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Unity of Science as a Working Hypothesis 

I. Introduction 
I.I. The expression "Unity of Science" is often encountered, but its 

precise content is difficult to specify in a satisfactory manner. It is the 
aim of this paper to formulate a precise concept of Unity of Science; 
and to examine to what extent that unity can be attained. 

A concern with Unity of Science hardly needs justification. We are 
guided especially by the conviction that Science of Science, i.e., the 
meta-scientific study of major aspects of science, is the natural means 
for counterbalancing specialization by promoting the integration of 
scientific knowledge. The desirability of this goal is widely recognized; 
for example, many universities have programs with this end in view; 
but it is often pursued by means different from the one just mentioned, 
and the conception of the Unity of Science might be especially suited 
ns an organizing principle for an enterprise of this kind. 

1.2. As a preliminary, we will distinguish, in order of increasing 
strength, three broad concepts of Unity of Science: 

First, Unity of Science in the weakest sense is attained to the extent 
to which all the terms of science 1 are reduced to the terms of some 
one discipline (e.g., physics, or psychology). This concept of Unity of 
La nguage (12) may be replaced by a number of sub-concepts depend
l11g on the manner in which one specifies the notion of "reduction" 
Involved. Certain authors, for example, construe reduction as the defi-
11itio11 of the terms of science by means of those in the selected basic 
disci pline (reduction by means of biconditionals (47) ); and some of 
I'll ··sc require the definitions in question to be analytic, or "true in virtue 
of tlic meanings of the terms involved" (epistemological reduction); 

AU'l'llOtt N' NOTE : We wish to express our thanks to C. G. Hempel for constructive 
lll'lllclM 111 . The responsibility for any shortcomings is, however, exclusively ours. 
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others impose no such restriction upon the biconditionals effecting re
duction. The notion of reduction we shall employ is a wider one, and 
is designed to include reduction by means of biconditionals as a special 
case. 

Second, Unity of Science in a stronger sense (because it implies 
Unity of Language, whereas the reverse is not the case) is represented 
by Unity of Laws (12). It is attained to the extent to which the laws 
of science become reduced to the laws of some one discipline. If the 
ideal of such an all-comprehensive explanatory system were realized, 
one could call it Unitary Science (18, 19, 20, 80). The exact meaning 
of 'Unity of Laws' depends, again, on the concept of "reduction" em
ployed. 

Third, Unity of Science in the strongest sense is realized if the laws 
of science are not only reduced to the laws of some one discipline, but 
the laws of that discipline are in some intuitive sense "unified" or 
"connected." It is difficult to see how this last requirement can be made 
precise; and it will not be imposed here. Nevertheless, trivial realiza
tions of "Unity of Science" will be excluded, for example, the simple 
conjunction of several branches of science does not reduce the par
ticular branches in the sense we shall specify. 

1.3. In the present paper, the term 'Unity of Science' will be used in 
two senses, to refer, first, to an ideal state of science, and, second, to 
a pervasive trend within science, seeking the attainment of that ideal. 

In the first sense, 'Unity of Science' means the state of unitary 
science. It involves the two constituents mentioned above: unity of 
vocabulary, or "Unity of Language"; and unity of explanatory prin
ciples, or "Unity of Laws." That Unity of Science, in this sense, can 
be fully realized constitutes an over-arching meta-scientific hypothesis 
which enables one to see a unity in scientific activities that might other
wise appear disconnected or unrelated, and which encourages the con
struction of a unified body of knowledge. 

In the second sense, Unity of Science exists as a trend within scien
tific inquiry, whether or not unitary science is ever attained, and not
withstanding the simultaneous existence, (and, of course, legitimacy) 
of other, even incompatible, trends. 

1.4. The expression 'Unity of Science' is employed in various other 
senses, of which two will be briefly mentioned in order to distinguish 
them from the sense with which we are concerned. In the first place, 
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what is sometimes referred to is something that we may call the Unity 
of Method in science. This might be represented by the thesis that 
all the empirical sciences employ the same standards of explanation, of 
significance, of evidence, etc. 

In the second place, a radical reductionist thesis (of an alleged "logi
cal," not an empirical kind) is sometimes referred to as the thesis of 
the Unity of Science. Sometimes the "reduction" asserted is the defina
bility of all the terms of science in terms of sensationalistic predicates 
(10); sometimes the notion of "reduction" is wider ( 11) and predicates 
referring to observable qualities of physical things are taken as basic (12). 
These theses are epistemological ones, and ones which today appear 
doubtful. The epistemological uses of the terms 'reduction', 'physical
ism', 'Unity of Science', etc., should be carefully distinguished from 
the use of these terms in the present paper. 

2. Unity of Science and Micro-Reduction 
2.1. In this paper we shall employ a concept of reduction introduced 

by Kemeny and Oppenheim in their paper on the subject ( 47), to 
which the reader is referred for a more detailed exposition. The prin
cipal requirements may be summarized as follows: given two theories 
T1 and T2, T2 is said to be reduced to T1 if and only if: 

(1) The vocabulary of T2 contains terms not in the vocabulary of T1. 
(2) Any observational data explainable by T2 are explainable by T1. 
(3) T1 is at least as well systematized as T2. (T1 is normally more 

complicated than T 2; but this is allowable, because the reducing theory 
normally explains more than the reduced theory. However, the "ratio," 
so to speak, of simplicity to explanatory power should be at least as 
great in the case of the reducing theory as in the case of the reduced 
theory.) 2 

Kemeny and Oppenheim also define the reduction of a branch of 
science B2 by another branch B1 (e.g., the reduction of chemistry to 
physics) . Their procedure is as follows: take the accepted theories of 
B~ at a given time t as T2. Then B! is reduced to B1 at time t if and 
only if there is some theory T1 in B1 at t such that T1 reduces T2 (47). 
Analogously, if some of the theories of B2 are reduced by some Ti be
longing to branch B1 at t, we shall speak of a partial reduction of B2 
to B1 at t. This approach presupposes (1) the familiar assumption that 
some division of the total vocabulary of both branches into theoretical 
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and observational terms is given, and ( 2) that the two branches have 
the same observational vocabulary. 

2.2. The essential feature of a micro-reduction is that the branch Bi 
deals with the parts of the objects dealt with by B2. We must suppose 
that corresponding to each branch we have a specific universe of dis
course Um; 3 and that we have a part-whole relation, Pt (75; 76, espe
cially p. 91). Under the following conditions we shall say that the 
reduction of B2 to B1 

4 is a micro-reduction: B2 is reduced to Bi; and 
the objects in the universe of discourse of B2 are wholes which possess 
a decomposition (75; 76, especially p. 91) into proper parts all of which 
belong to the universe of discourse of B1 • For example, let us suppose 
B2 is a branch of science which has multicellular living things as its 
universe of discourse. Let B1 be a branch with cells as its universe of 
discourse. Then the things in .the universe of discourse of B2 can be 
decomposed into proper parts belonging to the universe of discourse 
of Bi. If, in addition, it is the case that B1 reduces B2 at the time t, 
we shall say that B 1 micro-reduces Bs at time t. 

We shall also say that a branch B1 is a potential micro-reducer of a 
branch B2 if the objects in the universe of discourse of B2 are wholes 
which possess a decomposition into proper parts all of which belong 
to the universe of discourse of B1 • The definition is the same as the 
definition of 'micro-reduces' except for the omission of the clause 'B2 
is reduced to Bi.' 

Any micro-reduction constitutes a step in the direction of Unity 
of Language in science. For, if B1 reduces B2, it explains everything that 
B2 does (and normally, more besides) . Then, even if we cannot define 
in Bi analogues for some of the theoretical terms of B2, we can use B 1 

in place of Bs. Thus any reduction, in the sense explained, permits a 
"reduction" of the total vocabulary of science by making it possible to 
dispense with some terms.5 Not every reduction moves in the direction 
of Unity of Science; for instance reductions within a branch lead to a 
simplification of the vocabulary of science, but they do not necessarily 
lead in the direction of Unity of Science as we have characterized it 
(although they may at times fit into that trend). However, micro-reduc
tions, and even partial micro-reductions, insofar as they permit us to 
replace some of the terms of one branch of science by terms of another, 
do move in this direction. 

Likewise, the micro-reduction of B2 to B1 moves in the direction of 
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Unity of Laws; for it "reduces" the total number of scientific laws by 
making it possible, in principle, to dispense with the laws of B2 and 
explain the relevant observations by using Bi. 

The relations 'micro-reduces' and 'potential micro-reducer' have very 
simple properties: ( 1 ) they are transitive (this follows from the transi
tivity of the relations 'reduces' and 'Pt'); ( 2) they are irreflexive (no 
branch can micro-reduce itself); (3) they are asymmetric (if Bi micro
reduces B2, B2 never micro-reduces Bi). The two latter properties are 
not purely formal; however, they require for their derivation only the 
(certainly true) empirical assumption that there does not exist an infi
nite descending chain of proper parts, i.e., a series of things xi, x2, xs . . . 
such that x2 is a proper part of x1, Xs is a proper part of x2, etc. 

The just-mentioned formal property of the relation 'micro-reduces' -
its transitivity-is of great importance for the program of Unity of 
Science. It means that micro-reductions have a cumulative character. 
That is, if a branch B3 is micro-reduced to B2, and B2 is in turn micro
reduced to Bi, then Ba is automatically micro-reduced to B1. This simple 
fact is sometimes overlooked in objections 6 to the theoretical possibility 
of attaining unitary science by means of micro-reduction. Thus it has 
been contended that one manifestly cannot explain human behavior by 
reference to the laws of atomic physics. It would indeed be fantastic 
to suppose that the simplest regularity in the field of psychology could 
be explained directly-Le., "skipping" intervening branches of science
by employing subatomic theories. But one may believe in the attaina
bility of unitary science without thereby committing oneself to this 
absurdity. It is not absurd to suppose that psychological laws may 
eventually be explained in terms of the behavior of individual neurons 
in the brain; that the behavior of individual cells-including neurons
may eventually be explained in terms of their biochemical constitution; 
and that the behavior of molecules-including the macro-molecules that 
make up living cells-may eventually be explained in terms of atomic 
physics. If this is achieved, then psychological laws will have, in prin
ciple, been reduced to laws of atomic physics, although it would never
theless be hopelessly impractical to try to derive the behavior of a 
single human being directly from his constitution in terms of elementary 
particles. 

2.3. Unitary science certainly does not exist today. But will it ever 
be attained? It is useful to divide this question into two subquestions: 
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(1) If unitary science can be attained at all, how can it be attained? (2) 
Can it be attained at all? 

First of all, there are various abstractly possible ways in which unitary 
science might be attained. However, it seems very doubtful, to say the 
least, that a branch B2 could be reduced to a branch Bi. if the things 
in the universe of discourse of B2 are not themselves in the universe of 
discourse of B1 and also do not possess a decomposition into parts in 
the universe of discourse of B1 • ("They don't speak about the same 
things.") 

It does not follow that B1 must be a potential micro-reducer of Bz, 
i.e., that all reductions are micro-reductions. 

There are many cases in which the reducing theory and the reduced 
theory belong to the same branch, or to branches with the same uni
verse of discourse. When we come, however, to branches with different 
universes-say, physics and psychology-it seems clear that the possi
bility of reduction depends on the existence of a structural connection 
between the universes via the 'Pt' relation. Thus one cannot plausibly 
suppose-for the present at least-that the behavior of inorganic matter 
is explainable by reference to psychological laws; for inorganic materials 
do not consist of living parts. One supposes that psychology may be 
reducible to physics, but not that physics may be reducible to psy
chology! 

Thus, the only method of attaining unitqry science that appears to 
be seriously available at present is micro-reduction. 

To turn now to our second question, can unitary science be attained? 
We certainly do not wish to maintain that it has been established that 
this is the case. But it does not follow, as some philosophers seem to 
think, that a tentative acceptance of the hypothesis that unitary science 
can be attained is therefore a mere "act of faith." We believe that this 
hypothesis is credible; 7 and we shall attempt to support this in the 
latter part of this paper, by providing empirical, methodological, and 
pragmatic reasons in its support. We therefore think the assumption 
that unitary science can be attained through cumulative micro-reduction 
recommends itself as a working hypothesis.8 That is, we believe that it 
is in accord with the standards of reasonable scientific judgment to 
tentatively accept this hypothesis and to work on the assumption that 
further progress can be made in this direction, without claiming that its 
truth has been established, or denying that success may finally elude us. 
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3. Reductive Levels 
3.1. As a basis for our further discussion, we wish to consider now 

the possibility of ordering branches in such a way as to indicate the 
major potential micro-reductions standing between the present situation 
and the state of unitary science. The most natural way to do this is by 
their universes of discourse. We offer, therefore, a system of reductive 
levels so chosen that a branch with the things of a given level as its 
universe of discourse will always be a potential micro-reducer of any 
branch with things of the next higher level (if there is one) as its 
universe of discourse. 

Certain conditions of adequacy follow immediately from our aim. 
Thus: 

(1) There must be several levels. 
(2) The number of levels must be finite. 
(3) There must be a unique lowest level (i.e., a unique "beginner" 

under the relation 'potential micro-reducer'); this means that success 
at transforming all the potential micro-reductions connecting these 
branches into actual micro-reductions must, ipso facto, mean reduction 
to a single branch. 

(4) Any thing of any level except the lowest must possess a de
composition into things belonging to the next lower level. In this sense 
each level, will be as it were a "common denominator" for the level 
immediately above it. 

(5) Nothing on any level should have a part on any higher level. 
(6) The levels must be selected in a way which is "natural" 9 and 

justifiable from the standpoint of present-day empirical science. In par
ticular, the step from any one of our reductive levels to the next lower 
level must correspond to what is, scientifically speaking, a crucial step 
in the trend toward over-all physicalistic reduction. 

The accompanying list gives the levels we shall employ; 10 the reader 
may verify that the six conditions we have listed are all satisfied. 

6 . . ....... ... . ..... . . .. Social groups 
5 ... .. . . . . . .. . .. ... . ... (Multicellular) living things 
4 .. . . . . . . . . . .. . . . . . . ... Cells 
3 .... . .. . .. . .. . ... . . . . . Molecules 
2 .. .. . .. .. . . . .... .. . . .. Atoms 
1 .. . ........ .... ... . .. . Elementary particles 

Any whole which possesses a decomposition into parts all of which 
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are on a given level, will be counted as also belonging to that level. Thus 
each level includes all higher levels . However, the highest level to which 
a thing belongs will be considered the "proper" level of that thing. 

This inclusion relation among our levels reflects the fact that scientific 
laws which apply to the things of a given level and to all combinations 
of those things also apply to al1 things of higher level. Thus a physicist, 
when he speaks about "all physical objects," is also speaking about 
living things-but not qua living things . 

We maintain that each of our levels is necessary in the sense that 
it would be utopian to suppose that one might reduce all of the major 
theories or a whole branch concerned with any one of our six levels 
to a theory concerned with a lower level, skipping entirely the imme
diately lower level; and we maintain that our levels are sufficient in the 
sense that it would not be utopian to suppose that a major theory on 
any one of our levels might be directly reduced to the next lower level. 
(Although this is not to deny that it may be convenient, in special 
cases, to introduce intervening steps.) 

However, this contention is significant only if we suppose some set 
of predicates to be associated with each of these levels. Otherwise, as 
has been pointed out, 11 trivial micro-reductions would be possible; e.g., 
we might introduce the property "Tran" (namely, the property of 
being an atom of a transparent substance) and then "explain the trans
parency of water in terms of properties on the atomic level," namely, 
by the hypothesis that all atoms of water have the property Tran. More 
explicitly, the explanation would consist of the statements 

(a) (x)(x is transparent== (y)(y is an atom of x ~ Tran(y)) 
(b) (x)(x is water~ (y)(y is an atom of x ~ Tran(y)) 

To exclude such trivial "micro-reductions," we shall suppose that with 
each level there is associated a list of the theoretical predicates normally 
employed to characterize things on that level at present (e.g., with 
level 1, there would be associated the predicates used to specify spatio
temporal coordinates, mass-energy, and electric charge). And when we 
speak of a theory concerning a given level, we will mean not only a 
theory whose universe of discourse is that level, but one whose predi
cates belong to the appropriate list. Unless the hypothesis that theories 
concerning level n + 1 can be reduced by a theory concerning level n 
is restricted in this way, it lacks any clear empirical significance. 
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3.2. If the "part-whole" ('Pt') relation is understood in the wide 
sense, that x Pt y holds if x is spatially or temporally contained in y, 
then everything, continuous or discontinuous, belongs to one or an
other reductive level; in particular to level 1 (at least), since it is a 
whole consisting of elementary particles. However, one may wish to 
understand 'whole' in a narrower sense (as "structured organization of 
elements" 12 ). Such a specialization involves two essential steps: ( 1) 
the construction of a calculus with such a narrower notion as its primi
tive concept, and ( 2) the definition of a particular 'Pt' relation satisfy
ing the axioms of the calculus. 

Then the problem will arise that some things do not belong to any 
level. Hence a theory dealing with such things might not be micro
reduced even if all the micro-reductions indicated by our system of 
levels were accomplished; and for this reason, unitary science might 
not be attained. 

For a trivial example, "a man in a phone booth" is an aggregate of 
things on different levels which we would not regard as a whole in 
such a narrower sense. Thus, such an "object" does not belong to any 
reductive level; although the "phone booth" belongs to level 3 and the 
man belongs to level 5. 

The problem posed by such aggregates is not serious, however. We 
may safely make the assumption that the behavior of "man in phone 
booths" (to be carefully distinguished from "men in phone booths") 
could be completely explained given (a) a complete physicochemical 
theory (i.e., a theory of levels up to 3, including "phone booths"), and 
(b) a complete individual psychology (or more generally, a theory of 
levels up to 5). With this assumption in force, we are able to say: If 
we can construct a theory that explains the behavior of all the objects 
in our system of levels, then it will also handle the aggregates of such 
objects. 

4. The Credibility of Our Working Hypothesis 
4.1. John Stuart Mill asserts ( 55, Book VI, Chapter 7) that since (in 

our wording) human social groups are wholes whose parts are individual 
persons, the "laws of the phenomena of society" are "derived from and 
may be resolved into the laws of the nature of individual man." In our 
terminology, this is to suggest that it is a logical truth that theories 
concerning social groups (level . 6) can be micro-reduced by theories 
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concerning individual living things (level 5); and, mutatis mutandis, it 
would have to be a logical truth that theories concerning any other level 
can be micro-reduced by theories concerning the next lower level. As a 
consequence, what we have called the "working hypothesis" that unitary 
science can be attained would likewise be a logical truth. 

Mill's contention is, however, not so much wrong as it is vague. 
What is one to count as "the nature of individual man"? As pointed 
out above (section 3.1) the question whether theories concerning a 
given reductive level can be reduced by a theory concerning the next 
lower level has empirical content only if the theoretical vocabularies are 
specified; that is, only if one associates with each level, as we have sup
posed to be done, a particular set of theoretical concepts. Given, e.g., 
a sociological theory T2, the question whether there exists a true psy
chological theory T 1 in a particular vocabulary which reduces T2 is an 
empirical question. Thus our "working hypothesis" is one that can only 
be justified on empirical grounds. 

Among the factors on which the degree of credibility of any empiri
cal hypothesis depends are ( 45, p. 307) the simplicity of the hypothesis, 
the variety of the evidence, its reliability, and, last but not least, the 
factual support afforded by the evidence. We proceed to discuss each 
of these factors. 

4.2. As for the simplicity 1a of the hypothesis that unitary science can 
be attained it suffices to consider the traditional alternatives mentioned 

' by those who oppose it. "Hypotheses" such as Psychism and Neo-
Vitalism assert that the various objects studied by contemporary science 
have special parts or attributes, unknown to present-day science, in 
addition to those indicated in our system of reductive levels. For 
example, men are said to have not only cells as parts; there is also an 
immaterial "psyche"; living things are animated by "entelechies" or 
"vital forces"; social groups are moved by "group minds." But, in none 
of these cases are we provided at present with postulates or coordinat
ing definitions which would permit the derivation of testable predic
tions. Hence, the claims made for the hypothetical entities just men
tioned lack any clear scientific meaning; and as a consequence, the 
question of supporting evidence cannot even be raised. 

On the other hand, if the effort at micro-reduction should seem to 
fail, we cannot preclude the introduction of theories postulating pres
ently unknown relevant parts or presently unknown relevant attributes 
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for some or all of the objects studied by science. Such theories are per
fectly admissible, provided they have genuine explanatory value. For 
example, Dalton's chemical theory of molecules might not be reducible 
to the best available theory of atoms at a given time if the latter theory 
ignores the existence of the electrical properties of atoms. Thus the 
hypothesis of micro-reducibility,14 as the meaning is specified at a par
ticular time, may be false because of the insufficiency of the theoretical 
apparatus of the reducing branch. 

Of course, a new working hypothesis of micro-reducibility, obtained 
by enlarging the list of attributes associated with the lowest level, might 
then be correct. However, if there are presently unknown attributes of 
a more radical kind (e.g., attributes which are relevant for explaining 
the behavior of living, but not of non-living things), then no such 
simple "repair" would seem possible. In this sense, Unity of Science is 
an alternative to the view that it will eventually be necessary to bifurcate 
the conceptual system of science, by the postulation of new entities or 
new attributes unrelated to those needed for the study of inanimate 
phenomena. 

4.3. The requirement that there be variety of evidence assumes a 
simple form in our present case. If all the past successes referred to a 
single pair of levels, then this would be poor evidence indeed that 
theories concerning each level can be reduced by theories concerning 
a lower level. For example, if all the past successes were on the atomic 
level, we should hardly regard as justified the inference that laws con
cerning social groups can be explained by reference to the "individual 
psychology" of the members of those groups. Thus, the first require
ment is that one should be able to provide examples of successful micro
reductions between several pairs of levels, preferably between all pairs. 

Second, within a given level what is required is, preferably, examples 
of different kinds, rather than a repetition of essentially the same ex
ample many times. In short, one wants good evidence that a11 the 
phenomena of the given level can be micro-reduced. 

We shall present below a survey of the past successes in each level. 
This survey is, of course, only a sketch; the successful micro-reductions 
and projected micro-reductions in biochemistry alone would fill a large 
book. But even from this sketch it will be apparent, we believe, how 
great the variety of these successful micro-reductions is in both the 
respects discussed. 
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4.4. Moreover, we shall, of course, present only evidence from authori
ties regarded as reliable in the particular area from which the theory or 
experiment involved is drawn. 

4.5. The important factor factual support is discussed only briefly now, 
because we shall devote to it many of the following pages and would 
otherwise interrupt our presentation. 

The first question raised in connection with any hypothesis is, of 
course, what factual support it possesses; that is, what confirmatory 
or disconfirmatory evidence is available. The evidence supporting a 
hypothesis is conveniently subdivided into that providing direct and 
that providing indirect factual support. By the direct factual support 
for a hypothesis we mean, roughly, 15 the proportion of confirmatory 
as opposed to disconfirmatory instances. By the indirect factual support, 
we mean the inductive support obtained from other well-confirmed 
hypotheses that lend credibility to the given hypothesis. While intui
tively adequate quantitative measures of direct factual support have 
been worked out by Kemeny and Oppenheim,16 no such measures exist 
for indirect factual support. The present paper will rely only on intuitive 
judgments of these magnitudes, and will not assume that quantitative 
explicata will be worked out. 

As our hypothesis is that theories of each reductive level can be 
micro-reduced by theories of the next lower level, a "confirming in
stance" is simply any successful micro-reduction between any two of 
our levels. The direct factual support for our hypothesis is thus provided 
by the past successes at reducing laws about the things on each level by 
means of laws referring to the parts on lower (usually, the next lower) 
levels. In the sequel, we shall survey the past successes with respect to 
each pair of levels. 
. As indirect factual support, we shall cite evidence supporting the 

hypothesis that each reductive level is, in evolution and ontogenesis 
(in a wide sense presently to be specified) prior to the one above it. 
The hypothesis of evolution means here that (for n =I ... 5) there 
was a time when there were things of level n, but no things of any 
higher level. This hypothesis is highly speculative on levels I and 2; 
fortunately the micro-reducibility of the molecular to the atomic level 
and of the atomic level to the elementary particle level is relatively well 
established on other grounds. 

Similarly, the hypothesis of ontogenesis is that, in certain cases, for 
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any particular object on level n, there was a time when it did not exist, 
but when some of its parts on the next lower level existed; and that it 
developed or was causally produced out of these parts.17 

The reason for our regarding evolution and ontogenesis as providing 
indirect factual support for the Unity of Science hypothesis may be 
formulated as follows: 

Let us, as is customary in science, assume causal determination as a 
guiding principle; i.e., let us assume that things that appear later in 
time can be accounted for in terms of things and processes at earlier 
times. Then, if we find that there was a time when a certain whole did 
not exist, and that things on a lower level came together to form that 
whole, it is very natural to suppose that the characteristics of the whole 
can be causally explained by reference to these earlier events and parts; 
and that the theory of these characteristics can be micro-reduced by a 
theory involving only characteristics of the parts. 

For the same reason, we may cite as further indirect factual support 
for the hypothesis of empirical Unity of Science the various successes 
at synthesizing things of each level out of things on the next lower 
level. Synthesis strongly increases the evidence that the characteristics 
of the whole in question are causally determined by the characteristics, 
including spatio-temporal arrangement, of its parts by showing that the 
object is produced, under controlled laboratory conditions, whenever 
parts with those characteristics are arranged in that way. 

The consideration just outlined seems to us to constitute an argu
ment against the view that, as objects of a given level combine to form 
wholes belonging to a higher level, there appear certain new phenomena 
which are "emergent" (35, p. 151; 76, p. 93) in the sense of being 
forever irreducible to laws governing the phenomena on the level of 
the parts. What our argument opposes is not, of course, the obviously 
true statement that there are many phenomena which are not reducible 
by currently available theories pertaining to lower levels; our working 
hypothesis rejects merely the claim of absolute irreducibility, unless such 
a claim is supported by a theory which has a sufficiently high degree of 
credibility; thus far we are not aware of any such theory. It is not suffi
cient, for example, simply to advance the claim that certain phenomena 
considered to be specifically human, such as the use of verbal language, 
in an abstract and generalized way, can never be explained on the basis 
of neurophysiological theories, or to make the claim that this conceptual 
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capacity distinguishes man in principle and not only in degree from 
non-human animals. 

4.6. Let us mention in passing certain pragmatic and methodological 
points of view which speak in favor of our working hypothesis: 

(1) It is of practical value, because it provides a good synopsis of 
scientific activity and of the relations among the several scientific disci
plines. 

(2) It is, as has often been remarked, fruitful in the sense of stimu
lating many different kinds of scientific research. By way of contrast, 
belief in the irreducibility of various phenomena has yet to yield a 
single accepted scientific theory. 

(3) It corresponds methodologically to what might be called the 
"Democritean tendency" in science; that is, the pervasive methodologi
cal tendency 18 to try, insofar as is possible, to explain apparently dis
similar phenomena in terms of qualitatively identical parts and their 
spatio-temporal relations. 

5. Past Successes at Each Level 
5.1. By comparison with what we shall find on lower levels, the 

micro-reduction of level 6 to lower ones has not yet advanced very far, 
especially in regard to human societies. This may have at least two 
reasons: First of all, the body of well established theoretical knowledge 
on level 6 is still rather rudimentary, so that there is not much to be 
micro-reduced. Second, while various precise theories concerning cer
tain special types of phenomena on level 5 have been developed, it 
seems as if a good deal of further theoretical knowledge concerning 
other areas on the same level will be needed before reductive success 
on a larger scale can be expected.19 However, in the case of certain 
very primitive groups of organisms, astonishing successes have been 
achieved. For instance, the differentiation into social castes among 
certain kinds of insects has been tentatively explained in terms of the 
secretion of so-called social hormones ( 3) . 

Many writers 20 believe that there are some laws common to all forms 
of animal association, including that of humans. Of greater potential 
relevance to such laws are experiments dealing with "pecking order" 
among domestic fowl (29). In particular, experiments showing that the 
social structure can be influenced by the amount of male hormone in in
dividual birds suggest possible parallels farther up the evolutionary scale. 
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With respect to the problems of human social organization, as will 
be seen presently, two things are striking: (I) the most developed body 
of theory is undoubtedly in the field of economics, and this is at present 
entirely micro-reductionistic in character; ( 2) the main approaches to 
social theory are all likewise of this character. (The technical term 
'micro-reduction' is not, of course, employed by writers in these fields. 
However, many writers have discussed "the Principle of Methodological 
Individualism"; 21 and this is nothing more than the special form our 
working hypothesis takes in application to human social groups.) 

In economics, if very weak assumptions are satisfied, it is possible 
to represent the way in which an individual orders his choices by means 
of an individual preference function . In terms of these functions, the 
economist attempts to explain group phenomena, such as the market, 
to account for collective consumer behavior, to solve the problems of 
welfare economics, etc. As theories for which a micro-reductionistic 
derivation is accepted in economics we could cite all the standard 
macro-theories; e.g., the theories of the business cycle, theories of cur
rency fluctuation (Gresham's law to the effect that bad money drives 
out good is a familiar example), the principle of marginal utility, the 
law of demand, laws connecting change in interest rate with changes in 
inventory, plans, equipment, etc. The relevant point is while the econ
omist is no longer dependent on the oversimplified assumption of "eco
nomic man," the explanation of economic phenomena is still in terms 
of the preferences, choices, and actions available to individuals. 

In the realm of sociology, one can hardly speak of any major theory 
as "accepted." But it is of interest to survey some of the major theo
retical approaches from the standpoint of micro-reduction. 

On the one hand, there is the economic determinism represented by 
Marx and Veblen. In the case of Marx the assumptions of classical eco
nomics are openly made: Individuals are supposed-at least on the 
average, and in the long run-to act in accordance with their material 
interests. From this assumption, together with a theory of the business 
cycle which, for all its undoubted originality, Marx based on the classi
cal laws of the market, Marx derives his major laws and predictions. 
Thus Marxist sociology is micro-reductionistic in the same sense as 
classical economics, and shares the same basic weakness (the assump
tion of "economic man") . 

V cblen, although stressing class interests and class divisions as did 
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Marx, introduces some non-economic factors in his sociology. His 
account is ultimately in terms of individual psychology; his hypothesis 
of "conspicuous consumption" is a brilliant-and characteristic-ex
ample. 

Max Weber produced a sociology strongly antithetical to Marx's. 
Yet each of his explanations of group phenomena is ultimately in terms 
of individual psychology; e.g., in his discussion of political parties, he 
argues that people enjoy working under a "charismatic" leader, etc. 

Indeed the psychological (and hence micro-reductionistic) character of 
the major sociologies (including those of Mannheim, Simmel, etc., as 
well as the ones mentioned above ( 54, 86, 94, 103)) is often recognized. 
Thus one may safely say, that while there is no one accepted sociological 
theory, all of these theoretical approaches represent attempted micro
reductions. 

5.2. Since Schleiden and Schwann ( 1838/9), it is known that all 
living things consist of cells. Consequently, explaining the laws valid 
on level 5 by those on the cell level means micro-reducing all phe
nomena of plants and animals to level 4. 

As instances of past successes in connection with level 5 we have 
chosen to cite, in preference to other types of example, micro-reductions 
and projected micro-reductions dealing with central nervous systems as 
wholes and nerve cells as parts. Our selection of these examples has not 
been determined by anthropocentrism. First of all, substantially similar 
problems arise in the case of multicellular animals, as nearly all of them 
possess a nervous system; and, second, the question of micro-reducing 
those aspects of behavior that are controlled by the central nervous 
system in man and the higher animals is easily the most significative 
(85, p. 1) one at this level, and therefore most worth discussing. 

Very great activity is, in fact, apparent in the direction of micro
reducing the phenomena of the central nervous system. Much of this 
activity is very recent; and most of it falls under two main headings: 
neurology, and the logical design of nerve nets. (Once again, the techni
cal term 'micro-reduction' is not actually employed by workers in these 
fields . Instead, one finds widespread and lasting discussion concerning 
the advantages of "molecular" versus "molar" 22 explanations, and con
cerning "reductionism." 23 ) 

Theories constructed by neurologists are the product of highly de
tailed experimental work in neuroanatomy, neurochemistry, and neuro-
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physiology, including the study of electric activity of the nervous sys
tem, e.g., electroencephalography.24 

As a result of these efforts, it has proved possible to advance more 
or less hypothetical explanations on the cellular level for such phe
nomena as association, memory, motivation, emotional disturbance, and 
some of the phenomena connected with learning, intelligence, and per
ception. For example, a theory of the brain has been advanced by Hebb 
(32) which accounts for all of the above-mentioned phenomena. A classi
cal psychological law, the Weber-Fechner Jaw (insofar as it seems to 
apply), has likewise been micro-reduced, as a result of the work of 
Hoagland ( 36). 

We turn now to the logical design of nerve nets: The logician Turing 25 

proposed (and solved) the problem of giving a characterization of com
puting machines in the widest sense-mechanisms for solving problems 
by effective series of logical operations. This naturally suggests the idea 
of seeing whether a "Turing machine" could consist of the elements 
used in neurological theories of the brain; that is, whether it could con
sist of a network of neurons. Such a nerve network could then serve as 
a hypothetical model for the brain. 

Such a network was first constructed by McCulloch and Pitts.26 The 
basic element is the neuron, which, at any instant, is either firing or 
not firing (quiescent). On account of the "all or none" character of 
the activity of this basic element, the nerve net designed by McCulloch 
and Pitts constitutes, as it were, a digital computer. The various relations 
of propositional logic can be represented by instituting suitable con
nections between neurons; and in this way the hypothetical net can 
be "programmed" to solve any problem that will yield to a predeter
mined sequence of logical or mathematical operations. McCulloch and 
Pitts employ approximately 104 elements in their net; in this respect 
they are well below the upper limit set by neurological investigation, 
since the number of neurons in the brain is estimated to be of the 
order of magnitude of 1010

• In other respects, their model was, how
ever, unrealistic : no allowance is made for time delay, or for random 
error, both of which are important features of all biological processes. 

Nerve nets incorporating both of these features have been designed 
by von Neumann. Von Neumann's model employs bundles of nerves 
rather than single nerves to form a network; this permits the simul
taneous performance of each operation as many as 20,000 times as a 
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check against error. This technique of constructing a computer is im
practical at the level of present-day technology, von Neumann admits, 
"but quite practical for a perfectly conceivable, more advanced tech
nology, and for the natural relay-organs (neurons). I.e., it merely calls 
for micro-componentry which is not at all unnatural as a concept 
on this level" (97, p. 87). Still further advances in the direction of 
adapting these models to neurological data are anticipated. In terms 
of such nerve nets it is possible to give hypothetical micro-reductions 
for memory, exact thinking, distinguishing similarity or dissimilarity of 
stimulus patterns, abstracting of "essential" components of a stimulus 
pattern, recognition of shape regardless of form and of chord regardless 
of pitch (phenomena of great importance in Gestalt psychology ( 5, pp. 
128, 129, 152) ) , purposeful behavior as controlled by negative feed
back, adaptive behavior, and mental disorders. 

It is the task of the neurophysiologist to test these models by investi
gating the existence of such nets, scanning units, reverberating networks, 
and pathways of feedback, and to provide physiological evidence of their 
functioning. Promising studies have been made in this respect. 

5.3. As past successes in connection with level 4 (i.e. as cases in which 
phenomena involving whole cells 2 7 have been explained by theories 
concerning the molecular level) we shall cite micro-reductions dealing 
with three phenomena that have a fundamental character for all of 
biological science: the decoding, duplication, and mutation of the 
genetic information that is ultimately responsible for the development 
and maintenance of order in the cell. Our objective will be to show 
that at least one well-worked-out micro-reducing theory has been ad
vanced for each phenomenon.28 (The special form taken by our working 
hypothesis on this level is "methodological mechanism.") 

Biologists have long had good evidence indicating that the genetic 
· information in the cell's nucleus-acting as an "inherited message" -

exerts its control over cell biochemistry through the production of 
specific protein catalysts (enzymes) that mediate particular steps (re
actions) in the chemical order that is the cell's life. The problem of 
"decoding" the control information in the nucleus thus reduces to how 
the specific molecules that comprise it serve to specify the construc
tion of specific protein catalysts. The problem of duplication (one 
aspect of the over-all problem of inheritance) reduces to how the 
molecules of genetic material can be copied-like so many "blueprints." 
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And the problem of mutation (elementary step in the evolution of new 
inheritable messages) reduces to how "new" forms of the genetic 
molecules can arise. 

In the last twenty years evidence has accumulated implicating desoxy
ribose nucleic acid (DNA) as the principal "message-carrying" molecule 
and constituting the genetic material of the chromosomes. Crick and 
Watson's 29 brilliant analysis of DNA structure leads to powerful micro
reducing theories that explain the decoding and duplication of DNA. 
It is known that the giant molecules that make up the nucleic acids 
have, like proteins ( 49, 66, 67), the structure of a backbone with side 
groups attached. But, whereas the proteins are polypeptides, or chains 
of amino-acid residues (slightly over 20 kinds of amino acids are known); 
the nucleic acids have a phosphate-sugar backbone, and there are only 
4 kinds of side groups all of which are nitrogen bases (purines and 
pyrimidines). Crick and Watson's model contains a pair of DNA chains 
wound around a common axis in the form of two interlocking helices. 
The two helices are held together (forming a helical "ladder") by 
hydrogen bonds between pairs of the nitrogen bases, one belonging to 
each helix. Although 4 bases occur as side groups only 2 of 16 conceiv
able pairings are possible, for steric reasons. These 2 pairs of bases recur 
along the length of the DNA molecule and thus invite a picturesque 
analogy with the dots and dashes of the Morse code. They can be 
arranged in any sequence: there is enough DNA in a single cell of the 
human body to encode in this way 1000 large textbooks. The model 
can be said to imply that the genetic "language" of the inherited con
trol message is a "language of surfaces": the information in DNA struc
ture is decoded as a sequence of amino acids in the proteins which are 
synthesized under ultimate DNA control. The surface structure of the 
DNA helix, dictated by the sequence of base pairs, specifies like a 
template 80 the sequence of amino acids laid down end to end in the 
fabrication of polypeptides. 

Watson and Crick's model immediately suggests how the DNA might 
produce an exact copy of itself-for transmission as an inherited message 
to the succeeding generation of cells. The DNA molecule, as noted 
above, consists of two interwoven helices, each of which is the comple
ment of the other. Thus each chain may act as a mold on which a 
complementary chain can be synthesized. The two chains of a DNA 
molecule need only unwind and separate. Each begins to build a new 
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complement onto itself, as loose units, floating in the cell, attach them
selves to the bases in the single DNA chain. When the process is com
pleted, there are two pairs of chains where before there was only one! 31 

Mutation of the genetic information has been explained in a molecu
lar (micro-reduction) theory advanced some years ago by Delbriick.32 

Delbriick's theory was conceived long before the newer knowledge of 
DNA was available; but it is a very general model in no way vitiated 
by Crick and Watson's model of the particular molecule constituting 
the genetic material. Delbriick, like many others, assumed that the gene 
is a single large "nucleo-protein" molecule. (This term is used for macro
molecules, such as viruses and the hypothetical "genes," which consist 
of protein and nucleic acid. Some recent theories even assume that an 
entire chromosome is a single such molecule.) According to Delbriick's 
theory, different quantum levels within the atoms of the molecule cor
respond to different hereditary characteristics. A mutation is simply a 
quantum jump of a rare type (i.e., one with a high activation energy). 
The observed variation of the spontaneous mutation rate with tempera
ture is in good quantitative agreement with the theory. 

Such hypotheses and models as those of Crick and Watson, and of 
Delbriick, are at present far from sufficient for a complete micro
reduction of the major biological generalization, e.g., evolution and gen
eral genetic theory (including the problem of the control of develop
ment). But they constitute an encouraging start towards this ultimate 
goal and, to this extent, an indirect support for our working hypothesis. 

5.4. Only in the twentieth century has it been possible to micro-reduce 
to the atomic and in some cases directly to the subatomic level most of 
the macro-physical aspects of matter (e.g., the high fluidity of water, 
the elasticity of rubber, and the hardness of diamond) as well as the 
chemical phenomena of the elements, i.e. those changes of the periph
eral electrons which leave the nucleus unaffected. In particular, elec
tronic theories explain, e.g., the laws governing valence, the vario~s types 
of bonds, and the "resonance" of molecules between several equivalent 
electronic structures. A complete explanation of these phenomena and 
those of the Periodic Table is possible only with the help of Pauli's 
exclusion principle which states in one form that no two electrons of 
the same atom can be alike in all of 4 "quantum numbers." While some 
molecular laws are not yet micro-reduced, there is every hope that further 
successes will be obtained in these respects. Thus Pauling (63, 64) writes: 
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There are still problems to be solved, and some of them are great 
problems-an example is the problem of the detailed nature of catalytic 
activity. We can feel sure, however, that this problem will in the course 
of time be solved in terms of quantum theory as it now exists: there 
seems little reason to believe that some fundamental new principle re
mains to be discovered in order that catalysis be explained ( 64). 

5.5. Micro-reduction of level 2 to level 1 has been mentioned in the 
preceding section because many molecular phenomena are at present 
(skipping the atomic level) explained with reference to laws of ele
mentary particles.33 Bohr's basic (and now somewhat outdated) model 
of the atom as a kind of "solar system" of elementary particles is today 
part of everyone's conceptual apparatus; while the mathematical de
velopment of theory in its present form is formidable indeed! Thus we 
shall not attempt to give any details of this success. But the high rate 
of progress in this field certainly gives reason to hope that the unsolved 
problems, especially as to the forces that hold the nucleus together, will 
likewise be explained in terms of an elementary particle theory. 

6. Evolution, Ontogenesis, and Synthesis 
6.1 . As pointed out in section 4.5, evolution provides indirect factual 

support for the working hypothesis that unitary science is attainable. 
Evolution (in the present sense) is an over-all phenomenon involving 
all levels, from 1 through 6; the mechanisms of chance variation and 
"selection" operate throughout in ways characteristic for the evolution
ary level involved.34 Time scales have, indeed, been worked out by 
various scientists showing the times when the first things of each level 
first appeared.35 (These times are, of course, the less hypothetical the 
higher the level involved.) But even if the hypothesis of evolution 
should fail to hold in the case of certain levels, it is important to note 
that whenever it does hold-whenever it can be shown that things of 
a given level existed before things of the next higher level came into 
existence-some degree of indirect support is provided to the particular 
special case of our working hypothesis that concerns those two levels. 

The hypothesis of "evolution" is most speculative insofar as it con
cerns levels 1 to 3. Various cosmological hypotheses are at present 
undergoing lively discussion.36 According to one of these, strongly urged 
by Gamow ( 24, 25, 26), the first nuclei did not form out of elementary 
particles until five to thirty minutes after the start of the universe's 
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expansion; molecules may not have been able to exist until considerably 
later. Most present-day cosmologists still subscribe to such evolutionary 
views of the universe; i.e., there was a "zero point" from which the 
evolution of matter began, with diminishing density through expansion. 
However, H. Bondi, T. Gold, and F. Hoyle have advanced a conflicting 
idea, the "steady state" theory, according to which there is no "zero 
point" from which the evolution of matter began; but matter is con
tinuously created, so that its density remains constant in spite of ex
pansion. There seems to be hope that these rival hypotheses will be 
submitted to specific empirical tests in the near future. But, fortunately, 
we do not have to depend on hypotheses that are still so highly contro
versial: as we have seen, the micro-reducibility of molecular and atomic 
phenomena is today not open to serious doubt. 

Less speculative are theories concerning the origin of life (transition 
from level 3 to level 4). Calvin (9; Fox, 22) points out that four 
mechanisms have been discovered which lead to the formation of amino 
acids and other organic materials in a mixture of gases duplicating the 
composition of the primitive terrestrial atmosphere.87 These have, in 
fact, been tested experimentally with positive results. Many biologists 
today accept with Oparin ( 61) the view that the evolution of life as 
such was not a single chance event but a long process possibly re
quiring as many as two billion years, until precellular living organisms 
first appeared. 

According to such views, "chemical evolution" gradually leads in an 
appropriate environment to evolution in the familiar Darwinian sense. 
In such a process, it hardly has meaning to speak of a point at which 
"life appeared." To this day controversies exist concerning the "dividing 
line" between living and non-living things. In particular, viruses are 
classified by some biologists as living, because they exhibit self-duplica
tion and mutability; but most biologists refuse to apply the term to 
them, because viruses exhibit these characteristic phenomena of life only 
due to activities of a living cell with which they are in contact. But, 
wherever one draws the line, 38 non-living molecules preceded primordial 
living substance, and the latter evolved gradually into highly organized 
living units, the unicellular ancestors of all living things. The "first 
complex molecules endowed with the faculty of reproducing their own 
kind" must have been synthesized-and with them the beginning of 
evolution in the Darwinian sense-a few billion years ago, Goldschmidt 
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(27, p. 84) asserts: "all the facts of biology, geology, paleontology, bio
chemistry, and radiology not only agree with this statement but actually 
prove it." 

Evolution at the next two levels (from level 4 to level 5, and from 
5 to 6) is not speculative at all, but forms part of the broad line of 
Darwinian evolution, so well marked out by the various kinds of evi
dence referred to in the statement just quoted. The line of develop
ment is again a continuous one; 39 and it is to some extent arbitrary (as 
in the case of "living" versus "non-living") to give a "point" at which 
true multicellulars first appeared, or at which an animal is "social" rather 
than "solitary." But in spite of this arbitrariness, it is safe to say that: 

(a) Multicellulars evolved from what were originally competing single 
cells; the "selection" by the environment was in this case determined 
by the superior survival value of the cooperative structure.40 

(b) Social animals evolved from solitary ones for similar reasons; and, 
indeed, there were millions of years during which there were only soli
tary animals on earth, and not yet their organizations into social struc
tures.41 

6.2. To illustrate ontogenesis, we must show that particular things 
of a particular level have arisen out of particular things of the next lower 
level. For example, it is a consequence of most contemporary cosmologi
cal theories-whether of the evolutionary or of the "steady state" type
that each existent atom must have originally been formed by a union 
of elementary particles. (Of course an atom of an element may subse
quently undergo "transmutation.") However, such theories are extremely 
speculative. On the other hand, the chemical union of atoms to form 
molecules is commonplace in nature. 

Coming to the higher levels of the reductive hierarchy, we have un
fortunately a hiatus at the level of cells. Individual cells do not, as far 
as our observations go, ever develop out of individual molecules; on the 
contrary, "cells come only from cells," as Virchow stated about one 
hundred years ago. However, a characteristic example of ontogenesis of 
things of one level out of things of the next lower level is afforded by 
the development of multicellular organisms through the process of mi
tosis and cell division. All the hereditary characteristics of the organism 
are specified in the "genetic information" carried in the chromosomes 
of each individual cell, and are transmitted to the resultant organism 
through cell division and mitosis. 
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A more startling example of ontogenesis at this level is provided by 
the slime molds studied by Bonner ( 3). These are isolated amoebae; 
but, at a certain stage, they "clump" together chemotactically and form 
a simple multicellular organism, a sausage-like "slug"! This "slug" crawls 
with comparative rapidity and good coordination. It even has senses 
of a sort, for it is attracted by light. 

As to the level of social groups, we have some ontogenetic data, how
ever slight; for children, according to the well-known studies of Piaget 
(70, 71) (and other authorities on child behavior), acquire the capacity 
to cooperate with one another, to be concerned with each other's 
welfare, and to form groups in which they treat one another as peers, 
only after a number of years (not before seven years of age, in Piaget's 
studies). Here one has in a rudimentary form what we are looking 
for: the ontogenetic development of progressively more social behavior 
(level 6) by what begin as relatively "egocentric" and unsocialized indi
viduals (level 5). 

6.3. Synthesis affords factual support for micro-reduction much as 
ontogenesis does; however, the evidence is better because synthesis 
usually takes place under controiled conditions. Thus it enables one to 
show that one can obtain an object of the kind under investigation in
variably by instituting the appropriate causal relations among the parts 
that go to make it up. For this reason, we may say that success in 
synthesizing is as strong evidence as one can have for the possibility 
of micro-reduction, short of actually finding the micro-reducing theory. 

To begin on the lowest level of the reductive hierarchy, that one can 
obtain an atom by bringing together the appropriate elementary particles 
is a basic consequence of elementary nuclear physics. A common example 
from the operation of atomic piles is the synthesis of deuterium. This 
proceeds as one bombards protons (in, e.g., hydrogen gas) with neu
trons. 

The synthesis of a molecule by chemically uniting atoms is an ele
mentary laboratory demonstration. One familiar example is the union 
of oxygen and hydrogen gas. Under the influence of an electric spark 
one obtains the appearance of H20 molecules. 

The next level is that of life. "On the borderline" are the viruses. 
Thus success at synthesizing a virus out of non-living macro-molecules 
would count as a first step to the synthesis of cells (which at present 
seems to be an achievement for the far distant future). 
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While success at synthesizing a virus out of atoms is not yet in sight, 
synthesis out of non-living highly complex macro-molecules has been 
accomplished. At the University of California Virus Laboratory (23), 
protein obtained from viruses has been mixed with nucleic acid to 
obtain active virus. The protein does not behave like a virus-it is com
pletely non-infectious. However, the reconstituted virus has the same 
structure as "natural" virus, and will produce the tobacco mosaic disease 
when applied to plants. Also new "artificial" viruses have been produced 
by combining the nucleic acid from one kind of virus with the protein 
from a different kind. Impressive results in synthesizing proteins have 
been accomplished: e.g., R. B. Woodward and C. H. Schramm (107; 
see also Nogushi and Hayakawa, 60; and Oparin, 61) have synthesized 
"protein analogues" -giant polymers containing at least 10,000 amino
acid residues. 

At the next level, no one has of course synthesized a whole multi
cellular organism out of individual cells; but here too there is an im
pressive partial success to report. Recent experiments have provided 
detailed descriptions of the manner in which cells organize themselves 
into whole multicellular tissues. These studies show that even isolated 
whole cells, when brought together in random groups, could effectuate 
the characteristic construction of such tissues.42 Similar phenomena are 
well known in the case of sponges and fresh-water polyps. 

Lastly, the "synthesis" of a new social group by bringing together 
previously separated individuals is extremely familiar; e.g., the organiza
tion of new clubs, trade unions, professional associations, etc. One has 
even the deliberate formation of whole new societies, e.g., the formation 
of the Oneida community of utopians, in the nineteenth century, or of 
the state of Israel by Zionists in the twentieth. 

There have been experimental studies in this field; among them, the 
pioneer work of Kurt Lewin and his school is especially well known.43 

7. Concluding Remarks 
The possibility that all science may one day be reduced to micro

physics (in the sense in which chemistry seems today to be reduced 
to it), and the presence of a unifying trend toward micro-reduction nm
ning through much of scientific activity, have often been noticed both 
by specialists in the various sciences and by meta-scientists. But these 
opinions have, in general, been expressed in a more or less vague manner 
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and without very deep-going justification. It has been our aim, first, to 
provide precise definitions for the crucial concepts involved, and, second, 
to reply to the frequently made accusations that belief in the attaina
bility of unitary science is "a mere act of faith." We hope to have shown 
that, on the contrary, a tentative acceptance of this belief, an accept
ance of it as a working hypothesis, is ;ustined, and that the hypothesis 
is credible, partly on methodological grounds (e.g., the simplicity of 
the hypothesis, as opposed to the bifurcation that rival suppositions 
create in the conceptual system of science), and partly because there 
is really a large mass of direct and indirect evidence in its favor. 

The idea of reductive levels employed in our discussion suggests what 
may plausibly be regarded as a natural order of sciences. For this pur
pose, it suffices to take as "fundamental disciplines" the branches cor
responding to our levels. It is understandable that many of the well
known orderings of things 44 have a rough similarity to our reductive 
levels, and that corresponding orderings of sciences are more or less 
similar to our order of 6 "fundamental disciplines." Again, several suc
cessive levels may be grouped together (e.g. physics today convention
ally deals at least with levels 1, 2, and 3; just as biology deals with at 
least levels 4 and 5). Thus we often encounter a division into simply 
physics, biology, and social sciences. But these other efforts to solve a 
problem which goes back to ancient times 45 have apparently been made 
on more or less intuitive grounds; it does not seem to have been realized 
that these orderings are "natural" in a deeper sense, of being based on 
the relation of potential micro-reducer obtaining between the branches 
of science. 

It should be emphasized that these six "fundamental disciplines" are, 
largely, fictitious ones (e.g., there is no actual branch whose universe of 
discourse is strictly molecules and combinations thereof). If one wishes 
a less idealized approach, one may utilize a concept in semantical in
formation theory which has been defined by one of us ( 3). This is the 
semantical functor: 'the amount of information the statement S con
tains about the class C' (or, in symbols: inf (S, C)). Then one can char
acterize any theory S (or any branch, if we are willing to identify a 
branch with a conjunction of theories) by a sextuple: namely, inf(S, 
level 1 ), inf (S, level. 2) ... inf (S, level 6). This sextuple can be re
garded as the "locus" of the branch S in a six-dimensional space. The 
axes are the loci of the imaginary "fundamental disciplines" just referred 
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to; any real branch (e.g., present-day biology) will probably have a posi
tion not quite on any axis, but nearer to one than to the others. 

Whereas the orderings to which we referred above generally begin 
with the historically given branches, the procedure just described re
verses this tendency. First a continuous order is defined in which any 
imaginable branch can be located; then one investigates the relations 
among the actually existing branches. These positions may be expected 
to change with time; e.g., as micro-reduction proceeds, "biology" will 
occupy a position closer to the "level l" axis, and so will all the other 
branches. The continuous order may be described as "Darwinian" rather 
than "Linnean"; it derives its naturalness, not from agreement with in
tuitive or customary classifications, but from its high systematic import 
in the light of the hypothesis that Unity of Science is attainable. 

NOTES 
1 Science, in the wider sense, may be understood as including the formal disciplines, 

mathematics, and logic, as well as the empirical ones. In this paper, we shall be con
cerned with science only in the sense of empirical disciplines, including the socio
humanistic ones. 

2 By a "theory" (in the widest sense) we mean any hypothesis, generalization, or 
law (whether deterministic or statistical), or any conjunction of these; likewise by 
"phenomena" (in the widest sense) we shall mean either particular occurrences or 
theoretically formulated general patterns. Throughout this paper, "explanation" ("ex
plainable" etc.) is used as defined in Hempel and Oppenheim (35). As to "explana
tory power," there is a definite connection with "systematic power." See Kemeny 
and Oppenheim (46, 47). 

•If we are willing to adopt a "Taxonomic System" for classifying all the things 
dealt with by science, then the various classes and subclasses in such a system could 
represent the possible "universes of discourse." In this case, the Uu1 of any branch 
would be associated with the extension of a taxonomic term in the sense of Oppen
heim (62). 

• Henceforth, we shall as a rule omit the clause 'at time t'. 
•Oppenheim ( 62, section 3) has a method for measuring such a reduction. 
• Of course, in some cases, such "skipping" does occur in the process of micro

reduction, as shall be illustrated later on. 
7 As to degree of credibility, see Kemeny and Oppenheim (45, especially p. 307) . 
•The "acceptance, as an overall fundamental working hypothesis, of the reduction 

theory, with physical science as most general, to which all others are reducible; with 
biological science less general; and with social science least general of all," has been 
emphasized by Hockett (37, especially p. 571). 

•As to natural, see Hempel (33, p. 52), and Hempel and Oppenheim (34, pp. 
107, 110) . 

10 Many well known hierarchical orders of the same kind (including some com
patible with ours) can be found in modern writings. It suffices to give the following 
quotation from an article by L. von Bertalanffy (95, p. 164): "Reality, in the modem 
conception, appears as a tremendous hierarchical order of organized entities, leading, 
in a superposition of many levels, from physical and chemical to biological and 
sociological systems. Unity of Science is granted, not by an utopian reduction of all 
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3ciences to physics and chemistry, but by the structural uniformities of the different 
levels of reality." As to the last sentence, we refer in the last paragraph of section 2.2 
to the problem noted. Von Bertalanffy has done pioneer work in developing a General 
System Theory which, in spite of some differences of emphasis, is an interesting con
tribution to our problem. 

11 The following example is a slight modification of the one given in Hempel and 
Oppenheim ( 35, p. 148) . See also Rescher and Oppenheim (76, pp. 93, 94). 

12 See Rescher and Oppenheim (76, p. 100), and Rescher (75). Of course, nothing 
is intrinsically a "true" whole; the characterization of certain things as "wholes" is 
always a function of the point of view, i.e. of the particular 'Pt' relation selected. For 
instance, if a taxonomic system is given, it is very natural to define 'Pt' so that the 
"wholes" will correspond to the things of the system. Similarly for aggregate see 
Rescher and Oppenheim (76, p. 90, n. 1). 

13 See Kemeny and Oppenheim ( 4 7, n. 6) . A suggestive characterization of sim
plicity in terms of the "entropy" of a theory has been put forward by Rothstein (78). 
Using Rothstein's terms, we may say that any micro-reduction moves in the direction 
of lower entropy (greater organization). 

" The statement that B. is micro-reducible to B, means (according to the analysis 
we adopt here) that some true theory belonging to B,-i.e., some true theory with 
the appropriate vocabulary and universe of discourse, whether accepted or not, and 
whether it is ever even written down or not~micro-reduces every true theory of B •. 
This seems to be what people have in mind when they assert that a given B. may not 
be reduced to a given B, at a certain time, but may nonetheless be reducible (micro
reducible) to it. 

1
• See Kemeny and Oppenheim ( 45, p. 307); also for "related concepts," like 

Carnap's "degree of confirmation" see Carnap ( 13). 
1

• As to degree of credibility see Kemeny and Oppenheim (45, especially p. 307). 
17 Using a term introduced by Kurt Lewin ( 48), we can also say in such a case: any 

particular object on level n is genidentical with these parts. 
18 Though we cannot accept Sir Arthur Eddington's idealistic implications, we 

quote from his Philosophy of Physical Science (17, p. 125): "I conclude therefore 
that our engrained form of thought is such that we shall not rest satisfied until we 
are able to represent all physical phenomena as an interplay of a vast number of 
structural units intrinsically alike. All the diversity of phenomena will be then seen 
to correspond to different forms of relatedness of these units or, as we should usually 
say, different configurations." 

1
• M. Scriven has set forth some suggestive considerations on this subject in his 

essay, "A Possible Distinction between Traditional Scientific Disciplines and the Study 
of Human Behavior" (79) . 

"
0 See e.g .. Kartman ( 43), with many quotations, references, and notes, some of 

them micro-reductionistic. 
21 This term has been introduced by F. A. Hayek ( 31). See also Watkins (98, 

especially pp. 729-732) and Watkins (99) . We owe valuable information in eco
nomics to vV. J. Bamnol, Princeton University. 

"" This distinction, first made by C. D. Broad (6, p. 616), adopted by E . C. 
Tolman (90), C . L. Hull ( 39), and others, is still in use, in spite of objections 
against this terminology. 

""This is the form our working hypothesis takes on this level in this field. See in 
this connection the often quoted paper by K. MacCorquodale and P. E. Meehl, "On 
a Distinction hetween Hypothetical Constructs and Intervening Variables" ( 52), and 
some of the discussions in the "Symposium on the Probability Approach in Psychol
ogy" (73), as well as references therein , to H. Feigl, W. Koehler, D. Krech, and 
C. C . Pratt. 

"' J\s to nc11 roanato11n-, see e.g . Vv. Penfield (69); as to neurocl1cmistry, sec e.g. 
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Rosenblueth (77, especially Chapter 26 for acetylcholine and the summaries on pp. 
134-135, 274-275); as to The Electric Activity of the Nervous System, see the book 
of this title by Brazier ( 5). See this last book also for neuroanatomy, neurophysiology, 
neurochemistry. See Brazier (5, pp. 128, 129, 152) for micro-reduction of Gestalt 
phenomena mentioned below. 

""Turing (91, 92). For an excellent popular presentation, see Kemeny (44). 
26 See the often quoted paper by McCulloch and Pitts ( 5 3), and later publications 

by these authors, as well as other papers in this field in the same Bulletin of Mathe
matical Biophysics, e.g. by N. Rashevsky. See also Platt (72) for a "complementary 
approach which might be called amplifier theory." For more up to date details, see 
Shannon and McCarthy's ( 82) Automata Studies, including von Neumann's model, 
discussed by him ( 82, pp. 43-98) . 

"'Throughout this paper, "cell" is used in a wide sense, i.e., "Unicellular" organism 
or single cell in a multicellular organism. 

28 For more details and much of the following, see Simpson, Pittendrigh and 
Tiffany ( 87), Goldschmidt ( 28), and Horowitz ( 38). For valuable suggestions we 
are indebted to C. S. Pittendrigh who also coined the terms "message carrying 
molecule" and "languages of surface" used in our text. 

29 See in reference to the following discussion Watson and Crick ( 100), also 
(101), and (102), and Crick (15). . 

80 Pauling and Delbriick ( 68). A micro-reducing theory has been proposed for 
these activities using the "lock-key" model. See Pauling, Campbell and Pressman (65), 
and Burnet ( 8). 

81 For a mechanical model, see von Neumann (96) and Jacobson ( 40). 
82 See Timofeeff-Ressovsky ( 89, especially pp. 108-138). It should, however, be 

noted that since Delbriick's theory was put forward, his model has proved inadequate 
for explaining genetic facts concerning mutation. And it is reproduced here only as 
a historical case of a micro-reducing theory that, in its day, served valuable functions. 

33 We think that, throughout this paper, our usage of thing language also on this 
level is admissible in spite of well-known difficulties and refer e.g. to Born ( 4), and 
Johnson ( 42). 

••See e.g. Broad ( 6, especially p. 93), as to "a general tendency of one order to 
combine with each other under suitable conditions to form complexes of the next 
order." See also Blum ( 1, and 2, especially p. 608); Needham ( 59, especially pp. 
184-185); and Dodd (16). 

35 This wording takes care of "regression," a reversal of trend, illustrated e.g. by 
parasitism. 

•• For a clear survey of cosmological hypotheses see the 12 articles published in the 
issue of Scientific American cited under Gamow ( 26). 

37 Perhaps the most sensational method is an experiment suggested by H. C. Urey 
and made by S. L. Miller ( 56, 57), according to which amino acids are formed when 
an electric discharge passes through a mixture of methane, hydrogen, ammonia, and 
water. 

•• "Actually life has many attributes, almost any one of which we can reproduce in 
a nonliving system. It is only when they all appear to a greater or lesser degree in the 
same system simultaneously that we call it living" (Calv.in, 9, p. 2 5 2). Thus the 
dividing line between "living" and "non-living" is obtained by transforming an under
lying "multidimensional concept of order" (see Hempel and Oppenheim, 34, pp. 65-
77), in a more or less arbitrary way, into a dichotomy. See also Stanley (88, especially 
pp. 15 and 16 of the reprint of this article). 

30 See note 3 8 above. 
'° For details, see Lindsey ( 50, especially pp. 136-139, 152-153, 342-344). See 

also Burkholder (7). 
"See e.g. the publications (104, 105, 106) by Wheeler. See also Haskins (30, 
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especially pp. 30-36). Since we are considering evolution on level 6 as a whole, we 
can refrain from discussing the great difference between, on the one hand, chance 
mutations, natural selection, and "instinctive" choices and, on the other hand, the 
specific faculty of man of consciously and willfully directing social evolution in time 
stretches of specifically small orders of magnitude (see Zilsel, 108). 

'"See Moscana ( 58) and his references, especially to work by the same author and 
by Paul Weiss. 

"' See Lippitt ( 51 ) . For recent experiments, see Sherif and Sherif ( 84, Chapters 6 
and 9) , and Sherif ( 8 3 ) . 

•• See note 10 above. 
45 For details, see Flint ( 21), and Vannerus (93). Auguste Con~te in his. Cours. de 

Philosophie Positive, Premiere et Deuxieme Le~ons ( 14), has given a h_1erarch1cal 
order of 6 "fundamental disciplines" which, independently from its philosoph1cal 
background, is amazingly modern in many respects, as several contemporary authors 
recognize. 
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-----CARL G. HEMPEL------

The Theoretician's Dilem'f/Ul 
A STUDY IN THE LOGIC OF THEORY CONSTRUCTION 

I. Deductive and Inductive Systematization 
Scientific research in its various branches seeks not merely to record 

particular occurrences in the world of our experience: it tries to discover 
regularities in the flux of events and thus to establish general laws which 
may be used for prediction, postdiction, 1 and explanation. 

The principles of Newtonian mechanics, for example, make it pos
sible, given the present positions and momenta of the celestial objects 
that make up the solar system, to predict their positions and momenta 
for a specified future time or to postdict them for a specified time 
in the past; similarly, those principles permit an explanation of the 
present positions and momenta by reference to those at some earlier 
time. In addition to thus accounting for particular facts such as those 
just mentioned, .the principles of Newtonian mechanics also explain 
certain "general facts," i.e., empirical uniformities such as Kepler's laws 
of planetary motion; for the latter can be deduced from the former. 2 

Scientific explanation, prediction, and postdiction all have the same 
logical character: they show that the fact under consideration can be 
inferred from certain other facts by means of specified general laws. In 
the simplest case, this type of argument may be schematized as a deduc
tive inference of the following form: 

(Ll) 

E 

AUTHoR's NOTE : I am indebted to the Council of the Humanities at Princeton Uni
versity for the award of a Senior Fellowship for the academic year 1956-57, which, 
by reducing my teaching load, gave me additional time for research. The present study 
is part of the work done during my tenure as a Senior Fellow. 
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