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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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Here, C1, C2, Ck are statements of particular occurrences (e.g., of the 
position and momenta of certain celestial bodies at a specified time), 
and L1, ~ . . . Lr are general laws (e.g., those of Newtonian mechan
ics); finally, E is a sentence stating whatever is being explained, pre
dicted, or postdicted. And the argument has its intended force only 
if its conclusion, E, follows deductively from the premises.3 

While explanation, prediction, and postcliction are alike in their logi
cal structure, they differ in certain other respects. For example, an argu
ment of the form ( 1.1) will qualify as a prediction only if E refers to 
an occurrence at a time later than that at which the argument is offered; 
in the case of a postcliction, the event must occur before the presenta
tion of the argument. These differences, however, require no fuller study 
here, for the purpose of the preceding discussion was simply to point out 
the role of general laws in scientific explanation, prediction, and post
diction. 

For these three types of scientific procedure, we will use the common 
term '(deductive) systematization'. More precisely, that term will be 
used to refer, first, to any argument of the form ( 1.1) that meets the 
requirements indicated above, no matter whether it serves as an explana
tion, a prediction, a postdiction, or in still some other capacity; second, 
to the procedure of establishing arguments of the kind just character
ized. 

So far, we have considered only those cases of explanation, prediction, 
and related procedures which can be construed as deductive arguments. 
There are many instances of scientific explanation and prediction, how
ever, which do not fall into a strictly deductive pattern. For example, 
when Johnny comes down with the measles, this might be explained by 
pointing out that he caught the disease from his sister, who is just 
recovering from it. The particular antecedent facts here invoked are 
that of Johnny's exposure and, let us assume, the further fact that 
Johnny had not had the measles previously. But to connect these with 
the event to be explained, we cannot adduce a general law to the effect 
that under the specified circumstances, the measles is invariably trans
mitted to the exposed person: what can be asserted is only a high proba
bility (in the sense of statistical frequency) of transmission. The same 
type of argument can be used also for predicting or postdicting the 
occurrence of a case of the measles. 

Similarl y, in a psychoanalytic cxplan:1 hon of H1 c ncmohc bch ;~ vi or of 
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an adult by reference to certain childhood experiences, the generaliza
tions which might be invoked to connect the antecedent events with 
those to be explained can be construed at best as establishing more or 
less high probabilities for the connections at hand, but surely not as 
expressions of unexceptional uniformities. 

Explanations, predictions, and postdictions of the kind here illustrated 
differ from those previously discussed in two important respects: The 
laws invoked are of a different form, and the statement to be established 
does not follow deductively from the explanatory statements adduced. 
We will now consider these differences somewhat more closely. 

The laws referred to in connection with the schema ( 1.1), such as 
the laws of Newtonian mechanics, are what we will call statements of 
strictly universal form, or strictly universal statements. A statement of 
this kind is an assertion-which may be true or false-to the effect that 
all cases which meet certain specified conditions will unexceptionally 
have such and such further characteristics. For example, the statement 
'All crows are black' is a sentence of strictly universal form; and so is 
Newton's first law of motion, that any material body which is not acted 
upon by an external force persists in its state of rest or of rectilinear 
motion at constant speed. 

The laws invoked in the second type of explanatory and related argu
ments, on the other hand, are, as we will say, of statistical form; they 
are statistical probability statements. A statement of this kind is an 
assertion-which may be true or false-to the effect that for cases which 
meet conditions of a specified kind, the probability of having such and 
such further characteristics is so-and-so much.4 

To put the distinction in a nutshell: A strictly universal statement of 
the simplest kind has the form 'All cases of P are cases of Q'; a statisti
cal probability statement of the simplest kind has the form 'The proba
bility for a case of P to be a case of Q is r.' While the former implies 
an assertion about any particular instance of P-namely, that it is also 
an instance of Q-the latter implies no similar assertion concerning any 
particular instance of P or even concerning any finite set of such in
stances.5 This circumstance gives rise to the second distinctive charac
teristic mentioned above: the statement E describing the occurrence 
under explanation or prediction or postdiction (for example, Johnny's 
catching the measles) is not logically deducible from the explanatory 
statements adduced (for example, (C!) Johnny was exposed to the 

39 



Carl G. Hempel 

measles; (C2 ) Johnny had not previously had the measles; (L) For 
persons who have not previously had the measles and are exposed to 
it, the probability is .92 that they will contract the disease); rather, on 
the assumption that the explanatory statements adduced are true, it 
is very likely, though not certain, that E is true as well. This kind of 
argument, therefore, is inductive rather than strictly deductive in char
acter: it calls for the acceptance of E on the basis of other statements 
which constitute only partial, if strongly supporting, grounds for it. An 
argument of this kind-no matter whether it is used for explanation, 
prediction, or postdiction, or for yet another purpose-will be called an 
inductive systematization. In particular, we will assume of an inductive 
systematization that the conclusion is not logically implied by 'the 
premises.6 Again, the procedure of establishing an argument of the 
kind just described will also be called inductive systematization. 

By way of further illustration, let us note here two explanatory argu
ments which are of the inductive kind just characterized. They are 
adduced by von Mises in a statement to the effect that the everyday 
notion of causal explanation will eventually adjust itself to changes in 
the logical form of scientific theories (especially to the use of statistical 
probability statements as explanatory principles) : "We think," von 
Mises says, that "people will gradually come to be satisfied by causal 
statements of this kind: It is because the die was loaded that the 'six' 
shows more frequently (but we do not know what the next number 
will be); or: Because the vacuum was heightened and the voltage in
creased, the radiation became more intense (but we do not know the 
precise number of scintillations that will occur in the next minute)." 7 

Clearly, both of these statements can be construed as inductive explana
tions of certain physical phenomena. 

All the cases of scientific systematization we have considered share 
this characteristic: they make use of general laws or general principles 
either of strictly universal or of statistical form. These general laws have 
the function of establishing systematic connections among empirical 
facts in such a way that with their help some empirical occurrences may 
be inferred, by way of explanation, prediction, or postdiction, from other 
such occurrences. When, in an explanation, we say that the event de
scribed by E occurred "because" of the circumstances detailed in Ch C2 
. . . Ck, that phrase has significance if it can be construed as referring 
to general laws which render Ct. C2 • • • Ck relevant to E in the sense 
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that, granted the truth of the former, they make the truth of the latter 
either certain (as in a deductive systematization) or inductively probable 
(as in an inductive systematization). It is for this reason that the es
tablishment of general laws is of crucial importance in the empirical 
sciences. 

2. Observables and Theoretical Entities 
Scientific systematization is ultimately aimed at establishing explana

tory and predictive order among the bewilderingly complex "data" of 
our experience, the phenomena that can be directly "observed" by us. 
It is a remarkable fact, therefore, that the greatest advances in scientific 
systematization have not been accomplished by means of laws referring 
explicitly to observables, i.e., to things and events which are ascertain
able by direct observation, but rather by means of laws that speak of 
various hypothetical, or theoretical, entities, i.e., presumptive objects, 
events, and attributes which cannot be perceived or otherwise directly 
observed by us. 

For a fuller discussion of this point, it will be helpful to refer to the 
familiar distinction between two levels of scientific systematization : the 
level of empirical generalization, and the level of theory formation.8 

The early stages in the development of a scientific discipline usually 
belong to the former level, which is characterized by the search for laws 
(of universal or statistical form) which establish connections among the 
directly observable aspects of the subject matter under study. The more 
advanced stages belong to the second level, where research is aimed at 
comprehensive laws, in terms of hypothetical entities, which will account 
for the uniformities established on the first level. On the first level, we 
find everyday physical generalizations such as 'Where there is light there 
is heat,' 'Iron rusts in damp air,' 'Wood floats on water, iron sinks in it'; 
but we might assign to it also such more precise quantitative laws as 
Galileo's, Kepler's, Hooke's, and Snell's laws, as well as botanical and 
zoological generalizations about the concomitance of certain observable 
anatomical, physical, functional, and other characteristics in the mem
bers of a given species; generalizations in psychology that assert correla
tions among diverse observable aspects of learning, of perception, and 
so forth; and various descriptive generalizations in economics, sociology, 
and anthropology. All these generalizations, whether of strictly universal 
or of statistical form, purport to express regular connections among 
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directly observable phenomena, and they lend themselves, therefore, to 
explanatory, predictive, and postdictive use. 

On the second level, we encounter general statements that refer to 
electric, magnetic, and gravitational fields, to molecules, atoms, and a 
variety of subatomic particles; or to ego, id, superego, libido, sublima
tion, fixation, and transference; or to various not directly observable 
entities invoked in recent learning theories. 

In accordance with the distinction here made, we will assume that the 
(extra-logical) vocabulary of empirical science, or of any of its branches, 
is divided into two classes: observational terms and theoretical terms. In 
regard to an observational term it is possible, under suitable circum
stances, to decide by means of direct observation whether the term does 
or does not apply to a given situation. 

Observation may here be construed so broadly as to include not only 
perception, but also sensation and introspection; or it may be limited 
to the perception of what in principle is publicly ascertainable, i.e., per
ceivable also by others. The subsequent discussion will be independent 
of how narrowly or how liberally the notion of observation is construed; 
it may be worth noting, however, that empirical science aims for a 
system of publicly testable statements, and that, accordingly, the ob
servational data whose correct prediction is the hallmark of a successful 
theory are at least thought of as couched in terms on whose applicability 
in a given situation different individuals can decide, with high agree
ment, by means of direct observation. Statements which purport to 
describe readings of measuring instruments, changes in color or odor 
accompanying a chemical reaction, utterances made, or other kinds of 
overt behavior shown by a given subject under specified observable con
ditions-these all illustrate the use of intersubjectively applicable ob
servational terms.9 

Theoretical terms, on the other hand, usually purport to refer to not 
directly observable entities and their characteristics; they function, in a 
manner soon to be examined more closely, in scientific theories intended 
to explain empirical generalizations. 

The preceding characterization of the two vocabularies is obviously 
vague; it offers no precise criterion by means of which any scientific term 
may be unequivocally classified as an observational term or as a theo
retical one. But no such precise criterion is needed here; the questions 
to be examined in this essay are independent of precisely where the 
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dividing line between the terms of the observational and the theoretical 
vocabularies is drawn. 

3. Why Theoretical Terms? 
The use of theoretical terms in science gives rise to a perplexing 

problem: Why should science resort to the assumption of hypothetical 
entities when it is interested in establishing predictive and explanatory 
connections among observables? Would it not be sufficient for the 
purpose, and much less extravagant at that, to search for a system of 
general laws mentioning only observables, and thus expressed in terms 
of the observational vocabulary alone? 

Many general statements in terms of observables have indeed been 
formulated; they constitute the empirical generalizations mentioned in 
the preceding section. But, vexingly, many, if not all, of them suffer 
from definite shortcomings : they usually have a rather limited range of 
application; and even within that range, they have exceptions, so that 
actually they are not true general statements. Take, for example, one 
of our earlier illustrations of an empirical generalization: 

(3.1) Wood floats on water; iron sinks in it. 

This statement has a narrow range of application in the sense that it 
refers only to wooden and iron objects and concerns their floating be
havior only in regard to water.10 And, what is even more important, it 
has exceptions: certain kinds of wood will sink in water, and a hollow 
iron sphere of suitable dimensions will float on it. 

As the history of science shows, flaws of this kind can often be 
remedied by attributing to the phenomena under study certain further 
constituents or characteristics which, though not open to direct observa
tion, are connected in specified ways with the observable aspects of the 
subject matter under investigation, and which make it possible to estab
lish systematic connections among the latter. By way of illustration
though it is admittedly an oversimplified one-consider the sentence 
(3.1) . A much more satisfactory generalization is obtained by means of 
the concept of the specific gravity of a body x, which is definable as 
the quotient of its weight and its volume: 

(3.2) Def.: s(x) = w(x)/v(x) 

Let us assume that w and v have been characterized operationally, i.e., 
in terms of the directly observable outcomes of specified measuring pro-
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cedures, and that therefore they are counted among the observables. 
Then s, as determined by ( 3.1), might be viewed as a characteristic that 
is less directly observable; and, just for the sake of obtaining a simple 
illustration, we will classify s as a hypothetical entity. For s, we may now 
state the following generalization, which is a corollary of the principle 
of Archimedes: 

(3.3) A solid body floats on a liquid if its specific gravity is less than 
that of the liquid. 

This statement avoids, first of all, the exceptions we noted above as 
refuting ( 3.1) : it predicts correctly the behavior of a piece of heavy 
wood and of a hollow iron sphere. Moreover, it has a much wider scope: 
it refers to any kind of solid object and concerns its floating behavior 
in regard to any liquid. Even the new generalization has certain limita
tions, of course, and thus invites further improvement. But instead of 
pursuing this process, let us now examine more closely the way in which 
a systematic connection among observables is achieved, in our illustra
tion, by the law (3.3), which involves a detour through the domain of 
unobservables. 

Suppose that we wish to predict whether a certain solid object b will 
float on a given body I of liquid. We will then first have to ascertain, 
by appropriate operational procedure, the weight and the volume of b 
and I. Let the results of these measurements be expressed by the fol
lowing four statements 011 02, Oa, 04 : 

(3.4) (01) w(b) =w1; (02) v(b) =V1 
(03 ) w(l) = w2; (04) v(l) = V2 

where w11 w2 , vh v2, are certain positive real numbers. By means of the 
definition ( 3.2), we can infer, from ( 3.4), the specific gravities of b 
and I: 

(3.5) s (b) = wl/v1; s ( 1) = w2/v2 

Suppose now that the first of these values is less than the second; then 
(3.4), via ( 3.5) implies that 

(3.6) s(b) <s(l) 

By means of the law ( 3.3), we can now infer that 

(3.7) b floats on 1 

This sentence will also be called Ou. The sentences 01, 02, Oa, 04, 0 6 
then share the characteristic that they are expressed entirely in terms of 
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the observational vocabulary; for on our assumption, 'w' and 'v' are oh 
servational terms, and so are 'b' and '1', which name certain observable 
bodies; finally, 'floats on' is an observational term because under suit
able circumstances, direct observation will show whether a given ob
servable object floats on a given observable liquid. On the other hand, 
the sentences (3.2), (3.3), (3.5), and (3.6) lack that characteristic, for 
they all contain the term 's', which, in our illustration, belongs to the 
theoretical vocabulary. 

The systematic transition from the "observational data" listed in (3.4) 
to the prediction ( 3.7) of an observable phenomenon is schematized in 
the accompanying diagram. Here, an arrow represents a deductive in-

OI( (3.2) 1 o2s----') s(b) = vl/wl (3.9) 
(3 8) )>-~s(b) <s(l)-~05 

. 0 (3.2) . 
o:} --~ s(l) = v2/w2 J 

I I 1----------
Data de-
scribed 
in terms 
of observ
ables 

Systematic connection effected 
by statements making refer
ence to non-observables 

Prediction 
in terms of 
observables 

ference; mention, above an arrow, of a further sentence indicates that 
the deduction is effected by means of that sentence, i.e., that the con
clusion stated at the right end follows logically from the premises listed 
at the left, taken in conjunction with the sentence mentioned above the 
arrow. Note that the argument just considered illustrates the schema 
(1.1), with 0 1, 0 2, 0 3 , 0 4 constituting the statements of particular facts, 
the sentences ( 3.2) and ( 3.3) taking the place of the general laws, and 
05 that of E.n 

Thus, the assumption of non-observable entities serves the purposes 
of systematization: it provides connections among observables in the 
form of laws containing theoretical terms, and this detour via the 
domain of hypothetical entities offers certain advantages, some of which 
were indicated above. 

In the case of our illustration, however, brief reflection will show that 
the advantages obtained by the "theoretical detour" could just as well 
have been obtained without ever resorting to the use of a theoretical 
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term. Indeed, by virtue of the definition (3.2), the law (3.3) can be 
restated as follows: 

(3.3') A solid body floats on a liquid if the quotient of its weight and 
its volume is less than the corresponding quotient for the liquid. 

This alternative version clearly shares the advantages we found ( 3.3) to 
have over the crude generalization ( 3.1); and, of course, it permits the 
deductive transition from 01, 02, 0 3, 04 to 0 5 just as well as does (3.3) 
in conjunction with ( 3.2). 

The question arises therefore whether the systematization achieved 
by general principles containing theoretical terms can always be dupli
cated by means of general statements couched exclusively in observa
tional terms. To prepare for an examination of this important problem, 
we must first consider more closely the form and function of a scientific 
theory. 

4. Structure and Interpretation of a Theory 
Formally, a scientific theory may be considered as a set of sentences 

expressed in terms of a specific vocabulary. The vocabulary, VT, of a 
theory T will be understood to consist of the extralogical terms of T, 
i.e., those which do not belong to the vocabulary of pure logic. Usually, 
some of the terms of V are defined by means of others; but, on pain 
of a circle or an infinite regress, not all the terms of V can be so de
fined . Hence, V may be assumed to be divided into two subsets: primi
tive terms-those for which no definition is specified-and defined terms. 
Analogously, many of the sentences of a theory are derivable from others 
by means of the principles of deductive logic (and of the definitions 
of the defined terms); but, on pain of a vicious circle or an infinite 
regress in the deduction, not all of the theoretical sentences can be 
thus established. Hence, the set of sentences asserted by T falls into 
two subsets: primitive sentences, or postulates (also called axioms), and 
derivative sentences, or theorems. Henceforth, we will assume that theo
ries are given in the form of axiomatized systems as here described; i.e., 
by listing, first, the primitive and the derivative terms and the defini
tions for the latter, second, the postulates. In addition, the theory will 
always be thought of as formulated within a linguistic framework of 
a clearly specified logical structure, which determines, in particular, the 
rules of deductive inference. 

The classical paradigms of deductive systems of this kind arc the 
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axiomatizations of various mathematical theories, such as Euclidean, and 
various forms of non-Euclidean geometry, and the theory of groups 
and other branches of abstract algebra; 12 but by now, a number of 
theories in empirical science have likewise been put into axiomatic form, 
or approximations thereof; among them, parts of classical and relativistic 
mechanics, 13 certain segments of biological theory 14 and some theoreti
cal systems in psychology, especially in the field of learning; 15 in eco
nomic theory, the concept of utility, among others, has received axio
matic treatment.l6 

If the primitive terms and the postulates of an axiomatized system 
have been specified, then the proof of theorems, i.e., the derivation of 
further sentences from the primitive ones-can be carried out by means 
of the purely formal canons of deductive logic, and thus, without any 
reference to the meanings of the terms and sentences at hand; indeed, 
for the deductive development of an axiomatized system, no meanings 
need be assigned at all to its expressions, primitive or derived. 

However, a deductive system can function as a theory in empirical 
science only if it has been given an interpretation by reference to em
pirical phenomena. We may think of such interpretation as being 
effected by the specification of a set of interpretative sentences, which 
connect certain terms of the theoretical vocabulary with observational 
termsP The character of these sentences will be examined in consid
erable detail in subsequent sections; at present may be mentioned, 
merely as an example, that interpretative sentences might take the form 
of so-called operational definitions, i.e., of statements specifying the 
meanings of theoretical terms with the help of observational ones; of 
special importance among these are rules for the measurement of theo
retical quantities by reference to observable responses of measuring in
struments or other indicators. 

The manner in which a theory establishes explanatory and predictive 
. connections among statements couched in observational terms can now 
be illustrated in outline by the following example. Suppose that the 
Newtonian theory of mechanics is used to study the motions, under 
the exclusive influence of their mutual gravitational attraction, of two 
bodies, such as the components of a double-star system, or the moon 
and a rocket coasting freely 100 miles above the moon's surface. On 
the basis of appropriate observational data, each of the two bodies may 
be assigned a certain mass, and, at a given instant t0, a certain position 

47 



Carl G. Hempel 

and velocity in some specified frame of reference. Thus, a first step is 
taken which leads, via interpretative sentences in the form of rules of 
measurement, from certain statements 01> 02 . . . ok which describe 
observable instrument readings, to certain theoretical stattments, say 
H1, H2 . . . H6 which assign to each of the two bodies a specific numeri
cal value of the theoretical quantities mass, position, and velocity. From 
these statements, the law of gravitation, which is couched entirely in 
theoretical terms, leads to a further theoretical statement, H7, which 
specifies the force of the gravitational attraction the two bodies exert 
upon each other at t0; and H7 in conjunction with the preceding theo
retical statements and the laws of Newtonian mechanics implies, via a 
deductive argument involving the principles of the calculus, certain 
statements H8, H9, H10, H11, which give the positions and velocities of 
the two objects at a specified later time, say t1. Finally, use in reverse 
of the interpretative sentences leads, from the last four theoretical state
ments, to a set of sentences 0' 1> 0' 2 . . . 0' m, which describe observ
able phenomena, namely, instrument readings that are indicative of the 
predicted positions and velocities. 

By means of a schema analogous to ( 3.8), the procedure may be 
represented as follows: 

R G 
( 4.1) -{01> 02 . .. Ok~ ~ -{HI> H2 ... H6~ ~ -{HI> H2 .. . H6, H1~ 

LM R 
~ -{Hs, H9, Hto, Hn~ ~ -{0' 1> 0'2 .. . 0' mt 

Here, R is the set of the rules of measurement for mass, position, 
and velocity; these rules constitute the interpretative sentences; G is 
Newton's law of gravitation, and LM are the Newtonian laws of motion . 

In reference to psychology, similar schematic analyses of the function 
of theories or of hypotheses involving "intervening variables" have re
peatedly been presented in the methodological literature.18 Here, the 
observational data with which the procedure starts usually concern cer
tain observable aspects of an initial state of a given subject, plus certain 
observable stimuli acting upon the latter; and the final observational 
statements describe a response made by the subject. The theoretical 
statements mediating the transition from the former to the latter refer 
to various hypothetical entities, such as drives, reserves, inhibitions, or 
whatever other not directly observable characteristics, qualities, or psy
chological states are postulated by the theory at hand. 
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5. The Theoretician's Dilemma 
The preceding account of the function of theories raises anew the 

problem encountered in section 3, namely, whether the theoretical 
detour, through a domain of not directly observable things, events, or 
characteristics cannot be entirely avoided. Assume, for example, that
as will often be the case-the interpretative sentences as well as the 
laws asserted by the theory have the form of equations which connect 
certain expressions in terms of theoretical quantities either with other 
such expressions, or with expressions in terms of observable quantities. 
Then the problem can be stated in Hull's succinct formulation : "If you 
have a secure equational linkage extending from the antecedent observ
able conditions through to the consequent observable conditions, why, 
even though to do so might not be positively pernicious, use several 
equations where one would do?" 19 Skinner makes the same point in 
more general form when he criticizes the construction, in psychological 
theories, of causal chains in which a first link consisting of an observable 
and controllable event is connected with a final ("third") one of the 
same kind by an intermediate link which usually is not open to observa
tion and control. Skinner argues: "Unless there is a weak spot in our 
causal chain so that the second link is not lawfully determined by the 
first, or the third by the second, then the first and third links must be 
lawfully related. If we must always go back beyond the second link for 
prediction and control, we may avoid many tiresome and exhausting 
digressions by examining the third link as a function of the first." 20 

The conclusion suggested by these arguments might be called the 
paradox of theorizing. It asserts that if the terms and the general prin
ciples of a scientific theory serve their purpose, i.e., if they establish 
definite connections among observable phenomena, then they can be 
dispensed with since any chain of laws and interpretative statements 
establishing such a connection should then be replaceable by a law 
which directly links observational antecedents to observational conse
quents. 

By adding to this crucial thesis two further statements which are 
obviously true, we obtain the premises for an argument in the classical 
form of a dilemma: 

(5.1.) If the terms and principles of a theory serve their purpose they 
are unnecessary, as just pointed out, and if they don't serve their 
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purpose they are surely unnecessary. But given any theory, its 
terms and principles either serve their purpose or they don't. 
Hence, the terms and principles of any theory are unnecessary. 

This argument, whose conclusion accords well with the views of ex
treme methodological behaviorists in psychology, will be called the 
theoretician's dilemma. 

However, before yielding to glee or to gloom over the outcome of 
this argument, it will be well to remember that the considerations 
adduced so far in support of the crucial first premise were formulated 
rather sketchily. In order to form a more careful judgment on the issue, 
it will therefore be necessary to inquire whether the sketch can be filled 
in so as to yield a cogent argument. To this task we now turn. 

6. Operational Definitions and Reduction Sentences 
It will be well to begin by considering more closely the character of 

interpretative sentences. In the simplest case, such a sentence could be 
an explicit definition of a theoretical expression in terms of observa
tional ones, as illustrated by ( 3.2). In this case, the theoretical term 
is unnecessary in the strong sense that it can always be avoided in favor 
of an observational expression, its definiens. If all the primitives of a 
theory T are thus defined, then clearly T can be stated entirely in ob
servational terms, and all its general principles will indeed be laws that 
directly connect observables with observables. 

This would be true, in particular, of any theory that meets the stand
ards of operationism in the narrow sense that each of its terms is intro
duced by an explicit definition which states an observable response 
whose occurrence is necessary and sufficient, under specified observable 
test conditions, for the applicability of the term in question. Suppose, 
for example, that the theoretical term is a one-place predicate, or prop
erty term, 'Q'. Then an operational definition of the kind just men
tioned would take the form 

(6.1) Def. Qx == (Cx :::> Ex) 

i.e., an object x has (by definition) the property Q if and only if it 
is such that if it is under test conditions of kind C, then it exhibits 
an effect, or response of kind E. Tolman's definition of expectancy of 
food provides an illustration: "When we assert that a rat expects food 
at L, what we assert is that it (l) he is deprived of food, (2) he has 
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been trained on path P, (3) he is now put on path P, (4) path P is 
now blocked, and (5) there are other paths which lead away from path 
P, one of which points directly to location L, then he will run down 
the path which points directly to location L." 21 We can obtain this 
formulation by replacing, in (6.1), 'Qx' by 'rat x expects food at loca
tion L,' 'Cx' by the conjunction of the conditions ( 1), ( 2), ( 3), ( 4) , 
(5) for rat x, and 'Ex' by 'x runs down the path which points directly 
to location L.' 

However, as has been shown by Carnap in a now classical argument,22 

this manner of defining scientific terms, no matter how natural it may 
seem, encounters a serious difficulty. For on the standard extensional 
interpretation, a conditional sentence, such as the definiens in ( 6.1), is 
false only if its antecedent is true and its consequent false. Hence, for 
any object which does not satisfy the test conditions C, and for which 
therefore the antecedent of the definiens is false, the definiens as a 
whole is true; consequently, such an object will be assigned the prop
erty Q. In terms of our illustration: of any rat not exposed to the 
conditions ( 1 )-( 5) just stated, we would have to say that he expected 
food at L-no matter what kind of behavior the rat might exhibit. 

One way out of this difficulty is suggested by the following con
sideration. In saying that a given rat expects food at L, we intend to 
attribute to the animal a state or a disposition which, under circum
stances ( 1)-( 5), will cause the rat to run down the path pointing 
directly to L; hence, in a proper operational definition, E must be tied 
to C nomologically, i.e., by virtue of general laws of the kind expressing 
causal connections. The extensional 'if . . . then . . .'-which requires 
neither logical nor nomological necessity of connection-would there
fore have to be replaced in ( 6.1) by a stricter, nomological counterpart 
that might be worded perhaps as 'if ... then, with causal necessity, 
.. .' However, the ideas of law and of causal or nomological necessity 
as here invoked are not clear enough at present to make this approach 
seem promising.2s 

Carnap 24 has proposed an alternative way of meeting the difficulty 
encountered by definitions of the form ( 6.1); it consists in providing 
a partial rather than a complete specification of meaning for 'Q'. This 
is done by means of so-called reduction sentences; in the simplest case, 
(6.1) would be replaced by the following bilateral reduction sentence: 

(6.2) Cx :::> (Qx ==Ex) 
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i.e., if an object is under test conditions of kind C, then it has the 
property Q if and only if it exhibits a response of kind E. Here, the use 
of extensional connectives no longer has the undesirable aspects it ex
hibited in ( 6.1); if an object is not under test conditions C, then the 
entire formula ( 6.2) is true of it, but this implies nothing as to whether 
the object does, or does not, have the property Q. On the other hand, 
while (6.1) .offers a full explicit definition of 'Q', (6.2) specifies the 
meaning of 'Q' only partly, namely, for just those objects that meet 
condition C; for those which don't, the meaning of 'Q' is left unspeci
fied. In our illustration, for example, ( 6.3) would specify the meaning 
of 'x expects food at L' only for rats that meet conditions (1)-(5); for 
them, running down the path which pointed to L would be a necessary 
and sufficient condition of food expectancy. In reference to rats that 
don't meet the test conditions (1)-(5), the meaning of 'x expects food 
at L' would be left open; it could be further specified subsequently by 
means of additional reduction sentences. 

In fact, it is this interpretation which is required for Tolman's con
cept of food expectancy. For while the passage quoted above seems to 
have exactly the form ( 6.1), this construal is ruled out by the follow
ing sentence which immediately follows the one quoted earlier: "When 
we assert that he does not expect food at location L, what we assert is 
that, under the same conditions, he will not run down the path which 
points directly to location L." The total interpretation thus given to 
'rat x expects food at L' is most satisfactorily formulated in terms of a 
sentence of the form (6.2), in the manner outlined in the preceding 
paragraph.25 

As this example vividly illustrates, reduction sentences offer an excel
lent way of formulating precisely the intent of operational definitions. 
By construing the latter as merely partial specifications of meaning, this 
approach treats theoretical concepts as "open"; and the provision for 
a set of different, and mutually supplementary, reduction sentences 
for a given term reflects the availability, for most theoretical terms, 
of different operational criteria of application, pertaining to different 
contexts.26 

It should be noted, however, that while an analysis in terms of re
duction sentences construes theoretical terms as not fully defined by 
reference to observables, it does not prove that a full explicit definition 
in observational terms cannot be achieved for theoretical expressions. 
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And indeed, it seems questionable whether a proof to this effect could 
even be significantly asked for. The next section deals with this issue 
in some detail. 

7. On the Definability of Theoretical Terms by Means of 
an Observational Vocabulary 

The first, quite general, point to be made here is this: the definition 
of any term, say 'v', by means of a set V of other terms, say 'v1', 'v2' ... 
'vn', will have to state, in its definiens, a necessary and sufficient con
dition for the applicability of 'v' expressed in terms of some or all of 
the members of V. And in order to be able to judge whether this can 
be done in a given case, we will have to know how the terms under 
consideration are to be understood. For example, the vocabulary con
sisting of the terms 'male' and 'offspring of' permits the formulation 
of a necessary and sufficient condition of application for the term 'son 
of' in its biological, but not in its legal sense. How the given terms are 
to be understood can be indicated by specifying a set U of sentences 
which are to be considered as true, and which connect the given terms 
with each other and perhaps with other terms. Thus, U will be a set 
of sentences containing 'v', 'v1' ... 'vn' and possibly also other extra
logical constants. For example, in the case of the biological use of the 
terms 'son', 'male', and 'offspring', in reference to humans, the follow
ing set of sentences-let us call it U1-might be given: 'Every son is 
male,' 'No daughter is male,' 'x is an offspring of y if and only if x is 
a son or a daughter of y.' 

Generally, the sentences of U specify just what assumptions are to 
be made, in the search for a definition, concerning the concepts under 
consideration; and the problem of definability now turns into the ques" 
tion whether it is possible to formulate, in terms of v11 v2 ... v01 a 
condition which, in virtue of the assumptions included in U, will be 
both necessary and sufficient for v. Thus, using an idea set forth and 
developed technically by Tarski,27 we see that the concept of definability 
of 'v' by means of 'v1', 'v2' ... 'vn' acquires a precise meaning only if 
it is explicitly relativized by reference to a set U of specifying assump
tions. That precise meaning may now be stated as follows: 

(7 .1) 'v' is definable by means of the vocabulary V = -{'v1', 'v2 ' • • .'vn'r 

relative to a finite set U of statements containing, at least, 'v' and all the 
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elements of V if from U there is deducible at least one sentence stating 
a necessary and sufficient condition for v in terms of no other extralogi
cal constants than the members of V. 

If all the terms under study are one-place predicates of the first order, 
for example, then a sentence of the required kind could most simply 
be stated in the form 

(7.2) v(x) ==D(x, vh v2 ••• Vn), 

where the expression on the right-hand side stands for a sentential func
tion whose only free variable is 'x', and which contains no extralogical 
constants other than those included in V. 

Similarly, in the case of our illustration, the set U1 specified above 
implies the statement: 

x is a son of y = ( x is male and x is an offspring of y), 

so that, relatively to uh 'son' is definable as 'male offspring'. 
We should add here an amplifying remark. A definition, when it is 

not simply a convention introducing an abbreviatory notation (such as 
the convention to let 'x5' be short for 'x. x. x · x. x') is usually con
sidered as stating the synonymy of two expressions, or, as it is often put, 
the identity of their meanings. Now the question of the definability of 
a given term 'v' by means of a set V of other terms surely is not simply 
one of notational fiat; and indeed it will normally be construed as con
cerning the possibility of expressing the meaning which the term 'v' 
possesses with the help of the meanings of the members of V. If this 
conception is adopted, then naturally the information needed to answer 
the question of definability will concern the meanings of 'v' and of the 
members of V; accordingly, the statements in U, which provide this 
information, will then be required not simply to be true, but to be 
analytic, i.e., true by virtue of the intended meanings of the constituent 
terms. In this case, the statements in U would have the character of 
meaning postulates in the sense of Kemeny and Carnap.28 

But in a study of the definability of theoretical expressions by means 
of observational terms, it is neither necessary nor even advisable to con
strue definition in this intensional manner. For, first of all, the idea of 
meaning, and related notions such as those of analyticity and synonymy, 
are by no means as clear as they have long been considered to be, 29 and 
it will be better, therefore, to avoid them when this is possible. 

Secondly, even if those concepts are accepted as clearly intelligible, 
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the definability of a theoretical term still cannot be construed exclu
sively as the existence of a synonymous expression containing only ob
servational terms: it would be quite sufficient if a coextensive (rather 
than a strictly cointensive, or synonymous) expression in terms of 
observables were forthcoming. For such an expression would state an 
empirically necessary and sufficient observational condition of applica
bility for the theoretical term; and this is all that is required for our 
purposes. In fact, the sentence stating the condition-which might have 
the form (7.2), for example-can then be given the status of a truth
by-definition, by a suitable reformalization of the theory at hand. 

It is of interest to note here that a necessary and sufficient observa
tional condition for a theoretical term, say 'Q', might be inductively 
discovered even if only a partial specification of the meaning of 'Q' in 
terms of observables were available. Suppose, for example, that a set 
of alternative conditions of application for 'Q' has been specified by 
means of bilateral reduction sentences: 

(7.3) C1x ~ (Qx = E1x) 
C2x ~ (Qx == E2x) 

Cnx ~ (Qx = Enx) 

where all predicates except 'Q' are observational. Suppose further that 
suitable investigations lead to the following empirical generalizations : 

(7.4) C1x ~ (Ox== Etx) 
C2x ~ (Ox== E2x) 

Cnx ~ (Ox= Enx) 

where 'Ox' stands for a sentential function in 'x' which contains no 
non-observational extralogical terms. These findings, in combination 
with (7.3), would inductively support the hypothesis 

(7.5) Qx ==Ox 

which presents a necessary and sufficient observational condition for Q. 
However, (7.5) even if true (its acceptance involves the usual "induc
tive risk") clearly does not express a synonymy; if it did, no empirical 
investigations would be needed in the first place to establish it. Rather, 
it states that, as a matter of empirical fact, 'Q' is coextensive with '0', 
or, that 0 is an empirically necessary and sufficient condition for Q.30 

55 



Carl G. Hempel 

And if we wish, we may then imagine the theory-plus-interpretation at 
hand to be thrown into the form of a deductive system in which (7 .5) 
becomes a definitional truth, and (7.3) assumes the character of a set 
of empirical statements equivalent to those listed in (7.4). 

It might be mentioned here in passing that a similarly broad exten
sional interpretation of definability is called for also in the context of 
the problem whether a given scientific discipline, such as psychology, 
can be "reduced" to another, such as biology or even physics and chem
istry. For one component of this problem is the question whether the 
term~ of the first discipline can be defined by means of those of the 
latter; and what is wanted for this purpose is again a set of empirical 
hypotheses providing, for each psychological term, a necessary and suffi
cient condition of application expressed in the vocabulary of biology, 
or of physics and chemistry. 

When we say, for example, that the concepts of the various chemical 
elements are definable in physical terms by a characterization of the 
specific ways in which their molecules are composed of elementary 
physical particles, we are clearly referring to results of experimental re· 
search rather than of a mere analysis of what is meant by the terms 
naming the various elements. If the latter were the case, it would indeed 
be quite incomprehensible why the problems pertaining to the defina
bility of scientific terms should present any difficulty, and why they 
should be the objects of much conjecture and controversy. 

The preceding considerations have important implications for our 
question whether all theoretical terms in empirical science can be de
fined in terms of observables. First of all, they show that the question 
as stated is elliptical: to complete it, we have to specify some set U of 
statements as referred to in (7.1). What set could reasonably be chosen 
for this purpose? One natural choice would be the set of all statements, 
in theoretical or observational terms, that are accepted as presumably 
true by contemporary science. Now, this pragmatic-historical charac
terization is by no means precise and unambiguous; there is a wide 
border area containing statements for which it cannot be clearly de
termined whether they are accepted by contemporary science. But no 
matter how the claims of these border-area statements are adjudicated, 
and no matter where-within reason-the borderline between observa
tional and theoretical terms is drawn, it is at least an open question 
whether the set of presently accepted scientific statements implies for 
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every theoretical term a necessary and sufficient condition of applica
bility in terms of observables. Certainly those who have asserted such 
definability have not supported their claim by actually deducing such 
conditions, or by presenting cogent general reasons for the possibility 
of doing so. 

There is another way in which the claim of definability may be con
strued, namely as the assertion that as our scientific knowledge becomes 
more comprehensive, it will eventually be possible to deduce from it 
necessary and sufficient conditions of the required kind. (This is the 
sense in which definability is usually understood by those who claim 
the eventual definability of the concepts of psychology in terms of those 
of biology or of physics and chemistry; for that all the requisite defini
tion statements-even in an extensional, empirical sense-cannot be 
deduced from current psychological, biological, physical, and chemical 
principles seems clear.31 ) But to assert definability of a theoretical term 
in this sense is to make a twofold claim: first, that the term in question 
will not be abandoned in the further development of scientific theo
rizing; and second, that general laws will be discovered which establish 
certain necessary and sufficient conditions, expressible in observational 
terms, for the applicability of the theoretical term at hand. Clearly, the 
truth of these claims cannot be established by philosophic arguments, 
but at best by the results of further scientific research. 

Despite the precariousness of the problem, various claims and counter
claims have been advanced by philosophers of science and by method
ologically interested scientists concerning the possibility of defining 
theoretical terms by reference to observables. 

Some among the philosophers have simply urged that nothing short 
of explicit definition in terms of a vocabulary that is clearly understood 
can provide an acceptable method of introducing new terms into the 
language of science; and the argument supporting this view is to the 
effect that otherwise the new terms are not intelligible.32 To this ques
tion we will return later. The protagonists of this view do not make an 
assertion, then, about the actual definability of the theoretical terms used 
in contemporary empirical science; rather, they stress the importance of 
clarifying the ideas of science by restating them, as far as possible, in 
a language with a clear and simple logical structure, and in such a way 
as to introduce all theoretical terms by means of suitable definitions. 

Other writers, however, have argued, in effect, that scientific theories 
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and the way in which they function have certain pervasive logical or 
methodological characteristics which presumably are not . affected .by 
changes in scientific knowledge, and which provide a baSIS on which 
the question as to the definability of theoretical terms can be settled 
without the need either to examine all the statements accepted by con
temporary science or to wait for the results of furt~er research. 

An illuminating example of a careful use of this type of procedure 
is provided by Carnap's argument, referred to in the beginning of sec
tion 6 above, which shows that definitions of the form ( 6.1) cannot 
serve to introduce scientific concepts of the kind they were meant to 
specify. The argument is limited, however, in the se~~e that .i~ does 
not show (and does not claim to show) that an explicit d~fimtio~ of 
theoretical terms by means of observational ones is generally Impossible. 

Recently,sa Carnap has extended his examination of the pr~~lem i~ 
the following direction. Suppose that a given object, b, exhibits t~Is 
kind of lawful behavior: whenever b is under conditions of a certam 
observable kind C, then it shows a response of a specified observable 
kind E. We then say that b has the disposition to react to C by ~; 
let us call this dispositional property Q for short. Clearly, our earlier 
discussion in section 6 concerns the problem of precisely defining 'Q' 
in terms of 'C' and 'E'; we noted there, following Carnap, that we will 
either have to resign ourselves to a partial specification of meaning for 
'Q' by means of the bilateral reduction sentence ( 6.2); or, if we i~s~st 
on an explicit complete definition, we will have to use causal modahties 

in the definiens. 
But no matter which of these alternative courses is chosen, the result-

ing disposition term 'Q' has this characteristic: if a gi;en o~ject b is 
under condition C and fails to show response E, or bnefly, If Cb but 
- Eb then this establishes conclusively that b lacks the property Q, 
or briefly that -Qb. This characteristic, Carnap argue~, distinguishes 
"pure disposition terms," such as 'Q', from the theoretical terms used 
in science; for though the latter are connected with the observational 
vocabulary by certain interpretative sentence~-Carnap calls the~ C
rules-those rules will not, in general, permit a set of observational 
data (such as 'Cb' and '-Eb' above) to cons.titute con.clusiv~ evid~nce 
for or against the applicability of the theoretical ~erm m : given sit~a
tion. There are two reasons for this assertion. Fust, the mterpretabve 
sentences for a given theoretical term provide an observational interpre-
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tation only within a certain limited range; thus, for example, in the 
case of the theoretical term 'mass', no C-rule is directly applicable to a 
sentence Sm ascribing a certain value of mass to a given body, if the 
value is either so small that the body is not directly observable or so 
large that the observer cannot "manipulate the body." a. 

And second, a direct observational interpretation for a theoretical 
term always involves the tacit understanding that the occurrence or 
absence of the requisite observable response in the specified test situa
tion is to serve as a criterion only if there are no disturbing factors, or, 
provided that "the environment is in a normal state." 35 Thus, for 
example, a rule of correspondence might specify the deflection of a 
magnetic needle as an observable symptom of an electric current in a 
nearby wire, but with the tacit understanding that the response of the 
needle is to count only if there are no disturbing factors, such as, say, 
a sudden magnetic storm. 

Generally, then, Carnap holds that "if a scientist has decided to use 
a certain term 'M' in such a way, that for certain sentences about M, 
any possible observational results can never be absolutely conclusive 
evidence but at best evidence yielding a high probability," then the 
appropriate place for 'M' is in the theoretical vocabulary.36 

Now we should note, first of all, that if Carnap's arguments are 
sound, they establish that the theoretical terms of science cannot be 
construed as pure disposition terms, and thus even if, by the use of 
causal modalities, explicit definitions of the latter should be achieved, 
this method would be unavailing for theoretical terms. But the argu
ments do not show-and are not claimed to show-that theoretical 
terms can in no way be explicitly defined in terms of observables. In 
fact, if Carnap's statement quoted in the preceding paragraph is ac
cepted, then many terms that can be explicitly defined by means of 
the observational vocabulary must be qualified as theoretical. For ex
ample, let 'R' be a two-place observational predicate, and let a one-place 
predicate 'M1' be defined as follows: 

(7.6) Def. M1x == (3y) Rxy 

i.e., an object x has the property M1 just in case it stands in relation R 
to at least one object y. If, for example, 'Rxy' stands for 'x is less heavy 
than y', then M1 is the property of being exceeded in weight by at least 
one object, or, of not being the heaviest of all objects. 
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Let us assume, as customary, that the domain of objects under study 
is infinite or at least has not been assigned any definite maximum num
ber of elements. Consider now the possibility of conclusive observational 
evidence for or against the sentence 'M1a', which attributes M1 to a 
certain object a. Obviously, a single observational finding, to the effect 
that a bears R to a certain object b, or that Rab, would suffice to verify 
'M1a' completely. But no finite set of observational data-'Raa', 'Rab', 
'Rae', and so forth-would suffice for a conclusive refutation of 'M1a'. 
According to Carnap's criterion, therefore, 'M1', though defined in terms 
of the observational predicate 'R', might have to be classified as a theo
retical term. 

But possibly, in the passage quoted above, Carnap meant to require 
of a theoretical term 'M' that for certain sentences about M n~ observa
tional results can be conclusively verificatory or falsificatory evidence. 
Yet even terms meeting this requirement can be explicitly defined in 
terms of observables. Let 'S' be a three-place observational predicate; for 
example, 'Sxyz' might stand for 'x is farther away from y than from z.' 
And let 'M2' be defined as follows: 

{7.7) Def. M2x = {3y) {z) {- {z = y) ~ Sxyz) . 

In our example, an object x has M2 just in case there is an object y 
from which it is farther away than from any other object z. Consider 
now the sentence 'M2a'. As is readily seen, no finite set of observational 
findings {all the relevant ones would have the form 'Sabc' or ',..,Sabc') 
can · be conclusive evidence, either verificatory or falsificatory, concern
ing 'M2a'. Hence, though explicitly defined in terms of the observa
tional predicate 'S', the term 'M2' is theoretical according to the cri
terion suggested by Carnap. 

The preceding discussion illustrates an elementary but important 
point : when a term, say a one-place predicate 'Q', is defined in terms of 
observables, its definiens must state a necessary and sufficient condition 
for the applicability of 'Q', i.e., for the truth of sentences of the form 
'Qb'. But even though that condition is then stated completely in ob
servational terms, it still may not enable us to decide, on the basis of 
a finite number of observational findings, whether 'Q' applies to a 
given object b; for the truth condition for 'Qb' as provided by the 
definiens may not be equivalent to a finite set of sentences each of 
which expresses a potential observational finding. 
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To add one more example to those given before: suppose that the 
property term 'iron object' and the relation terms 'attracts' and 'in 
the vicinity of' are included in the observational vocabulary. Then the 
definition 

{7.8) Def. xis a magnet= x attracts every iron object in its vicinity 

is in terms of observables; but the criterion it provides for an object b 
being a magnet cannot be expressed in terms of any finite number of 
observational findings; for to establish that b is a magnet, we would 
have to show that any piece of iron which, at any time whatever, is 
brought into the vicinity of b, will be attracted by b; and this is an 
assertion about an infinity of cases. 

To express the idea more formally, let us assume that our observa
tional vocabulary contains, in addition to individual names for observable 
objects, just first-order predicates of any degree, representing attributes 
(i.e., properties or relations) which are observable in the sense that a 
small number of direct observations will suffice, under suitable condi
tions, to ascertain whether a given object or group of objects exhibits 
the attribute in question. 

Now let us adopt the following definitions: An atomic sentence is 
a sentence, such as 'Pa', 'Red', 'Sadg', which ascribes an observable 
attribute to a specified object or group of objects. A basic sentence is 
an atomic sentence or the negation of an atomic sentence. A molecular 
sentence is a sentence formed from a finite number of atomic sentences 
by means of truth-functional connectives. Basic sentences will be con
sidered as included among the molecular sentences. 

Basic sentences can be considered as the simplest statements de
scribing potential results of direct observation: they assert that some 
specified set of {one or more) objects has, or lacks, such and such an 
observable attribute. 

Now by virtue of a theorem of truth-functional logic, there exist for 
every molecular statement S certain finite classes of basic statements 
which imply S, and certain other such classes which imply the negation 
of S. Thus, the molecular sentence 'Pa v (-Pa · Rab)' is implied by 
{Pa'}- and also by ·f-Pa', 'Rab'}-, for example; whereas its negation is 
implied by the set -f-Pa', '-Rab'}-. This shows that for each molecular 
sentence S, it is possible to specify a set of basic sentences whose truth 
would conclusively verify S, and also a set of basic sentences whose 
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truth would verify the negation of S, and would thus conclusively 
refute S. Thus, a molecular sentence is capable both of conclusive ob
servational verification and of conclusive observational falsification "in 
principle," i.e., in the sense that potential data can be described whose 
occurrence would verify the sentence, and others whose occurrence 
would falsify it; but not of course in the sense that the two kinds of 
data might occur jointly-indeed, they are incompatible with each other. 

But molecular sentences are the only ones which have this charac
teristic. A sentence which contains quantifiers non-vacuously is not both 
verifiable and falsifiable in the sense just indicated. 

Returning now to the definition of scientific terms, we may accord
ingly distinguish two kinds of explicit definitions, those with molecular 
and those with non-molecular definiens. In both cases, all the extra
logical terms in the definiens belong to the observational vocabulary; 
but in the former, the definiens contains truth-functional connectives 
as the only logical terms; in the latter, it also contains quantifiers. The 
definitions (7.6), (7.7), and (7.8) above are of the non-molecular type; 
the molecular type is illustrated by 

(7. 9) Son xy == (Male x · Offspring xy) . 

We may say now that all and only definitions with molecular definiens 
provide finite observational criteria of application for the terms they 
define: in the case of a non-molecular definiens, the ascription of the 
defined attribute to a given case cannot be conclusively based on a 
finite set of observational findings. 

Definition by means of a molecular observational definiens does not 
suffice to introduce all non-observational terms of science. That this is 
so might seem to be clear from the preceding discussion, for surely 
terms of the kind defined in (7.6) and (7.7) will be permissible and 
indeed needed in science. This reason is not conclusive, however. For 
the circumstance that a term, say 'M', is originally introduced by a 
definition with non-molecular definiens does not preclude the possi
bility that 'M' is in fact coextensive with a certain observational predi
cate, or some molecular compound of such predicates, say 'OM'· And if 
this is the case, it might be discovered by further research, and 'M' could 
then be ( re-) defined by 'OM'. 

There is another argument, however, which shows that, granting cer
tain plausible general assumptions concerning the observational vocabu-
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lary, not all non-observational scientific terms can be defined by means 
of molecular observational expressions. We will now briefly consider 
this argument.37 The observational vocabulary will be assumed to be 
finite. It may contain individual names designating certain observable 
objects; first-order predicate terms with any finite number of places, 
representing properties and relations of observable objects; and also 
functors, i.e., terms expressing quantitative aspects-such as weight in 
grams, volume in cubic centimeters, age in days-of the observable 
objects. However, in accordance with our assumption of observability, 
we will suppose that each of the functors can take on only a finite num
ber of different values; this corresponds to the fact that only a finite 
number of different weights, for example, can be ascertained and dis
tinguished by direct observation. 

In contrast to these functors in the observational vocabulary, the 
theoretical vocabulary of physics, for example, contains a large number 
of functors whose permissible values range over all real numbers or 
over all real numbers within a certain interval. 

Thus, for example, the distance between two points may theoretically 
have any non-negative value whatever. Now a definition of the required 
kind for a theoretical functor would have to specify, for each of its 
permissible values, a finite observational criterion of application. For 
example, in the case of the theoretical functor 'length', a necessary and 
sufficient condition, in the form of a finite observational criterion, would 
have to be forthcoming for each of the infinitely many statements of 
the form 'The distance, in centimeters, between points x and y is r' or 
briefly, 'l(x,y) = r', where r is some real number. 

Hence, we would have to specify, for each value of 'r', a corresponding 
finitely ascertainable configuration of observables. But this is impossible 
because in view of the limits of discrimination in direct observation, only 
a finite, though very large, number of finitely observable configurations 
can altogether be ascertained and distinguished. 

However, if we drop the requirement of a molecular equivalent, in 
observational terms, for each permissible value of a theoretical functor, 
then an infinity of different values may become available.38 Consider, 
for example, the functor 'the number of cells contained in organism y'. 
If 'x is a cell', 'y is an organism', and 'x is contained in y' are admitted 
as observational expressions, then it is possible to give a separate criterion 
of applicability, in terms of observables, for each of the infinitely many 
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values 1, 2, 3 ... which that functor may theoretically assume.39 This 
can be done by means of the Frege-Russell analysis of cardinal num
bers. For n = 1, for example, the necessary and sufficient condition is 
the following: 

(7 .1 0) ( 3 f.l) ( v) ( y is an organism · ( ( v is a cell · v is contained in y) :::> 
(v=f!))). 

All extralogical constants occurring in this definiens are, on our assump
tion, observation terms; but the expression contains two quantifiers and 
thus is clearly non-molecular. Generally, the definiens for any value n 
will require n + 1 quantifiers. 

Thus, the reach of explicit definition in terms of observables, even 
in the first-order functional calculus, is greatly extended if quantifica
tion is permitted in the definiens. And if stronger logical means are 
countenanced, vast further extensions may be obtained. For example, 
the functor 'the number of cells contained in y' can be explicitly de
fined by the single expression 

(7.11) <Z (a sim x (xis a cell· xis contained in y)). 

Here, the circumflex accent is the symbol of class abstraction, and 'sim' 
the symbol for similarity of classes (in the sense of one-to-one matcha
bility of their elements); both of these symbols belong to the vocabu
lary of pure logic (more specifically, of the logic of classes) . 

So far, we have examined only functors whose values are integers. 
Can functors with rational and even irrational values be similarly de
fined in terms of observables? Consider, for example, the theoretical 
functor 'length in centimeters'. Is it possible to express, in observa
tional terms, a necessary and sufficient condition for 

(7.12) 1 ( x,y) = r 
for every non-negative value of r? We might try to develop a suitable 
definition which would correspond to the fundamental method of meas
uring length by means of rigid rods. And indeed, if our observational 
vocabulary contains a name for the standard meter bar, and furthermore 
the (purely qualitative) terms required to describe the fundamental 
measuring procedure, it is possible to state, for any specified rational 
or irrational value of r, a necessary and sufficient condition for (7.12). 
However, the definiens will in most cases be far from molecular in 
form: it will be teeming with symbols of quantification over individuals 
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and over classes and relations of various types.40 We will indicate, in 
brief outline, the way in which such definitions may be obtained. Ex
pressions assumed to belong to the observational vocabulary will be 
italicized. 

First, the segment determined by points x,y will be said to have a 
length of 100 centimeters if it is congruent with (i.e., can be made to 
coincide with) the segment marked oH on tbe standard meter bar. This 
definiens is even of molecular form. But consider next the observational 
criterion for l(x,y) = .25. It may be stated in the following form, which 
begins with a quantificational phrase: there are four segments, each 
marked ofl on a rigid body, such that ( i) all four are congruent with 
each other; (ii) their sum (i.e., the segment obtained by placing them 
end to end along a straight line) is congruent with the segment marked 
ofl on the standard meter bar; (iii) any of the four segments is con
gruent with the segment determined by points x,y. Analogously, an 
explicit observational definiens can be formulated for any other value 
of n that is a rational multiple of 100, and hence, for any rational value 
of n. 

Next, the consideration that an irrational number can be construed 
as the limit of a sequence of rational numbers yields the following neces" 
sary and sufficient condition for l(x,y) = r, where r is irrational: the 
segment determined by points x,y contains an infinite sequence of points 
x11 x2, x3 • • • such that ( i) x1 is between x and y, x2 between x1 and y, 
and so forth; ( ii) given any segment S of rational length, there is a 
point, say Xn, in the sequence such that the segments determined by Xn 

and y, Xn + 1 and y, and so forth are all shorter than S, (iii) the lengths 
of the segments determined by x and x11 x and x2, and so forth, form 
a sequence of rational numbers with the limit r. 

Finally, the idea underlying the preceding definition can be used to 
formulate an explicit definiens for the expression 'l(x,y)' in such a way 
that its range ofvalues is the set of all non-negative numbers. 

Definitions of the kind here outlined are attainable only at the cost 
of using a strong logical apparatus, namely, a logic of sets adequate for 
the development of the theory of real numbers.41 This price will b~ 
considered too high by nominalists, who hold that many of the logi
cal concepts and principles here required, beginning with the general 
concept of set, are intrinsically obscure and should not, therefore, be 
used in a purported explication of the meanings of scientific terms. This 
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is not the place to discuss the nominalistic strictures, however; and be
sides, it would no doubt be generally considered a worthwhile advance 
in clarification if for a set of theoretical scientific expressions explicit 
definitions in terms of observables can be constructed at all. 

Another objection that might be raised against the definitional pro
cedure here outlined is that it takes a schematic and oversimplified view 
of the fundamental measurement of length, and that it is rather liberal 
in construing as observational certain terms needed in the definiens, 
such as 'rigid body' and 'point'. This is quite true. By including the 
term 'point' in the observational vocabulary, for example, we construed 
points as directly observable physical objects; but our observational cri
terion for two points x,y determining a segment of irrational length 
required that there should be an infinite sequence of other points be
tween x and y. This condition is never satisfied by the observable 
"points" in the form of small physical objects, or marks on rigid 
bodies, which are used in the fundamental measurement of length. As 
a consequence, the actual performance of fundamental measurement as 
represented in the above definition will never yield an irrational value 
for the length of a segment. But this does not show that no meaning 
has been assigned to irrational lengths; on the contrary, our outline 
of the definition shows that a meaning can indeed be formulated in 
observational terms for the assignment of any specified irrational value 
to the length of a physical line segment, as well as for the functor 'length 
in em' in general. 

However, the concept of length thus defined is not adequate for a 
physical theory which incorporates geometry, say in its Euclidean form. 
For the latter requires that certain segments which are well accessible 
to direct measurement-such as the diagonal of a square whose sides 
have a length of 100 centimeters-have an irrational length value; and 
statements to this effect will always turn out to be false if the criterion 
just discussed is made strictly definitory of length; for that procedure, 
as we noted, will always yield a rational value for the length of a given 
segment. 

What the preceding argument about quantitative terms (represented 
by functors) shows, then, is this: the fact that the set of permissible 
values of a theoretical functor term is denumerably infinite or even has 
the cardinality of the continuum does not exclude the possibility of an 
explicit definition for it by means of a finite vocabulary containing only 
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qualitative terms which are, by reasonably liberal standards, observational 
in character. The argument does not show, however, that such a defini
tion is available for every functor term required by science (even our 
illustrative definition of 'length' turned out not to meet the needs of 
theoretical physics); and indeed, as was pointed out early in this sec
tion, a general proof to this effect cannot be expected. 

A nmpber of writers have taken the position that even if in prin
ciple theoretical terms could be avoided in favor of observational ones, 
it would be practically impossible or-what is more serious-method
ologically disadvantageous or even stultifying to do so. 

There is, for example, the answer given by Tolman and by Spence to 
the problem considered by Hull, which was mentioned in section 5 
above: if intervening theoretical variables can establish a secure link
age between antecedent and consequent observable conditions, why 
should we not use just one functional connection that directly links 
antecedents and consequents? Spence adduces as one reason, also sug
gested by Tolman,42 the following consideration: the mathematical 
function required to express the connection will be so complex that 
it is humanly impossible to conceive of it all at once; we can arrive 
at it only by breaking it down into a sequence of simpler functional 
connections, mediated by intervening variables. This argument, then, 
attributes to the introduction of unobservable theoretical entities an 
important practical role in the context of discovering interdependencies 
among observables, and presumably also in the context of actually per
forming the calculations required for the explanation or prediction of 
specific occurrences on the basis of those interdependencies. 

An important methodological function is attributed to hypothetical 
entities in an interesting passage of Hull's essay on intervening variables 
in molar behavior theory.43 The crucial point of Hull's argument is 
this: Suppose that in order to explain or predict the response of a 
subject in a given situation, we attribute to the subject, at the time t1 

of his response, a certain habit strength, which has the status of a hypo
thetical entity. That strength is, in Hull's theory, "merely a quantitative 
representation of the perseverative after-effects" of certain earlier observ
able events, such as observable stimuli received in temporally remote 
learning situations. Consequently, if reference to the hypothetical entity, 
habit strength, were avoided by linking the subject's observable response 
at t1 directly to the observable stimuli received earlier then we would 
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be invoking, as causal determinants for the response, certain observable 
events which at the time of the response, have long ceased to exist. And 
Hull rejects this notion, apparently inevitable when intervening hypo
thetical entities are eschewed, of causal action over a temporal distance: 
"it is hard to believe that an event such as stimulation in a remote 
learning situation can be causally active long after it has ceased to act 
on the receptors. I fully agree with Lewin that all the factors alleged 
to be causally influential in the determination of any other event must 
be in existence at the time of such causal action." 44 The hypothetical 
factor represented by the habit strength of the subject at the time t1 of 
his response permits an explanation that accords with this principle. 

Though the concluding part of the passage just quoted sounds quite 
metaphysical, the basic import of Hull's argument is methodological. 
It credits the assumption of explanatory hypothetical entities with an 
accomplishment that is well described by Feigl in another context: "the 
discontinuous and historical character (action at a spatial and/or tem
poral distance) of the phenomenalistically restricted account vanishes 
and is replaced by a spatia-temporally continuous (contiguous) and 
nomologically coherent formulation on the level of hypothetical con
struction." 45 Such spatia-temporally continuous theories appear to rec
ommend themselves for at least two reasons: first, they possess a certain 
formal simplicity, which at present can hardly be characterized in pre
cise terms, but which is reflected, for example, in the possibility of using 
the powerful and elegant mathematical machinery of the calculus for 
the deduction, from the postulates of the theory, of explanatory and 
predictive connections among particular occurrences. And second, as 
was mentioned in section 3, the past development of empirical science 
seems to show that explanatory and predictive principles asserting dis
continuous connections among (spatia-temporally separated) observ
able events are likely to be found to have limited scope and various 
kinds of exceptions. The use of theories in terms of hypothetical entities 
frequently makes it possible to account for such exceptions by means 
of suitable assumptions concerning the hypothetical entities involved. 

Another, more general, argument that must be considered here has 
been developed in a lucid and precise manner by Braithwaite,46 who 
gives credit to Ramsey for the basic principle.47 Braithwaite's main con
tention is that "theoretical terms can only be defined by means of 
ohscrvahlc properties on condition that the theory cannot be adapted 
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properly to apply to new situations." 48 He elaborates this idea by ref
erence to a simple, precisely formulated, miniature model of an in
terpreted theory. Without going into the details of that model-which 
would require too long a digression here-Braithwaite's claim can be 
adequately illustrated, it seems, by the following example: suppose that 
the term 'temperature' is interpreted, at a certain stage of scientific re
search, only by reference to the readings of a mercury thermometer. 
If this observational criterion is taken as just a partial interpretation 
(namely as a sufficient but not necessary condition), then the possi
bility is left open of adding further partial interpretations, by reference 
to other thermometrical substances which are usable above the boiling 
point or below the freezing point of mercury; and this permits a vast 
increase in the range of application of such laws as those connecting 
the temperature of a metal rod with its length or with its electric re
sistance, or the temperature of a gas with its pressure or its volume. If, 
however, the original criterion is given the status of a complete de
finiens, then the theory is not capable of such expansion; rather, the 
original definition has to be abandoned in favor of another one, which 
is incompatible with the first.49 

The concept of intelligence lends itself to a similar argument: if test 
criteria which presuppose, on the part of the subject, the ability to read 
or at least to use language extensively are accorded the status of full 
definitions, then difficulties of the sort just indicated arise when the 
concept and the corresponding theory are to be extended to very young 
children or to animals. 

However, the argument here outlined can hardly be said to establish 
what is claimed, namely that "A theory which it is hoped may be ex
panded in the future to explain, more generalizations than it was origi
nally designed to explain must allow more freedom to its theoretical 
terms than would be given them were they to be logical constructions 
out of observable entities" 50 (and thus defined in terms of the latter) . 
For clearly, the procedure of expanding a theory at the cost of chang
ing the definitions of some theoretical terms is not logically faulty; nor 
can it even be said to be difficult or inconvenient for the scientist, for 
the problem at hand is rather one for the methodologist or the logician, 
who seeks to give a clear "explication" or "logical reconstruction" of the 
changes occurring in an expansion of a given theory. And in the type 
of case discussed by Braithwaite, for example, this can be done in alter-
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native ways-either in terms of additions to the original partial interpre
tation, or in terms of a total change of definition for some theoretical 
expressions. And if it is held that this latter method constitutes, not an 
expansion of the original theory, but a transition to a new one, this 
would raise more a terminological question than a methodological ob
jection. 

But though the above argument against definition does not have the 
intended systematic weight, it throws into relief an important heuristic 
aspect of scientific theorizing: when a scientist introduces theoretical 
entities such as electric currents, magnetic fields, chemical valences, or 
subconscious mechanisms, he intends them to serve as explanatory fac
tors which have an existence independent of the observable symptoms 
by which they manifest themselves; or, to put it in more sober terms: 
whatever observational criteria of application the scientist may provide 
are intended by him to describe just symptoms or indications of the 
presence of the entity in question, but not to give an exhaustive charac
terization of it. The scientist does indeed wish to leave open the possi
bility of adding to his theory further statements involving his theoretical 
terms-statements which may yield new interpretative connections be
tween theoretical and observational terms; and yet he will regard these 
as additional assumptions about the same hypothetical entities to which 
the theoretical terms referred before the expansion. This way of looking 
at theoretical terms appears to have definite heuristic value. It stimulates 
the invention and use of powerfully explanatory concepts for which only 
some links with experience can be indicated at the time, but which are 
fruitful in suggesting further lines of research that may lead to addi
tional connections with the data of direct observation.51 

The survey made in the present section has yielded no conclusive 
argument for or against the possibility of explicitly defining all theo
retical terms of empirical science by means of a purely observational 
vocabulary; and in fact we have found strong reasons to doubt that any 
argument can settle the question once and for all. 

As for the theoretical terms currently in use, we are quite unable at 
present to formulate observational definientia for a11 of them, and thus 
to make them, in principle, unnecessary. In effect, therefore, most theo
retical terms are presently used in science on the basis of only a partial 
experiential interpretation; and this use, as we noted, appears to offer 
distinct heuristic advantages. 
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In view of the importance that thus attaches to the idea of partial 
interpretation, we will now consider somewhat more closely what kind 
of formal account might be given of it, and we will then turn to the 
question whether, or in what sense, the verdict of dispensability as pro
claimed by the "theoretician's dilemma," applies also to theoretical terms 
which have been only partially interpreted, and which, therefore, can
not be dispensed with simply by virtue of definition. 

8. Interpretative Systems 
Carnap's theory of reduction sentences is the first systematic study 

of the logic of partial definition. The introduction of a term by means 
of a chain of reduction sentences differs in two significant respects from 
the use of a chain of definitions. First, it specifies the meaning of the 
term only partia11y and thus does not provide a way of eliminating the 
term from a11 contexts in which it may occur. Second, as a rule, it does 
not amount just to a notational convention, but involves empirical asser
tions. If, for example, the term 'Q' is introduced by the two reduction 
sentences 

(8.1) C1x :::> (Qx == E1x) 
(8.2) C2x :::> (Qx == E2x) 

then the fo11owing empirical law is asserted by implication: 

(8.3) (x) ( ( C1x • E1x) :::> (C2x :::> E2x)) 

i.e., roughly speaking: any object that shows a positive response under 
the first test condition wi11, when put into the second test condition, 
show a positive response as well. Thus, a chain of reduction sentences 
for a given term normally combines two functions of language that are 
often considered as sharply distinct: the stipulative assignment of mean
ing, and the assertion or description of empirical fact. 

Reduction sentences, as we saw earlier, are very well suited for the 
formulation of operational criteria of application as partial definitions. 
But they are subject to rather severe limitations as to logical form and 
thus do not seem sufficient to provide a satisfactory general schema for 
the partial interpretation of theoretical terms.52 A broader view of in
terpretation is suggested by Campbe11's conception of a physical theory 
as consisting of a "hypothesis," represented by a set of sentences in 
theoretical terms, and a "dictionary," which relates the latter to con
cepts of experimental physics (which must be interconnected by em-
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pirical laws) .53 In contrast to the standard conception of a dictionary, 
Campbell's dictionary is assumed to contain, not definitions for the 
theoretical terms, but statements to the effect that a theoretical sen
tence of a certain kind is true if and only if a corresponding empirical 
sentence of a specified kind is true.54 Thus, rather than definitions, the 
dictionary provides rules of translation; and partial rules at that, for no 
claim is made that a translation must be specified for each theoretical 
statement or for each empirical statement. 

This latter feature accords well, for example, with the consideration 
that a particular observable macro-state of a given physical system may 
correspond to a large number of theoretically distinguishable micro
states; so that, for a theoretical sentence describing just one of those 
micro-states, the sentence describing the corresponding macro-state does 
not express a necessary and sufficient condition, and hence provides no 
translation.65 

The statements in Campbell's dictionary evidently do not have the 
character of reduction sentences; they might be formulated, however, 
as biconditionals in which a sentence in theoretical terms is connected, 
by an "if and only if" clause, with a sentence in observational terms. 

In other contexts, neither reduction sentences nor such biconditionals 
seem to be adequate. For as a rule, the presence of a hypothetical entity 
H, such as a certain kind of electric field, will have observable symptoms 
only if certain observational conditions, 01, are satisfied, such as the 
presence of suitable detecting devices, which will then have to show 
observable responses, 0 2 • A sentence stating this kind of criterion would 
have the character of a generalized reduction sentence; it might be put 
into the form 

(8.4) 01 :J (H :J 0 2) 

where '01' and '02' are sentences-possibly quite complex ones-in 
terms of observables, and 'H' is a sentence which is expressed in theo
retical terms. 

But there is no good reason to limit interpretative statements to just 
the three types here considered. In order to obtain a general concept 
of partial interpretation, we will now admit as interpretative statements 
any sentences, of whatever logical form, which contain theoretical and 
observational terms. On the assumption that the theoretical and observa
tional statements of empirical science are formulated within a specified 

72 

THE THEORETICIAN'S DILEMMA 

logical framework, this idea can be stated more precisely and explicitly 
as follows: 

(8.5) Let T be a theory characterized by a set of postulates in terms 
of a finite theoretical vocabulary V T, and let VB be a second set 
of extra-logical terms, to be called the basic vocabulary, which 
shares no term with V T· By an interpretative system for T with 
the basis VB we will then understand a set J of sentences which 
(i) is finite, (ii) is logically compatible with T, (iii) contains no 
extra-logical term that is not contained in VT or VB, (iv) contains 
every element of V T and VB essentially, i.e., it is not logically 
equivalent to some set of sentences in which some term of VT 
or VB does not occur at alJ.56 

In applying the concept here defined to the analysis of scientific 
theories, we will have to assume, of course, that VB consists of terms 
which are antecedently understood. They might be observational terms, 
in the somewhat vague sense explained earlier; but we need not insist 
on this. One might well take the view, for example, that certain dis
position terms such as 'malleable', 'elastic', 'hungry', and 'tired' are not 
strictly observation terms, and are not known to be explicitly definable 
by means of observation terms; and yet, such terms might be taken 
to be well understood in the sense that they are used with a high de
gree of agreement by different competent observers. In this case, it 
would be quite reasonable to use these terms in interpreting a given 
theory, i.e., to admit them into VB. 

Campbell's conception of the function of his "dictionary" illustrates 
this possibility very well and shows that it comes closer to actual scien
tific procedure. Campbell specifies that the interpretation provided by 
the dictionary must be in terms of what he calls "concepts," such as the 
terms 'temperature', 'electrical resistance', 'silver', and 'iron' as used in 
experimental physics and chemistry. These are hardly observational in 
the narrow sense, for they are specifically conceived as representing 
clusters of empirical laws: "Thus, if we say anything about electrical 
resistance we assume that Ohm's Law is true; bodies for which Ohm's 
Law is not true, gases for example, have no electrical resistance." 57 And 
when we qualify a given body as silver, we attribute to it certain kinds 
of lawful behavior concerning solubility in various liquids, melting point, 
and so forth . But even though one might not wish to qualify these 
terms as observational, one may still consider them as well understood, 
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and as used with high intersubjective agreement, by scientific experi
menters; and thus, they might be admitted into VB. 

Interpretative systems as just defined include as special cases all the 
types of interpretation we considered earlier, namely, interpretation by 
explicit definitions for all theoretical terms, by chains of reduction sen
tences, by biconditional translation statements in the sense of Camp
bell's dictionary, and by generalized reduction sentences of the form 
(8.4); but of course they also allow for interpretative statements in a 
large variety of other forms. 

Interpretative systems have the same two characteristics which dis
tinguish chains of reduction sentences from chains of definitions: First, 
an interpretative system normally effects only a partial interpretation of 
the terms in V T; i.e., it does not lay down (by explicit statement or by 
logical implication) , for every term in V T, a necessary and sufficient 
condition of application in terms of VB. Second, like a chain of reduc
tion sentences for a given theoretical term, an interpretative system will 
normally not be purely stipulative in character, but will imply certain 
statements in terms of VB alone which are not logical truths, and which, 
on the conception of VB as consisting of antecedently understood em· 
pirical terms, may be viewed as expressing empirical assertions. Thus, 
here again, we find a combination of the stipulative and the descriptive 
use of language. 

But, to turn to a third point of comparison, an interpretative system 
need not provide an interpretation-complete or incomplete-for each 
term in VT individually. In this respect it differs from a set of defini
tions, which specifies for each term a necessary and sufficient condition, 
and from a set of reduction sentences, which provides for each term 
a necessary and a-usually different-sufficient condition. It is quite 
possible that an interpretative system provides, for some or even all of 
the terms in V T, no necessary or no sufficient condition in terms of VB, 
or indeed neither of the two; instead, it might specify, by explicit state
ment or by logical implication, sufficient or necessary conditions in terms 
of VB only for certain expressions containing several terms of V T-for 
example, in the manner of Campbell's dictionary. 

As a rule, therefore, when a theory T is interpreted by an interpreta
tive system J, the theoretical terms are not dispensable in the narrow 
sense of eliminability from all contexts, in favor of defining expressions 
in terms of V 11 • Nor arc they generally dispensable in the sense that J 
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provides, for every sentence H that can be formed by means of V T, 
a "translation" into terms of VB, i.e., a sentence 0 in terms of VB such 
the the biconditional H = 0 58 is logically deducible from J. 

Are theoretical terms, then, altogether indispensable on this broad 
conception of interpretation so that the "paradox of theorizing" formu
lated in section 5 no longer applies to them? We consider this question 
in the next section. 

9. Functional Replaceability of Theoretical Terms 
The systematizing function of a theory T, as interpreted by an in

terpretative system J will consist in permitting inferences from given 
"data" in terms of VB to certain other (e.g., predictive) statements in 
terms of VB· If 0 1 is the statement expressing the data, 02 the inferred 
statement, then the connection may be symbolized thus: 

(9.1) (01· T · J) ~ 02 

Here, as in similar contexts below, 'T' stands for the set of postulates 
of the theory at hand; the arrow represents deductive implication. 

Now, (9.1) holds if and only if T · J implies the sentence 0 1 :J 02; 
so that (9.1) is tantamount to 

(9.2) (T · J) ~ (01 :J 02) 

Whatever systematization is achieved among the VB-sentences is 
clearly accomplished by Tin conjunction with J. It will be convenient 
therefore to consider the postulates of T together with the sentences 
of J as the postulates of a deductive system T', which will be called 
an interpreted theory. Its vocabulary VT' will be the sum of VT and VB. 

What was noted in connection with (9.1) and (9.2) may now be 
restated thus: If an interpreted theory T' establishes a deductive transi
tion from 0 1 to 0 2, i.e., if 

(9.3) (01 · T') ~ 02 

then 

(9.4) T' ~ (01 :J 02) 

and conversely, where T' is the set of postulates of the interpreted 
theory. 

Now it can readily be shown that an interpreted theory T' establishes 
exactly the same deductive connections among V B-sentences as does 
the set of all those theorems of T' which are expressible in terms of 
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VB alone; we will call this the set of V n-theorems, or V n-consequences, 
of T', and will designate it by 'OT.'. This means, that for all purposes 
of deductive systematization, T' is, as we will say, functionally equiva
lent to the set QT., which contains not a single theoretical term. 

The proof is as follows: The deductive transition, represented in (9.3), 
from 0 1 to 0 2 can be achieved just as well by using, instead of T', 
simply the sentence 0 1 ::) 02, which by virtue of (9.4) belongs to OT'; 
for we have, by modus ponens, 

(9.5) (01 · (01 ::) Oz))---') 02 

And since OT' surely contains all the VB-sentences of the form 0 1 ::) Oz 
that are implied by T', the set OT' suffices to effect all the deductive 
systematizations achievable by means of T'. On the other hand, QT. 
is no stronger in this respect than T'; for QT. permits the deductive 
transition from 0 1 to 0 2 only if it implies 0 1 ::) 0 2; but in this case, 
T' also implies 0 1 ::) 0 2, which means, in view of the equivalence of 
(9.4) with (9.3), that T' will permit the deductive transition from 01 
to 02. 

Thus, the deductive systematization that an interpreted theory T' 
achieves among sentences expressed in terms of a basic vocabulary V n 

is exactly the same as that accomplished by the set OT' of those state
ments (theorems) uf T' which can be expressed in terms of V n alone. 
In this sense, the theoretical terms used in T can be dispensed with. 

But OT' is normally an unwieldy infinite set of statements, and the 
question arises therefore whether there is some generally applicable 
method of making it more manageable and perspicuous by putting it 
into the form of an axiomatized theoretical system T'B, which would 
be formulated in terms of VB alone. A theorem in formal logic which 
was recently proved by Craig shows that this is indeed the case, pro
vided only that T' satisfies certain extremely liberal and unconfining 
conditions.59 

Thus Craig's theorem has a definite bearing upon the problems raised 
by the "paradox of theorizing," which was stated in section 5 in some
what vague terms. The theorem at hand points out one way in which 
the "paradox" can be given a clear and precise interpretation and a 
rigorous proof: It shows that for any theory T' using both theoretical 
terms and non-theoretical, previously understood ones, there exists, 
under certain very widely satisfied conditions, an axiomatized theoreti-
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cal system T'B which uses only the non-theoretical terms of T' and yet 
is functionally equivalent with T' in the sense of effecting, among the 
sentences expressible in the non-theoretical vocabulary, exactly the same 
deductive connections as T'. 

Should empirical science then avail itself of this method and replace 
all its theories involving assumptions about hypothetical entities by 
functionally equivalent theoretical systems couched exclusively in terms 
which have direct observational reference or which are, at any rate, 
clearly understood? There are various reasons which make this inadvis
able in consideration of the objectives of scientific theorizing. 

To begin with, let us consider the general character of Craig's method. 
Disregarding many subtle points of detail, the procedure may be de
scribed as follows: By means of a constructive procedure, Craig arranges 
all the VB-theorems of T' in a sequence. This sequence is highly re
dundant, for it contains, for any sentence occurring in it, also all its 
logical equivalents (as far as they are expressible in VB). Craig pre
scribes a procedure for eliminating many, though not even all, of these 
duplications. The remaining sequence therefore still contains each VB
theorem of T' in at least one of its various equivalent formulations. 
Finally, all the sentences in this remaining sequence are made postulates 
of T'B· Thus, the set of VB-theorems ofT' is "axiomatized" in T'B only 
in a rather Pickwickian sense, namely by making every sentence of the 
set, in some of its many equivalent formulations, a postulate of T'B; 
whereas normally, the axiomatization of a set of sentences is intended 
to select as postulates just a small subset from which the rest can then 
be logically derived as theorems. In this manner, the axiomatization 
expresses the content of the whole set "in a form which is psychologi
cally or mathematically more perspicuous." 60 And since Craig's method 
in effect includes all sentences that are to be axiomatized among the 
postulates of T' B, the latter, as Craig himself puts it, "fail to simplify 
or to provide genuine insight." 61 

The loss in simplicity which results from discarding the theoretical 
terms of T' is reflected in the circumstance that the set of postulates 
which Craig's method yields for T'B is always infinite. Even in cases 
where actually there exists some finite subset of OT' of VB-theorems 
of T' from which all the rest can be . deduced, Craig's procedure will 
not yic1d such a subset: that is the price of the universal applicability 
of Craig's method. 
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Now there are cases where an infinity of postulates may not be ex
cessively unwieldy; notably when the axioms are specified by means of 
axiom-schemata,62 i.e., by stipulations to the effect that any sentence 
that has one of a finite number of specified forms (such as 'x = x', for 
example) is to count as an axiom. But the manner in which the axioms, 
or postulates, of T'n are specified by Craig's method is vastly more in
tricate, and the resulting system would be practically unmanageable
to say nothing of the loss in heuristic fertility and suggestiveness which 
results from the elimination of the theoretical concepts and hypotheses. 
For empirical science, therefore, this method of dispensing with theo
retical expressions would be quite unsatisfactory. 

So far, we have examined the eliminability of theoretical concepts 
and assumptions only in the context of deductive systematization: we 
considered an interpreted theory T' exclusively as a vehicle of estab
lishing deductive transitions among observational sentences. However, 
such theories may also afford means of inductive systematization (in 
the sense outlined in section 1); and an analysis of this function will 
yield a further argument against the elimination of theoretical expres
sions by means of Craig's method. 

By way of illustration, we will refer to the following example, which 
is deliberately oversimplified in order the more clearly to exhibit the 
essentials: we will assume that VT contains the term 'white phosphorus', 
or 'P' for short, and that the interpretative system incorporated into T' 
states no sufficient observational conditions of application for it, but 
several necessary ones. These will be assumed to be independent of 
each other in the sense that, though in the case of white phosphorus 
they occur jointly, any one of them will in certain other cases occur 
in the absence of one or more of the others. Those necessary conditions 
might be the following: white phosphorus has a garlic-like odor; it is 
soluble in turpentine, in vegetable oils, and in ether; it produces skin 
burns. In symbolic notation: 

(9.6) (x) (Px :::> Gx) 
(9.7) (x) (Px :::> Tx) 
(9.8) (x) (Px :::> Vx) 
(9.9) (x) (Px :::>Ex) 
(9.10) (x) (Px :::> Sx) 

All predicates other than 'P' that occur in these sentences will belong, 
then, to Vn. 
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Now let VT contain just one term in addition to 'P', namely 'has an 
ignition temperature of 30° C', or 'I' for short; and let there be exactly 
one interpretative sentence for 'I', to the effect that if an object has 
the property I then it will burst into flame if surrounded by air in 
which a thermometer shows a reading above 30° C. This property will 
be considered as observable and will be represented by the predicate 
'F' in Vn. The interpretative sentence for 'I', then, is 

(9.11) (x) (Ix :::> Fx) 

Finally, we will assume that the theoretical part of T' contains one 
single postulate, namely, 

(9.12) (x) (Px :::> Ix) 

i.e., white phosphorus has an ignition temperature of 30° C. Let the 
seven sentences (9.6)-(9.12) represent the total content of T'. 

Then, as is readily seen, T' has no consequences in terms of V n except 
for purely logical truths; consequently, T' will permit a deductive tran
sition from one V n-sentence to another only if the latter is logically 
implied by the former, so that T' is not required to establish the con
nection. In other words: T' effects no deductive systematization among 
V n-sentences at all. Nevertheless, T' may play an essential role in estab
lishing, among the Vn-sentences, certain explanatory or predictive con
nections of an inductive kind. Suppose, for example, that a certain 
object, b, has been found to have all the characteristics G, T, V, E, S. 
In view of the sentences (9.6)-(9.10), according to which these charac
teristics are symptomatic of P, it might then well be inferred that b 
is white phosphorus. This inference would be inductive rather than 
deductive, and part of its strength would derive from the mutual in
dependence which we assumed to exist among those five observable 
symptoms of white phosphorus. The sentence 'Ph' which has thus been 
arrived at inductively leads, via (9.12), to the prediction 'Ib', which in 
turn, in virtue of (9.11), yields the forecast 'Fb' . Thus, T' permits the 
transition from the observational data 'Gb', 'Tb', 'Vb', 'Eb', 'Sb' to the 
observational prediction 'Fb'. But the transition requires an inductive 
step, consisting of the acceptance of 'Ph' on the strength of the five data 
sentences, which support, but which, of course, do not conclusively 
establish, 'Ph' . 

On the other hand, the system T'n obtained by Craig's method does 
not lend itself to this inductive use; in fact, all its sentences are logical 
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truths and thus T'n makes no empirical assertion at all, for, as was noted 
above, all the V n-theorems of T' are logically true statements.63 

Thus, if the systematizing use of an interpreted theory T' is conceived 
as involving inductive as well as deductive procedures, then the corre
sponding system T' n cannot, in general, replace T'. 

Another, inductively simpler, method of obtaining a functional equiva
lent, in observational terms, of a given interpreted theory T' is provided 
by an idea of Ramsey's. In effect, the method amounts to treating all 
theoretical terms as existentially quantified variables, so that all the 
extra-logical constants that occur in Ramsey's manner of formulating 
a theory belong to the observational vocabulary.64 Thus, for example, 
the interpreted theory determined by our formulas (9.6)-(9.12) would 
be expressed by the following sentence, which we will call the Ramsey
sentence associated with the given theory. 

(9.13) (3cf>) (3!f) (x) ((cf>x:::l!fx)·(cf>x:::l(Gx·Tx·Vx·Ex·Sx))·(!fx 
:::J Fx)) 

This sentence is equivalent to the expression obtained by conjoining 
the sentences (9.6)-(9.12), replacing 'P' and 'I' throughout by the 
variables 'cf>' and '.y' respectively, and prefixing existential quantifiers 
with regard to the latter. Thus, (9.13) asserts that there are two prop
erties, cf> and .y, otherwise unspecified, such that any object with the 

~~cf>~~~~~~~~~~~~~~cf> 
also has the (observable, fully specified) properties G, T, V, E, S, and 
any object with the property f also has the (observable, fully specified) 
property F. 

An interpreted theory T' as we have been conceiving it is not, of 
course, logically equivalent with its associated Ramsey-sentence any 
more than it is logically equivalent with the associated Craig-system 
T'n; in fact, each of the two is implied by, but does not in turn imply, 
T'. But though the Ramsey-sentence contains, apart from variables and 
logical constants, only terms from Vn, it can be shown to imply exactly 
the same Vn-sentences as does T'; hence, it establishes exactly the same 
deductive transitions among V n-sentences as does T'. In this respect 
then, the Ramsey-sentence associated with T' is on a par with the Craig
system T'n obtainable from T'. But its logical apparatus is more ex
travagant than that required by T' or by T'n. In our illustration, (9.6)
(9.12), for example, T' and T'n contain variables and quantifiers only 
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with respect to individuals (physical objects), whereas the Ramsey
sentence (9.13) contains variables and quantifiers also for properties of 
individuals; thus, while T' and T'n require only a first-order functional cal
culus, the Ramsey-sentence calls for a second-order functional calculus. 

But this means that the Ramsey-sentence associated with an inter
preted theory T' avoids reference to hypothetical entities only in letter
replacing Latin constants by Greek variables-rather than in spirit. For 
it still asserts the existence of certain entities of the kind postulated by 
T', without guaranteeing any more than does T' that those entities are 
observable or at least fully characterizable in terms of observables. Hence, 
Ramsey-sentences provide no satisfactory way of avoiding theoretical 
concepts. 

And indeed, Ramsey himself made no such claim. Rather, his con
strual of theoretical terms as existentially quantified variables appears 
to have been motivated by considerations of the following kind: If 
theoretical terms are treated as constants which are not fully defined 
in terms of antecedently understood observational terms, then the 
sentences that can formally be constructed out of them do not have 
the character of assertions with fully specified meanings, which can be 
significantly held to be either true or false; rather, their status is compa
rable to that of sentential functions, with the theoretical terms playing 
the role of variables. But of a theory, we want to be able to predicate 
truth or falsity, and the construal of theoretical terms as existentially 
quantified variables yields a formulation which meets this requirement 
and at the same time retains all the intended empirical implications of 
the theory. 

This consideration raises a further problem concerning the status of 
partially interpreted theories; that problem will be discussed in the 
next section. 

l 0. On Meaning and Truth of Scientific Theories 
The problem suggested by Ramsey's approach is this: if, in the man

ner of section 8, we construe the theoretical terms of a theory as extra
logical constants for which the system J provides only a partial interpre
tation in terms of the antecedently understood vocabulary Vn, can the 
sentences formed by means of the theoretical vocabulary nevertheless 
be considered as statements which make definite assertions, and which 
are either true or false? 
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The question might seem to come under the jurisdiction of seman
tics, and more specifically, of the semantical theory of truth. But this 
is not the case. What the semantical theory of truth provides (under 
certain conditions) is a general definition of truth for the sentences of 
a given language L. That definition is stated in a suitable metalanguage, 
M, of L and permits the formulation of a necessary and sufficient con
dition of truth for any sentence S of L. This condition is represented 
simply by a translation of S into M.65 (To be suited for its purpose, M 
must therefore contain a translation of every sentence of L and must 
meet certain other conditions which are precisely specified in the seman
tical theory of truth.) But if the truth criteria thus stated in M are to 
be intelligible at all, then clearly all the translations of L-statements into 
M must be assumed to be significant to begin with. Instead of deciding , 
the question of the significance of L-sentences, the semantical defini- · 
tion of truth presupposes that it has been settled antecedently. 

For quite analogous reasons, semantics does not enable us to decide 
whether the theoretical terms in a given system T' do, or do not, have 
semantical, or factual, or ontological reference-a characteristic which 
some writers have considered as distinguishing genuinely theoretical con
structs from auxiliary or intervening theoretical terms.66 One difficulty 
with the claims and counter-claims that have been made in this con
nection lies in the failure of the discussants to indicate clearly what 
they wish to assert by attributing ontological reference to a given term. 
Let us note here that from a purely semantical point of view, it is pos
sible to attribute semantical reference to any term of a language L that 
is taken to be understood: the referent can be specified in the same 
manner as the truth condition of a given sentence in L, namely by 
translation into a suitable metalanguage. For example, using English 
as a metalanguage, we might say, in reference to Freud's terminology, 
that 'Verdraengung' designates repression, 'Sublimierung', sublimation, 
and so on. Plainly, this kind of information is unilluminating for those 
who wish to use existential reference as a distinctive characteristic of a 
certain kind of theoretical terms; nor does it help those who want to 
know whether, or in what sense, the entities designated by theoretical 
terms can be said actually to exist-a question to which we will return. 

Semantics, then, does not answer the question raised at the begin
ning of this section; we have to look elsewhere for criteria of significance 
for theoretical terms and sentences. 
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Generally speaking, we might qualify a theoretical expression as in
telligible or significant if it has been adequately explained in terms 
which we consider as antecedently understood. In our earlier discussion, 
such terms were represented by the vocabulary VB (plus the terms of 
logic). But now the question arises, What constitutes an "adequate" ex
planation? No generally binding standards can be specified: the answer 
is ultimately determined by one's philosophical conscience. The logical 
and epistemological puritan will declare intelligible only what has been 
explicitly defined in terms of VB; and he may impose further restric
tions, in a nominalistic vein, for example, on the logical apparatus that 
may be used in formulating the definitions. Others will find terms intro
duced by reduction sentences quite intelligible, and still others will even 
countenance an interpretation as tenuous as that afforded by an in
terpretative system. One of the most important advantages of defini
tion lies in the fact that it ensures the possibility of an equivalent re
statement of any theoretical sentence in terms of VB. Partial interpre
tation does not guarantee this; consequently it does not provide, for 
every sentence expressible in theoretical terms, a necessary and sufficient 
condition of truth that can be stated in terms which are antecedently 
understood. This, no doubt, is the basic difficulty that critics find with 
the method of partial interpretation. 

In defense of partial interpretation, on the other hand, it can be 
said that to understand an expression is to know how to use it, and in 
a formal reconstruction the "how to" is expressed by means of rules. 
Partial interpretation as we have construed it provides such rules. These 
show, for example, what sentences in terms of VB alone may be in
ferred from sentences containing theoretical terms; and thus they specify, 
in particular, a set of VB-sentences that are implied, and hence indirectly 
asserted, by an interpreted theory T'. (If the set is empty, the theory 
does not fall within the domain of empirical science.) Conversely, the 
rules also show that sentences in theoretical terms may be inferred from 
Vu-sentences. Thus, there are close resemblances between our theoreti
cal sentences and those sentences which are intelligible in the narrower 
sense of being expressible entirely in terms of V B-a circumstance which 
militates in favor of admitting theoretical sentences into the class of 
significant statements. 

It should be mentioned that if this policy is adopted, then we will 
have to recognize as significant (though not, of course, as interesting 
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or worth investigating) certain interpreted systems which surely would 
not qualify as potential scientific theories. For example, let L be the 
conjunction of some finite number of empirical generalizations ,about 
learning behavior, formulated in terms of an observational vocabulary 
Vn, and let P be the conjunction of a finite number of arbitrary sen
tences formed out of a set V T of arbitrarily chosen uninterpreted terms 
(for example, P might be the conjunction of the postulates of some 
axiomatization of elliptic geometry) . Then, by making P the postulates 
of T and by choosing the sentence P :::J L as the only member of our 
interpretative system J, we obtain an interpreted theory, which "ex
plains" in a trivial way all the given empirical generalizations, since 
T · J plainly implies L. Yet, needless to say, T' would not be considered 
a satisfactory learning theory.67 The characteristic here illustrated does 
not vitiate our analysis of partial interpretation, since the latter does not 
claim that every partially interpreted theoretical system is a potentially 
interesting theory; and indeed, even the requirement of full definition of 
all theoretical terms by means of V n still leaves room for similarly un
rewarding "theories." Examples like our mock "learning theory" simply 
remind us that, in addition to having an empirical interpretation (which 
is necessary if there are to be any empirically testable consequences) a 
good scientific theory must satisfy various important further conditions; 
its Vn-consequences must be empirically well confirmed; it must effect 
a logically simple systematization of the pertinent V B-sentences, it must 
suggest further empirical laws, and so forth. 

If the sentences of a partially interpreted theory T' are granted the 
status of significant statements, they can be said to be either true or 
false. And then the question, touched upon earlier in this section, as 
to the factual reference of theoretical terms, can be dealt with in a 
quite straightforward manner: To assert that the terms of a given theory 
have factual reference, that the entities they purport to refer to actually 
exist, is tantamount to asserting that what the theory tells us is true; 
and this in turn is tantamount to asserting the theory. When we say, for 
example, that the elementary particles of contemporary physical theory 
actually exist, we assert that there occur in the universe particles of the 
various kinds indicated by physical theory, governed by specified physi
cal laws, and showing certain specific kinds of observable symptoms
again indicated by physical theory-of their presence in certain specified 
circumstances. But this is tantamount to asserting the truth of the (in-
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terpreted) physical theory of elementary particles. Similarly, asserting 
the existence of the drives, reserves, habit strengths, postulated by a 
given theory of learning amounts to affirming the truth of the system con
sisting of the statements of the theory and its empirical interpretation.68 

Thus understood, the existence of hypothetical entities with specified 
characteristics and interrelations, as assumed by a given theory, can be 
examined inductively in the same sense in which the truth of the theory 
itself can be examined, namely, by an empirical investigation of its Vn
consequences. 

According to the conception just outlined, we have to attribute factual 
reference to all the (extra-logical) terms of a theory if that theory is 
true; hence, this characteristic provides no basis for a semantical dichot
omy in the theoretical vocabulary. Also, the factual reference, as here 
construed, of theoretical terms does not depend on whether those terms 
are avoidable in favor of expressions couched in terms of Vn alone. Even 
if all the theoretical terms of a theory T' are explicitly defined in terms 
of Vn, so that their use affords a convenient shorthand way of saying 
what could also be said by means of V n alone, they will still have factual 
reference if what the theory says is true. 

The preceding observations on truth and on factual reference in re
gard to partially interpreted theories rest on the assumption that the 
sentences of such theories are accorded the status of statements. For 
those who find this assumption unacceptable, there are at least two 
other ways of construing what we have called an interpreted theory. 
The first of these is Ramsey's method, which was described in the 
previous section. It has the very attractive feature of representing an 
interpreted theory in the form of a bona fide statement, which contains 
no extra-logical constants other than those contained in V n, and still 
has exactly the same V n-consequences as the interpreted theory stated 
in terms of incompletely interpreted theoretical constants. It is perhaps 
the most satisfactory way of conceiving the logical character of a scien
tific theory, and it will be objectionable mainly, or perhaps only, to 
those who, on philosophical grounds, are opposed to the ontological 
commitments 69 involved in countenancing all the requisite variables 
ranging over domains other than that of the individuals of the theory 
(such as, for example, the set of all quantitative characteristics of physi
cal objects, or the set of all dyadic relations among them, or sets of such 
sets, and so forth). 
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Those finally, who, like the contemporary nominalists, reject such 
strong ontological commitments, may adopt a conception of scientific 
theories, not as significant statements, but as intricate devices for in
ferring, from intelligible initial statements, expressed in terms of an 
antecedently understood vocabulary V n, certain other, again intelligible, 
statements in terms of that vocabulary.70 The theoretical terms are then 
construed as meaningless auxiliary marks, which serve as convenient 
symbolic devices in the transition from one set of experiential state
ments to another. To be sure, the conception of laws and theories as 
extra-logical principles of inference does not reflect the way in which 
they are used by theoretical scientists. In publications dealing with prob
lems of theoretical physics, or biology, or psychology, for example, sen
tences containing theoretical terms are normally treated on a par with 
those which serve to describe empirical data: together with the latter, 
they function as premises and as conclusions of deductive and of induc
tive arguments. And indeed, for the working scientist the actual formu
lation and use of theoretical principles as complex extra-logical rules of 
inference would be a hindrance rather than a help. However, the pur
pose of those who suggest this conception is not, of course, to facilitate 
the work of the scientist but rather to clarify the import of his formula
tions; and from the viewpoint of a philosophical analyst with nominalis
tic inclinations, for example, the proposed view of scientific sentences 
which by his standards are not intelligible statements, does represent 
an advance in clarification. 

However, the question posed by the theoretician's dilemma can be 
raised also in regard to the two alternative conceptions of the status 
of a theory. Concerning Ramsey's formulation, we may ask whether it 
is not possible to dispense altogether with the existentially quantified 
variables which represent the theoretical terms, and thus to avoid the 
ontological commitment they require, without sacrificing any of the 
deductive connections that the Ramsey-sentence establishes among V n· 
sentences. And in regard to theories conceived as inferential devices, we 
may ask whether they cannot be replaced by a functionally equivalent 
set of rules-i.e., one establishing exactly the same inferential transitions 
among V n-sentences-which uses none of the "meaningless marks." 

In both cases, Craig's theorem gives an affirmative answer by de
scribing a general method for constructing the desired kind of equiva
lent (provided only that the original formulation meets the very weak 
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requi~;ements of that theorem). But again, in both cases, the result has 
the same shortcomings that were mentioned in section 8: First of all, 
the method would replace the Ramsey-sentence by an infinite set of 
postulates, or the body of inferential rules by an infinite set of rules, 
in terms of Vn, and would thus lead to a loss of economy. Second, the 
resulting system of postulates or of inferential rules would not lend 
itself to inductive prediction and explanation. And third, it would have 
the pragmatic defect, partly reflected already in the second point, of 
being less fruitful heuristically than the system. using theoretical terms. 

When scientists or methodologists claim that the theoretical terms 
of a given theory refer to entities which have an existence of their own, 
which are essential constituents or aspects of the world we live in, then, 
no matter what individual connotations they may connect with this 
assertion, the reasons they could adduce in support of it seem clearly 
to lie in the fact that those terms function in a well-confirmed theory 
which effects an economical systematization, both deductive and induc
tive, of a large class of particular facts and empirical generalizations, and 
which is heuristically fertile in suggesting further questions and new 
hypotheses. And as far as suitability for inductive systematization, along 
with economy and heuristic fertility, are considered essential charac
teristics of a scientific theory, theoretical terms cannot be replaced with
out serious loss by formulations in terms of observables only: the theo
retician's dilemma, whose conclusion asserts the contrary, starts with 
a false premise. 

NOTES 
1 This term was suggested by a passage in Reichenbach's volume (70), where the 

word 'postdictability' is used to refer to the possibility of determining "past data in 
terms of given observations" (p. 13). In a similar context, Ryle us~s t~e t~r;.n 'r~tro
dict' (see, for example, (78, p. 124) ), and Walsh speaks of the histonans busmess 
to 'retrodict' the past: to establish, on t~e basis of pres~nt evid~nce, .what the pa~t 
must have been like" (93, p . 41) . Accordmg to a remark m Acton s review of Walsh s 
book (Mind, vol. 62 (1953), pp. 564-565), the word 'retrodiction' was used in this 
sense already by J. M. Robertson in Buckle and his <?ri~ics (1895) . . . 

• More accurately : it can be deduced from the pnnciples of Newtoman mechamcs 
that Kepler's laws hold in approximation, namely, on the assumption that the forces 
exerted upon the planets by celestial objects other than the sun (especially other 
plnncts) are negligible. . . . .. . . . 

• For a fuller presentation of this deductive schema of SCientific explanation and 

l>recliction, see Popper ( 62, section 12, and 63, Chapter 25), and Hempel and Oppen
lcim (36) . 

• The distinction here made refers, then, exclusively to the form of the statements 
under consideration, and not to their truth status or to the extent to which they are 
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supported by empirical evidence. If it were established, for example, that actually only 
80 per cent of all crows are black, this would not show that 'all crows are black,' or 
S, for short, was a statistical probability statement, but rather that it was a false state
ment of strictly universal form, and that 'The probability for a crow to be black is .8,' 
or s. for short, was a true statement of statistical form. 

Furthermore, to be sure, neither S, nor S, can ever be established conclusively: they 
can only be more or less well supported by available evidence; each of them thus has 
a more or less high logical, or inductive, probability, relative to that evidence. But 
this again does not affect at all the fact that S, is of strictly universal and S. of statisti
cal form. 

• For a fuller discussion of this point, see, for example, Nagel (55, section 7), 
Reichenbach (71, sections 63-67), Cramer ( 18, Chapter 13). 

• The explanatory and predictive use of statistical laws constitutes perhaps the most 
important type of inductive systematization; but the occurrence of such laws among 
the premises is not required by our general concept of inductive systematization. And 
indeed, as Carnap (11, pp. 574-575) has pointed out, it is sometimes possible to make 
predictions of an inductive character exclusively on the basis of information about a 
finite set of particular cases, without the mediation of any laws whatever. For example, 
information to the effect that a large sample of instances of P has been examined, that 
all of its elements have the characteristic Q, and that a certain case x, not included in 
the sample, is an instance of P, will lend high inductive support to the prediction 
that x, too, has the characteristic Q. Also, it is sometimes possible to base an induc
tive systematization on a set of premises which include one or more strictly universal 
statements, but no statistical laws. An example of such a systematization will be found 
in Section 9, in the prediction based on the formulas (9.6)-(9.12). 

• Mises (54, p. 188). Whether it is advisable to refer to explanations of this kind 
as causal is debatable : since the classical conception of causality is intimately bound 
np with the idea of strictly universal laws connecting cause and effect, it might be 
better to reserve the term 'causal explanation' for some or all of those explanatory 
arguments of form ( 1.1 ) in which all the laws invoked are of strictly universal form. 

• Northrop (59, Chapters III and IV), for example, presents this distinction very 
suggestively; he refers to the two levels as "the natural history stage of inquiry" and 
"the stage of deductively formulated theory." A very lucid and concise discussion of 
the idea at hand will be found in Feigl ( 20). 

• In his essay on Skinner's analysis of learning (in Estes et al. (19) ), Verplanck 
throws an illuminating sidelight on the importance, for the observational vocabulary 
(the terms of the data-language, as he calls it), of high uniformity of use among dif
ferent experimenters. Verplanck argues that while much of Skinner's data-language 
is sound in this respect, it is "contaminated" by the inclusion, in its vocabulary, of 
two kinds of terms that are not suited for the description of objective scientific data. 
The first kind includes terms "that cannot be successfully used by many others"; the 
second kind includes certain terms that should properly be treated as higher order 
theoretical expressions. 

The non-precise and pragmatic character of the requirement of intersubjective uni
formity of use is nicely reflected in Verplanck's conjecture "that if one were to work 
with Skinner, and read his records with him, he would find himself able to make the 
same discriminations as does Skinner and hence eventually give some of them at least 
data-language status" ( Ioc. cit., p. 279n) . 

Jj) It shouh;l be mentioned, however, that the idea of the range of application of a 
generalization is here used in an intuitive sense which it would be difficult to explicate. 
The range of application of ( 3.1), for example, might plausibly be held to be nar
rower than here indicated: it might be construed as consisting only of wooden-objects
placed-in-water, and iron-objects-placed-in-water. On the other hand, ( 3.1) may be 
equivalently restated thus : Any object whatever has the two properties of either not 
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being wood or floating on water, and of either not being iron or si_nking in water. I~ 
this form , the generalization might be said to have the largest poss1ble range of appli
cation, the class of all objects whatever. 

11 Since ( 3.2) was presented as a definition, it might be considered inappropriate 
to include it among the general laws effecting the predictive transition from 0,, 0., 
Oa, O,, to 0 5 • And indeed, it is quite possible to construe the concept of log1cal de
duction as applied to ( 1.1 ) in such a way that it includes the use of any definiti_on as 
an additional premise. In this case, ( 3.3) is the only law 111voked 111 the prediction 
here considered. On the other hand, it is also possible to treat sentences such as ( 3.2), 
which are usually classified as purely definitional, on a par with other statements of 
universal form, which are qualified as general laws. This view is favored by the co~
sideration, for example, that when a theory conflicts with pertinent empmcal_ data, 1t 
is sometimes the " laws" and sometimes the "definitions" that are mod1fied 111 order 
to accommodate the evidence. Our analysis of deductive systematization is neutral 
with respect to this issue. . . . 

'" A lucid elementary discussion of the nature of axwmatiz~d mathem~tical systems 
may be found in Cohen and Nagel ( 15, Chapter VI; also repnnted 111 Fe1gl and Brod
beck (24) ). For an analysis in a similar vein, with specml emphas1s on geome_try,_ see 
also Hempel ( 30). An excellent systematic account of the axiOmatic method IS g1ven 
in Tarski (84, Chapters VI-X); this presentation, which makes use of some concepts 
of elementary symbolic logic, as developed in earlier chapters, 111cludes several Simple 
illustrations from mathematics. A careful logical study of deductive systems 111 em
pirical science, with special attention to the role of theoretical terms, is carried ou_t 
in the first three chapters of Braithwa1te ( 4), and a log1cally more advanced exposJ
I'ion of the axiomatic method, coupled with applications to biological theory, has been 
given by Woodger, especially in (98) and (99). . 

'"See, for example, Hermes (37); Walker (92); McK111sey, Sugar, and Suppes 
(52 ); McKinsey and Suppes (53); Rubin and Suppes ( 7 5 )_, and the fu~ther ~eferences 
~ivcn in these publications. An important pioneer work m the field IS Reichenbach 
(68). 

" See especially W oodger ( 9 8) and ( 99 ) . 
"·See, for example, Hull eta I. ( 39). . 
'"For example, in von Neumann and Morgenstern (58, Chapter III and AppendiX). 
" Statements effecting an empirical interpretation of theoretical terms have been 

discussed in the methodological literature under a variety of ~ames. _For ex~mple, 
I~ ·ichcnbach, who quite early emphasized the importance of the 1dea w1th spec~al r_ef-
r·cncc to the relation between pure and physical geometry, speaks of coordmatJve 

dc/i rritions (69, section 4; also 72, Chapter VIII); Campbell (7, Chapter VI; an 
·xccrpt from this chapter is reprinted in Feigl and Bro~beck (24)) and Ramsey (67, 

p/>. 212-236) assume a dictionary connectmg theoretical and empmcal terms. (See 
11 so Section 8 below) . Margenau ( 48, especmlly Chapter 4) speaks of rules of corre
sporrderrce, and recently Carnap ( 14) has likewise used the general term 'correspond
err c rrrlcs'. Northrop's epistemic correlations (59, especially Chapter VII) may be 
viewed as a special kind of interpretative statemen~s . For a discussion of interpreta
l io rr irs a scmantical procedure, see Carnap (10, sections 23, 24, 25), and Hutten (40, 
sp ·c.:i:rlly Chapter II) . A fuller discussion of interpretative statements is included in 

Nc '!' ions 6, 7, 8 of the present essay. 
'" I\ lucid and concise presentation may be found, for example, in Bergmann and 

Spcn ·c ( 3). 
"' llrrll ( 38, p. 284). 
"'' Skirrru.:r ( 80, p. 3 5). . 
" 'l'olur:ur, Ritchie, and Kalish (88, p. 15). See also the detailed critical analysis 

of 'l'olnr:rrr 's characterization of expectancy in MacCorquodale and Meehl ( 47, pp. 
171J- 1HI) . 
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22 See Camap ( 8, section 4) . 
"' On this point, and on the general problem of explicating the concept o.f a law 

of nature, see Braithwaite (4, Chapter IX); Burks (6); Camap (14, section 9); 
Goodman ( 28); Hempel and Oppenheim ( 36, Part III); Reichenbach ( 73). . 

"' In his theory of reduction sentences, developed in Camap ( 8). There 1~ a 
question, however, whether certain conditions which Carnap imposes upon reductwn 
sentences do not implicitly invoke causal modalities. On th1s pomt, see Hempel ( 34, 
section 3). . 

25 And in fact, the total specification of meaning effected by th~ passages quoted IS 
then summarized by the authors in their "definition" DF II, wh1ch has exactly the 
form ( 6.2) of a bilateral reduction sentence for 'rat x expects food at L.' (Tolman, 
Ritchie, and Kalish ( 88, p. 15).) . 

26 For a fuller discussion, see Can~ap (8, section 7) and Camap (14, section 10). 
:n See Tarski ( 83, especially pp. 80-83) . 
""See Kemeny (41) and (42); Camap (12). 
""On this point, see especially Quine ( 65); Goodman ( 26); White (95) and (9~, 

Part II). The significance of the notion of analyticity in special reference to theore~l
cal statements is critically examined, for example, in Pap ( 60 l. ~nd ( 61) and m 
Hempel ( 34) . Arguments in defense of concepts such as analyticity and sy~onymy 
are advanced in the following articles, among others: Camap ( 12, 13); Gnce and 
Strawson (29); Martin (49); Mates (51); Wang (94). 

.. Since the reduction sentences ( 7. 3) determine the meaning of 'Q' for those and 
only those cases which meet at least one of the conditions C1, C, . . . C., it might 
be argued that (7.4) in conjunction with (7.3) inductively supports, not (7.5), ~ut 
only the following hypothesis, which limits the assertion of ( 7.5) to the cases JUSt 
specified: 
(7.5') (C1x v C,x v ... v C.x) ::> (Qx = Ox) 

and that what (7.5) asserts beyond this, namely, 
(7.5") .-(C1x v C,x v ... v C.x) ::> (Qx =Ox) 

constitutes a stipulation rather than an empirical hypothesis. But this does not alter 
the fact that (7.5), since it implies (7.5'), is empirical in character, and that its 
acceptance requires therefore inductive support. 

31 This point is discussed mc:ne_ fully in Hempel ( 32). On the pro~lem of _"re~uc
ing" the concepts of one disc1plme to those of another, the followmg publications 
have important bearing: Nagel (56) and (57); Woodger (100, pp. 27lff); Kemeny 
and Oppenheim ( 4 3 ) . 

32 One writer who is impelled by his "philosophical conscience" to take this view 
is Goodman (see 27, Chapter I; 28, Chapter II, section 1). A similar position was 
taken by Russell when he insisted that physical objects should be conceived as "logi
cal constructions" out of sense-data, and thus as definable in terms of the latter (see, 
for example, 77, Chapter VIII). 

.. See Camap ( 14, especially sections 9, 10) . 
•• Carnap ( 14, section 1 0) . 
•• Carnap ( 14, section 10). 
•• Carnap ( 14, section 10) . An idea which is _similar in sl?irit, but n?t quite as 

clear in its content, has been put forward by Pap m (60) and m (61, sections 10-13 
and 70), with the claim (not made by Carnap for his argument) that it establishes the 
"untenability" of the "thesis of explicit definability" (of theoretical terms by _mea~s of 
observational ones). Pap ( 60, p. 8). On the other hand, Bergmann ( espec1ally m 1 
and 2) holds that many concepts of theoretical physics, including "even the particle 
notions of classical physics . could, in principle, be introduced by explicit definitions. 
This, by the way, is also true of all the concepts of scientific psychology.'' Bergma~n 
(2, section 1). In the same context Bergmann mentions that the method of partial 
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interpretation seems to be necessary in order to dissolve some of the puzzles concern
ing quantum theory. However, this strong assertion is supported chiefly by sketches 
of some sample definitions. Bergmann suggests, for example, that 'This place is in an 
electric field' can be defined by a sentence of the form 'If R1 then R,,' where R1 
stands for a sentence to the effeet that there is an electroscope at the place in ques
tion, and R, stands "for the description of the behavior of the electroscope (in an 
electric field).'' ( 1, pp. 98-99.) However, this kind of definition may be questioned 
on the basis of Camap's arguments, which have just been considered. And in addi
tion, even if unobjectionable, some examples cannot establish the general thesis at 
issue. Thus, the question remains unsettled. 

87 The basic idea was outlined earlier in Hempel ( 3 3, p. 30). 
38 I am grateful to Herbert Bohnert who, in a conversation some years ago, pro

vided the stimulus for the development of the ideas here outlined concerning the 
definability of functors with infinitely many permissible values. Mr. Bohnert rem~rked 
on that occasion that explicit definition of such functors in terms of an observational 
vocabulary should be possible along lines indicated by the Frege-Russell theory of 
natural and of real numbers. 

•• If it should be objected that 'cell' and 'organism' are theoretical rather than 
observational terms, then they may be replaced, without affecting the crux of the argu
ment, by terms whose· observational character is less controversial, such as 'marble' and 
'bag', for example. . 

.. I was mistaken, therefore, when in an earlier essay I asserted that "no sentence 
expressible in observatiop terms and logical terms alone can state a sufficient condition 
(let alone a necessary and sufficient one) for a sentence of _the f?rm 'the length of 
interval i is r centimeters.'" Hempel (35, p. 68.) The consideration that led me to 
this assertion (Joe. cit., pp. 66-68) overlooked the point made above (between (7.7) 
and ( 7.8) ) , namely that a sentence expressed in observational and logical terms alone 
may represent a necessary and sufficient condition for the truth of a given theoretical 
sentence without providing finite observational truth criteria for that sentence: it may 
be non-molecular in form. 

"" The argument can readily be extended to functors taking complex numbers or 
vectors of any number of components as values. Our reasoning has relied essentially 
on the Frege-Russell method of defining the various kinds of numbers (integers, 
rational, irrational, complex numbers, etc.) in terms of the concepts of the logic of 
sets. For a detailed outline of the procedure, see Russell (76); fuller technical accounts 
may be found in many works on symbolic logic. 

"See Tolman (87, as reprinted in Marx, 50, p. 89); and Spence (82, p. 65n). 
"Hull{38). 
"Hull ( 38, p. 285). 
•• Feigl (21, p. 40). 
•• Braithwaite ( 4, Chapter III). 
"See the essay "Theories" ( 1929) in Ramsey ( 67) . 
•• Braithwaite ( 4, p. 76). 
•• This point is also made in Camap ( 8, section 7) in a discussion of the advan

tages of reduction sentences over definitions in the introduction of scientific terms. 
And Feigl eloquently argues in the same vein in his essay (23 ), in which the general 
principle is illustrated by various suggestive examples taken from physics and psy
chology. 

00 Braithwaite ( 4, p. 76). 
01 An excellent concise synopsis of various arguments in favor of invoking "hypo

thetical constructs" will be found in Feigl ( 21, pp. 38-41). Some aspects of the 
"semantic realism" concerning theoretical terms and sentences which Feigl presents 
in the same article are discussed in section 10 of the present essay. 

•• This has been pointed out by Camap himself; see, for example, his ( 14). 
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""See Campbell (7, Chapter VI) . Important parts of this chapter are reprinted in 
Feigl and Brodbeck ( 24). 

.. Campbell (7,p.l22). 
55 However, this does not show that there cannot possibly be any necessary and 

sufficient condition in observational terms for the theoretical sentence : the problem 
of proving or disproving this latter claim is subject to difficulties analogous to those 
discussed in section 7 in regard to definability. 

66 The intuitive notion of interpretation, as well as the conception reflected in 
Campbell's idea of an interpretative dictionary, would seem to call for the following 
additional condition: (v) Each sentence of J contains essentially terms from VT as 
well as terms from Vu. However, this requirement introduces no further restriction 
of the concept of interpretative system; for any system J that meets conditions ( i) to 
(iv) can be stated in an equivalent form that satisfies (v) as well. To this end, it 
suffices to replace the member sentences of J by their conjunction; this yields a logi· 
cally equivalent interpretative system which contains only one sentence, and which 
satisfies ( v) since J satisfies ( iv) . 

67 Campbell (71, p. 43) . 
"" Here, and on some subsequent occasions where there is no danger of misunder· 

standings, logical connectives are used autonymously; the expression 'H = 0', for 
example, represents the sentence obtained by placing the triple-bar symbol (for 'if 
and only if') between the sentences of which 'H' and '0' are names. 

69 Craig's paper ( 16) contains the first published account of this interesting theo· 
rem. A less condensed and less technical presentation, with explicit though brief 
references to applications such as the one here considered, is given in Craig ( 17) . 

In application to the issue we are discussing, the result obtained by Craig may be 
briefly stated as follows: Let the set VT' of primitive terms of T' and the set of 
postulates of T' be specified effectively, i.e., in a manner allowing anyone, given any 
expression, to decide in a finite number of steps whether the expression is a primitive 
term (or postulate) of T'. Let V T' be divided, by an effective criterion that may 
otherwise be chosen at will, into two mutually exclusive vocabularies, VT and Vu. 
Finally, let the rules of the logic used be such that there is an effective method of 
detem1ining, for any given finite sequence of expressions, whether it is a valid deduc
tion according to those rules. 

Then there exists a general method (i.e., a method applicable in all cases meeting 
the conditions just outlined) of effectively constructing (i.e., characterizing the postu· 
lates and the rules of inference of) a new system T'u whose set of primitives is Vu; 
and whose theorems are exactly those theorems of T' which contain no extralogical 
constants other than those contained in Vu. 

Note that the theorem permits us to draw the dividing line between VT and Vu 
wherever we please, as long as the criterion used to effect the division permits us to 
decide in a finite number of steps to which of the two sets a given term belongs. 
This condition as well as the requirement of an effective characterization of VT' will 
be trivially satisfied, for example, if V T' is finite, and its member terms as well as those 
of Vn and VT are specified simply by enumerating them individually. 

The further requirement of an effective characterization of the postulates and the 
rules of logic for T' are so liberal that no doubt any scientific theory that has yet been 
considered can be formalized in a manner that satisfies them-as long as the connec
tions between theoretical and observational expressions can be assumed to be expres· 
sible in the form of definite statements. The only important case I am aware of in 
which this condition would be violated is that of a theory for which no definite rules 
of interpretation are specified-say, on the ground that the criteria of application for 
theoretical expressions always have to be left somewhat vague. A conception of this 
kind may have been intended, for example, by A. Wald's remark "In order to apply 
[a scientific] theory to real phenomena, we need some rules for establishing the cor· 

92 

THE THEORETICIAN'S DILEMMA 

respondence between the idealized objects of the theory and those of the real world. 
These rules will always be somewhat vague and can never form a part of the theory 
itself." Wald (91, p. 1) . 

The conditions of Craig's theorem are satisfiable, however, if the vagueness here 
referred to is reflected in definite rules. Thus, for example, the interpretative sentences 
for a given theory might take the form of statistical probability statements (a possi· 
bility mentioned in Carnap ( 14, section 5) ) , or perhaps of logical probability state· 
ments (each specifying the logical probability of some theoretical sentence relative to 
a specified sentence in observational terms, or vice versa). Either of these procedures 
would yield an interpretation of a more general kind than that characterized by the 
definition of an interpretative system given in section 8 of the present essay. Yet even 
to theories which are interpreted in this wider sense, Craig's theorem can be applied. 

60 Craig ( 17, p. 49). It may be well to note briefly two further points which were 
established by Craig, in the studies here referred to : ( i) A theory T' may have a set 
of V a-consequences that cannot be axiomatized by means of a finite set of postulates 
expressible in terms of V u. ( ii ) There is no general method that permits an effective 
decision, for every theory T', as to whether its Yo-consequences can, or cannot, be 
axiomatized by means of a finite set of postulates. 

61 Craig ( 17, p. 49) . This fact does not detract in the least, of course, from the 
importance and interest of Craig's result as a theorem in logic. 

6 2 On this method, first used by von Neumann, see Carnap (9, pp. 29-30 and p. 
96) , where further references to the literature are given. 

63 This does not preclude the possibility of effecting the transition from the five 
data sentences to 'Fb' in a purely deductive fashion by means of a suitable modifica
tion ofT'; in fact, just the addition, toT', of the statement '(x) ( (Gx • Tx • Vx • Ex 
• Sx) ::> Px)' would have the desired effect. But the modified theory thus obtained 
is clearly stronger than T'. 

"' Ramsey (67, pp. 212-215, 231) . 
""See Tarski ( 85, p. 3 50) . 
66 On this point see, for example, MacCorquodale and Meehl ( 46); Lindzey ( 45); 

Feigl ( 21), ( 22); Hempel ( 31); Rozeboom (74). 
"

7 It is of interest to note here that if in addition to the conditions specified in sec
tion 8, an interpreted theory were also required to meet the criteria of significance for 
theoretical terms and sentences that have recently been proposed by Carnap in ( 14, 
sections 6, 7, 8), the terms and the sentences of our mock "learning theory" would 
be ruled out as nonsignificant. 

'
18 More precisely, the assertion that there exist entities of the various kinds (such as 

hypothetical objects and events and their various qualitative and quantitative proper
tics and relations) postulated by an interpreted theory T' is expressed by the Ramsey· 
sentence associated with T'. It is obtained by replacing all theoretical constants in the 
·onjunction of the postulates of T' by variables and binding all these by existential 

quantifiers placed before the resulting expression. The sentence thus obtained is a 
logical consequence of the postulates of T'; but the converse does not hold; hence 
strictly speaking, the assertion of the existence of the various hypothetical entities 
nssumed in a theory is logically weaker than the theory itself. 

For suggestive observations on the question of the reality of theoretical entities, 
sec, for example, Toulmin ( 89, pp. 134-139) and Smart ( 81) . 

'"'The concept is used here in Quine's sense, according to which a theory is onto· 
logically committed to those entities which must be included in the domains over 
which its bound variables range if the theory is to be true. Quine develops and defends 
this idea in several of the essays comprising his book ( 66). 

7
" This conception of laws or theories as inferential principles has been suggested, 

ou dilfcrcnt grounds, by several authors, such as Schlick (who says that he owes the 
idea to Wittgcnstcin ; sec Schlick, 79, p. 151 and p. 155); Ramsey (see 67, p. 241), 
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Ryle (see 78, especially pp. 120-125), and Toulmin (see 89, Chapters III and IV). 
(Toulmin remarks, however, that to think of laws of nature as rules or licenses "re
flects only a part of their nature" (Joe. cit., p. 105).) See also Braithwaite's discussion 
of the issue in (4, pp. 85-87). Finally, Popper's essay (64) contains several critical 
and constructive comments that bear on this issue and on some of the other questions 
discussed in the present study. 

REFERENCES 

1. Bergmann, Gustav. "The Logic of Psychological Concepts," Philosophy of 
Science, 18:93- 110 (1951). 

2. Bergmann, Gustav. "Comments on Professor Hempel's 'The Concept of Cogni
tive Significance,' " Proceedings of tile American Academy of Arts and Sciences, 
80(No.l ):78- 86 ( 1951) . Reprinted in Gustav Bergmann, The Metaphysics of 
Logical Positivism. New York : Longmans, Green and Co., 1954. 

3. Bergmann, Gustav, and Kenneth Spence. "Operationism and Theory in Psy
chology," Psycllological Review, 48:1-14 (1941) . Reprinted in Marx (50). 

4. Braithwaite, R. B. Scientific Explanation. Cambridge, England: Cambridge 
Univ. Press, 195 3. 

5. Bridgman, P. W. Tl1e Logic of Modern Physics. New York: Macmillan, 1927. 
6. Burks, Arthur W . "The Logic of Causal Propositions," Mind, 60:363-382 

(1951). 
7. Campbell, Norman R. Physics: The Elements. New York: Dover, 1920. 
8. Carnap, Rudolf. "Testability and Meaning," Philosophy of Science, 3:420-468 

(1936); 4:1-40 (1937) . Reprinted as a monograph by Whitlock's Inc., New 
Haven, Conn., 1950. Excerpts reprinted in Feigl and Brodbeck (24). 

9. Carnap; Rudolf. The Logical Syntax of Language. New York and London: 
Humanities, 1937. 

10. Carnap, Rudolf. Foundations of Logic and Mathematics. Chicago: Univ. of 
Chicago Press, 1939. 

11. Carnap, Rudolf. Logical Foundations of Probability. Chicago: Univ. of Chi
cago Press, 1950. 

12. Carnap, Rudolf. "Meaning Postulates," Philosophical Studies, 3:65-73 (1952). 
13. Carnap, Rudolf. "Meaning and Synonymy in Natural Languages," Philosophical 

Studies, 6:33-47 (1955) . 
14. Carnap, Rudolf. "The Methodological Character of Theoretical Concepts," in 

H. Feigl, and M. Scriven ( eds.), The Foundations of Science and the Concepts 
of Psychology and Psychoanalysis, pp. 38-76. Minneapolis: Univ. of Minnesota 
Press, 19 56. 

15. Cohen, M. R., and E. Nagel. Introduction to Logic and Scientific Method. New 
York: Harcourt, Brace, 1934. 

16. Craig, William. "On Axiomatizability within a System," Journal of Symbolic 
Logic, 18:30-32 (1953). 

17. Craig, William. "Replacement of Auxiliary Expressions," Philosophical Review, 
65:38-55 (1956). 

18. Cramer, Harald. Mathematical Methods of Statistics. Princeton: Princeton Univ. 
Press, 1946. 

19. Estes, W . K., S. Koch, K. MacCorquodale, P. E. Meehl, C. G. Mueller, W. S. 
Schoenfeld, and W. S. Verplanck. Modern Learning Theory. New York: 
Appleton-Century-Crofts, 1954. 

20. · Feigl, Herbert. "Some Remarks on the Meaning of Scientific Explanation," (A 
slightly modified version of comments first published in Psychological Review, 
52(1948) ), in Feigl and Sellars (25, pp. 510-514). 

21. Feigl, Herbert. "Existential Hypotheses," Philosophy of Science, 17:35-62 
(1950) . 

94 

THE THEORETICIAN'S DILEMMA 

22. Feigl, Herbert. "Logical Reconstruction, Realism, and Pure Semiotic," Phi
losophy of Science, 17:186-195 (1950) . 

23. Feigl, Herbert. "Principles and Problems of Theory Construction in Psychol· 
ogy," in W . Dennis ( ed.), Current Trends in Psychological Theory, pp. 179-
213. Pittsburgh: Univ. of Pittsburgh Press, 1951. 

24. Feigl, Herbert, and May Brodbeck (eels.). Readings in the Philosophy of 
Science. New York: Appleton-Century-Crofts, 1953. 

25. Feigl, Herbert, and Wilfrid Sellars (eels.). Readings in Philosophical Analysis. 
New York: Appleton-Century-Crofts, 1949. 

26. Goodman, Nelson. "On Likeness of Meaning," Analysis, 10:1-7 (1949) . Re
printed in a revised form in Linsky ( 45). 

27. Goodman, Nelson. The Structure of Appearance. Cambridge, Mass.: Harvard 
Univ. Press, 1951. 

28. Goodman, Nelson. Fact, Fiction, and Forecast. Cambridge, Mass.: Harvard 
Univ. Press, 1955. 

29. Grice, H. P., and P. F. Strawson. "In Defense of a Dogma," Philosophical Re
view, 65:141-158 (19 56). 

30. Hempel, Carl G. "Geometry and Empirical Science," American Mathematical 
Monthly, 52 :7-17 (1945)~ Reprinted in Feigl and Sellars (25), in Wiener 
(97), and in James R. Newman (ed.), The World of Mathematics. New York : 
Simon and Schuster, 1956. 

31. Hempel, Carl G. "A Note on Semantic Realism," Philosophy of Science, 17: 
169-173 (1950). 

32. Hempel, Carl G. "General System Theory and the Unity of Science," Human 
Biology, 23:313-322 (1951). 

33. Hempel, Carl D. Fundamentals of Concept Formation in Empirical Science. 
Chicago: U niv. of Chicago Press, 19 52. 

34. Hempel, Carl G. "Implications of Carnap's Work for the Philosophy of 
Science," in P. A. Schilpp (ed.), The Philosophy of Rudolf Carnap. New 
York: Tudor (forthcoming) . 

35. Hempel, Carl G. "The Concept of Cognitive Significance : A Reconsideration," 
Proceedings of the American Academy of Arts and Sciences, 80(No. 1):61-77 

36. ~~~~~i, Carl G., and Paul Oppenheim. "Studies in the Logic of Explanation," 
Philosophy of Science, 15:135-175 (1948). Reprinted in part in Feigl and 
Brodbeck (24). 

37. Hermes, H. "Eine Axiomatisierung der allgemeinen Mechanik," Forschungen 
zur Logik und Grundlegung der exakten Wissenschaften. Neue Folge, Heft 3. 
Leipzig, 19 38. 

38. Hull, C. L. "The Problem of Intervening Variables in Molar Behavior Theory," 
Psychological Review, 50:273-291 (1943) . Reprinted in Marx (50). 

39. Hull, C. L., C. I. Hovland, R. T. Ross, M. Hall, D. T. Perkins, and F. B. Fitch. 
Mathematico-Deductive Theory of Rote Learning. New Haven: Yale Univ. 
Press, 1940. · 

40. Hutten, Ernest H. The Language of Modern Physics: An Introduction to the 
Philosophy of Science. London and New York: Macmillan, 1956. 

41. Kemeny, John G. Review of Carnap, Logical Foundations of Probability. Jour
nal of Symbolic Logic, 16:205-207 ( 1951) . 

42. Kemeny, John G. "Extension of the Methods of Inductive Logic," Philosophi
cal Studies, 3:38-42 (1952). 

43. Kemeny, John G., and Paul Oppenheim. "On Reduction," Philosophic;tl 
Studies, 7:6-19 (1956). · 

44. Lindzey, Gardner. "Hypothetical Constructs, Conventional Constructs, and the 
Use of Physiological Data in Psychological Theory," Psychiatry, 16:27..;.33 
(1953). 

95 



Carl G. Hempel 

45 . Linsky, Leonard (ed.). Semantics and the Philosophy of Language. Urbana, 
Ill.: Univ. of Illinois Press, 1952. 

46. MacCorquodale, K., and P. Meehl. "On a Distinction between Hypothetical 
Constructs and Intervening Variables," Psychological Review, 55:95-107 (1948). 
Reprinted in Feigl and Brodbeck ( 24) and, with omissions, in Marx (50). 

47. MacCorquodale, K., and P. Meehl. "Edward C. Tolman," in Estes et al. (19), 
pp. 177-266. 

48. Margenau, Henry. The Nature of Physical Reality. New York : McGraw-Hill 
Book Co., 1950. 

49. Martin, R. M. "On 'Analytic,'" Philosophical Studies, 3:42-47 (1952). 
50. Marx, Melvin H. (ed.) . Psyclwlogical Tl1eory. New York: Macmillan, 1951. 
51. Mates, Benson. "Analytic Sentences," PI1ilosophical Review, 60:525-534 (1951). 
52. McKinsey, J. C. C., A. C. Sugar, and P. Suppes. "Axiomatic Foundations of 

Classical Particle Mechanics," Journal of Rational Mechanics and Analysis, 
2:253-272 (1953). 

53. McKinsey, J. C . C ., and P. Suppes. "Transformations of Systems of Classi
cal Particle Mechanics," Journal of Rational Mechanics and Analysis, 2:273-
289 (1953). 

54. Mises, R. von. Positivism: A Study in Human Understanding. Cambridge, 
Mass. : Harvard Univ. Press, 1951. 

55. Nagel, Ernest. Principles of the Theory of Probability. Chicago : Univ. of Chi
cago Press, 1939. 

56. Nagel, Ernest. "The Meaning of Reduction in the Natural Sciences," in Robert 
C. Stauffer ( ed.), Science and Civilization. Madison, Wis.: Univ. of Wisconsin 
Press, 1949. Reprinted in Wiener ( 97) . 

57. Nagel, Ernest. "Mechanistic Explanation and Organismic Biology," Philosophy 
and Phenomenological Research. 11 :327-338 (1951). 

58. Neumann, John von, and Oskar Morgenstern. Theory of Games and Economic 
Behavior, Zd ed. Princeton : Princeton Univ. Press, 1947. 

59. Northrop, F. S. C . The Logic of the Sciences and the Humanities. New York : 
Macmillan, 194 7. 

60. Pap, Arthur. "Reduction Sentences and Open Concepts," Methodos, 5:3-28 
(1953). 

61. Pap, Arthur. Analytische Erkenntnistheorie. Wien: J. Springer, 1955. 
62. Popper, Karl. Logik der Forschung. Wien: J. Springer, 1935. 
63. Popper, Karl. The Open Society and its Enemies. London: G . Routledge & 

Sons, 1945. 
64. Popper, Karl. "Three Views Concerning Human Knowledge," in H . D. Lewis 

(ed. ), Contemporary British Philosophy: Personal Statements. New York: Mac
millan, 1956. 

65. Quine, W. V. "Two Dogmas of Empiricism," Philosophical Review, 60:20-43 
(1951) . Reprinted in Quine (66). 

66. Quine, W. V. From a Logical Point of View. Cambridge, Mass.: Harvard Univ. 
Press, 1953. 

67. Ramsey, Frank Plumpton. The Foundations of Mathematics and other Logical 
Essays. London and New York : Humanities, 1931. 

68. Reichenbach, Hans. Axiomatik der relativistischen Raum-Zeit-Lehre. Braun
schweig: F. Vieweg & Sohn, 1924. 

69 . Reichenbach, Hans. Philosophic der Raum-Zeit-Lehre. Berlin: W. de Gruyter 
& Co., 1928. 

70. Reichenbach, Hans. Philosophic Foundations of Quantum Mechanics. Berkeley 
and Los Angeles: Univ. of California Press, 1944. 

71. Reichenbach, Hans. The Theory of Probability. Berkeley: Univ. of California 
Press, 1949. 

96 

THE THEORETICIAN' S DILEMMA 

72. Reichenbach, Hans. The Rise of Scientific Philosophy. Berkeley and Los An
geles : U niv. of California Press, 19 51. 

73. Reichenbach, Hans. Nomological Statements and Admissible Operations. Am
sterdam: North Holland Pub. Co., 1954. 

74. Rozeboom, William W. "Mediation Variables in Scientific Theory," Psy 
chological Review, 63:249-264 (1956). 

75. Rubin, H., and P. Suppes. Transformations of System of Relativistic Particle 
Mechanics. Technical Report No. 2. Prepared under contract for Office of 
Naval Research. Stanford University, Stanford, 1953. 

76. Russell, Bertrand. Introduction to Mathematical Philosophy. London and New 
York : Macmillan, 1919. 

77. Russell, Bertrand. Mysticism and Logic. New York: W. W. Norton & Co., 
1929. 

78. Ryle, Gilbert. The Concept of Mind. London : Hutchinson's Univ. Libr., 1949. 
79. Schlick, M. "Die Kausalitaet in der gegenwaertigen Physik," Die Naturwissen

schaften, 19:145-162 (1931). 
80. Skinner, B. F. Science and Human Behavior. New York: Macmillan, 1953. 
81. Smart, J. J. C. "The Reality of Theoretical Entities," Australasian Journal of 

Philosophy, 34:1-12 (1956). 
82. Spence, Kenneth W. "The Nature of Theory Construction in Contemporary 

Psychology," Psychological Review, 51:47-68 ( 1944) . Reprinted in Marx (50). 
83. Tarski, Alfred. "Einge methodologische Untersuchungen iiber die Definierbar

keit der Begriffe," Erkenntnis 5:80-100 ( 1935). English translation in Tarski 
(86). 

34. Tarski, Alfred. Introduction to Logic and to the Methodology of Deductive 
Sciences. New York: Oxford University Press, 1941. 

85. Tarski, Alfred. "The Semantic Conception of Truth," Philosophy and Phe
nomenological Research, 4:341-375 (1944) . Reprinted in Feigl and Sellars 
(25) and in Linsky ( 45). 

86. Tarski, Alfred. Logic, Semantics, Metamathematics. Tr. by J. H. Woodger. Ox
ford : The Clarendon Press, 1956. 

87. Tolman, E . C. "Operational Behaviorism and Current Trends in Psychology," 
Proceedings of the 25th Anniversary Celebration of the Inauguration of Gradu
ate Study, Los Angeles, 1936, pp. 89-103. Reprinted in Marx (50). 

88. Tolman, E. C., B. F. Ritchie, and D . Kalish. "Studies in Spatial Learning. 
I. Orientation and the Short-Cut," Journal of Experimental Psychology, 36: 
13-24 ( 1946). 

89. Toulmin, Stephen. The Philosophy of Science. London: Hutchinson's Univ. 
Libr., 1953. 

90. Verplanck, W . S. "Burrhus F . Skinner," in Estes eta!. ( 19), pp. 267-316. 
91. Wald, A. On the Principles of Statistical Inference. Notre Dame: Univ. of 

Notre Dame Press, 1942. 
92. Walker, A. G . "Foundations of Relativity: Parts I and II," Proceedings of the 

Royal Society of Edinburgh, 62:319-335 (1943-1949). 
93. Walsh, W. H. An Introduction to Philosophy of History. London: Hutchinson's 

Univ. Libr., 1951. 
94. Wang, Hao. "Notes on the Analytic-Synthetic Distinction," Theoria, 21 :158-

178 (1955). 
95. White, Morton G. "The Analytic and the Synthetic : An Untenable Dualism," 

in S. Hook ( ed.), John Dewey: Philosopher of Science and of Freedom. New 
York : Dial Press, 1950. Reprinted in Linsky (45). 

96. White, Morton G. Toward Reunion in Philosophy. Cambridge, Mass. : Har-
varcl Univ. Press, 1956. . 

97. Wiener, PhilipP. (ed . ) . Readings in Philosophy of Science. New York : Scrib
ner, 1953. 

97 



Carl G. Hempel 

98. Woodger, J. H. The Axiomatic Method in Biology. Cambridge, England: Cam
bridge Univ. Press, 1937. 

99. Woodger, J. H. The Technique of Theory Construction. Chicago: Univ. of 
Chicago Press, 1939. 

100. Woodger, J. H. Biology and Language. Cambridge, England: Cambridge Univ. 
Press, 1952. 

98 

-----MICHAEL SCRIVEN-----

Definitions, Explanations, and Theories 

1. General Introduction. The ensuing account is not intended to be 
a full treatment of the topics referred to in the title. A number of 
specific points that have concerned recent writers on logic and the 
philosophy of science and which are related to these topics are dis
cussed and an attempt is made to indicate how these are related. These 
points include a discussion of translation, rules, dispositions, theoretical 
'Oncepts, correlational concepts, statistical explanation, incomplete ex
planations, 'bridge laws,' unobservable entities, implicit definition, etc. 
But many other points would have to be dealt with, and those men
tioned dealt with in more detail, in order to justify a claim of com
plcteness.1 It is not even supposed that the present topics are the 
most important or the most controversial in any treatment of defini
l'ions, explanations, and theories, nor that the treatment of these topics 
ls of great originality. But it does represent a different approach from 
those which have been commonly supported. It is different in method 
from the approach of the positivist symbolic logicians whose work led 
us to the major reconsideration of these topics which occurred in the 
arlier part of this century. And it is different in certain of its results 

from the approach of the Wittgensteinian school of logicians whose 
111cthod it shares. 

2. Analytic Method. I shall call my interpretation of this method, the 
method of context analysis, in order to focus attention on its comple
mentarity with traditional and symbolic logic which might be called 
con tent analysis. 

The differences in approach, which in no way amount to incom
patibili ty, arise from the difference in the success with which formaliza-

' I have discussed many further points that arise in the analysis of one of these 
topics in "Explanations" (unpublished D. Phil. thesis, Oxford, 1956), especially pp 
246- 420; but others of equal importance I did not discuss at all. 
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