic object (e.g., terms, sentences, theories)! and the
various kinds of non-linguistic object (e.g., events, states, proper-
ties). Further, the objects in the two classes may vary in what we
shall call their "type" (e.g., mental, physical). It is a characteris-
tic of all phys%calist theses that for each kind of linguistic or
non-linguistic object adverted to there is a special class of objects
which is Jdesignated as being of the physical type and which occupies a
special place in relation to all other objects of that kind. Each of

these classes of physical object will be called a "base class' and

their properties will be discussed more fully in the next chapter.

Concerning the kinds of relations between classes, we shall distin-

guish two general categories:

1 The idea that a theory or an explanation is a linguistic object is
controversial at best; to sidestep debate we shall assume that they
are not and that it is only formulations of theories or explanations
that are relevant to the physicalist; such formulations we take to
be linguistic in character,
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1. a reductive relation between two classes involves a mapping

from the members of one class to the members of the other;

2. a non-reductive relation does not involve such a mapping, but

rather, involves only preservation of global features of the

two classes (e.g., degree of explanatory power, simplicity,

unity).
For each of these two general categories of relation there is consid-
erable variability possible concerning the specific relations that may
be instances of them. Such variation depends upon the type of con-
straints that are imposed upon reductive and non-reductive relations
between classes; for example, as Goodman has discussed at length,2 the
criteria of definition (a reductive relation between classes of terms)
may vary between intensional equivalence, extensional equivalence, ex-

tensional isomorphism, etc.

Thus, there are two general dimensions along which physicalist
theses can be arranged: kind of entity in the classes and kind of re-

lation between the classes.3 Hence, there are, at least, four general

2 See Goodman (1977), Chapter 1.

3 Our introduction of a taxonomy of physicalist theses based upon
kinds of entity and kinds of relation is motivated by several con-
siderations; (i) it will help in clarifying the logical relations
between different theses, (ii) it provides a structure in vhich the
wide diversity of physicalist views that have appeared in the liter-
ature can be located and assessed relative to one another, (iii) it
highlights the degrees of freedom in the formulation of physicalist
theses and emphacizes the fact that what choices are made at these
points are crucial for formulating theses that will successfully
serve the purposes motivating the physicalist. As we shall see,
there is a history of poor choices that have led to inadequate for-
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kinds of physicalist thesis that are possible:

1. linguistic-reductive: e.g., every theory in the special sci-

ences is derivable from physical theory (plus bridge princi-
ples);

2. linguistic-non-reductive: e.g., every theory in the special

sciences is reducible (in the Kemeny and Oppenheim sense* of
‘reducible') to physical theory;

3. non-linguistic-reductive: e.g., every event 1s a physical

event;

4. non-linguistic-non-reductive: e.g., the physical facts deter-

mine all the facts of nature.5

With respect'to the formulation problem for physicalism, the choice
of what specific kinds of object and of what specific kinds of rela-
tion are to be employed in formulating phy:icalist theses is made on
the basis of what will serve best for satisfying the criteria of ade-
quacy, and with an eye to acceptability, what will serve best in

avoiding certain objections and difficulties. That is, solution of the

mulations.

4 See Kemeny and Oppenheim (1956) for details of their wview of theory
reduction. Their use of ‘'reduction' and its cognates is different
from that found in this project. The usage here will always be ac-
cording to the technical sense described above unless otherwise in-
dicated.

§ Jerry Samet has pointed out that the above four kinds of thesis are
the "pure cases'"; there are hybrid theses that are possible (e.g.,
the special sciences are about the same things that physics is
about). Our discussion will be organized around the pure cases; hy-
brids will be discussed where appropriate.
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formulation problem comes down to making a set of choices, based upon
physicalist motivations and interests, among specific instances of the
various kinds of physicalist theses: to arrive at an adequate formula-
tion, what one wants to express and what goals one wants to achieve

will play a major role in choosing the kind of objects and the kind of

relations that constitute the theses that are formulated.®

We now shall review a number of past formulations of physicalist
doctrine and exhibit their shortcomings. The following conclusion will
be drawn from this review: that formulations of physicalist doctrine
must not consist of only linguistic or only non-linguistic or only
non-reductive theses (i.e., the doctrine must be expressed by a combi-
nation of linguistic, non-linguistic and reductive theses, although
some non-reductive theses could also be included). The reasons for
this will be explored as we proceed; roughly, the main reason is that
physicalism is a doctrine concerning both the formal system of science
and its intended interpretation; and, because most interesting theses
concerning the one are not equivalent to nor entailed by theses con-
cerning the other, sepavate theses are required if the full content of

the doctrine is to be expressed.

6 Despite the obviousness of these remarks, they are in need of saying
in order to partially arrest the drifting away from basic goals that
has characterized recent physicalist thought.
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To establish the claim that an adequate formulation of physicalism
must include linguistic, non-linguistic and reductive theses, we shall
proceed by cases and show that formulations that consist exclusively
of linguistic or non-linguistic or non-reductive theses fail to satis-

fy the criteria of adequacy.

2.1 PURELY LINGUISTIC FORMULATIONS

Clearly, an exhaustive discussion of all possible formulations of
physicalist theses is too formidable a task; hence, our approach will
be to consider some central cases. For linguistic formulations
we shall discuss: (i) theses concerning the definability of terms as
expressions of physicalist ontological concerns, (ii) theses concern-
ing semantic relations between theories or formal relations between
terms as expressions of physicalist theses concerning objectivity, and
(iii) theses concerning derivation or truth determination as expres-
sions of physicalist explanatory concerns. It will be seen that in
each of these cases the indicated physicalist concerns are not ade-
quately expressed by the theses p.ut forward. Further, a diagnosis of
these failures will reveal that they are based upon properties shared
by all members of the class of purely linguistic theses; hence, we
shall conclude that purely linguistic theses are inevitably not ade-
quate as expressions of the complete physicalist doctrine. It is, of
course, left open whether linguistic theses are components of an ade-

quate formulation.
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The idea that a purely linguistic thesis is sufficient to express
the physicalist's views about ontology dates back to Carnap's program
of replacing all substantive philosophical claims with claims concern-
ing language (the so-called "formal mode"). What we shall now see is
that this program, at least as applied to the physicalist program in

science, is seriously misguided.?

The physicalist ontological position is, roughly stated, that
everything is physical; in science, this amounts to saying that the
ontology of every branch is included in the ontology of physics.

Since ontology concerns individuals, classes and attributes, the phys-
icalist holds (roughly) that the ontology of physics includes all in-
dividuals, clasges and attributes that are in the domains of all other
branches of science. This has seemed to many physicalists as expressi-
ble by the claim that every term used in science is definable?® in the

vocabulary of physics.?

7 See Carnap (1934, 1967a) for discussion of the proposal.

8 The criteria of definability can vary; we shall assume that the cri-
terion relevant to the physicalist is nomclogical, extensional
equivalence. If it were stronger than this, it would be hard to see
how physicalism could provide a true definitional thesis. Observe
that such a criterion is too weak for full expression of attribute
identity.

® What it means for the attributes adverted to in other branches of
science to be included in the ontology of physics is not yet clear,
The possibilities that are available include: (i) all attributes are
physical attributes, (ii) all instances of attributes are identical
to instances of physical attributes, (iii) all instances of a given
attribute are realized by instances of one specific physical attri-
bute, (iv) all instances of a given attribute are realized by in-
stances of some physical attribute or other. The issue facing the



Now, this view that the physicalist ontological position can be ex-
pressed by a claim concerning the definability of terms in the physi-
cal vocabulary presupposes the following equivalence:

(R) Each thing is physical if and only if it is such that there
is a term that refers to it and that term is definable in
physical terms.

Because we are concerned to distinguish individuals, classes and at-
tributes when considering the issues here, we 'shall resolve (R) into
three separate claims as follows:

(RI) Each individual is physical if and only if it is such that
there is a term that refers to it and that term is definable
in physical terms.

(RC) Each class is physical if and only if it is such that there
is a term that refers to it and that term is definable in
physical terms.

(RA) Each attribute is physical if and only it is such that there
is a term that expresses it and that term is definable in
physical terms.

Each of these claims has a form that can be represented in the follow-
ing way:

(RF) (x)[(Px) iff (Et)(Rtx & (Ep)(Dtp))]

ontological physicalist with respect to attributes is serious; if,
as is plausible, a strong identity thesis like (i) is false, how can
the physicalist save face while acknowledging "property dualism"?
However, this issue is orthoganol to the problems with linguistic
formulations.
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where
'x' is a variable ranging over individuals, classes, or
attributes
'P' stands for 'is physical'’
't' is a variable ranging over terms
'p' is a variable ranging over physical terms
'D' stands for 'is definable by'
'R' stands for either 'refers to' or 'expresses'
depending upon whether the variable ranges over

individuals, classes or attributes.

To demonstrate the inadequacy of linguistic reductionism as an ex-
pression of the physicalist ontological position, it will be shown
that the above equivalences fail to hold in both directions. That is,
the following two claims will be shown:

(L/R) that everything (individuals, classes, attributes) could be
physical and yet there not be a physically definable term
referring to/expressing each thing

(R/L) that everything (individual, class, attribute) could be re-
ferred to/expressed by a physically definable term and yet
not everything would be physical.

We shall consider arguments for these two claims in turn.

The strategy behind existing arguments for (L/R) has been to show

that the ontology of physics cannot be specified by a system of defi-
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nitions, and hence, the physicalist ontological claim that everything
is physical cannot possibly be correctly expressed by a definitional
thesis: (R), (RI), (RC), and (RA) do not hold even for the ontology of
physics, let alone the ontology of all of science.!® Toward this con-
clusion, Hellman and Thompson argue as follows:

When it is contemplated, moreover, that no matter how so-

phisticated the list [of basic physical predicates] and the

“"defining machinery", there are bound to be entities com-

posed of "randomly composed' parts of other entities which

elude description in the physical language, then it is evi-

dent that something is wrong with the whole approach.!!
The argument, concerning individuals, appears to be that the defining
power of the physical language is not rich enough, no matter how

strong it is made, to build expressions that would be satisfied by en-

tities composedlof randomly selected parts of other entities. The

force of this argument, however, is elusive. Why should randomly se-
lecting parts of other entities inevitably lead to the composition of
entities which "elude description in the physical language"? Hellman
and Thompson's presentation of the argument leaves unstated the as-
sumptions that it depends upon; we can only speculate as to their
identity. First, the physical language, P, is finitary (i.e., it has a

countable alphabet, finitely long wffs and finitely long proofs); and,

10 Boyd has observed that it is possible that the ontologies of other
branches of science could in fact be captured by a system of physi-
cal definitions even though the ontology of physics cannot. Despite
such a possibility, the fact concerning the physical ontology is
sufficient to defeat the definitional thesis. See Boyd (unpub-
lished) for discussion.

11 See Hellman and Thompson (1975), p. 553.
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second, the intended interpretation of P has an infinite domain

(denumerable or non-denumerable).!?

Given these assumptions, there are straightforward arguments to
show that combining "randomly selected parts' of entites in the domain

inevitably leads to the composition of more entities than there are

descriptions in P.1!3 What is troubling about Hellman and Thompson's

statement of the argument is that they chose to focus on '"random se-
lection of parts", something which leads to the desired conclusion
only in the presence of assumptions at least as strong as those stated
above. Nonetheless, their strategy of exhibiting the inadequacies of
the physical language for describing the physical ontology constitutes
a significant deyelopment in physicalist thought. In the context of
the present discussion, their reconstructed argument delivers a coun-
terexample to (RI) by showing that (L/R) is true for objects in the
physical domain. We bypass for now the question of whether their argu-
ment can be generalized to other categories of individuals (e.g.,
events); answering such a question depends upon ones theory of such

categories,!4

12 A third assumption might be that members of the domain have infi-
nitely many parts although this can be relaxed without significant
changes in the conclusion; it is not clear what Hellman and Thomp-
son assume in this regard.

13 The argument turns on the differences in cardinality of the class
of terms in a finitary language and the class of entities construc-
tible from an infinite domain of individuals.

14 See J.J. Thomson (1977) for a theory of events that quite readily
leads to the same conclusion as that just obtained for objects.
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Another argument along these same lines but somewhat more explicit-

ly stated has been offered by Boyd:

Briefly the problem about definability arises because there

are a continuum of possible physical states (if the true

laws of physics are anything like those we now accept) but

only countably many possible '"definitions" in the vocabulary

of fundamental physics.1!8
The problem here is straightforward: the cardinality of the set of all
physical states is greater than the cardinality of the set of all
physical definitions; hence, there must be some physical states for
which there is not an associated physical definition. Hence, the phys-
ical language is not adequate for describing the full physical ontolo-
gy (in this case, physical states); hence, we have a counterexample to
(RA) since (L/R) vis a vis states (a category of attributes) is

f

true.16

Again, the argument is presented without explicit statement of all
the premises upon which it is based; what, for example, is the feature
of "the true laws of physics" that leads to the indicated conclusion?
Presumably, it is that some such laws express continuous, monotonic
real valued functions; thus, if for each value of the function there
is a distinct physical state (type), then there are uncountably many
physical states (one for each real number in the interval of the reals

for which the function is defined). And, if the physical language is

15 See Boyd (unpublished), p. 15.

16 gtates are sometimes treated as individuals (i.e., dated and locat-
ed particulars); the discussion here concerns only kinds of states,
or ""'state types", which we include as a category of attribute.



finitary, then the set of physical descriptions available is counta-

ble; thus the argument goes through easily.

In reply, one might try the following argument: of course, it is
true that taken collectively the class of all physical states outruns
the class of all physical definitions; but, for any given physical
state, a physical description can be constructed; the problem is not
that there is a physical state that is not physically definable; it is
that we cannot define them all at the same time. Hence, the linguis-
tic construal of the physicalist ontological claim is immune from the

objection (i.e., (L/R) is not shown to be true by the cardinality ar-

gument.)

What is wrong'with this reply is that, even if its premises are
true (something which is not clearly the case) they are beside the
point and do not entail the desired conclusion that the alleged coun-

terexample to (R) does not exist, Why does it fail?

Our reconstruction of Boyd's argument is supposed to show that a
linguistic construal of the ontological thesis fails of its purpose
because (i) the equivalence (R) cannot avoid the cardinality objection
if the universal quantifier ranges over a non-denumerable domain and
the existential quantifiers range over denumerable domains and 'Rtx'
expresses a relation which is (at least) a many/one mapping from the
domain of 't' into the domain of 'x'; (ii) physics and its intended

interpretation provide such an interpretation for (R) at least with

- 5] =-



respect to states; and (iii) if (R) is lese for physics and its in-
tended interpretation, then the physical ontology is not definable and
thus the full content of the ontological thesis is not expressed by
the linguistic thesis. The reply, however, says only that it is always
possible to reinterpret terms to refer to something else. This is true
but irrelevant since it doesn't eliminate the counterexamle to (R):
(R) must be false if the above described conditions hold. And, if (R)
is false the linguistic and ontological theses are not equivalent, no
matter that terms can be reinterpreted. Therefore, a claim about defi-
nitions cannot serve as a statement of the physicalist ontological

claim.!?

The above arqument has general applicability to other ontological
categories; it applies to any entity that is characterizable along the
continuum (e.g., properties, relations, events, objects). Since it is
plausible that such entities, in each of these categories, exist in

the ontology of physics, numerous counterexamples to (R) are in the

17 A possible reply is that all the physicalist wants to say is that
everything is physically describable, hence physical. Therefore,
the cardinality objection is not appropriate to physicalist con-
cerns. But, the problem is: can the full force of the ontological
position be captured by a purely linguistic thesis? The answer to
this is "no". The reply suggests that there is a hybrid thesis that
captures the ontological position; however, relative to the purpos-
es of the present discussion (i.e., the prospects of purely lin-
guistic theses), the reply is beside the mark: (i) it is not purely
linguistic, (ii) it has its own difficulties, as we shall see be-
low, concerning its assumption that every state is describable,
(iii) it doesn't save (K), and hence, any view that presupposes
(R). It simply suggests an alternative claim that the physicalist
might want to make instead of the ones being considered.



offing. Regarding classes, it is a commonplace that there are more
classes than there are terms in a finitary language; hence, any lin-
guistic thesis designed to express the ontological claim that every
class is a class of physical objects (or a class of classes of physi-

cal objects, etc) must fail.

To sum up this first class of cardinality objections against purely
linguistic formulations of physicalist ontological claims: the cen-
tral difficulty in all instances (i.e., Hellman and Thompson's argu-
ment concerning individuals, Boyd's argument concerning attributes,
and the argument concerning classes just mentioned) is that the formu-
lation of a thesis that presupposes (i) must fail to adequately ex-
press the ontological claim if (R) is false; (R) must be false if the
language adverted to by the linguistic thesis is finitary and the do-
main of the intended interpretation of the language is uncountable -
the reason being that there are simply more entities in the domain
than there are terms in the language. Since these claims and the
claim that the intended interpretation of natural science is uncounta-
ble are not controversial, we conclude that if the language of natural
science is finitary, then (R) is false and the linguistic construal of
the physicalist ontological claim is inadequate. It appears that the
only line of reply left open to proponents of purely linguistic con-
struals of physicalism is to explore whether the ir.troduction of an
infinitary or higher order language would save (R) and hence the whole

approach, We shall defer discussion of this issue until later.
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A second class of cardinality arguments against the left/right di-
rection of (R) has been considered; these arguments differ from the
first kind in that, rather than arguing that there are more members of
the domain of interpretation than there are terms, they argue that
there are members of the domain that are not describable in a finitary
language. A very quick argument to this effect is found in Earman's
comments on Hellman and Thompson's 1975 paper. In discussing the rele-
vance of infinitary languages to problems with physicalism, he writes;

To provide some motivation for focusing on such languages,

suppose that we want to e.press the "state description" of

the world as a sentence. Such a sentence may need to have an

uncountable number of conjuncts, each of which specifies,

say, the values of certain physical fields at some space-

time point on a given "time-slice". And, to characterize

the relevant features of such state descriptions, we may

need an in{inite string of quantifiers...18
For present purposes, the idea of a total state description of the
world at a time requires that we work in a language rich enough to
provide descriptions of every space-time point and to combine such de-
scriptions to form a conjunction of uncountable length. Such a re-
quirement is not met by a finitary language; hence, assuming that we
are working with only finitary languages, we have an example of a sin-
gle state which is not describable within those languages. Therefore,
another counterexample to (R) vis a vis states is plausible. We leave

aside for now the question of whether more powerful languages would

help in sidestepping this objection.

18 See Earman (1975), p. 565.



It might be replied that it is easy to find finite expressions that
refer to the total state of the world at some time: e.g., 'the total
state of the world right now', or less trivially, some finite set of
physical equations which are defined for every spacetime point on a
given time slice. A key issue raised here concerns the limits of "ac-
ceptable physicalistic descriptions and definitions"; Earman's objec-
tion suggests that it is not possible to find finite expressions that
are physicalistically acceptable and which represent a full state de-
scription of the world. It is clear that if the only such descriptions
must involve uncountable conjunctions, then the resources of a fini~
tary language will not suffice. The reply suggests that there are fin-
itary expressions that suffice for such purposes. However, the first
such description'(i.e., ‘the total state of the world right now') is
deficient: it does not provide a way of discriminating different cur-
rent states and it provides no resources for characterizing theoreti-
cally relevant features of the present state. As a result, such a de-
scription can play no significant role in a physicalistic system: it

is a trivial description which is not physicalistically acceptable.!?

A related line of attack against the left/right direction of (R) is
based upon the so-called "multiple realizability" of some kinds of

states (e.g., some kinds of mental states). The functionalist view of

19 The second suggested description (i.e., a finite set of equations
in a finitary language which characterize all relevant properties
and are defined for each spacetime point) may be more promising,
although it is too vaguely stated to be assessed.
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mind, for example, holds that some mental states are definable in
terms of their '"causal role" in the mental life of individuals who can
be in them; since a given causal role can be played by a diversity of
physical mechanisms, even if each instance of a functional state is to
be identified with an instance of some physical state, there is no
physical state which is nomologically correlated with that functional
state. Hence, predicates which express functional states are not defi-
nable in physical terms.29 So far we don't have a counterexample to
(R) (i.e., a non-definable physical state), although we have two
claims that must give the physicalist pause:
1. That there is no physical state that is nomologically correlat-
ed with a given functional state;
2. That predicates that express functional states are not defina-
ble in physical terms.
To have a counterexample to the left/rigat direction of (R), we must
have a state which is physical and which is such that there is no term
that both expresses it and is physically definable. Let us see if a

counterexample can be developed.

20 Anticipating the following cliscussion a bit, we point out that
these claims concern only first order, finitary physical states,
We shall see below that the reasoning just stated is defective in
that the premise that there is no physical state that is nomologi-
cally correlated with a given functional state is arguably false;
there are both first and higher order physical states that are can-
didates for being so correlated.
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To facilitate discussion, we shall grant that functional states
need not be physical states (i.e., not every state is physical); the
brand of physicalism we countenance allows that there are non-physical
states (and other attributes) but requires that actual or nomological-
ly possible realizations of such states be physical.?! Further, let us
allow that the class of all nomologically possible realizations of a
functional state, F, is a well defined class, although not one that is
particularly easy to list; hence, the physical realization of every
actual or nomologically possible instance of F is a member of that

class.

Now, it may be supposed that, allowing certain constructive appara-
tus for taking states and forming new states out of them,6?2 there is a
single physical state which corresponds to this class, and hence,
which is nomologically correlated with F. This state is '"the physical
realization of F in nature": all and only the nomologically possible
realizations of F are instances of it. And, now it may be asked wheth-
er or not that state is expressed by a physically definable predicate.
If the answer is "no", then we have another counterexample to (R)
(i.e., we will have a physical state that is not expressed by a physi-
cally definable term.) We shall consider two cases corresponding to
different ways of construing the constructed physical state: (i) as a

first order disjunctive physical state and (ii) as a second order

21 Below, in Chapter 4, we shall discuss what a realization is.
22 For example, disjunctions of states yield new states.



state.

In the first case, the correlated state is the physical state, P,
which is either Pl or P2 or P3 or..., where the '...' continues until
the class of all possible physical realizations of F is exhausted. The
predicate expressing this state would then be of the form 'Pl v P2 v
P3 v ...'. If the class of possible realizations of F is finite, then
there is no problem; but, if, as is most probable, the class is infi-
nite, then no expression in a finitary, first order language would ex-
press the physical state in question. Again, the question of whether
adverting to an infinitary language would avoid the objection arises.
Bypassing this question, we see again that if physicalist formulations
are restricted to finitary languages, then the linguistic construal of
the physicalist ontological claim is unacceptable. This time the coun-
terexample to (R) depends upon there being a physical state that is
constructible out of an infinite class of other states.23 If such a
construction is acceptable, then the counterexample follows from the
difference of cardinality of that class and the finite length of ex-

pressions in finitary languages,24

23 The reply that this state can be simply named by a finite expres-
sion fails for the same reason that it failed earlier.

24 The problem here is not the failure of nomnlogicality (cf., Fodor
(1975), Davidson (1970)) but of expressibility: there is no first
order physical expression in a finitary language that picks out the
class of all nomologically possible realizations of F. Hence, tlere
is a state that is not expressed by a physically definable term be-
cause it is disjunctive and has an infinite number of disjuncts.

In reply to those who might think that the problem is one of fail-
ure to be nomological (e.g,, because the predicates expressing such
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The second case (i.e., the correlated physical state is a second
order state) appears to be more promising. A second order physical
state is one which is characterized in terms of a quantification over
first order physical states., If we could find a condition which all
and only the members of the class of physical realizations of F share,
then we could specify a second order physical state P corresponding to
the class as follows: P is the second order physical state of being in
some first order physical state which ..., where the '...' stands for
some condition which a physical state must have to count as a realiza-

tion of F (e.g., a certain causal role).25

The strategy then is to have in our language a stock of terms ex-
pressing second (and higher) order physical states; such terms effi-
ciently bypass the need for individually specifying each realization
of higher order states. Notice that no guarantee is made that there
will be enough terms for all such states; the current concern, how-

ever, is with individual states that are difficult to define. Here,

states are not natural kind predicates and, hence, don't occur in
any laws), it is suggested that the most plausible way of constru-
ing nomologicality is in model theoretic terms; on such a constru-
al, the states in question are seen to be nomologically correlated.
The view that the failure is one of nomologicality is endorsed by
Fodor and Davidson. However, they have adopted a different strategy
from ours: viz., to restrict consideration to the actual realiza-
tions of a given state (or, to actual events) and to point out that
a disjunctive state (event) built up from the instances is not
likely to be lawfully correlated with the realized state (event).
Our approach, however, starts with the assumption of a class of all
possible realizations of a given state; hence, nomologicality of
the correlation is assured.

25 gee Putnam (1970), Field (1975) for discussion of this proposal.



however, if cardinality problems don't threaten, then triviality prob-
lems do. That is, the problem facing the proponent of this approach is
to find for each state (or other attribute) a condition which any
physical state must satisfy to count as a realization of that state.
To find such a condition is to sail between the Scylla of enumerating
a non-enumerable class and the Charybdis of saying only that each
physical state in the class is a realization of the non-physical state
in question. The latter alternative, though expressible, is not clear-
ly worth expressing: e.g., for F, the nomologically correlated physi-
cal state is the second order physical state of being in some first
order physical state which is a realization of F. What is wrong here
is not that we haven't deflected the alleged counterexample to (R),
but that we have done so at the cost of creating mysteries. In the
absence of an explanatory condition in other terms, what makes each
physical realization a realization of F is unclear and apparently
primitive. Now, such a specification serves well enough to avoid the
counterexample to (R), but the physicalist should ask if the price is

too high, given the gvals of the program.

Although there have been proposals for how to avoid both problems
and to specify the conditions on higher order physical states,26 all
such proposals have, to date, been vague. They constitute promises as

yet unfulfilled; hence, for now, though we are sympathetic to such

26 See Putnam (1970), Field (1975), Shoemaker (1979), Boyd (unpub-
lished) for some general suggestions. Also see below (Chapter 4)
for our discussion of "realization theories",
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proposals, we cannot count them as an adequate buttress for the ap-
proach appealing to higher order physical states to avoid the objec-
tion that there are states not expressible in a finitary language.
Thus, the second cbjection to the left/right direction of (R) stands

firm.27

In summary, the first class of cardinality arguments discussed
above (i.e., those of Boyd and Hellman and Thompson) have shown that
no first order, finitary language is adequate for describing all indi-
viduals, attributes or classes in the physical ontology; hence, (R),
(RA), (RI), and (RC) all fail in the left/right direction. Therefore,
if physicalist linguistic theses are restricted to such a language,
then purely linguistic formulations are inadequate expressions of
physicalist ontological concerns. The failure is clearly connected
with the restricted expressive power of finitary languages; hence, the
issue of whether appeal to infinitary or higher order languages can
deflect the objections and preserve the linguistic approach is left
open by this argument. Our consideration of the second class of objec-
tions to the left/right direction of (R) (i.e., Earman's objection and
the objection based upon the multiple realizability of states) has

further suggested that there are individual states that may not be ex-

27 1t might be objected that the proposals that h~nve been made do not
avoid the counterexample to (R) since the conditions suggested are
not specified in "physical®" terms, although they are conditions
that specify a physical class. We shall bypass this objection,
since the problem of identifying any non-trivial conditions is dif-
ficulty enough; at a later point, this further problem will have to
be faced.
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pressible in a finitary first order language. Thus, there is addition-
al support for the failure of (R) for such languages. We also saw that
higher order finitary languages might also be unacceptable for ex-
pressing such states, although such an avenue has not been completely
closed off.2® For now, modulo finitary first order languages, we con-
clude that the physicalist ontological position does not entail the

linguistic theses thought to be equivalent to it.29

We shall now turn to a discussion of the problems besetting the
right/left direction of (R): i.e., if each thing is such that it is
referred to by a physically definable term, then it is physical.
Again, it will be seen that counterexamples plausibly exist; hence,
every individua{ (or attribute) could be referred to by a term defina-
ble in physical terms and yet it not be the case that every individual
(or attribute) is physical. Because the failure of the left/right di-
rection is sufficient for rejecting the equivalence (R), our discus-
sion of the problems with the right/left direction will be brief. We
mention them to introduce ideas that will be useful later and to alert

the reader to the fact of their existence.

28 pending the outcome of the search for non-trivial conditions occur-
ring in the specifications of higher order physical states.

29 With respect to a different and much weaker supposed entailment
(viz., if everything is physical, then every term used to refer to
a physical thing is physically definable), it is also clear that
finitary languages are unacceptable and that higher order languages
may be so as well. This is possibly what many physicalists have had
in mind, although it fairs no better tham the stronger claim we
have been considering.
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Again, Hellman and Thompson have suggested a counterexample.
Against the claim that a strong form of reductionism3?® entails ontolo-
gical physicalism they argue as follows:

To see this, consider a very simple theory, E, containing
just two non-logical one-place predicates, P and Q, and the
following non-logical axioms:
l. EXEy(x # y & (2)(z=xVv 2z =1y))
X))

X))

2. Ex(Px & (y)(Py =-=-->y

3. Ex(Qx & (y)(Qy --=>y
4. (x)(Px v Qx)

That is, E asserts that there are exactly two objects and
that exactly one object is a P and exactly one object is a Q
and everything is a P or a Q. Now, in E, the following is
provable: (x)(Qx <---> -Px). In other words, Q is definable
in terms of P. Yet, this doesn't guarantee that all objects
are, or are exhausted by, P-type things. In fact, in every
model of E, there are two disjoint subsets of entities, one
P-type, the other Q-type.31

Strictly speaking, this line of argument provides us with a counterex-
ample to the right/left direction of (R): we have a situation in which
every object is referred to by a predicate that is either a P~term or

a term definable by P-terms and yet not everything is a P-type thing.

30 They construe physical reductionism to be the claim that:

[...)in the theory consisting of all the lawlike truths of
science (stated in an adequate language), including, of
course, physical theory, every scientific predicate is defi-~
nable in physical terms. That is, for every n-place predi-
cate P, the laws of science entail a formula of the form:
(x1)...(xn)(Pxl...¥n <~--~> A), vwhere A is a (finite) sen-
tence containing only physical vocabulary as non-logical
terms, and occurrences of n distinct variables xl,..., ®n.

31 gsee Hellman and Thompson (1975), p. 557.
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Despite the directness of this argument, it is not completely sat-
isfying: first, how much does it depend on there being only two predi-
cates in the formal system?; second, are negative definitions accepta-
ble for the physicalist?; and third, does anything depend upon there

being a finite domain?

In a footnote, Hellman and Thompson claim that nothing depends upon
there being only two predicates:

If <e is made of certain relative terms, clearly within
physicalist vocabulary as conceived by traditional reduc-
tionist positions, e.g., predicates of location, then paral-
lel arguments can be constructed for theories containing any
finite number of predicates. (emphasis added)32

But predicates of location, like negative definitions are suspect: the
locatability of all phenomena is allowed for by some dualist posi-
tions. What the dualist denies and the physicalist asserts is that the
phenomena themselves are physical; and being physical is not a simple

matter of being located.33

Although Hellman and Thompson have presented a counterexample to
(R) as it was presented, the question arises as to whether the physi-
cal reductionist can't simply reply that the position refuted is not

his; not just any definition is physicalistically acceptable. In par-

32 see Hellman and Thompson (1975), p. 557.

33 Some physicalists would dispute this claim contending that being
located in the space-time continuum is the only mark of the physi-
cal that withstands close scrutiny: being physical is just a matter
of being located if being physical is anything at all. See below
(Chapter 3) for discussion of this and other attempts to character-
ize "the physical",
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ticular, definitions that are negative or locational are not accepta-
ble. Hence, Hellman and Thompson have failed to establish what they
intended to because their argument depends upon physicalistically il-
licit definitions: there are restrictions on what an acceptable defi-

nition in physical terms is!

The question that now arises is: what are the restrictions? Al-
though Hellman and Thompson have not provided a conclusive counterex-
ample to a clarified formulation of (R), they have shown that the bur-
den is on the physical reductionist to produce motivated restrictions
on physical definitions which are sufficient to avoid the counterexam-
ples. Hence, in the case of individuals, there is at least a question
as to whether or not the physicalist can restrict the definitions so

as to preserve the entailmant from definability to ontology.

In the case of attributes, there are also difficulties. That is,
the physical definability of a predicate expressing an attribute does
not guarantee that the attribute is a physical attribute. The point
here is that nomological coextensiveness of predicates A and B is not
sufficient for identification of the attributes expressed by A and B.
So, even if all predicates in science are either physical primitives
or definable in terms of such primitives, there is no entailment of
the ontological claim that every attribute is a physical attribute:

such definability is quite compatible with "property dualism". Hence,
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the right/left direction of (RA) is false.3*

Many contemporary physicalists have abandoned this very strong on-
tological claim; and they have opted for weaker theses concerning ei-
ther the instances of non-physical attributes (token identity) or, as
mentioned above, the physical realizations of attributes. Neither of
these views is a consequence of the physical definability of all terms
in science. However, although the definability claim is not suffi-
cient to express the ontological claims of the physicalist, it may

still be of interest with respect to other goals (e.g., explanation).

Finally, we point out that, regarding classes, the arguments cited
above concerning individuals defeat (RC) in the right/left direction.
That is, it follows from the the claim that there could be non-physi-
cal individuals that had physical definitions that there could be

classes of non-physical individuals that had physical definitions.

In this section, we have seen the general failure of equivalence
between formal claims concerning the physical definability of terms in

the language of science and ontological claims concerning the physical

34 0f course, nothing we have said rules out the possibility that at-
tributes expressed by some predicates used in "non-physical branch-
es of science" are physical attributes. The point here is essen-
tially that whether an attribute is physical or not does not depend
on the specified relations between linguistic items; in particular,
nomological co-extensiveness of terms is not a sufficient condition
for attribute identity. What it does depend upon are relations be-
tween attributes. See Putnam (1970), Malinas (1973), Swinburne
(1982), Sober (1982), Causey (1977), Enc (1976), Shoemaker (1979),
and Achinstein (1974) for discussion of the myriad of issues and
positions involved here.



nature of all individuals, classes and attributes. Proponents of
purely linguistic construals of the physicalist ontological claim are
committed to this equivalence; hence, we conclude that a purely lin-
guistic construal is inadequate. This conclusion depends upon viewing
the "language of science' as having the characteristics that were ex-
ploited in the arguments cited above.3%® At this point, we have not yet
addressed the issue of whether this construal is acceptable; nor have
we fully explored the generality of the arguments with respect to lan-
guages with different properties. Within these limitations, the moral
is: to propose a thesis concerning the physical character of all phe-
nomena, quantify over the phenomena themselves rather than the lin-
guistic objects that are used to talk about those phenomena (i.e.,
formulate non-lihguistic theses). A deeper moral, which we shall con-
tinue to develop throughout this project, is that an adequate physi-
calist doctrine, being concerned with both the formal system of scien-
tific knowledge as well as the intended interpretation of that formal
system (i.e., nature) had better honor the known results and difficul-
ties concerning relations between formal systems and their intended
interpretations: for example, incompleteness, the existence of non-
standard models, the Lowenheim-Skolem theorem, cardinality considera-
tions. As a consequence of such findings, and because the physicalist

is concerned with both nature and the formal system of science, sepa-

3% I.e., the characteristics of finitary, first order languages, in
the case of the arguments against the left/right direction of (R).
No such restriction was made in the discussion of the right/left
direction.
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rate theses concerning each may be required for adequate expression of

the physicalist doctrine.

The second category of physicalist concern for which linguistic
theses have been proposed is that of objectivity. Physicalists con-
cerned with the theses of the indiscernibility of physical identicals
and of the determination of all facts by the physical facts have ex-
pressed their concerns linguistically as follows:

(I) For every non-physical predicate and every distinction it
makes, there is a physical predicate that makes that distinc-
tion,36

(D) The physical truth determines the whole truth about nature.3?

These formulatigns of theses concerning objectivity are typical in the
respects that we shall be considering: the appeal to linguistic ob-
jects (i.e., predicates in the case of (I) and truths formulable in a
language in the case of (D).) And, it is these respects that we shall
argue make the formulations inadequate expressions of the physicalist
position that they are intended to express, although they do formulate
theses of interest in their own right. We shall contend that (I) and
(D) formulate theses concerning the formal system of science, but not
theses concerning nature; two additional theses may be called for to

fully express the physicalist position regarding objectivity in na-

36 gee Hellman anc Thompson (1975) for their formalization of this
claim,

37 see Quine (1969b), Hellman and Thompson (1975), Friedman (1975) for
discussion and ways of formalizing this claim,
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ture.38

What (I) fails to capture is the thesis that all distinctions be-
tween objects are associated with physical distinctions between ob-
jects. The reasons are by now familiar: quantification over predi-
cates is limited to, at most, a denumerably infinite domain, whereas
the class of all possible distinctions is non-denumerable. Hence, the
thesis (I) fails to capture the full force of the "ontological" claim
of indiscernibility. The strategy for demonstrating this follows along
the lines employed above in showing that (R) was false; hence, it
could be shown that it was possible for two objects to exist which
differed in some physical or non-physical respect but for which there
were not predica}es available to mark the distinction. We shall bypass

the details of this argument.3?

A similar, but more complicated, line of reasoning can be directed

against (D). The notions of truth and of elementary equivalence*’ are

38 Such objectivity is to be thought of in terms of determination of
fact and indiscernibility of objects; at issue, is whether this is
best thought of in purely linguistic terms or in terms of the enti-
ties and attributes that exist in nature and are referred to and
expressed by linguistic objects. See, also, Horgan (1981), Haugland
(1982), and Kim (1982a) for further discussion of how to express
these claims.,

39 Quineans may reply that quantification over respects, differences,
properties, etc is illicit and that the linguistic construal is the
only one possible, See Quine (1978, 1979) himself for non-linguis-
tic construals that avoid the problem at hand.

40 In Hellman and Thompson (1975), the thesis of physical truth deter-
mination is developed in terms of elementarily equivalent models.



unavoidably tied to the notion of an interpreted language; and, the
notion of an interpreted lanquage is not necessarily adequate for dis-
cussing all of the features of structures that interpret languages. In
general, theses about language are not equivalent to theses about
structures; hence, with regard to the structures that interpret the
language of science, the determination*! of '"fact" should be expressed

by a thesis that is about the structures themselves.*2

The problem in the case of both (I) and (D) is not that they fail
to be true; but rather, it is that they fail to express the right
theses: i.e., a thesis concerning all similarities and differences in
nature and a thesis concerning all facts about nature. Alternatively
put, they express theses that are simply about the wrong things and
that are not equivalent to any relevaut tcrue theses about the right
things. Again, the moral is: if you want to express a thesis concern-
ing all phenomena in nature, quantify over those phenomena rather than
over the linguistic objects that you use to describe those phenome-

na.43

41 The notion of "determination" in theses about nature (e.g., The
physical phenomena determine all the phenomena) may have a quite
different content than the notion of "determination" used in (D).

42 Hellman and Thompson (1975, p. 558) appear to be aware of this
shortcoming of their formulation of the thesis of truth determina-
ticn. A formulatiun concerning structures might plausibly be
couched in terms of isomorphism of structures.,

43 (I) and (D) may be perfectly good theses concerning the objectivity
of scientific knowledge and predicates.
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In addition to the inadequacies of linguistic construals of con-
cerns about ontology and objectivity, past linguistic construals of
explanatory concerns have also been deficient. Recall?* that the ex-
planatory concerns of the physicalist program involve (i) reduction of
the total number cf mysteries in nature, (ii) reduction of the number
of fundamental mysteries, and (iii) increase in the power of explana-
tory principles. Classical physicalist formulations consisted of, in
addition to definitional theses, theses concerning the derivability of
the laws of every special science from the laws of physics plus bridge
principles.45 It was believed that such derivability theses were ade-
quate expressions of the physicalist's explanatory concerns because
such derivations were thought to entail (a) the explanation of the de-
rived laws, (b) the explanation i1n physical terms of all phenomena
subsumable under the derived laws, and (c) an increase in the explana-
tory power of the physical laws, as a consequence of their increased

generality.

44 See Chapter 1.

4% There is difference of opinion about whether the physical laws in-
volved in such derivations are the "basic laws of physics" or laws
which are not necessarily consequences of the basic laws but which
are obtained by substitution of physical definitions for defined
non-physical terms in some '"non-physical law". Our current concerns
in no way depend upon how this dispute is resolved. See Kim (1978),
Boyd (unpublished), Spector (1978), Hellman and Thompson (1975,
1977) for discussion of these issues.



That such a formulation is not an adequate expression of the expla-
natory concerns of physicalists is due to the fact that it depends
crucially upon a shortcoming of the D-N model of explanation: that
is, such a formulation presupposes that derivation from a set of laws
is sufficient for explanation by those laws. As is well known, this
presupposition is dubious.46 At best, the view under consideration
must be supplemented in some way to guarantee explanation; and, it is
entirely possible that the manner of supplementation will not be lin-
guistic in character.*? If so, then a purely linguistic construal of
explanatory concerns fails of its purpose. In our estimuation, the
idea that a purely linguistic feature of a derivation could be suffi-
cient to sort out the explanatory derivations from the non-explanatory
ones is most imﬁlausible. Hence, at this point, we reject purely lin-
guistic theses as candidates for expression of physicalist explanatory

concerns.

An important instance of this general problem has been discussed by
Fodor in his "Computation and Reduction'.4® There he convincingly ar-
gues that "the classical reduction of psychology to neuropsychology"

(or physics) can result in a loss of explanatory power. Put in the

46 See Bromberger (1966).

47 For example, it might be required that the derivation be from laws
concerning objects that are parts of wholes which the derived laws
are about, See Oppenheim and Putnam (1958) and Causey (1977) for
discussions of such a view.

48 See Fodor (1978).
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terms of our discussion, what Fodor suggests is that the
neurophysiological translations of psychological laws (given defini-
tions of psychological terms by terms drawn from the neurosciences)
will fail to provide adequate explanations of the phenomena subsumable
under the psychological laws.4? The reason for this is that defini-
tions constrained by only nomological coextensionality need not pre-
serve features of the defined predicates that contribute essentially
to their roles in (psychological) explanation. Fodor argues that this
is plausibly the case for psychological predicates that express the
content of a mental state and neurophysiological predicates that may

be nomologically coextensive with them.S0

If Fodor's argument is sound, then it provides a counterexample to
the claim that the derivability of a class of laws from another class

entails that the phenomena subsumed under the members of the first

49 Hence, goal (b) above will not be satisfied.

50 The alleged loss is said by Fodor to consist in: (i) a loss of the
distinction between arbitrary and coherent relations between
states, (ii) an inability to state in neurophysiological terms gen-
eralizations statable in psychological terms, (iii) an inability to
make the same explanations in both fields, and hence, (iv) a loss
of explanatory power. Given (i) - (iv) and assuming that the dis-
cussion is concerned with '"non-eliminative programs', then "total
science" does not lose explanations as a result of reduction as Fo-
dor suggests; but, neither is it unified by reduction in the way
thought by classical reductionists. Lower level sciences do not
gain in the explanatory power of their principles as a result of
such reduction; and, neither are the phenomena and laws studied in
the higher level sciences explained by lower level sciences. On the
other hand, if one is concerned with an eliminative reductive pro-
gram, then reduction would result in a loss of explanations and ex-
planatory power of total science.
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class are explained by the members of the second and, hence, that the
laws in the second class gain in explanatory power. This point, in

conjunction with the idea that the derived laws themselves are not a
fortiori explained, substantially undermines the classical reduction-

ist program with respect to the explanatory goals of physicalism.

In the same paper, Fodor goes on to discuss potential additional
constraints on the (derivational) reduction of psychology to neurophy-
siology which would effectively rule out the possibility of loss of
explanatory power resulting from a '"successful' reduction. But, in
doing this, Fodor is quick to point out that, although such con-
straints may be forthcoming in the psychology/neurophysiology case,
they are almost certainly not going to be forthcoming in the psycholo-
gy/physics case. For the physicalist this is sad news, since it is re-

duction to physics that is of primary importance.

Fodor appears to have provided good grounds for believing that
classical derivational reduction of theories is not the proper expres-
sion of the physicalist's concerns with explanation, since such reduc-
tion is compatible with a consequent failure to increase explanatory
power. As we have emphacized above, an adequate expression of the

physicalist view would not be compatible with such a failure.

Therefore, the general dubiousness of the alleged entailment of ex-
planation by derivation, the likelihood that this cannot be generally

guaranteed by supplying additional linguistic constraints, and final-
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ly, Fodor's specific arguments and conclusions suggest that the clas-
sical linguistic construal of physicalist e¢xplanatory concerns fails
to adequately express the intended physicalist thesis: i.e., that all
laws of the special sciences and their instances are explained in
physical terms, that the explanatory power of the explaining princi-
ples is increased by such explanation and that the total understanding

yielded by science is thereby increased.5?

In addition to classical reductionism, physicalists have proposed
alternative, and logically weaker, linguistic theses roncerning inter-
theoretic relations. One such thesis, advanced by Quine52 and devel-
oped by Friedman®3 and by Hellman and Thompson,®* is the thesis of
physical truth determination: the physical truth determines the whole
truth about nature. As discussed above, this thesis does not adequate-
ly express the physicalist's ontological claim about the physical de-
termination of all phenomena, but nonetheless, it may accurately ex-
press important relations between physical truth and all other truth,

especially the truths developed in the special sciences.

51 It will be seen below that many physicalists view these goals as
"utopian" and in need of modification for a realistic physicalist
program.

52 gee Quine (1969b).

53 See Friedman (1975).

54 See Hellman and Thompson (1975).
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As formulated by Hellman and Thompson, the thesis gives expression
to a linguistic, non-reductive thesis which expresses the physical-
ist's intuition that "given a full characterization of things in phys-
ical terms, one and only one full characterization of things in (non-
physical) terms is correct."55 The inadequacy of this claim as an
expression of explanatory concerns is self-evident: if anything, the
claim demands that an explanation (of the determination) be provided.
At a minimﬁm, an explanatory thesis must be reductive in that it re-
lates individual members of each class (i.e., it relates the explained
and the explaining phenomena, laws, terms, etc); hence, Hellman and
Thompson truth determination is clearly inadequate for expressing ex-

planatory concerns.56

!

55 Their formalization of truth determination gives precise content to
the notion of truth determination in model-theoretic terms which
expresses the idea that, given any two "standard" models of natural
science, if they are elementarily equivalent with respect to the
physical sub-vocabulary of the language of science, then they are
elementarily equivalent with respect to the non-physical sub-vocab-
ulary of the language of science. In short, if you fix the physical
truths, then you fix all the truths. We must bypass discussion of
the interesting details and issues raised by their proposal; we
shall be focusing only on its non-reductive and linguistic fea-
tures.

56 Hellman (1978) discusses connections between physical and non-phys-
ical terms; thus, he seems to view truth determination as '"reduc-
tive" in our sense., However, since the connections are not nomolo-
gical in Hellman's view, there is little reason to believe they
constitute explanatory connections. Thus, whether one views Hellman
and Thompson truth determination as reductive or non-reductive, it
is not likely to satisfy explanatory goals of the program.
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An alternative expression of truth determination, offered by Mi-
chael Friedman, which he calls '"weak reducibility", might also be con-
sidered as an expression of physicalist explanatory concerns. He
writes as follows:

Let 'Flx', 'F2x',...,'Fnx' be the primitive predicates of
the theory to be reduced. Let a physical realization be a
mapping B which associates each 'Fix' with a set of open
sentences containing only physical predicates, B('Fix') =
['Alix', ‘'A2ix', ...]. For any sentence containing only
predicates from among 'Flx', 'F2x',..., 'Fnx', we can define
truth under the realization B and satisfaction under B -
they are defined just like satisfaction and truth, except
that the clause for atomic formulas now reads: A sequence s
satisfies 'Fix' under B iff there exists an 'Ajix' in
B('Fix') such that s satisfies 'Ajix'. Let us now define
weak reducibility...: a theory is weakly reducible to phys-
ics if there is a physical realization B of its primitive
predicates such that for each predicate 'Fix' and each
spacetime point q, 'Fix' is true of q just in case some
'Ajix' in B('Fix') is true of q (i.e., 'Fix' is not coexten-
sive with any single physical predicate, but rather with a
'disjunction' - possibly infinite - of physical predicates)
and in every model of physics the theory comes out true un-
der B,57

Here we have the non-physical truths as semantic consequences of the
physica:. truths; the potential derivations of the former from the lat-
ter are mediated by (possibly infinite) disjunctive physical defini-
tions of non-physical predicates. If we assume that the thesis of weak
reducibility of all theories by physics is correct, would it adequate-
ly capture the desired physicalist explanatory concerns? The answer
is clearly not! First, weak reducibility does not avoid the general
difficulties associated with the required entailment of explanation by

derivation: Friedman has generalized classical derivational reduction

§7 See Friedman (1975), p. 358-9.
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and has not provided any additional criteria which would sort out ex-
planatory from non-explanatory derivations. Second, weak reducibility
is vulnerable to Fodor's objection that in certain cases derivational
reductions can lead to no gain in explanatory power. This is for the
same reasons cited above with respect to strong, linguistic reduction.
Third, Friedman highlights an explanatory concern mentioned earlier:
what principles are there which account for the inclusion of specific
physical predicates in the class of physical prediqates assoclated
with a given non-physical predicate? The position raises questions
that it cannot answer, and hence, at the least, it must be supplement-
ed to yield a more adequate physicalist position concerning explana-
tion. Realization of non-physical attributes by physical attributes
should be explaihed in an adequate physical system; this means that
some account must be given of membership in the class of physical
predicates associated with a given non-physical predicate. Without
such an account, mysterious physical/non-physical connections abound.
Hence, although Friedman may have offered a good account of truth de-
termination in science, his thesis does not adequately express physi-

calist explanatory concerns.

Finally, Hartry Field5® has offered a formulation of inter-theoret-
ic reduction which may be more promising than any of the alternatives
so far considered; unlike Friedman, he employ's Putnam's idea of sec-

ond order physical properties, and associated definitions, to general-

58 See Field (1975).

- 78 -



ize classical reductionism so as to handle the difficulties posed by
functionalism in psychology (and plausibly elsewhere). Thus, he formu-
lates the physicalist claim of inter-theoretic reductionism just as
the classical reductionist with the exception that the bridge laws may
include second order physical definitions of non-physical predicates
(i.e., definitions which correspond to specifications of second order

physical properties).

Field's formulation is clearly vulnerable to the general difficulty
posed for all derivational theses based upon the presupposition that
derivation entails explanation. However, it is not clear that his for-
mulation is vulnerable to Fodor's objection or to the objection raised
against Friedman. Recall that a second order definition involves
quantification over physical properties and specification of a condi-
tion that a physical property must satisfy to fall within the class of
properties that are associated with the second order physical proper-
ty. Hence, this position avoids the problem encountered by Friedman,
but, only if the condition is won-trivial. Regarding Fodor's objec-
tion, all depends upon the character of the condition supplied by the
definition. If the condition is explanatorily equivalent to the origi-
nal predicate, without simply including it then the use of second or-
der definitions may avoid loss of explanatory power: i.e., the physi-
cal laws using second order physical predicates may be able to explain
the instances of the non-physical law which it reduced as well as that
law itself. At this point, we leave this as an open issue pending the
development of relevant second order, physical definitions.
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In any event, Field's formulation, insofar as it adverts directly
to derivation (without providing purely linguistic grounds for distin-
guishing explanatory derivations) is vulnerable to the first objec-
tion. At the least, such grounds must be provided to save the purely

linguistic expression of physicalist expianatory concerns.

To summarize this section: purely linguistic theses advanced so far
are clearly not adequate expressions of physicalist concerns about on-
tology, objectivity and explanation. In the case of ontology and ob-
jectivity, it is clear that no such thesis could be adequate if the
restriction to a finitary language is made; in the case of explana-

tion, the issue remains npen.

2.2 PURELY NON-L&NGUISTIC FORMULATIONS

Many recent proponents of purely non-linguistic theses (e.g.,
everything is physical, the physical phenomena determine all the phe-
nomena) have typically been quite aware of the differences
between these theses and linguistic theses of the kind considered in
the last section.5? In the wake of the variety of difficulties that
classical, linguistic reductionism has encountered, the principle con-
tention of such thinkers has been that one can be a physicalist with-
out bging committed to implausibly strong views about the formal

structure of science. For example, Davidson's doctrine of "anomolous

59 See Hellman and Thompson (1975), Fodor (1975), Davidson (1970),
Boyd (unpublished), Quine (1978, 1979).
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monism" is the view that (i) every event is a physical event, (ii) the
mental supervenes upon the physical, (iii) there are no nomological
correlations of mental and physical phenomena, and hence, (iv) there
are no psycho-physical laws. Physicalism, on this view, is compatible
with the existence of no strong formal or explanatory connections be-

tween theories in different branches of science.

In a quite similar vein, Quine writes as follows:

It (his brand of physicalism] is not a reductionist doctrine
of the sort sometimes imagined. It is not a utopian dream of
our being able to specify all mental events in physiological
or microbiological terms. It is not a claim that such corre-
lations even exist, in general to be discovered; the group-
ings of events in mentalistic terms need not stand in any
systematic relation to biological groupings. What it does
say about the life of the mind is that there is no mental
difference without a physical difference.6?

Because both Davidson and Quine discuss their physicalism in the
context of discussions of mental phenomena, it is not entirely clear
that what they have to say generalizes to all of science; that is, it
is not entirely clear whether a version of physicalism that requires
only an ontological claim plus a supervenience or indiscernibility
claim and that does not require any stronger systematic relations be-
tween physical and non-physical phenomena or theories is sufficient,

on their view, for all of science. We shall take them to hold that it

is sufficient.6!

60 See Quine (1979), p. 163,

€1 This is perhaps debatable, because both Quine and Davidson believe
that there is something special about the mental that distinguishes

- 81 -



A third version of physicalism that imposes minimal requirements on
the formal structure of science is found in Fodor's introductory chap-

ter to The Language Of Thought. The doctrine of '"the generality of

physics" constitutes his concessions to previous physicalist strivings
for a unified science. On this view, the ontology of physics is ade-
quate for serving as the ontology of all science, but it is not re-
quired that there be lawlike correlations between physical and higher
level phenomena. To paraphrase Fodor, the natural kinds studied in
psychology and the other special sciences need not correlate in law-
like fashion with tne natural kinds studied in physics. Further, he
does appear to build into his position views at least as strong as su-
pervenience and indiscernibility: he requires that individual physical
events "realize" individual non-physical events, or alternatively,
that physics provides the mechanisms that underlie the phenom:na stud-

ied in the special sciences,.62

it from science: viz., the methodology or ascription of mental at-
tributes is different from a scientific methodology. Hence, it
might be claimed that this weak physicalism is only intended to ap-
ply to the mental-physical case. However, in Quine (1978), he is
quite unequivocal renarding the applicability of his claims to all
of science. Hellman and Thompson similarly characterize their view
as requiring no nomological correlations and no psycho-physical (or
other such) laws; they appear to differ from Quine and Davidson in
that they emphacize certain linguistic claims although there is no
reason for Quine or Davidson to deny them.

62 See Fodor (1975)., Other philosophers who have emphacized non-lin-
guistir: physicalism include Boyd (unpublished) and Kim (1982a)., 1In
all such views, it is important to clarify, when giving up nomolo-
gical type-type correlations in favor of individual physical/non-
physical associations, whether the associations are nomological,
are merely contingent, or are of some intermediate degree of coun-
terfactual force,



Although there is some difference between the views of Quine, Da-
vidseca, Fodor, and Hellman and Thompson, they appear to be in agree-
ment on the idea that a version of physicalist doctrine that requires
(i) that every individual is physical and (ii) that all phenomena de-
pend upcn physical phenomena is a sufficient expression of the physi-
calist position in science. Suéh a view does not require (iii) that
there are nomological correlations between physical and non-physical
phenomena or (iv) that terms drawn from the vocabularies of the spe-
cial sciences enter into lawlike sentences with terms drawn from the
vocabulary of physics or (v) that the lawlike sentences which express
the laws of the special sciences are derivable from lawlike sentences
that express physical laws, or (vi) that there be explanations of
non-physical phenomena (individual and regularities) in terms of phys-
ical phenomena.%3 Of course, if such stronger connections (i.e.,
(iii)-(wvi)) are developed they are not to be eschewed; the point of
'the position being considered is that physicalism does not require

such connections in order to serve its underlying motivations.,

63 Fodor appears to hold a "token explanation" doctrine on which the
physical mechanisms underlying individual psychological phenomena
are studied and used to offer explanations of the phenomena that
depend upon them. However, he also appears to reject the idea that,
in general, the higher level laws are derivable from or explainable
in terms of physical laws and he rejects the idea that, in general,
there are psychophysical laws. As we shall see below, it is impro-
bable that one can hold all of these positions concurrently.
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Now, it should be evident to the rerader that such a version of
physicalism is not adequate by our criteria; it fails because, al-
though it expresses the important features of the phyricalist view of
nature, it does not make any demands upon the formal system of science
vis a vis explanation. As a consequence, the program of physicalism
based upon such a formulation of the doctrine could be '"successful"
and yet fail to realize the goals of the program. In our estimation,
physicalists who opt for this weak version of the doctrine have re-
treated much too far back from the criginal strong formulations of the

doctrine.

Nct all physicalists who have emphacized the non-linguistic side of
the doctrine havg retreated so far; that is, some recent physicalists
have not restricted themselves to claims concerning ontology, superve-
nience, and indiscernibility. Beginning witlh purely non-linguistic
claims, such thinkers have suggested that there are some fairly strong
consequences for the formal system of science that follow from the
non-linguistic claims. Hellman and Thompson, for example, appear to
suggest that from the physicalist view that "the physical facts deter-
mine all the facts" (i.e., ontological determination) it follows that
“"the physical truths determines all truths about nature".®4 As noted
above, such a view is, by itself, too wrak to satisfy the criteria
concerning explanation. In addition, Hellmar and Thomp:on explore the

idea that their weakened form of physicalism ‘eads logically to ex-

64 See Hellman and Thompson (1975) p. 553.
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plicit, physical definability of terms in the formal system of sci-
ence: i.e., it is suggested that a set of purely non-linguistic theses
may, in the presence of non-rontroversial assumptions, lead to strong
linguistic _.laims concerning .ne structure of scientific knowledge.
Hellman and Thompson claim to have shown that such an argument, al-

though very interesting, ultimately fails.6S%

However, other physicalists have more or less directly suggested
that non-linguistic phvsicalism does have certain strong consequences
for the formal systemr of science. Kim, for example, has argued that,
given the supervenience thesis, there must be ncmological correlations
between physical and .. a-physical attributes and, hence, that the
physical definability of non-physical turms is possible; this, of
course, reupens the door to the derivation and explanation of non-

physical laws by physical laws.66

Less directly, Field and Friedman, beginning with reflections upon
the ontological view that mental states are '"functional states" that
may have multiple physical realizations, have generalized classical
linguistic reductionism in different ways.®7 The strategic suggestion
is that, as our conception of the kinds of systematic correlations be-

tween physical and non-physical phenomena evslves, our conception of

65 see Hellman and Thompson (1975), p. 561-3.
66 gSee Kim (1978).
67 See Field (1975), Friedman (1975).
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the formal structure that reflects these relations can and must evolve
concordantly. Whether Field and Friedman believe that there are logic-
al arguments from non-linguistic to linguistic theses is not clear
from their writings; they do appear to believe that there are stronger
non-linguistic theses than supervenience which are plausible (i.e.,
certain kinds of nomological correlations) and that the existence of
such correlations opens the door to a revitalized form of linguistic

reductionism.

Finally, Putnam has contended that a purely ontological form of
physicalism that eschews nomological correlations of physical and
non-physical attributes and associated linguistic relations is unten&a-
ble: as he puts }t, ‘type-type correlations" are required as a part of
a minimal physicalist position.®® Again, such correlations invite con-
sideration of strong physicalist theses concerning definition and der-

ivation in science.

To this point, we have seen that there are, at least, two brands
of non-linguistic physicalism advertized in the literature. The first,
advocated by Quine and Davidson, requires supervenience without call-
ing for nomological connections between physical and non-physical phe-
nomena; as a result, the formal connections between various branches

of science need only be quite minimal. The second view, advocated by

68 see Putnam (1979). It is not entirely clear from his discussion why
he believes this and whether his emphasis is on explanatory con-
cerns or more fundamental epistemological concerns.
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Kim and suggesggd by the work of Field, Friedman and Putnam, holds, in
addition to ontological and supervenience claims, that such claims en-
tail that there are nomological correlations between physical and
non-physical phenomena and that these are expressible in the form of
explicit definitions, thus imposing stronger requirements upon the

formal structure of science.

What will be of interest to us in this section are the ideas that
(i) supervenience theses entail nomological correlations between the
supervening properties and the properties supervened upon, and (ii)
there are arguments leading from such non-linguistic theses to strong
linguistic theses concerning the structure of science. Thus, we are
interested in the idea that apparently minimal formulations of physi-
calism (e.g., those of Quine and Davidson) are seriously underestimat-

ed by their proponents.

The key question that we shall address is whether a purely non-lin-
guistic formulation of physicalist doctrine is adequate by our cri-
teria. As we have already observed, the first form of non-linguistic
physicalism is clearly not adequate because it fails to impose any
structure upon scientific knowledge such that the explanatory goals of
the program are attained. There are two lines of reply to this charge.
The first is to challenge the criteria of adequacy as too restrictive;
as we have already acknowledged, the criteria are proprietary but well

motivated. The second reply is to adopt the other view regarding
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non-linguistic physicalism; that is, to adopt the view that a purely
non-linguistic formulation of physicalism is adequate because (i) it
explicitly captures the ontological views of the physicalist and (ii)
it has consequences regarding the structure of scientific knowledge

that are sufficient for satisfying the remaining criteria.6?

To summarize: a purely non-linguistic formulation of physicalism is
adequate if and only if it has consequences which are jointly suffi-
cient for satisfying the criteria of adequacy; the criteria can be
satisfied only if a version of physicalism involves fairly strong
claims regarding the formal structure of science. Hence, the Quine-Da-
vicson brand of non-linguistic physicalism is not adequate by the cri-
teria, assuming they are right that it has no strong consequences con-
cerning the formal structure of science. However, this raises the
question of how certain non-linguistic theses that are generally
agreed upon by all physicalists (e.g., supervenience) are logically
related to linguistic theses concerning science. If non-linguistic and
linguistic theses are logically independent of each other, then a
purely non-linguistic formulation of physicalism must be counted as
not adequate; if, on the other hand, they are not independent, then a

“purely non-linguistic" formulation could be counted as adequate if it

69 Such a repLy is somewhat paradoxical since it involves showing that
a "purely non-linguistic" formulation is adequate because it has
consequences for the formal structure of science (i.e., it is not
really a purely non-linguistic view). The point may better be con-
ceived in terms of the dependence of the one type of thesis upon
the other,
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had the right logical consequences.?9

In the remainder of this section, we shall briefly desc.ibe two
lines of argument that have appeared in the literature which bear on
the issue as we have just formulated it. Specifically, Kim?! has pre-
sented an argument designed to show that, beginning with an assumption
of the supervenience of one class of attributes upon another (e.g.,
the non-physical attributes supervening upon the physical attributes),
it can be inferred that (i) there are nomological correlations between
attributes in the supervening class and attributes in the superveni-
ence base, (ii) there are definitions, in a sufriciently rich lan-
guage, of terms designating the attributes in the supervening class by
terms designating the attributes in the supervenience base, and (iii)
there are resulting derivations of theories concerning the supervening
attributes from theories concerning the attributes supervened upon.
The argument presented for these conclusions is premised upon the as-
sumptions that the attributes in the supervening class are instantiat-
ed aﬁd that the attributes in the supervenience base are finite in
number. An interesting line of future research would be, if Kim's ar-

gument is sound, whether it can be generalized to cases in which not

7% The reader is reminded that the consequences in question are those
which follow in the presence of modest assumptions about the lan-
guage of science and its interpretation. Also, "linguistic" formu~
lations will include theses concerning explanation formulations;
thus, derivation and definition are not the only pertinent rela-
tions between linquistic objects in science.

71 See Kim (1978).
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all attributes in the supervening class are instantiated and in which

the supervenience base is not of finite cardinality.

A second line of argument, presented by Hellman anu Thompson, 7?2
would appear to close off the prospects for successfully generalizing
Kim's argument. Essentially they argue from an assumption of superve-

nience?3 to the claim of the implicit definability of terms expressing

non-pliysical attributes by terms expressing physical attributes.74
They then suggest that an application of the Beth definability theorem

would appear to lead straightforwardly to the explicit definability of

the non-physical terms by the physical terms, and hence, to the deriv-
ability of theories couched in the former vocabulary from theories
couched in the latter vocabulary. However, they argue against this
move on the grounds thitt the Beth theorem is not applicable in the
case of physicalism because the class of models which constitute the
"standard" models for scientific theories is a proper subclass of all
the models for those theories: i.e., there are ''standardness' require-
ments on what counts as an accept ble model for scientific theories,
and such requirements effectively rule out some models of such theo-
ries as not acceptable. Since the Beth theorem only applies to theory

classes (i.e., the class of all models for a theory), it is not appli-

72 See Hellman and Thompson (1975).

73 They do not make this assumption entirely explicit, although it is
definitely suggested by their discussion.

74 A thesis they call "the physical determination of reference".
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cable in the case of physicalist science.

We shall not pursue further an assessment of the merits of either
Kim's or Hellman and Thompson's arguments, although such pursuit is an
important area of future inquiry. Such inquiry is not required for
current purposes because, no matter how it turns out, our arguments
above against purely non-linguistic versions of physicalism suffice to
show thzat linguistic theses are required for any adequate formulation
of physicalist doctrine. If linguistic theses are codsequences of
non-linguistic theses (plus modest background assumptions) so much the
better; but, such a relation is not required: what is required is that

linguistic theses feature in a formulation of physicalism.

2.3 PURELY NON-REDUCTIVE kORMULATIONS

We nouw turn to a discussion of purely non-reductive formulations of

physicalist doctrine. Recall that a non-reductive relation between two
classes is one that does not involve any

specific mapping between the members of the classes; rather, the rela-
tion involves "global' characteristics of the classes such as simplic-
ity, explanatory power or some kind of systematic covariation of the
properties of the members of the two classes (e.g., as in truth deter-

mination).75

75 Non-reductive truth determination does not involve any particular
mapping between sentences of the two classes (mappings do exist of
course). Rather, it involves systematic covariation of the truth
values of the sentences in the two classes: once the truth values
of the sentences in the determining class are fixed, the truth vel-
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The problems with this form of thesis with regard to the adequacy
of a formulation of physicalist doctrine are apparent. Because such a
view does not presuppose specific mappings between elements of the two
classes involved in the relation, this type of position cannot be an
adequate expression of any physicalist concern that presupposes such a
map.ing: for example, (i) ontological views which identify or other-
wise associate individuals or attributes in the two classes and (1ii)
views concerning explanation of regqularities or instances of regulari-
ties in one class by specific explanatory principles in the other
class, We take this shortcoming to be sufficiently obvious as to not

warrant further development.

2.4 FURELY REDUCTIVE FORMULATIONS

To complete our discussion of the 'pure forms" of physicalist the-
sis, we shall make a few comments regarding purely reductive formula-
tions. We remind the reader of the distinction between
reductive relations as we are defining them and 'classical reduction-
ism." The former is any relation between two sets of objects which in-
volves a specific mapping from one set to the other; clearly, this is
an exceedingly weak notion, and the formulation of interesting physi-
calist reductive theses will depend upon the introduction of con-
straints upon the mappings. '"Classical reduction', on the other

hand,76 is an instance of two reductive relations introduced for spe-

ues of the sentences in the determined class are fixed.
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cific purposes (e.g., unification of ontology and unification of an
explanatory system). The constraints on the mappings’?? are designed to
isolate mappings which insure (i) the identity of individuals and at-
tributes and (ii) the explanation of laws and their instances. As we
saw above, these constraints do not isolate relations that realize the
goals of the program; hence, the formulation was judged inadequate.
Retaining the goals of the program, we saw the door opened for search-
ing out alternative theses which would realize the goals. Thus, we
have rejected classical reductionism without rejecting the physicalist
program. Further, for present purposes, rejecting classical reduction-
ism is not equivalent to rejecting reductive relations in general. Un-
like the other pure cases, a purely reductive version of physicalism
cannot be shown in general to lead to inadequate formulations. Whether
or not a purely reductive formulation is required for all purposes we
shall leave open, although it probably is not since the goals of ob-
jectivity may plausibly be realized by non-reductive forms of truth

determination and supervenience.

To summarize the main results of this chapte:r, essentially the
above described form of argument that we applied to classical reduc-

tionism?® was applied to a variety of purely linguistic, purely non-

76 I.,e,, explicit definability of terms and derivability of theories.

77 I.e., nomological coextensiveness of terms and logical entailment
of one theory by another.

78 I,e., to show that it is not sufficient for realizing the goals of
the program.
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linguistic and purely non-reductive formulations of physicalist doc-
trine. The results were that each of these pure forms cannot Jead to
an adequate formulation; hence, .t is to be concluded that any ade-
quate formulation of physicalist doctrine must involve some linguis-
tic, some non-linguistic and some reductive theses. In the next three
chapters, we shall develop an adequate formulation of the doctrine

which consists of these types of thesis.
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3. THE PRESUPPOSITIONS OF PHYSICALISM

The objective of this and the next two chapters is to formulate an
adequate version of physicalist doctrine; in so doing, we shall en-
counter a variety of objections posed by critics of physicalism over
the years. Our task comes down to that of weaving a path through those
objections and arriving at a formulation that satisfies our criteria
of adequacy. Given our discussion in the last chapter, this will re-
quire that we formulate a doctrine that consists of a combination of
linguistic, non-linguistic and reductive theses. Further, because a
goal of the physicalist program is to describe a structure for all of
natural science, our formulations must be pitched at a level of suffi-
cient generality, to both retain significant content and yet accomodate
variab.lity in ontology and patterns of explanation among different

branches of science.

our plan is, first, in this chapter, to discuss the vexing problem
of the identification of the physicalist bases; a set of three presup-
positions of the theses will emerge as a result of this discussion.
Such presuppositions will be seen as required by any significant for-
mulation of physicalist theses, since the content of physicalism de-
pends upon there being a principled identification of the physical
bases and such an identification of the bases depends upon the truth
of the presuppositions. Objections to the presuppositions will be for-

mulated and defended against. Second, in Chapter 4, we shall formu-
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late a set of theses which address the three areas of physicalist con-
cern (i.e., ontology, objectivity and explanation) and which are re-
sponsive to the results of Chapter 2, Objections to the theses will be
considered. Third, in Chapter 5, three metatheses concerning (i) the
scope of the theses, (ii) their empirical status, and (iii) their
methodological roles in science will be developcd. Various objections
will be formulated and defended against. Alternative metatheories to
those commonly held for physicalism will be considered; and, as we
shall see, the existing metatheses will require some revision. Fourth,
the resulting physicalist doctrine, consisting of presuppositions,
theses and metatheses will then be shown to be adequate by our cri-
teria as well as responsive to the major objections that have been ad-
vanced against it. Finally, we shall make some observations concerning
the acceptability of the doctrine and the problems and prospects for

working out the physicalist program in science.

3.1 IDENTIFYING THE PHYSICAL BASES

Given that the general form of physicalist theses involves a rela-
tion ketween two classes of objects, one of which is designated as
“"the base class" and contains physical objects,! any adequate formula-
tion of physicalist theses requires an antecedent specification of

what "the physical" consists in. Further, because of the variability

! In this discussion, 'object' is being taken as a term picking out
such diverse things as events, states, terms, theories, and obijects
(in a narrower sense).
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in kinds of physicalist theses (e.g., linguistic, non-linguistic) and
the variability of the categories within those kinds (e.g., events,
states, properties; law statements, theory formulations, explanation
formulations, terms), there is need for a specification or what the
physical consists in for each kind of object involved in the formula-
tion of physicalist theses. The purpose of this section is to provide
an account of the physical bases required for the theses to be devel-
oped in the next chapter. Further, we shall make explicit a set of
three presuppositions of such an account and defend them against ob-

jections.

As a preliminary, we shall present and elaborate upon a distinc-
tion, first introduced by Quine2 and clarified by Hellman and Thomp-
son,3 between ideology and ontology. Quine writes as follows:

Given a theory, one philosophically interesting aspect of it
into which we can irquire is its ontology: what entities are
the variables of quantification to range over if the theory
is to hold true? Another no less important aspect into which
we can inquire is its ideology...: what ideas can be ex-
pressed in it?+

And, again:

The ideology of a theory is a question of what the symbols
mean; the ontology of a theory is a question of what the as-
sertions say or imply that there is. The ontology of a theo-
ry may indeed be considered to be implicit in its ideology;
for the question of the range of the variables of quantifi-
cation may be viewed as a question of the full meaning of

2 See Quine (1951).
3 See Hellman and Thompson (1977).
4 Quine (1951), p. 14.
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the quantifiers.

In the foregoing paragraphs I have contrasted the ontology

of a theory with the ideology of a theory. But the contrast

carries over also into absolute terms; in absolute ontology

we ask what there really is, and in absolute ideology we ask

what ideas can legitimately be had, or what primitive ideas

are given to us as a basis for thinking....I have described

the ideology of a theory vaguely as asking what ideas are

expressible in the language of the theory. Urgent questions

of detail arise over how to construe 'idea'...Both ideology

and ontology in their relativized aspects...belong to what

is commonly called semantics.$
As can be seen, Quine's distinction is a 2x2 distinction: the first
dimension being ontology-ideolegy and the second dimension being abso-
lute-relative. In its absolute aspect ontology concerns what there
really is. More specifically, it concerns what ontological kinds of
things there really are; such ontological kinds include: physical,
mental, attribufe, event, individual, zbstract, etc. In matters of on-
tology, the important semantical relation is that of satisfaction of
ontological kind predicates; everything has some ontological status or
other and some things may enjoy more than one such status (e.g., a
physical attribute). For the purposes of the physicalist program, we
are interested in (i) what the physical ontology really consists in,
(ii) what the ontology of natural science (i.e., nature) really con-
sists in, and (iii) what the relations between the ontology of all of

natural science and the physical ontology really are; hence, we shall

be concerned with ontology in its absolute aspect.

% Quine (1951), p. 15.



Ontology in its relativised aspect need not be concerned explicitly
with what there really is but only with structures which make a theory
true under some interpretation. Quine's frequent excursions into Py-
thagoreanism are instances of exploration of the variety of minimal
ontology required for making a theory true: that nature consists of
pure sets is something that not even Quine should take seriously.

What Quine probably does take seriously is the idea that that kind of
ontological speculation is the only one likely to deliver any useful
results: absolute ontology may be, on Quine's view, a fruitless enter-
prise. The assumption of our work is that, although there may be no
saying "absolutely" what there is, there are meaningful intermediate
alternatives to that enterprise and the kind of inquiry that Quine en-
gages in (i.e., ontological reductions constrained only by preserva-
tion of truth under an interpretation). Physicalism is a doctrine
concerned with characterizing what there really is in nature; how to

construe the 'really" is a matter we shall return to below.

Regarding ideology, there is a similar distinction between relative
and absolute. In its relative aspect, ideology concerns what ideas can
be expressed in the language of a theory: what do the symbols mean?,
which symbols are fundamental and which are derivitive? 1In its abso-
lute aspect, ideology concerns more general epistemic and cognitive
matters: what ideas can legitimately be had? which ideas are given as
a basis for thought and which are constructed out of them? The impor-

tant semantic relation involved in matters of ideology is that of ex-
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pression by a predicate; hence, it is only attributes that enjoy ideo-
logical status.® In the current project, we shall be concerned only
with ideology in its relativized aspect. We shall be concerned with
the specific languages umployed in science: what are the constituents
of those languages and what are their structures?, what attributes are
expressed by the predicates in those languages?, and how do the dif-
ferent languages relate to each other? In the discussion below, our
specific focus will be on identifying and relating the predicates and
other general terms employed in the development of the various theo-

ries found in science.

For vxpository purposes, we shall extend Quine's distinction to in-
clude what we sQall call "doctrine". In its relativized aspect, doc-
trine concerns what true sentences are expressed in a given language.
Further, we shall be concerned with what explanations and laws are ex-
pressed in a language, and these will both be included under the head-
ing of "doctrine".? In its absolute aspect, doctrine may be understood
to concern the ultimate and total truth about reality; since our chief
concern vis a vis doctrine will be with the structure of science, we
shall be exclusively concerned with doctrine in its relativized

aspect.

€ See Hellman and Thompson (1977).

7 We distinguish sharply between truths, theories, explanations and
laws on the one hand, and true sentences, theory formulations, ex-
planation formulations and law sentences on the other. In matters of
doctrine, it is only the latter that shall be considered.
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Given this tripartite distinction between qntology, ideoclogy and
doctrine, we shall now turn to the problem of characterizing the phys-
ical bases for ontology, ideology and doctrine that will play critical
roles in the formulation of physicalist theses concerning ontology,
objectivity and explanation. As we develop the characterization of the
bases, we shall distinguish the various categories within each.?® The
primary problem we shall encounter will be that of identifying the
bases in a "principled" way which does not trivialize the theses or
make them obviously false: the most telling criticism of physicalist
doctrine regarding its formulation that we shall encounter is that
there is no principled identification of the bases, and hence, the
theses are trivial because they can always be saved by ad hoc modifi-
cation of the bases. Our task, therefore, is to fend off this objec-

tion by showing how the bases can be specified in a principled way.

What then is a good strategy for achieving this goal? Most authors,
not always for the same reasons, have attempted to circumscribe the
physical bases by first isolating the physical ideology and doctrine,
and then giving a characterization of the physical ontology that is
derivitive. Although there may be alternative strategies,?® we shall

employ the more standard strategy because (i) it looks like the three

8 For example, within ontology, we distinguish classes, attributes and
individuals.

? For example, to identify the physical ontology and then characterize
the physical ideology and doctrine in some derivitive way; or to
identify the bases independently of each other. See Cornman (1971)
for an example of one such alternative strategy.
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bases must be interdependently characterized and (ii) it does not ap-
pear likely that one can get very far in the attempt to characterize
the physical ontology without relying heavily on what one takes to be
physics and its referential vocabulary. Thus, our approach will be to
attempt to provide a principled identification of the physical ideolo-
gy and doctrine, and then to develop the physical ontology in terms of

them.

We shall begin by looking at a distinction, drawn first by Meehl
and Sellc. ;,1% between "physicall" and "physical2" terms as follows:
physicall: terms employed in a coherent and adequate descriptive
explanatory account of the spatio-temporal order.
EhzsicalZ:' terms used in the formulation of principles which
suffice in principle for the explanation and pre-
diction of inorganic processes.
This distinction forms the basis for distinguishing two different
types of physicalist proposal. Physicall was intended to capture the
full vocabulary of natural science; any term of natural science that
is applicable to some region of "the spacetime causal order" (i.e.,
nature) falls within the category of physicall. Hence, terms of phys-
ics, chemistry, biology, psychology and any other natural science are

all physicall.!! The physical doctrine, then, would consist (roughly)

10 gee Meehl and Sellars (1956).

11 On even broader construals, any terms that are applicable to re-
gions of spacetime, whether they are scientific terms or not, are
physicall. See Cornman (1971), Davidson (1970), and Malinas (1973)
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in the theories that are formulated in these terms and accepted as
true. Physicalism based upon this conception of the physical is a
pretty mild doctrine, although its defenders do not consider it trivi-
al.!2 On our view, however, this brand of physicalism is much too
wesk; because everything appears to fall within the bases, it need not
introduce any requirements within the formal system of natural science
for the kind of structure that is needed to realize the goals of the
program.!3 The challenge that this weak physicalism presents is to de-
velop a narrower conception of the physical ideology, ontoiogy and
doctrine which is cogent and which supports strong physicalist thes-

es.14

for examples of this construal. Thus, there are at least two senses
of physicall: (a) terms applying to things located in spacetime;
(b) terms of natural science applicable to things in spacetime.

12 Given our earlier discussion of the two conceptions of natural sci-
ence (i.e., (i) it's all physics, (ii) there are divisions between
physics and the rest), this form of physicalism is one that could
be expected from someone who believed that the branches of natural
science cannot be individuated in any principled way. The physi-
calism we are concerned with is one which accords "physics" & pri-
viledged place in science; and, it is this priviledged status that
weak physicalists appear to claim cannot be made out in a cogent
way because there are no principled divisions betwen physics and
the rest of science.

13 For example, explanatory relations between the phenomena and laws
studied in the special sciences and the phenomena and laws studied
in some basic science.

14 I.e., theses concerning the relations between the ideology, ontolo-
gy and doctrine of any part of science to the ideology, ontology
and doctrine of the "physical" part.
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Therefore, because our interest is in this stronger form of physi-
calism which is based upon a conception of science in which there are
distinct branchss, one of which (i.e., physics) is to be accorded a
priviledged place with respect to ideology, doctrine and ontology,!®
we shall proceed in our efforts to identify the physical bases by at-
tempting to find a principle for distinguishing physics from other
branches of science. Once this has been accomplished, the bases for

ideology, doctrine and ontology will be fully developed.:6

As a first attempt at solving this problem, one might say that
physics is whatever it is that physicists do and the physical ideology
consists in whatever terms are typically used by physicists and are
found in physicg texts when physical doctrine is being presented. The
physical ontology on this approach is whatever is the intended inter-
pretation of physical terms and doctrine: that is, in.ended by the

physicists. This proposal amounts to "leaving it to the experts" to

15 physical2, as we shall see below, is a proposal that supports the
second conception of science in which there are principled divi-
sions.

16 We are here struggling with two deep and difficult issues in the
formulation of the physicalist doctrine: (1) how to give a princi-
pled identification of the physical bases which are required for
the formulation of significant physicalist theses and (2) how to do
this without landing in a vicious circularity in which physics is
characterized by the terms employed in the formulation of physical
theory and those terms are characterized by being the terms that
occur in the theories of "physics." The Eh&sicall criterion breaks
the rircularity at the expense of the significance and strength of
the doctrine, something we do not want to do. Hence, we have re-
jected physicall and are now moving on to find a criterion for
physics w%icﬁ breaks the circle and preserves the power of the doc-
trine.

- 104 -



determine what physics and the physical ideology, ontology and doc-
trine are.!? Unfortunately, such an approach is totally unacceptable
for reasons that we shall roughly characterize now and discuss more
fully below. For openers, this view totally dodges the critical prob-
lem of offering a principle for identifying what physics is!® that is
at all relevant to the metaphysical and epistemological concerns of
the physicalist. The principle offered is completely vulnerable to the
objection that what counts as physics is based upon arbitrary adminis-
trative decisions or other forms of "socio-historical accident". For
example, who is identified as a '"physicist" may be due to arbitrary

decisions having to do with how to organize and run a university.

Second, the principle leaves open whether it is current physics,
future physics, or some ideal physics that is to play a role in the
characterization of the bases. If it is current physics, then there
would appear to be no room for the growth of physics from the point of
view of any particular formulation of physicalism. Hence, current
physics must be true and hence it would appear that physicalism is ob-
viously false.1? If it is some future physics that is intended, no
principle for identifying physics has been provided that constrains

the evolution of 'physics" so that ad hoc modifications of physics de-

17 See Hellman and Thompson (1975), Friedman (1975), and Boyd (unpub-
lished) for instances of this approach.

1% And, for who are the physicists.

19 see Smart (1978) for endorsement of the view that it is current
physics that is pertinent.

- 105 ~



signed to save the physicalist doctrine can be ruled out; without some
such principle, the doctrine has seemed to some to be a trivial doc-
trine.2% In a nutshell, the problem is that unless there is some an-
tecedently specifiable principle for identifying the physical bases,
physicalism cannot be formulated in a significant way. Given our cur-
rent strategy, this comes down to requiring a principle for the prin-
cipled identification of physics. This, of course, was the conclusion
we reached above in discussing physicall. Now we have reached it from
the point of view of a certain class of objections that any formula-
tion of physicalism must deal with. The problem to be confronted is
not a small matter: a principled identification of the physical must
be developed which (i) can function to isolate the physical bases for
ideology, ontolégy and doctrine in a metaphysically and epistemologi-
cally relevant way and (ii) can accomodate the changes in our concep-
tion of what the physical consists in as uur knowledge grows.2! It is
this problem that we are trying to solve now as we search out a prin-

ciple for identifying physics. In this search, we conclude that iden-

20 see Chomsky (1968).

21 It is important to distinguish between (1) a change in our concep-
tion of what physics or the physical is from (2) a change in phys-
ics; it is the latter that should be accomodated while the former
remains fixed. It is also possible, of course, that out conception
of what physics is may change; but, in formulating physicalist doc-
trine, it is only required that a fixed conception of the physical
that leaves room for change in what we take to be the extension of
'physical' be developed. Given this distinction, our problem at
this point is to try to develop a conception of what physics, and
thus the physical, is which remains fixed while physical theory
changes. Dealing with potential changes in such a conception is a
separate problem.
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tifying physics with "what the physicists do" is a non-starter because
it is much too vaguely stated and because all suggested refinements

are vulnerable to objection.

Physical2 was an early attempt to characterize the theoretical vo-
cabulary of physics and chemistry in a way which leaves open the pos-
sibility of principled extensions of that vocabulary; physics and
chemistry are, according to this conception, the branches of science
concerned with the explanation of all inorganic processes. First, how-
ever, as a characterization of these branches of science, physical2
suffers from the defect of not giving an independent characterization
of what 'inorganic' means; hence, the major problems for the physical-
ist may have simply been pushed back a step. That is, if the question
for the physicaliét is, "What is a correct conception of "the physi-
cal" and what correctly falls under that concept?", then, the question
seems to have heen converted to, without any gain in clarity or solu-
tion, "What is a correct conception of "the inorganic" and what cor-
rectly falls under that concept?". Although we don't believe that this
question is unanswerable, we shall leave it to the proponents of phys-

ical2 to do the answering.

Second, physical2 is dissatisfying because it lumps together phys-
ics and chemistry; the physicalist who is according to physics a spe-
cial place in science should be seeking a characterization only of

physics in his attempt to isolate the bases for ontology, ideology and
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doctrine.?22

A third objection23 is that there are certain developments in sci-
ence which could prove highly embarrassing for proponents of physi-
cal2. Thus, if our empirical psychology evolves to the point that it
is clear and well established that certain highly complex machines are
capable of "mental" activity (e.g., robots that can think), then it
appears that purely inorganic processes would exhibit properties that,
under nobody's construal of physics and chemistry, can be accounted
for by those disciplines. Thus, certain features of a class of inor-
ganic objects would not be explicable within the confines of physics
and chemistry as they are usually conceived. Responding to this prob-
lem with the claim that physics and chemistry include psychology as a
result of the alleged possibility is exactly the kind of move the
physicalist must try to avoid, since it is preservation of the bounda-
ries between branches of science that gives the physicalist doctrine
its bite. A better response, therefore, is the rejection of physical2
as a characterization of basic science with the new understanding that
such categories as "organic" and "inorganic" are probably not going to
prove to be the metaphysically and epistemologically interesting ones

from the point of view of physicalist science.24

22 whether one sees this as a flaw will depend upon how fine grained
ones individuation of the sciences is. On our view, classical re-
ducibility, for example, is not sufficient for inclusion of one
branch of science (e.g., chemistry) within another (e.g., physics).

23 This objection was suggested by Ned Block.
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A final objection to physical2 has been suggested by some comments
of Chomsky's2% and developed by Block as follows:
Briefly, it is conceivable that there are physical laws that
"come into play" in brains of a certain size and complexity,
but that nonetheless these laws are "translatable' into
physical language, and that, so translated, they are clearly
physical )aws (though irreducible to other physical laws).

Arguably, in this situation, physicalism could be true -
though not according to the account just mentioned i.e.,

physical2 of physical property.26

Bypassing the issues raised by appeal to translation into a physi-
cal language, the suggestion here is that the notion of physical law
need not be restricted to phenomena of a certain degree of complexity
of organization, and especially, it need not be restricted to '"inor-
ganic" phenomena. Rather, there is reason to speculate that which
physical laws aré actually operating at a given stage of the universe
depends upon the degree of organization and complexity to which it has
evolved; a' 4, in brains of a certain size and complexity, physical
laws operate that do not operate at lower levels (e.g., inorganic)
levels of complexity. If this speculation is correct, then physical2
as a characterization of the physical is clearly defective. Of course,

the burden of the objector is twofrld: to develop an alternative con-

24 As we shall see again below, it is important that the physicalist
program not be saddled with too many harsh violations of our intui-
tions about the differences between the mental and the physical; if
such traditional mental concepts and phenomena as qualia and mental
content become located in the physical bases, something has gone
radically wrong with the "physicalist program."

28 see Chomsky (1968), p. 83.
26 see Block (1980), fn. 4.
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ception of the physical that holds up under scrutiny and to establish
the truth of the speculation just described given that alternative
conception.2? This objection, in addition to undermining physicalZ,
reveals a general constraint on any characterization of the physical:
viz., that it be compatible with the idea that there are emergent

physical laws.

Given the objections just reviewed, physical2 appears to be an en-
tirely unacceptable account of the physical. However, let us note the
good points about the proposal: (1) it suggests a principled identi-
fication of physics (and chemistry); (2) it is an attempt to isolate a
vocabulary that is narrower than the physicall vocabulary and hence
could serve as a basis for significant physicalist proposals; (3) it
attempts to provide a principle for controlling the admissible exten-
sions of physics and of the physical2 vocabulary; (4) hence, the
growth of physics is compatible with a meaningful formulation of phys-
icalist doctrine; and (5) the principle provided, although defective,
does appear to be capable of being metaphysically and epistemological-
ly relevant to the physicalist program. 1.e characterization of phys-
ical2 is capable of such relevance since (a) it makes appeal to the
notion of an inorganic process and (b) it makes appeal to the idea of
explaining all such processes. First, metaphysical relevance comes

from isolating a class of processes which will play a central role in

27 The objector must do both because the objection depends upon an an-
tecedently understood conception of the physical.
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the ontological theses (e.g., all entities, processes, etc are built
up or depend upon the inorganic entities, processes etc); as we saw,
however, the current proposal was in certain respects defective in
this respect, although on the right track. Second, epistemological
relevance comes from isolating a class of explanatory principles that
advert to the basic class of entities; such principles play a crucial
role in the theses concerning objectivity and explanation. That they
are principles concerning the basic processes is what links the onto-
logical and epistemolngical concerns of physicalism togeiher. Physi-

cal2, despite its fatal flaws, teaches us alot about how to proceed.

Another characterization of physics has been suggested by Quine in
a number of recept papers.2® On his view, physics is the branch of
science whose goal it is to discover the minimum set of scates such
that there is no difference in nature without some difference in those
basic states. Although this characterization is of interest, especial-
ly to the physicalist who holés to ontological determination zs we
do,2? and, although it may be a correct, albeit highly abstract, par-
tial characterization of what physics is, it is not detailed enough to
identify the subject matter of physics or the questions and kinds of
answers with which it is concerned. We shall be asruming that an ade-

quate characterization of any discipline must at least stipulate the

28 gee Quine (1975a, 1978).
29 see below, Chapter 4.
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characteristic questions and answers of that discipline.3% Thus, it is
not clear that Quine's characterization successfully distinguishes
physics from a different science (e.g., psychology) which may have the
same feature of indiscernibility of any difference without a differ-
ence in one of its states.3! Further, it should become clear as we
proceed that if the characterization of physics that we consider below
cannot be made cogent then neither can Quine's and for similar rea-
sons. So, let us turn to a consideration of a final proposal for what

physics is.

A third characterization of physics is as follows: physics is the
branch of science that applies to everything. For reasons that are by
now familiar, it won't do to cash this in as: physics is the branch of

science that provides a description of everything. An alternative ren-

dering is provided by the work of Hilary Putanm,32 in which he sug-

30 We are assuming a strong criterion of adequacy here in conformity
with our general policy of beginning with strong criteria and weak-
ening them only if necessary; as a consequence, the most interest-
ing results will he obtained.

31 gee Goodman (1979) for expression of this claim. It is important to
keep in mind that it does not follow from the fact that, say, phys-
ics and psychology both provide a basis for the principle of indis-
cernibility, that physics and psychology constitute equivalent bas-
es for every purpose; in particular, they are not equivalent for
all ontological or epistemological purposes. Further, Ned Block has
suggested that the alternative indiscernibility claims are not se-
rious competitors. Whereas the physicalist claim is "internal" to
our theory of ruiture, the psychological indiscenibility thesis is
either "externwl" to our theory of nature or, if internal, obvious-
ly false. We shall discuss below (in chapters 4 and 5) some of the
issues raised by this suggestion.

32 gee Putnam (1970).
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gests that physics is the branch of science concerned with identifying
a basic class of physical magnitudes which are such that there are a
set of principles couched in terms of those magnitudes which are suf-
ficient for explaining the composition, structure, dynamics and inter-
actions of all things with respect to those magnitudes. The distin-
guishing feature of this class of magnitudes and the associated
principles is that everything has the properties associated with those
magnitudes and everything satisfies the principles with respect to
those magnitudes. Physics just is the branch of science concerned with
identifying those magnitudes and principles; it is their complete gen-
erality in this sense which distinguishes them from other properties

and principles.

1

Further, the principles are supposed to account for such features
of all things as (i) the composition of all things in terms »f the ba-
sic constituents, (ii) the dynamics of all systems in terms of the ba-
sic magnitudes (i.e., how do things evolve over time?), and (iii) the
interactions between things (including all causal interactions) with
respect to the basic magnitudes. Hence, physics has a set of questions
the answers to which are constrained by the requirement of full gener-
ality of the explaining principles and the properties adverted to by
those principles. Hence, any body of theory that provides answers to
these questions and that satisfies this conditior would count as phys-

ics.
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The ontological and epistemological relevance of this proposal
comes from its specific concern with such questions as (1) what are
the fundamental constituents of matter?, (2) what are the processes
that underlie all causation and all interaction?, (3) what parameters
are relevant to describing the dynamic unfolding of all systems in na-

ture and, hence, all change?

The conception of the physical here is that something is physical
just in case it is among the basic constituents of all matter or among
the fundamental processes on which all causation and interaction de-
pends or among the basic magnitudes in terms of which the dynamics of
all systems can be characterized. Given this, there is as yet no com-
mitment to what Particular terms or theories nor to what particular
entities, processes or magnitudes fall within the category of the
physical; hence, this characterization is quite compatible with the
growth of physics and with the possibility of ontologically emergent
physical phenomena. Further, since the principle is relevant to the
physicalist program, if it is a cogent principle it provides a princi-
pled way of distinguishing physics from the rest of natural science.
Hence, if it is cogent, then it provides a basis for formulating sig-
nificant physicalist theses which are neither trivially true nor obvi-
ously false. So, if the principle is cogent, it is what we are looking

for.
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But, is it cogent? To answer this, a number of more specific ques-
tions arise: (1) Is physics anything which satisfies this principle?,
(2) Does the principle guarantee that there is one physics? Should
it?, (3) Does it lead to the conclusion that what is our physics might
not be physics in some other possible world? (i.e., is physics in our
world necessarily physics?), (4) Does it really provide a way of rul-
ing out ad hoc modifications of physics to save physicalism?, (5) Does
it not make physicalism trivially true?, (6) Is the principle subject
to change in ways that could be appealed to to save physicalism? 1In
what follows, we shall address these questions by considering a number

of objections to the proposed principle for identifying physics.

Physics is that branch of science that is concerned with studying
the fundamental constituents of all matter, the fundamental processes
and magnitudes in terms of which all interaction and dynamics can be
characterized; the constraint on the inquiry is that the principles
postulated and the attributes and entities po.ited must be completely
general. However, it would seem that this principle allows for a num-
ber of different physics to be possible. That is, there is no guaran-
tee that this principle picks out a unique body of knowledge about the
natural order. A variant objection is that this principle allows that
in our world physics may be one thing and in a different possible
world physics may be something completely different. Although these
are separate objections, they can be dealt with in exactly the same

way. Thus, physics just is anything which satisfies this principle,
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so that (1) there may be many physics in this world and (2) there may
be radically different physics in different possible worlds. Non-uni-
queness is not a problem for the physicalist as long as, relative to a

given physics, the total theory of nature (ours or some other) is

structured in accordance with physicalist principles.33

A second objection is that this principle does not rule out certain
unacceptable conjunctions, say, between physical theory and Hegelian
metaphysics, in which the phys.cs does the work and the metaphysics is
just additional fluff. But, this objection fails for two reasions: (i)
the principle may be seen to rule out the unwanted addition on the
grounds that it is not relevant to the goals of physics as character-
ized and (ii) general scientific methodology would certainly come into
play in ruling out the additional stuff on simplicity grounds and the
like. In the background of the principle is the idea that it is only a
minimal such theory which suffices to achieve the goals of physics

that we count as physics.

A related and more important objection is that physics is a branch
of science which is a conglomeration of many different theories that
are of radically different degrees of generality and abstraction and
that address radically different questions (e.g., quantum mechanics,

astronomy, optics, thermodynamics); thus, it is concluded that phys-

83 The physicalism we are concerned with is to be seen as an abstract
structural feature of scientific views and theories of nature;
there is no good reason to believe that there is exactly one such
view or one such theory.
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ics, as it currently exists, does not satisfy the characterization we
have offered. Our brief reply to this objection is that (i) the objec-
tion is correct given the rough statement of our view and (ii) when we
speak of physics we shall mean a body of theory that constitutes an
idealization of a certain sort. Some theories that are currently in-
cluded under the heading of '"physics" may be seen as not part of the
basic level of the ideal theory. Thus, within physics as it is cur-
rently conceived, there are different levels of organization, general-
ity, abstractness of phenomena and associated theory. When we speak of

"physics', w2 shall be referring to the, ideally, basic theory.

Further, it could be objected that our conception of physics is
subject to ad hoc revision to save physicalism. We shall look at this
more closely below. For now, we note that again general scientific
practice should come into play to rule out ad hoc revisions of any
scientific concept, principle or theory. An ad hoc revision is barred
on the grounds of "ad hocnes:"; a non-ad hoc revision should be con-
sidered on the merits of the case. It is not clear to me that any
principle ever has built into it a means for protecting itself against
abuse; abuse is ruled out on general grounds. If we can clear a prin-
ciple for identiiying physics of the charges of unclarity and trivial-
ization, and it coes the work we want it to do, then we have done all
that we have to. That we might decide to revise it simply to protect
our doctrine is not something we need specifically promise not to do

in order to use the principle. Below we shall consider Chomsky's cit-
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ing of the case of electromagnetic theory which is supposed to be an
example of how maleable our conception of the physical is. In fact, it
was not a case of a change in our conception of the physical or of
what physics is, but rather it was an instance of a change in what

falls under those concepts.3¢

Another objection is that, granted that the concept of what physics
is is okay, it is still possible to modify what we take to be physics,
consonantly with our concept of physics, in an ad hoc way to save the
doctrine of physicalism. This is just what the case of electromagnetic
theory is supposed to show: physics may be just as the principle de-
scribes, but what falls under the heading "physics" is sufficiently
maleable so as to save the doctrine. In short, the objection is that
we can count anything as a fundamental constituent, magnitude or pro-
cess just by deciding to include it among the constructs of what we
call "physics", The correct reply here is essentially the same as
above: ad hoc modifications are ruled out by general principles of
scientific procedure; non-ad hoc revisions ought to be considered very
seriously. Surely, the physicalist must allow that what counts as
physics is an evolving part of our knowledge; what are the basic mag-
nitudes (etc) is a matter of continuing discovery. Allowing this does
not in any way commit us to holding that any modification we like is

acceptable if it is needed to save physicalism; it simply is not true

34 The above objection should not be confused with the next one: viz.,
that we can revise physics in an ad hoc way to protect the doc-
trine.

- 118 -



that anything goes in science.35 The problem is one of being able to
identify the ad hoc revisions in knowledge from the non-ad hoc ones;

this I am happy to announce is not my problem here.

Finally, let us consider the objection that runs as follows: the
conception of physics that is being offered is one which guarantees
the truth of physicalism. This objection must depend to some extent
upon what the theses of physicalism are, theses that have not been
presented yet. However, it shouldn't be too surprising to anyone that
the characterization of what physics is is closely related to some of
the theses of physicalism since the point of physicalism is "to accord
to physics its rightful (important) place in science". Having given
this much to the objector, however, the burden still is on him to show
that the theses ;ffered below are trivialized by the characterization

of physics given here. We shall argue below that the objector cannot

carry this burden.

At this point, we shall move on the assumption that, at least a
prima facie case has been made for the defensibility of our character-
ization of what physics is. So, physics is the branch of science the
task of which is to identify and characterize the fundamental constit-
uents of all things and the fundamental processes and magnitudes un-
derlying all change and interaction. Which theory is it that answers

to this description? We do not know; but our best current guess is

3% Oor philosophy for that matter.
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that it is current physics (or some suitable elaboration of current
physics, given thgt portions of current physics are quite underdevel-
oped or are quite tentative). We take it as obvious that we can accept
current physics as the best approximation to the physics of nature
without giving up the possibility of revising it tomorrow. Hence, our
best approximation of the actual physical bases for ideology, ontology
and doctrine is to be developed in terms of current physics: it is
this belief that makes justified the current practice of most physi-

calists to look to current physics in characterizing the bases.

Given a formulation of physical theory, how do we proceed toward
giving a full characterization of the physical bases for ideology, on-

tology and doctrine?36

’

We shall begin with ideology; assuming that we can isolate a basic
stock of non-logical terms that are employed in formulating the theory
and which express the fundamental magnitudes, the problem becomes one
of specifying the definitional apparatus that can be legitmately em-

ployed in building complex predicates from members of the basic stock.

36 'Given a formulation' is supposed to leave room for the existence
of alternative formulations of the same theory in different vocabu-
laries and, as we allowed above, alternative physical theories.

The issues of theoretical and empirical equivalence of theory for-
mulations are not directly pertinent to the problem of formulating
a physical basis, given such a formulation. In addition, we observe
that given a formulation of current physics, it may be unclear how
much is empirically well established, how much constitutes tenta-
tive working hypotheses, how much is heuristic, and how much is an
artifact of the representational system used (as opposed to being
strictly empirical and realistically interpretable).
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It is quite beyond the scope of this project to actually extricate
from a formulation of physical theory some stock of basic predicates
and to rigorously characterize the full range of allowable linguistic
constructions built up from the basic stock; but, we shall indicate
the directions that this might go in.237 In addition to the usual first
order logical apparatus, there<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>