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REDUCTIONISM: A REVIEW OF THE
EPISTEMOLOGICAL ISSUES AND THEIR
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CONSCIOUSNESS

by A. R. Peacocke

Scientists are not given to analyzing, any more than other human
beings, the philosophical presuppositions of their activities, for it has
been remarked, with some justification, that the average scientist
knows no more about what he is doing than the average centipede
knows how it walks. This may be an unnecessarily severe stricture on
scientists, certainly on those who would interest themselves in a paper
of this kind; but it is extraordinarily easy for the scientist—say, a
molecular biologist, who employs methodologically reductionist con-
cepts (see below) in order to pursue his particular kind of research
—to carry over that attitude into a more general philosophical posi-
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tion. Then the procedure of analyzing a biological organism, or part
of it, by means of physical and/or chemical' techniques becomes a
philosophical belief that a biological organism is “nothing but” a
physicochemical system.

Occasionally, such a view is explicitly urged as, for example, by Fran-
cis Crick with respect to biology: “The ultimate aim of the modern
movement in biology is in fact to explain all biology in terms of
physics and chemistry.”? This is a fairly blunt statement of an extreme
reductionist position, but some form of this view is very naturally
espoused by scientists accustomed to investigating complex (e.g.,
biological) systems by taking them apart in order to see how the com-
ponent units interlock temporally and spatially.

THE RELEVANCE OF THE QUESTION OF REDUCTIONISM

Whether explicitly or only implicitly embraced, a reductionist in-
terpretation of the relations among the different sciences can limit
and determine any understanding of the nature of man in general
and of his consciousness in particular. It is therefore appropriate that
we begin our deliberations on the problem of consciousness by trying
to clarify this matter of reductionism. For if it is true that chemistry is
nothing but physics, the biochemistry of cells nothing but chemistry,
the biology of organisms nothing but the biochemistry of cells, and
ecology and sociology nothing but biology, then the branch from this
main line—the statement that consciousness is nothing but neuro-
physiological events which are nothing but biochemistry, etc., and so
down the chain to physics again—becomes the more plausible and, in-
deed, attractive to the point of being compelling. I think this possibly
accounts for the popularity of reductionist views among scientists, in
spite of the obvious vulnerability? of the kind of reductionist circle
which the view generates in its crudest forms. Physiological processes
are merely forms of applied biochemistry, which is merely applied
chemistry, which is merely applied physics, which is merely the applica-
tion of mathematical truth, which is merely the result of the laws of
logic and of forms of thought, which are merely the product of social,
cultural, and linguistic influences, which are merely the expression of
psychological mechanisms, which are merely physiological pro-
cesses. . . .

All-embracing chains of reduction, such as history-psychology—
biology—physics-and-chemistry, have a seductive simplicity which ob-
scures the weaknesses of many of the links. Thus, to take the first
of these “links,” even if we had a causal predictive account of the
psychology of all particular individuals, the intersection between psy-
chological events and events in the physical world would still often
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have the character of accidents since the predictability of both psy-
chological and physical event is relative to its own previous variables.*
The intersection of causal events is an “accident” relative to one’s un-
derstanding of the individual psychology and of the nexus of physical
events. This unpredictable character of “accidents” which involve
human beings and their encounters with the physical (and biological)
worlds is amplified in human history (e.g., this head of state killed at this
point of time, before that meeting, had an irreversible, profound in-
fluence on human history). Thus the proposed all-embracing re-
ductive chain lacks even the first link, that between history and psy-
chology.® Clearly, in such series of reductive links, more is being af-
firmed than simply prescriptions for research strategies, and this
“more” is indeed often not what scientists would wish to sponsor. Care-
ful distinctions between different kinds of reductionism seem to be re-
quired, if only to ascertain what kind of talk about reducing mental
events to physicochemical ones is licensed by the general nature of
the relationships among the sciences.

The question is, moreover, not without pressing concern in such a
human situation as the relation of a clinician to his patient.® Conven-
tional medical education is “reductionistic” in the sense of attempting
to reduce the account of pathological events to physicochemical
terms. Medical doctors are trained to believe that there is an “explana-
tion” in such terms, which is only deficient or not available because of
our lack of knowledge and of adequate research. From such attitudes
it is very easy to step into the kind of more general, philosophical
reductionism with which we are here concerned. In practice, there
can be visualized a spectrum of disease—at one end, purely physical
illnesses which could be described in terms of, for example, virulent
organisms meeting susceptible hosts with predictable responses and
adequately describable in physicochemical terms; at the other end,
neurological and psychiatric illnesses in which our understanding of
the chemical and electrophysiological events underlying (however
obscurely) mental processes is very elementary or nonexistent. What
the clinician knows is that, even if he had a full, physicochemical
account of the processes involved in these latter illnesses, it would
only be a part (and that a small one in many cases) of coping with the
complex interrelation of factors which contribute to the illness and
which mar the total integration of a human being.

The clinician becomes acutely aware of this when he has to apply
his scientific training, with its reductionistic implications, to individu-
als with whom he has professional and personal relationships. This
personal nature of the doctor-patient relationship may lead to a lack
of scientific objectivity, but often the effect of the doctor’s personality
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has a more positive influence on the patient’s recovery of health than
does the exclusive application of detailed scientific knowledge. The
patient responds to the will of the doctor, explicit or not, in a way in
which the contents of a test tube do not respond to the will of a
chemist.

Certainly, the doctor finds himself at two or more levels in the
hierarchy of explanatory schemes and has to act as if human indi-
viduals have more value than their constituent elements; and this
attitude, superficially at least, is not readily derivable from a reduc-
tionist philosophy. The medical doctor often faces moral choices, ask-
ing at one and the same time, “What shall I do for him [the patient]?”
and “How shall 1 manipulate this {human] physicochemical
mechanism?” The manipulative approach of the second question has
been so successful as to engender a world view according to which
“how?” seems to be the only question to ask; but the question of what
a doctor should be doing is not readily answered in a manipulative-
mechanistic framework, which cannot therefore be a full and ade-
quate account of the case.

But even this complex personal dilemma of the clinician can be
placed within a broader context. For the very institution within which
doctor and patient interact can shape the whole situation. It has been
found that some institutions, for example, mental hospitals, them-
selves often disturb behavior.” Thus the effects of social organization
and systems on human self-understanding and action have to be al-
lowed for; and this, too, implies a hierarchy of complex levels within
the person, a hierarchy which the clinician has to recognize.

With this kind of experience in view, it is not surprising that, in the
argument about the problem of consciousness, the choice between
reductionism and antireductionism is continually raised at many dif-
ferent stages. The position adopted concerning the relation of mind
and body, of mental events to physicochemical events, of psychologi-
cal regularities to physicochemical laws, will be related inevitably to
the position adopted with respect to various forms of reductionism.
Thus a materialist reductionism involves the belief that there is only
one kind of “substance,” namely, matter, and that the mental aspect
of matter, evolved at a certain stage on earth, is but an aspect of
matter and not a type of substance in its own right; a property
reductionism (almost indistinguishable from the foregoing, in the
light of the long-continued discussion of what constitutes “substance”)
attributes the emergence of mental properties to the advent of certain
aggregations of material properties, and mental properties are then
properties of material bodies which cease to exist when the latter are
dispersed and disorganized; a nomological reductionism describes, in
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principle, the behavior of a conscious being solely by reference to
physicochemical laws, so that the conduct of the organism as a whole
is therefore summable from that of its parts, using only physicochem-
ical laws—and this amounts to a ban on emergent laws at the level of
mind. Clearly, a number of interrelated concepts are involved here,
including both the problem of emergence (of new things, new prop-
erties, new laws) and the characterization of and distinction between
mental and physical states (to which H. M. Robinson refers in his
paper).?

The choice-of attitudes with respect to reductionism has many re-
percussions in areas of particular interest to those concerned with the
interface between science and religion, particularly Christian theol-
ogy. In the following, I attempt to report the distinctions among
different meanings of reductionism which have been distinguished
in the literature. Unfortunately, these distinctions are not always
heeded, so that much ambiguity and confusion often occur when
scientists, at least, discuss these matters. It soon transpires that one
form of reductionism which has been commended by some
philosophers of science is epistemological (or linguistic) reductionism,
according to which the theories, laws, and statements in one field of
science (e.g., biology) are but special cases of theories, etc., in some
other branch of science (e.g., physics-and-chemistry, in this instance).
It is to be distinguished from nonautonomy (= reduction) of higher-
level processes to lower-level processes. Recent considerations of the
kind of hierarchies that prevail in actual systems, in theories, and in
the relations between the sciences have important implications for the
whole question of epistemological reductionism; and the greater part
of the following survey is concerned with this aspect of the matter
(with special reference to Morton Beckner’s contribution to the con-
ference on “Problems of Reduction in Biology” in Bellagio, Italy, in
1972, and to other papers given on that occasion).?

This survey (covering the views, inter alia, of Crick, Francisco
J. Ayala, Theodosius Dobzhansky, W. H. Thorpe, Ernest Nagel,
J. R. Lucas, Beckner, C. G. Hempel, K. F. Schaffner, P. Medawar,
J. J. C. Smart, and Michael Polanyi) leads me to the view that an
epistemological antireductionist position (theory autonomy, “weak
organicism”) is defensible both with respect to the general rela-
tion of biology to physics-and-chemistry and to the particular re-
lation of consciousness to neurophysiological events. A precise
and, I think, helpful application of the adjective “emergent” to
consciousness can be made; and this, in its turn, provides a more
fertile basis for the science-religion dialogue than is allowed by crude
forms of either ontological reductionism or supernaturalism.

311



ZYGON

TypESs OF REDUCTIONISM

Reference has already been made to one classification of reductionism
(viz., materialist, property, and nomological reductionism) according
to the sphere of operation of the reduction (viz., substance, property,
and law, respectively). This was useful in relation to the mind-body
problem, but more general distinctions have been made along the
following lines.*?

METHODOLOGICAL REDUCTIONISM

Even before the dramatic successes of “molecular biology” in recent
decades (though in this respect it was operating in much the same way
as had biochemistry since the beginning of the century), the progress
of the natural sciences could already be attributed, in part, to their
analytical propensity to break down unintelligible, complex wholes
into experimentally and theoretically more manageable lower levels
of organization of component units for the purposes of exploration.
Briefly, one builds up from the micro level to the macro level. This
prescription for research has been vindicated throughout a wide
range of the sciences and is scarcely a matter of controversy. In par-
ticular, even the most holistic of biologists would not deny the value of
the unraveling of the molecular basis of heredity in DNA (deoxy-
ribonucleic acid) or the protein-structural basis of immunological re-
sponse. Indeed, this strategy is an inevitable consequence of the nat-
ural world consisting of a hierarchy of organized systems at multiple
levels, one system (e.g., biological macromolecules and living or-
ganisms) constituting the interacting units from which more complex
systems are assembled at the next level (i.e., in single living cells and in
ecosystems of populations of organisms in their environment, respec-
tively). Such relationships, which emerge empirically, necessitate an
analytical strategy of a methodologically reductionist kind. So each
“science” becomes a relatively autonomous interlocking network of
theories, descriptions, concepts, experimental techniques, fields of
observations, and (one should honestly add) also of individual scien-
tists and their network of personal relationships. There is nothing
wrong in this, and it is widely accepted as the way in which a science
progresses, even though the relationship of the hierarchy of systems
which are studied and the hierarchy of theories may not be well
understood, as Beckner has argued, and has been grist to the mill of
arguments about reductionism.

Controversy on methodological reductionism begins only when ex-
clusive claims are made on behalf of the analytical reductionist pre-
scription for research that this is the only fruitful and legitimate mode
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of investigation, in biology in particular. Then biologists such as Dob-
zhansky, who was not intellectually comfortable with a reductionist
methodology and explanations, have to urge the claims of a contrast-
ing methodology, which can be broadly called “compositionist.” The
compositionist approach recognizes that in biology there are several
hierarchically superimposed levels of integration of structures and
functions. For example, the use of adaptations, of structures and
processes, to the whole organism for survival and reproduction in an
environment has to be the focus of attention at a level of combination
of many factors. A trait of the whole organism can only be described
and known as “adaptive” in relation to this total composition. (It is, in
fact, a trait which enhances the probability of survival and reproduc-
tion in this milieu.) Dobzhansky argued that the biologist does not
really have to choose between a reductionist and compositionist ap-
proach: Both are equally necessary; they are complementary to each
other; each is incomplete without the other; and, indeed, at the pres-
ent state of knowledge, each is incomplete by itself.!!

Such a view recognizes that the various levels of integration of
structure and function (e.g., along the series—ecosystems, popula-
tions, individuals, cells and organelles, macromolecules) necessitate
methods, both intellectual and experimental, which are specific to
those levels, namely (in the same order as in the parenthesis above),
community ecology, zoo and plant geography; population ecology,
population genetics; morphology, physiology, behavior studies, de-
velopmental genetics; cytology, cell physiology; biochemistry,
biophysics. Understanding of both the pattern and the component
units of any one level is required.

This eirenic approach rejects the extreme, methodological-
reductionist view that complete knowledge of components will au-
tomatically reveal the patterns which they compose. The very com-
plexity of organismic patterns of structure and function should deter
one from adopting this extreme position, and few will be found to do
so. But some reductionists, while recognizing the complementarity of
reductionist and compositionist methodologies, nevertheless do so
only as a kind of concession to the present incompleteness of our
knowledge and still believe, however vaguely, that the expectation is
that all the sciences, in particular biology, will be reduced to physics
and chemistry. In what sense this view has been propounded and
what its validity is can emerge only if we examine other, more
metaphysical forms of reductionism. These raise much broader ques-
tions of the kind, “Is the relation between theories at different levels
purely linguistic, for example, a relation between biological state-
ments and physicochemical statements?” and “What do we count as

313



ZYGON

explanations, and do they operate in the same way at different levels
of complexity?” Clearly, the issue of reductionism in this more
metaphysical mode implicates many major problems in the
philosophy of science. In what follows, I shall try to isolate the issue of
reductionism as far as possible but with the warning that, in the long
run, it is a Pandora’s box in the philosophy of science.

ONTOLOGICAL REDUCTIONISM

Put crudely, ontological reductionism consists in the view that com-
plex wholes (in particular, and in our focus of interest, biological
organisms) are “nothing but” their component parts. It is a statement
about what certain entities are: hence the designation of this form of
reductionism as “ontological,” that is, concerned with being. Every-
thing, however, then turns on how the “nothing but” in this (too) brief
statement of ontological reductionism is elaborated and unpacked. In
the literature on this subject, the term “ontological reductionism” has
been used in two ways, which must now be discussed (again with the
relation of biology to physics and chemistry especially in view). The
first, 4, implies that the laws of physics and chemistry apply to all
biological processes at the atomic and molecular levels and excludes
all “vitalist” views which suggest that some entity or substance is added
to atoms and molecules to constitute them as living organisms. The
second, B, asserts that biological organisms are “nothing but” atoms
and molecules and implies that a physicochemical account of their
atomic and molecular processes is all there is to be said about them.
Let us consider each position more fully.

Ontological Reductionism A.  In this form, upon which there would be
wide agreement, the ontologically reductionist position simply
asserts that complex wholes are indeed made up of units that obey
their own particular laws which are not abrogated by their assembly
into these larger wholes—that (e.g.) physicochemical entities
and processes underlie all living phenomena. Ontological reduc-
tionism so defined, Ayala can then go on to say that this term “implies
that the laws of physics and chemistry fully apply to all biological
processes at the level of atoms and molecules”;'? and he reemphasizes
the remark of Dobzhansky to the effect that “most biologists . . . are
reductionists {ontologically] to the extent that we see life as a highly
complex, highly special and highly improbable pattern of physical
and chemical processes.”'® Or one could instance C. N. Hinshelwood:
“One might in very general terms regard a mass of living matter as a
macromolecular, polyfunctional free radical system, of low entropy in
virtue of its order, with low activation energy for various reactions in
virtue of its centres, and possessing a degree of permanence in virtue
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of a relatively rigid structure.”'* This view is distinguished particu-
larly by what it excludes—namely, that certain entities other than
physicochemical ones operate and are present in biological organisms
and so constitute them as “living” organizations of matter. This latter
view (denoted as “vitalism”) is almost totally rejected by biological
scientists even when they take up positions opposed to other forms of
reductionism. This leaves open the possibility that one can be both
antireductionist and antivitalist, as will be shown. It is important to
note that what is excluded by this view is the existence of any ontolog-
ical entities (be they ethereal soul stuff, élan vital, life force, or en-
telechy), the addition of which to the organization of atoms and
molecules then constitutes them as living. This is tantamount to as-
serting that no extra “substance” is added to atoms and molecules
when they adopt the complex organization which is characterized as
“living.” If that is what is being rejected, then this form of ontological
reductionism must, and indeed does, command almost universal as-
sent. For the biological sciences have scored their most spectacular
successes by acting on nonvitalist assumptions. For these reasons,
form A of ontological reductionism is acceptable even to many who
are antireductionist, in the sense that they deny some of the
metaphysical forms of reductionism yet to be described. This having
been made clear, it is important not to go on to draw a further, wrong
conclusion.

Ontological Reductionism B. Because complex wholes are made up
of constituent units which obey their own laws at their own level (e.g.,
biological organisms are made up of molecules which obey
physicochemical laws), this need not mean that merely instancing the
component units (molecules, etc.) of a complex whole (living or-
ganism) entails there being nothing else to be said. It is indeed true
that the answer to “What else is there [e.g., other than atoms or
molecules in a living organism]?” is “no-thing at all,” but this need not
mean that describing the molecular constituents and their properties
is all there is to be said (i.e., that there is nothing more).*® This view
certainly has strength and the attraction of simplicity and so can
often appear to render other views, if not demonstrably false, at
least redundant.

This extreme and rather broad form of ontological reductionism,
which is here denoted as B and which has been dubbed colloquially as
“nothing buttery” by D. M. Mackay,!® is opposed by those who wish to
assert, as I do, that, even while recognizing that the constituent units
of' a complex whole (such as atoms and molecules in a living organism)
obey their relevant laws at their own level, there is indeed much more
to be said. It may be true that even the Archbishop of Canterbury is
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59 percent water, but so also are General Amin and the latest Nobel
laureate. There is something more to be said, even if one does not
want to say that there is some special entity present in living or-
ganisms.

At the beginning of this paper, I quoted Crick’s remark, “The
ultimate aim of the modern movement in biology is in fact to explain
all biology in terms of physics and chemistry,” as a typically strongly
reductionist statement. Indeed, it would amount to an avowal of on-
tological reductionism B if, as it seems superficially, the “physics and
chemistry” in terms of which he claims biology is to be explained are
the laws of physics and chemistry of atoms and molecules and their
processes only as we know them at present and only as they are
applied to atomic and molecular processes as such. So interpreted,
this remark has often been regarded as a classic statement of ontolog-
ical reductionism B and has been opposed by many authors.*” How-
ever, if by “physics and chemistry” Crick meant—and the research
activities of molecular biologists would be consistent with this—a
much expanded form of these sciences, then what he is asserting
becomes more obscure. Is the expansion of physics and chemistry
going to absorb into its conceptual schemes more purely biological
concepts such as adaptation, immune response, and so on? If so, the
designation of that according to which biology is to be explained as
“physics and chemistry” becomes a purely semantic operation and a
misleading one at that. However, even this statement by Crick, which
has often been taken as typical of ontological reductionism B, is ex-
plicitly about explanation and not ontology as such, although it is a
natural conclusion and often also a hidden implication that biological
organisms are “nothing but atoms and molecules” if they are fully
explained in terms of the sciences of atoms and molecules. So this nest
of ambiguities leads us inevitably into the consideration of epis-
temological reductionism.

In brief and with reference to biology, ontological reductionism 4,
which asserts that the laws of physics and chemistry fully apply to all
biological processes at the level of atoms and molecules, seems
scarcely to be in dispute; but ontological reductionism B, which, in
asserting that biological organisms are “nothing but” atoms and
molecules, seems to be implying that a physicochemical account of
their atomic and molecular processes is all there is to be said, is widely
regarded as inadequate, and is disputed. Reductionism B, which is
often expressed ambiguously, is concerned with explanation. This

leads naturally to a consideration of the “something more” that has to
be said.
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EPISTEMOLOGICAL REDUCTIONISM

The philosophical debate on reductionism has centered principally on
“whether the theories and experimental laws formulated in one field
of science can be shown to be special cases of theories and laws formu-
lated in some other branch of science,” and, “if such is the case, the
former branch of science is said to have been reduced to the latter.”*®
This is an epistemological—even linguistic—kind of reduction and,
not surprisingly, touches on important problems in the philosophy of
science as well as, more generally, in metaphysics. The literature on
this subject is widespread and is engendered not only by philosophers
of science but also by scientists {especially biologists) concerned with
the relation of their science to others and by scientists with wider
philosophical and theological concerns. Some of this literature is cited
below, but fortunately a valuable volume has recently appeared, giv-
ing an account of a symposium on this theme;!? what follows is much
indebted to the papers published in that volume, and it should be
consulted for appropriate elaboration of the brief account given here.

Wholes, Parts, and Relations. Discussions of reductionism are often
associated with the theme of the relation between wholes and parts.
For example, Thorpe quotes C. D. Broad’s contention that in order to
explain the behavior of any whole in terms of its structure and com-
ponents “we need to know the law or laws according to which the
behaviour of the separate parts is compounded when they are acting
together.”?® The laws that explain the behavior of the whole, it is
implied, cannot be derived from the laws that explain the behavior of
the parts, acting separately. At least this is what defines, it is being
suggested, an organic whole or unity to which epistemological reduc-
tion is inapplicable. The meaning and usage of the terms “whole,”
“parts,” “sum,” and “organic unity” have been carefully analyzed by
Nagel.?* The fundamental issue of relevance here is whether the
analysis of “organic unities,” of organic wholes, necessarily involves
the adoption of irreducible laws for such systems and whether their
organization is of such a kind as to preclude a simple summation of
their parts to yield the whole, that is, an “additive” analysis. Such an
additive analysis appears to be one which accounts for the properties
of a system in terms of assumptions about its constituents, taken in
isolation from the system; and “a ‘non-additive’ analysis seems to be
one which formulates the characteristics of a system in terms of rela-
tions between certain of its parts as functioning elements in the
system.”?? Nagel concludes that, although there is no doubt that there
are functional wholes whose constituent parts are “internally” related
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(in the sense that these constituents stand to each other in relations of
mutual causal interdependence), “some functional wholes certainly
can be analyzed in that manner [from the additive point of view] while
in the case of others (for example, living organisms) no fully satisfac-
tory analysis of that type has yet been achieved. Accordingly the mere
fact that a system is a structure of dynamically interrelated parts does
not suffice, by itself, to prove that the laws of such a system cannot be
reduced to some theory developed initially for certain assumed con-
stituents of the system.”?3 This conclusion, modest though it is, shows
that the issue of the relation of wholes to parts, whether “additive” or
“nonadditive,” is not one which can be settled in a wholesale and
a priori fashion. Each system needs to be examined on its own merits
in this regard, even each biological system and level of inquiry (and
indeed Thorpe discriminates in precisely this way).?*

In this and other discussions of the relation of constituent parts to
the “whole” to which they belong, the reality of relations, as entirely
on a par with qualities, is taken for granted. There is indeed no logical
warrant for making any distinction between the status of qualities and
of relations.?® Once this is allowed, the question of the ontological
reductionist B—“What else is there [other than the constituent
elements]?”—is evidently only a partial question and may need to be
supplemented by “How are its constituents combined?” We are then
concerned with internal structure and the relation of different ele-
ments to one another. The focus of interest of the biologist, for ex-
ample, is the structure and the continuously functioning processes of
life, although he inevitably also needs to know what kinds of atoms
and molecules are present (but not, of course, which particular ones
are there at any given moment).

Hierarchies of Systems, Theories, and Sciences: Theovetical Models for
Resolving Some of the Issues of Reductionism. The expansion of our
knowledge of the natural world which has occurred particularly in
this century has shown it more and more to consist of a hierarchy
of systems, and this is particularly true of the various levels of organi-
zation to be observed in living organisms. The sequence of increasing
complexity to be found in the living world (atom, molecule, mac-
romolecule, subcellular organelle, cell, multicellular functioning
organ, whole living organism, population of organisms, ecosystem)
represents a series of levels of organization of matter in which each
successive member of the series is a “whole” constituted of “parts”
preceding it in the series (for convenience, let each member of this
series be called “higher” than the one preceding it in the list above).
The higher members are “wholes,” in Nagel's sense of being
“pattern[s] or configuration[s] formed by elements standing to each
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other in certain relations” and, more to the point, being “organized
systems of dynamically interrelated parts.”?® The issue, with respect
to the biological level, is whether biological organisms and systems are
indeed “organic unities,” which require nonadditive analysis in
Nagel’s sense.?” To resolve this issue, it is necessary to distinguish
carefully the hierarchy of systems from the hierarchy of the theories
of the sciences concerned with the systems.

The hierarchy of natural systems has been described frequently and
needs no further elaboration, especially as it is not in dispute among
scientists.?® The concept of a set of hierarchically organized systems
has also been thoroughly investigated from a more abstract viewpoint,
and the conditions for a set of part-whole relations to constitute a
“perfect hierarchy” have been formulated by Beckner.?® After
affirming that, with some inadequacy of fit (e.g., not all the tissues of
an organism are composed of cells), biological organisms may be re-
garded as cases of such hierarchies, Beckner continues,

The hierarchy model has historically provided a large part of the framework
of discussion in the philosophy of biology. It is involved in a wide range of
connected ideas: levels of organisation, sequences of boundaries ..., au-
tonomy at one level with respect to lower ones, a temporal order in the arrival
of the higher levels on the cosmic scene, the emergence of higher-level en-
tities, etc. The existence of hierarchical systems is certainly connected with the
hierarchical arrangement of theories. But I do think we lack a detailed
philosophical account of the connections, in part because the relations be-
tween higher and lower-level theories are not too well understood.3?

He goes on to argue that our view of what constitutes a hierarchy of
theories is influenced not only by notions of scope and generality but
also by the empirical fact that there are very many hierarchically
organized systems, and these provide us with a way of arranging
sciences (and their associated theories) on a scale: An i-level theory of
an i-level science is then one that is largely concerned with ¢-level
systems; and the ¢-level science is comprised of theories, T: (and also
experimental laws, Li).%!

The reducibility of a theory at a higher level, Ts, to a theory at a
lower level, T: (i.e., lower z), has been a central concern of
philosophers of science over recent decades.?? If a theory T or ex-
perimental law L» within the science applicable to level L: can be
shown, in some sense (see below), to be a special case of a theory (and
laws) T formulated within the science applicable to a lower level L,
then T is said to have been reduced to 7. Possible samples of such
pairs, Tw and 7', might be, respectively: (much of chemistry)-(physics);
(geometrical optics)-(physical optics); (gas laws)-(laws of molecular mo-
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tion); (classical thermodynamics)-(statistics of molecular motion);
(Mendelian genetics)-(DNA structure, coding, and transcription).
More precisely, Nagel formulates reduction as the explicability of all the
laws of T in the theory T, and the logical conditions for this which he
has formulated have commanded wide assent. They are (1) the condi-
tion of connectability—that all the concepts or terms of T» can be
systematically connected with some of the terms of T (by synthetic-
identity statements, explicit definitions, or some other semantic
relation)—and (2) the condition of derivability—that each law Ly is
deducible from T', together with statements which connect the respec-
tive concepts or terms of the two levels L: and L: and a description of
relevant boundary conditions in the vocabulary of T It should be
noted that, according to this definition, reduction is distinctively lin-
guistic, for it is the deduction of one set of empirically confirmable
statements from another such set—and not the derivation of the
properties of one subject matter from the properties of another
—because the “nature” of things (especially the elementary con-
stituents of things) is not accessible to direct inspection.®® Nagel re-
gards it as “hopelessly and irresolvably speculative” to try to make
reduction the deduction of properties or “natures” from other prop-
erties or “natures,” that is, to attempt ontological reductions of type B.
Hempel regards this linguistic turn to the originally ontological
character of the reductionist question as an oversimplification since it
construes reduction as a strictly deductive relation between state-
ments (or principles) in two theories.3* The “oversimplification” to
which he objects arises, in the case of the mechanistic program for the
reduction of biology (as T) to physicochemistry (as T3), in the claim
that, in applying the condition of connectability, all biological con-
cepts and terms can be extensionally characterized in physicochemical
concepts and terms. This has to be insisted upon, in this program, for
otherwise the “connecting principles” (cf. Nagel) would merely consti-
tute additional biological laws if they expressed only the necessary or
sufficient physicochemical conditions for biological concepts, so that
the reduction would then be incomplete at stage 1, connectability.
However, since connecting principles which are presently available do
not begin to suffice to characterize all concepts and terms of biology
(T'x) in physicochemistry (T), the program of mechanistic reduction
appears to be untenably oversimplistic in Hempel’s view.

Lucas has also drawn attention to the question of whether
physicochemical reduction can be as “complete” (in the technical, log-
ical sense) as some mechanists have traditionally believed. For the
claim that such physicochemical reduction not only can explain every-
thing but does not even allow that anything could be in any way
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different from what this reduction says it should be does not, Lucas
argues, seem to work out in practice. He says that this claim is wrong
because only rather restricted theories are complete. Yet “incomplete
theories can be compatible without being the same in all their conse-
quences. And so we can accept the possibility of physical and chemical
explanations without thereby excluding that of biological explana-
tions that are essentially different.”3?

The foregoing represents only a small, although central, sample of
the discussions by philosophers of science about the question of re-
duction of theories in science. This not inconsiderable activity®® has
contributed valuably to our understanding of science and also has
implications for interpreting its history as well as for assessing the
actual success of attempts at reduction.?’

Similar issues have arisen when practicing scientists have reflected
on the hierarchy of the sciences.3® Thus Medawar notes that as one goes
along the series physics-chemistry-biology-ecology/sociology each
represents a subclass within the possible interaction of the units of the
preceding level, and “the sciences become richer and richer in their
empirical content and new concepts emerge at each level which sim-
ply do not appear in the preceding science.”®® Corresponding to each
level in the hierarchy of systems, the appropriate science employs
concepts which are peculiar to it and indeed have little meaning for
levels lower down (or even higher up in some cases): “As new forms of
matter, non-living and living, emerge in the universe, new categories
of description of their form and properties ... are necessary and
these categories will be other than those of the physics and chemistry
appropriate to the subnuclear, atomic and molecular levels.”*?
Medawar sees an analogy between the relation of the foregoing se-
quence of the sciences and the relation between, successively, topol-
ogy and then projective, affine, and Euclidean geometry. In each case
the group of operations defining the preceding in the series has as a
subgroup the group of operations defining the next, and the concepts
of the geometries become progressively richer and more particular.
Moreover, every statement true earlier (or lower)*' in the series
(whether of geometries or of sciences) is true in the later (or higher),
but these statements are usually not the focus of interest for the prac-
titioners of a higher-level science because they do not constitute their
distinctive problem. For such reasons, sociologists have insisted on the
distinctiveness of sociological concepts from biological, and biologists
the distinctiveness of their concepts in relation to physics and chemis-
try.

Apparently, what many practicing scientists are concerned to em-
phasize is this distinctiveness of the concepts of their own science, of
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which they are only too well aware when they try to communicate with
scientists of other disciplines. This distinctiveness has been more pre-
cisely delineated by Beckner as theory autonomy, the autonomy of
higher-level theories (I's) with respect to lower-level theories (I7), in
the sense that the higher are not epistemologically reducible (accord-
ing to Nagel’s criteria) to the lower.*? This analysis stresses theory
autonomy as a relation between parts of scientific languages and is
carefully distinguished by Beckner from process autonomy, which “has
nothing to do with the languages we choose to describe [processes]
but rather with some sort of causal independence.”*? He defines a
process P, at level Li in a hierarchy, as being autonomous with re-
spect to processes in a “lower” level L if, and only if, the laws of P» are
not fully determined by the laws of processes (of a different kind) at
level Li.**

Beckner argues that much of the confusion in the discussion of
reductionism has resulted from a failure to distinguish adequately
between, on the one hand, the hierarchy of sciences, with their as-
sociated theories, concepts, descriptions, etc., and the logical relation-
ships among them (i.e., the question of autonomy of theories) and, on
the other hand, the hierarchy of actual systems and the real relations
(causal, spatial, temporal, part-whole, identity) among the events,
processes, etc., occurring at each level in this hierarchy (i.e., the ques-
tion of the autonomy of processes). Causal connections have to be
more carefully defined and analyzed for hierarchical systems than
they do for pairs of systems which have no parts in common.

With these rather sharp distinctions, Beckner has little difficulty in
showing that the autonomy of higher-level processes does not follow
from theory autonomy, for the irreducibility of a higher-level theory
(Ts) to a lower-level theory (I'Y) may be due to differences in their
conceptual structure and not to lack of determination of processes in
the higher level (Ls) by processes in the lower level (.;). More formally,
let superscripts Aut = “is autonomous” and Red = “is reducible” (a la
Nagel), Thn = a “higher -level” theory, and P, = a “higher-level” pro-

cess, so that T#* = —T{*, by definition. So, if T > —Pf as all
could agree, then it follows that— —P ;" T f4; that is, Pi“—~> T i“,
but not that -7 f¢ - — —P#: that is, not that TA“‘ P,

Beckner’s paper casts much light on the reductionism question, for
example, when he delineates the various confusions which result
when the special character of hierarchical systems is overlooked.*’ His
distinction between process and theory autonomy also serves to dis-
tinguish two forms of reductionism and antireductionism concerned,
respectively, with processes and theory.*6 It may be helpful to set out
these distinctions (see table 1).
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TABLE 1
Type of Type of
Reductionism Antireductionism
Higher-level processes: Pi ... ... ? Ontological B Strong organicism*
(not autonomous): (autonomous):
—P ;L‘fut P/I;iut
Higher-level theories: Th .. ..... Epistemological Weak organicism*
(reducible): (autonomous =
Tfed = -7 not reducible):

Aut —. __T'Red
Th rh

*Morton Beckner’s terms (see n. 9 below).

Reduction of theories can certainly be called epistemological, for it is
about “the logical relations that hold between theories, descriptions,
conceptual schemes and other instances of language.”*” But the au-
tonomy of processes is about what “we may as well call real relations
(causal, identity, spatial, temporal, part-whole, etc.) between the
events and other phenomena that our languages describe.”*® So this
question of the autonomy of processes possibly comes more within the
area I have designated as ontological B or “nothing buttery,” the
doubt arising because of the ambiguity of reference, with respect to
theories or processes, of much of the discussion of ontological reduc-
tionism. The view which supports the autonomy of higher-level pro-
cesses Beckner calls “strong organicism” (table 1, upper row) and
some “antireductionism” is of this kind. Beckner has little difficulty in
proving that the strong organicist is driven by the logic of his case to
postulate a nonmaterial control entity; that is, he is impelled to
vitalism.*® This is not the case with the epistemological antireduc-
tionist or “weak organicist.”

RepUCTION OF BroLoGy TO Paysics AND CHEMISTRY

In the light of these analyses of reductionism, where does biology
stand in relation to physics and chemistry? We have seen that an
attitude of methodological reductionism toward biology is permissi-
ble, indeed often necessary for research, but needs always to be bal-
anced by compositionist methodologies. We have seen that an on-
tological reduction, type 4, of biology is generally agreed upon. The
argument among biologists concerned with this question then centers
chiefly on epistemological reductionism and ontological reductionism
B, and the distinction, outlined in table 1, between theory and process
autonomy is here of special value.

The biological scientist is certainly keenly conscious not only that
biological organization is a hierarchy of parts making wholes at dif-
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ferent levels but also that dynamic processes are themselves inter-
locked dynamically in space and time in more complex networks.
Thus processes at the molecular level, such as enzymatic reactions, are
part of a network of interlocked reactions of this kind in a metabolic
web, itself distributed spatially over a structurally hierarchical
framework of organelles, which are themselves interconnected by
structures and by chemical messengers in a larger whole (the cell),
which is itself—and so on. Hence regarding the hierarchy of systems as
simply a static assembly of building blocks constituting different kinds
of parts at different levels, so that within each “part,” so conceived,
particular processes go on and are then just added together to make
the next level, does not correspond to the dynamic complexity which
the biologist observes in living organisms. He therefore is bound to
stress the special concepts he has to employ to describe and under-
stand such complexities. He finds that, at each new level of biological
organization, new kinds of interlocking relationships emerge, and
these require both new concepts to order them and render them
coherent and distinctive experimental techniques and designs of ex-
periment. So he strongly supports the autonomy of biological
concepts; that is, he is epistemologically antireductionist, in the sense
of the labeling of table 1. It is this autonomy of biological theory in
relation to physics and chemistry which numerous biologists have
been concerned to emphasize. There are, indeed, distinctive ideas in
biology which simply cannot be envisaged or translated into the con-
ceptual terms of physics and chemistry.®®

In staking out this position for biology, some authors have moved
from stressing the autonomy of biological theory to basing their ar-
guments on the fact that biological organisms evidence new, complex
relationships between their constituent parts, and it is these relation-
ships per se which, being logically distinct, are then assigned an au-
tonomy of a kind which moves their position closer (although often
obscurely so) to the upper row of table 1, that is, to “strong organi-
cism.” We have seen that the kind of antireductionist position which
argues for theory autonomy is not at all logically committed to process
autonomy. Yet some authors, in arguing for the former, slide gently
into the latter through an emphasis on the new relationships which
biological organisms manifest.

To some philosophers, it is almost trivial and obvious that, as Smart
puts it, “new qualities emerge when samples are put together to form
a complex,”® as when the pieces which constitute a radio set are
connected in the proper sequence and then receive signals. Yet this
point, regarded by such philosophers as a very modest one, is often
the one which, for example, biologists want minimally to affirm when
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told that their subject is nothing but “physics and chemistry.” One
form of antireductionist argument which makes this kind of stress on
relationships has been developed by Polanyi, who says that there are
“boundary conditions” which characterize machines in relation to
their components, and he then transfers the same argument to the
relation of biology to physics and chemistry.®2 His initial point is that
for machines (say, a steam engine) the principles (“boundary condi-
tions”) which determine the spatial relationships of the constituent
units are those of mechanical engineering and are distinct from the
properties of the separate units, described in physicochemical terms.
Further kinds of discription are required to explicate the relation-
ships between parts peculiar even to that level of organization of
matter which is a machine.?® This initial stage of Polanyi’s argument is
vulnerable to the criticism that the concepts of mechanical engineer-
ing are reducible to physics and chemistry, at least in principle; for
given the parts with their physicochemical properties and the relation-
ships between these parts, the operation of the machine can be deduced.
It would then seem plausible to argue that mechanical engineering is
indeed reducible to physics and chemistry. However, the italicized
phrase is crucial to his argument, for the differentiating characteristic
of the concepts of mechanical engineering is that they are concerned
with these relationships between parts and are, to that extent, distinct
from those of physics and chemistry. Whether or not this is sufficient
to establish theory autonomy and so lead to the epistemological anti-
reductionism of the kind outlined in table 1 is the question at issue.

Polanyi would regard himself as an antireductionist, yet we find
Schaffner making almost the same point, although he clearly sees
himself as a reductionist.>* He defines the “biological principle of
reduction” as that, “given an organism composed out of chemical
constituents, the present behaviour of that organism is a function
[causal or theoretical?] of the constituents as they are characterisable
in isolation plus the topological causal interstructure of the chemical
constituents. (The environment must, of course, in certain conditions,
be specified.)”®® Yet the crux of the question is his “plus”—not to
mention the “environment,” which must be taken to include that
larger part of biology concerned with the interaction of living crea-
tures with one another and with the physical world, in fact in ecosys-
tems. For it is the very nature, character, and existence of what
Schaffner calls the “topological causal interstructure” to denote the
spatial arrangements and causal signal influences. This is what re-
quires biology to be a distinctive science needing concepts of a quite dif-
ferent kind from those of (say) chemistry, which has to understand
molecular behavior in relation to atomic arrangements.
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However, this form of the stress on the relationships of the parts
(which Nagel also emphasized in his discussion of wholes and parts)?¢
has not always impressed philosophers such as Smart or even Beck-
ner. There is a real problem here, it seems, about the logical character
of biological theory and to what extent biological theories can be
regarded as autonomous (i.e., not reducible in Nagel’s sense), simply
and only on the grounds that they have to concern themselves with
the special kinds of biological interrelationships between units. This is
not a question that can readily be settled for all biological theory in
toto but is a matter for investigation in each case.

Polanyi’s argument has more force and is certainly less superficially
vulnerable to the foregoing criticism when he applies it not to a
machine but to a biological system—for example, a living cell with its
complex configuration in space and time, with its flow of constantly
changing substances both within and across the cell membrane, and
with its possession of an individual “life cycle.” He has based a similar
argument on certain molecular structures with biological specificity.>”
The chemical structure of DNA, the covalent (—) and hydrogen
bonds (represented by a dot) which link them, thereby enabling
specific bases to be paired (AT, G-C), are describable in terms of the
categories of physics and chemistry and are studied on this basis by
physical biochemists and biophysicists. Within the double helical
structure, there are sequences of base pairs. For example,

A—G—C—A—-G—T—...
T—C—-—-G—-T—-C—A—...

All such sequences of these four base-pair “units” are equally permis-
sible physicochemically (within certain limits which do not affect the
argument) and can fit equally well into the structure. Yet, in the nuclei
of any particular cell of a given organism, within its DNA double
helices there are particular specific sequences which perform a
unique set of coding functions (for the construction, say, of a particu-
lar group of enzymes). This particular base sequence in this DNA has a
“meaning” (i.e., a defined readout via the code) only when the DNA
has been assembled in that organism and can have its biochemical
function as a genetic “blueprint” for the production of, for example,
specific proteins in due order only when it functions in the milieu of
the whole organism. Chemical processes are, indeed, the means
whereby bases are incorporated into chains of DNA, but the sequence
in which the bases are assembled in the DNA is a function and prop-
erty of the whole organism. So this is not an argument for process
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autonomy. But, since no “laws” or regularities of physics or chemistry
describing the nature and stability of the chemical bonds in the DNA
as such can specify the actual sequence of base pairs in any particular
case, this analysis supports the kind of epistemological antireduc-
tionism which affirms theory autonomy.

Thus there does seem to be a prima facte case for arguing that some
biological concepts, and so theories, are autonomous, not reducible in
the strict sense; certainly, biological concepts and theories are distinc-
tive of the biological level in the natural hierarchy of systems, as many
have argued.?® Because of this distinctiveness, it is not likely that all
biological theory is going to prove to be reducible to physics and
chemistry, judging from the difficulties of reducing even chemistry to
physics.?® Moreover, we do not yet have any overarching biological
theories of sufficient power to be analyzable in this way. What the
conceptual schemes will be which can deal with such “topological
causal interstructures” of the many different kinds discovered and yet
to be discovered in biological organisms is still an open question, as is
their autonomy or otherwise with respect to lower-level theories.
Perhaps the clues will be found in systems theory, as some have
urged;®® or in the science of computers, as Ted Bastin surmises, “be-
cause computing systems comprise the most sophisticated com-
binatorial structures available to us for explanatory purposes and
modern molecular biology has become extremely combinatorial in
character”;%! or from automata-theoretic models such as “potentially
infinite machines: push down storage automata,” as D. Berlinski has
elaborated upon.®? If so, it is likely that they will be autonomous.
These new conceptual schemes will have to integrate into a single
framework the multilevel mode of operation of a biological or-
ganism, of which ex hypothesi the molecular level described by physics
and chemistry would be only one, and will also have to include, in
some way as yet unknown, the purposeful exploratory activity of at
least the higher organisms. There is no special reason why the
molecular should be selected out arbitrarily as that at which alone
explanation is necessary to understand all the other levels, for, as
Bastin rightly comments, “As far as one can judge at all, the cell
cannot be understood in its behavior as the basis of events at the
molecular level. One would judge this because the control processes
of detailed cell physiology seem to proliferate endlessly in the sense
that the more one understands a given chain of reactions and their
associated background dynamics, the larger is the number of ancil-
lary, trigger and other, processes which it seems necessary to call in to
achieve completeness of explanation and a self-contained causal
scheme.”%3
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EMERGENCE: TOWARD A NONREDUCTIONIST ACCOUNT OF
CONSCIOUSNESS

In the case of hierarchically organized systems, a definition of
emergence could be that i-level phenomena are “emergent” with re-
spect to lower-level theories when, and only when, the i-level theories
are not reducible epistemologically (in Nagel's sense already quoted)
to the theories of the lower levels.6* “Emergence” here is synonymous
with “theory autonomy,” for this definition is relativized to a set of
theories but does inadequate justice to the different, nonmutually
reducible descriptions under which (like events) any level in a hierar-
chical system may be subsumed. This underlies, as mentioned earlier,
the confusions which occur in discussions involving hierarchies of
systems and of theories.®®

With this widening of the range of discourse, emergence can be
regarded as the corollary of the nonreductionistic view of the relation
between the sciences developed above. There are qualities, proper-
ties, behavior, activities, and characteristics which are distinctive of
higher levels in the hierarchy of systems.®¢ In particular, as we have
seen, there is a case for the autonomy of much distinctively biological
theory, and in this sense biology is not reducible to physics and
chemistry. But the argument applies all the way up the scale of the
hierarchy of the sciences and in particular to consciousness. Psychol-
ogy, on this brief, is not necessarily reducible to neurophysiology and
can have autonomous concepts distinctive of itself. To say this is not to
deny that neurophysiological processes occur in the brain, indeed that
molecular and atomic ones do so as well, but it is to deny the easy
giveaway fallacy of “Consciousness is nothing but the physics and
chemistry of the brain” and of all the consequences that are some-
times tritely drawn from this. For, from this approach, consciousness
could be regarded as a genuinely emergent feature at that level in the
hierarchy of complexity which we call the human brain in the human
body and, judging from the work on animal consciousness described
by Tim Appleton, also at lower levels in evolution.®” That is, con-
sciousness is a kind of property and activity which emerges when
certain complex structures are evolved. In the same sense as I have
argued above that biology need not be reducible to physics and
chemistry, so these new structures and relationships between “parts”
{now nerves and sense organs as well as ions and macromolecules)
exhibit phenomena and behave in ways which could merit unique
descriptions, requiring distinctive, autonomous concepts not reduc-
ible to those used in the level “below” (neurophysiology and
biochemistry). If this were so, consciousness would be not so much the
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property of a new thing or entity, the “mind,” but a genuinely
emergent activity and property not epistemologically reducible in the
sense already elaborated. So the biologist who adopts a theory-
autonomous antireductionism can view consciousness as an
emergent; and this allows the use to men both of ordinary and per-
sonal language and of poetic and religious (and other) languages to
describe and to communicate their states of consciousness. Neverthe-
less, such a biologist will also stress the continuity in the hierarchical
sequence which culminates in conscious (and, indeed, self-conscious)
brains in bodies.

It seems to me that this theory-autonomous, antireductionist, and
emergentist view of consciousness leaves it as an open philosophical
question whether the “mind” (mental states) is or is not identical, con-
tingently or necessarily, with the “brain in the body” (physical states).
For such an antireductionist understanding of consciousness as an
emergent does not attempt to take into account or to analyze the nature
and content of consciousness itself—what it is to be experiencing or
having a mental state. Indeed, superficially, it does seem difficult to
see how, in principle, the language used to describe our experienced
mental states could ever be reduced (in the strict Nagelian sense) to
the language of neurophysiology and biochemistry. A permanent
gulf seems to be fixed, and this uniqueness may perhaps be associated
with the unique position of (at least) human self-consciousness as
being the tool by which all the lower levels in the hierarchy of systems
are analyzed. It is to this dichotomy in experience that Robin-
son draws attention in his paper and there, in fact, argues against a
materialist account of the mind.®®

REDUCTIONISM AND RELIGION AND SCIENCE

This paper has constituted an introduction to the first public meeting
of the Science and Religion Forum on the problem of consciousness.
As such, it may not appear at first to be too directly connected with the
central interest of the forum. However, I hope that it will have be-
come clear that the question of reductionism and biology is not ir-
relevant to that interest. For there are many scientists who, rightly
adopting a methodologically reductionist attitude with respect to the
relation of biology to physics-and-chemistry, too readily proceed to
assume that biological theories as well as processes cannot be au-
tonomous and so extend this account to consciousness in both animals
and man. It is then but a small step to that totally reductionist view of
human personality which is the antithesis of the sense of significance
of persons that has inspired religion in general and is the keystone of
Christianity in particular, with its belief in a creating, immanent per-
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sonal power and presence in the cosmos who became incarnate in a
human person in history. Assessment of the problem of consciousness
will always be the touchstone of a general philosophical position and
so of our attitude to the claims of Christianity. Since this assessment
itself turns on the general scientific world view, I trust this paper will
have served both to introduce the particular theme of this occasion
and to inaugurate the forum itself.
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