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but Professor Hanson made me realize that one might raise the same
doubts about his views. The problem as I see it is this: What criterion can
one use for deciding when the meaning of a term changes? Hanson certainly gave impressive examples, and there are even stronger ones than the
weighing case for showing that what he called the conceptual framework,
in terms of which one uses one and the same word, is quite different in the
one case than in the other. There is, therefore, some quite plausible motivation for saying: "Really, the meaning of the term has changed." But is
there any satisfactory criterion for saying: "Up to here it is a change in
empirical belief about one and the same concept?" We just think that this
man has lost some weight, or that this determination of the weight of the
earth was not correct. We have now changed the meaning of the word,
but not the content of our empirical assertion. It seems to me that there is
no clear way of making these distinctions, and it seems to me also that here
Nagel is right: There is some vocabulary in terms of which one ultimately
tests one's scientific assertions. Such a vocabulary has a fairly fixed use,
and a fairly fixed meaning, notwithstanding changing theoretical connotations and their use in changing theoretical networks. So, once more, I
ask the specific question: "How would one even tell whether there is a
change of meaning or whether there is a change of assumptions about
whatever it is one is talking about?"
HANSON: Clearly, what one does to determine the weight of a celestial
object is to calculate, in terms of the theory of perturbations, what its deflection would be in some fairly well understood gravitational field . I
should have thought that undertaking this technique just in order to see
whether you gained or lost a few pounds (of course it is logically possible
that one could do this) is farfetched.
Braithwaite mentions that the meaning of the term 'electron,' on the
experimental level, might be quite different in an electrolytic context, on
the one hand, as against a straight alternating current context, and both
of these different again from what you would find in cloud chamber work.
I think that this argument is not altogether implausible. I think that there
is a meaning difference here.
HEMPEL: Wouldn't one say that in all of these cases this is just a wonderful conseguence of our having thought about electrons? Before we had
I-his enlightened notion, we thought we had three totally different kinds
of phcnomcnn. Now we see suddenly that, basically, they are the same
kind of thing. This was a great deepening and broadening of our insight,
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It seems to me that Professor Hempel was twisting a little bit
when he made that reference to every use of a ruler giving rise to a different
conception from every other use of a ruler. Surely what is at stake is not the
fact that one chap might use a Hooke-type spring scale and another an
Archimedes beam balance, but rather that the techniques are so different
as to actually make us justify the entire undertaking in terms of quite
different conceptual frameworks. For example, what happens when you
weigh yourself in the morning in the bathroom on the local scale surely is
quite different from what was undertaken by astronomers in the seventeenth, eighteenth, and nineteenth centuries when they undertook to
weigh the earth. This was a standard locution, and there were serious problems involving both undertakings. Nonetheless, it seems to me that they
are different in kind, and it isn't just a question of the fact that the techniques are different. Therefore, it seems to me that the conceptions ought,
in all seriousness, to be thought somewhat affected.
HEMPEL: The remarks I made were in part directed against Bridgman,
HANSON:
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and it came about because we saw that these basic entities were involved
in all of the phenomena. Therefore, 'electron' has the same meaning in the
three instances.
HANSON: In a word: No. I certainly wouldn't agree with that. If there
are difficulties concerning what kind of entity an electron is, they would
focus right on a point of this kind. After all, many of us know the wretched
semantical history through which the notion of the electron has passed.
To the extent that this is so, it isn't that we can simply make a reference
to the little things that wiggle. One must note the way in which the 'e'
figures inside the electromagnetic theory or the elementary particle theory,
and notice how it is coordinated, or aligned, or how one steps toward the
roots of the experience. It is exactly this which is the determinant of the
meaning. To the extent that one can say that these techniques and indeed
that the theories are involved (although they may be compatible and parallel, but with differences), it seems to me one ought not to settle in advance the question of whether or not they all have the same meaning, or
pertain to the same thing. This is the open issue about which I think there
should be more conversation or at least less confidence.
FEIGL: Don't you agree that we have situations in science which roughly
correspond to my central image here, namely, that we get different lines,
different fixes, on the same thing? The degree of approximation may
cause some headache. Nevertheless, the scientists have a hunch that various indications, possibly probabilistic ones, point to the very same kind of
entity, and therefore furnish confirmation for statements that occur in the
theory. Theoretical advance usually is based on convergences of that sort.
Whether we should speak of strict identity of meaning is another question, but that these convergences occur, I think, can hardly be denied in
the face of the history of science.
HANSON: No one in his right mind would deny it. But also, nobody i11
his right mind would suggest that the history of science shows that all
cases are the same case. But in point of fact many theories have shown ;1
divergence. When you have this divergence you have this issue opened .
HEMPEL: One of the great prides of physics is that the determination of
charge and similar things can be obtained from experiments of very differ
ent kinds. This, precisely, is one reason for saying that there really are sue Ii
things. Here you have a great variety of supporting evidence that all poinl s
to there being one underlying factor. The very fact that there are diffcrc11I
phenomena and that you can determine certain magnitudes by mcasmi11 g

one kind of thing and then something totally different is considered to be
support forthe underlying factor. Therefore, to say here "In these contexts
that term means something different" would seem to give away the show
and to give away just what science would pride itself most on: having cut
nature at the joints.
GRUNBAUM: If there is a single unitary thing underneath these diverse
manifestations, then as you add new theoretical information you are enlarging your beliefs about the thing. This supports the conception that it is
useful to talk about these terms denoting certain things, and your beliefs
about them changing.
HEMPEL : Here I would say that I don't quite know where to draw the
line sharply. It is sometimes assumed that a sharp line can be drawn. For
example, it is assumed by Carnap when he speaks of frame principles for
a theory which have to be fixed by fiat . We cannot change our previous
frame principles, let us say the three-dimensionality of space or the availability of points for each real number triad, and so on, and then ask what
is the evidence for or against them. One cannot profitably describe this as
a result of empirical investigation. It is just a matter of replacing one possible and tenable system by another which affords a more simple, efficacious, economical way of giving a theoretical account. On the other hand,
once the theoretical frame has been fixed, one decides other questions in
terms of experimentation. This is an empirical matter.
My point here is that I do not think that this line exists. One can also
give arguments for the choice of frame principles. So one thing shades over
into the other, and all of this basically hangs together with the question of
the analytic-synthetic distinction. One cannot be sharply separated from
the other. I think, however, that in certain contexts it is useful to put emphasis on one, and in some others, emphasis on the other. I am not saying
Hanson is wrong; but I am baffied about why one should describe the
situation in his way. He claims that one has changed the meaning, when
it seems to me so clear that in this example the scientist would say the
term has the same meaning in these different contexts.
HANSON : Historically, the reference to the designation 'electron' referred to no particle at all. This was a way of referring to the fundamental
unit of electrical charge. No dynamical sort of tiny billiard ball notion was
in it at all. This is something that later came to it through cathode work,
J. J. Thomson, and so forth. If one considers the electron, as it was referred
t·o in the latter part of the nineteenth century, and its relevant electro-
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dynamics, and the electron as it was referred to in the Bohr atom and the
new quantum mechanics of the early l 920's, and then also collects this
with the tremendous current difficulties in elementary particle theory,
this combination is just too obscure. Certainly there are advantages to
seeing to it that they are all roughly in the same ball park, but it doesn't
follow from that that they are all the same players.
ACHINSTEIN: Bohr introduced two essentially new postulates into his
theory. They contained terms such as 'angular momentum,' 'orbit,'
'energy,' 'frequency.' These were all available terms; he wasn't introducing
any new terms, nor did he have to explain in his original 1913 paper the
meanings of these terms. In fact, there was no new term, even in the full
development of his theory, with the possible exception of 'resonance potential,' which was not antecedently available. It appears that this theory
simply contains terms from the antecedent vocabulary. I want to ask Professor Hempel whether he had this in mind, or if this is a possibility.
Second, is to ask whether electrons exist tantamount to asking whether
a theory about electrons is true? It seems to me that that couldn't be the
case. We might imagine Bohr putting forth his theory about the atom,
and then saying: "I wonder whether atoms or electrons really exist?" He
could have asked this and not meant, "I wonder whether my theory is
true, or even approximately true?" That is, he could have imagined that
his theory was quite false and still have wondered whether there were electrons or whether there were atoms.
Finally, on the question of meaning, it seems to me that Hanson and
Feyerabend owe us a theory of meaning, in terms of which we could decide
whether it is true that terms have changed their meaning whenever a
theory has been modified or replaced by another. AU that one gets consists
of references to examples from physics. They say: "Look at the notion of
velocity in quantum mechanics, or mass, and so on, and look at it in classi
cal mechanics; just see that they are different."
HEMPEL: I haven't really thought about whether there might be a theorv
which has no characteristic terms . I would, offhand, have thought not, for
if there were none then one wouldn't speak of a theory. But I want l o
think about this, and I would have to look at Bohr's formulation to sec
what new terms there might be. There is no syntactical way of distinguisl1
ing between theoretical principles and bridge principles, precisely bcc:1 11sc
the theoretical principles would contain antecedently available terms. 'I 'I I('
analysis which I proposed would always have to be formnl::itcd in s11 cli :1

way that when one asked "Do x's exist?" one would have to say, "X's in
the sense of some particular theory; or else referred to or characterized
or assumed by some particular theory." Bohr could have asked whether
electrons exist in the sense of the then current theories. He might have
said: "Now, I want to add something to this theory. Of course, my further
assumptions might be false, but there might still be electrons." He would,
then, refer to electrons as conceived by the already available theory. Surely, one would always have to indicate, in principle, what assumptions one
makes about these things. But then to say they exist is; I think, tantamount to saying these assumptions are correct.
SALMON: There are two basic points which seem to me to be of fundamental importance. One is that when we approach a scientific theory by
way of an uninterpreted calculus, then it very often turns out to be the
case that we see the possibility of formulating precisely the same physical
theory in terms of vastly different formal calculi. We see, moreover, that
if we pay careful attention to the way in which the primitives in the systems are interpreted, that we can get equivalent physical theories as a result. Historically, this had the value that people have supposed that there
are absolutely contradictory statements being made about nature, for
example, about physical space, when, as a matter of fact, the statements
are not contradictory at all. At the other extreme, people have supposed
that all of these statements are equivalent to one another, and that anything one says about physical space is perfectly compatible with the facts.
Then, one runs into a complete conventionalism. The important fact that
has emerged from this situation is that when we look at the formal system
or systems, and the correspondence rules or the coordinating definitions,
we get a tremendous amount of illumination about the nature of the physical system that we are considering as well as the various ways in which
we can correctly describe the physical facts in the situation. Moreover,
the same uninterpreted system may very well have many quite diverse applications if one introduces different sets of correspondence rules for it.
The example that comes immediately to my mind is group theory, which
has very many applications in physical science as well as in mathematics .
We learn something extremely important about the physical theory by
realizing that the same formalism is usable in these very diverse ways. This
leads me to suggest that perhaps one can think of theories in terms of an
uninterpreted calculus, C, and some rules, R, which do not have to be confined to rules which utilize only observational terms. I am perfectly happy
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to go along with the idea of an antecedently available vocabulary. Nevertheless, when we write cf> (Ti, ... , Tn; Pi. ... , P 0 ) there isn't really any
distinction here between the T's and the P's except for the fact that one
can, if one wishes, give a very direct interpretation to some of the T's simply
in terms of the antecedently available vocabulary. That is, there can be a
virtual identification of an uninterpreted term in the system with one of
the terms of the available vocabulary. But this does not make, at least on
this very primitive level, any great difference between those T's which are
thus directly interpreted and those T's which require a somewhat more
complicated kind of interpretation. All of the terms have to be interpreted.
We may decide that 'm' means mass, or that 'p' means pressure, but this is
as much an interpretation of a primitive and undefined term in a formal
calculus as if we had something that was much fancier and much more
difficult to interpret. One of the points on which Quine has placed very
great emphasis is one's inability to state in any nonarbitrary way what constitutes a definition or a semantic rule. It seems to me that there is no reason to expect that there should be a nonarbitrary way of doing so. That is,
ifwe want to give some definitions or rules of correspondence, there seems
to me to be no reason why we shouldn't simply say : "The following are
going to be the definitions and the rules of correspondence." If that is
arbitrary, I can't see anything wrong with that type of arbitrariness. Moreover, when this attitude is introduced into the interpretation of physical
theory, then one can perfectly well say: "If that's what you mean by the
term, then a certain statement in the theory is true, but if something else
is what you mean by the term, then a certain statement in the theory will
be false." Of course, there is the possibility of having the same formal system interpreted in various ways, some interpretations being true, some
false. For that matter, with alternative formalizations there is no reason
why a formula which is a definition in the one case shouldn't be a physical
postulate in another. While I am strongly sympathetic with the ideas of
the antecedent vocabulary and the utilization of it for the interpretatio11
of theories, I still think that the distinction between the uninterpreted
calculus and the rules of correspondence or coordinating definitions may
be very useful in the rational reconstruction of scientific theory.
HEMPEL: Precisely because one and the same body of theory, as you find
it, let us say, published in an article or in a textbook, can be axiomatized
in so many different ways, one has to be very careful about drawing an y
conclusions from a particular axiomatization that has been proposed. I

argued that nothing about the epistemic 'status can be inferred from a
given axiomatization. I agree with Professor Salmon that one can lay down
certain correspondence rules. But this would suggest the idea that the
scientist takes these to be correspondence rules and takes these to be definitions. If something is a definition, then it is analytically true. I would
then say that there isn't anything in physics that corresponds to it. A physicist will not stick with a particular thing as being a definition; he might
change it. Physicists started with an operational definition of one meter
as given by the scratches on the standard international meter. Later on
they revised this because theory led to further assumptions. The old definition is wrong; not only is it not definitionally true, it is empirically false.
I would, therefore, say that it doesn't help very much to give any particular
axiomatization if one wants to make these further claims. I would agree
that one sees alternative ways of formulating things. Reichenbach provides
an example to illustrate the fruitfulness that axiomatization can have,
namely, in reference to geometry. There, however, it was very intelligently
and illuminatingly used to argue against the Kantian position and to take
issue with Poincare in certain ways. This was very helpful, but I think that
it required not just some axiomatization, but a peculiar one, and then too,
a combination of this with certain general philosophical ideas which were
independent of just the formal logical procedures employed.
SALMON : To the extent that we are concerned with anything that vaguely can be characterized as an ontological question, I think that the point
is absolutely essential that there are equivalent descriptions. There are alternative axiomatizations, and in many cases one can say that what appears
to be "really real'' under one formalization turns out to be quite derivative,
or a matter of definition, in another formalization. The very possibility of
such alternative formalizations should give us a good deal of pause when
it comes to drawing any conclusions about what a given scientific theory
is committing us to in the way of existence of theoretical entities or the
status of particular theoretical terms. The alternatives which emerge from
this process of alternative axiomatization seem to me to have a very important philosophical moral point for us here.
nucK: I am puzzled what it means to say: "Yes, it is the same concept of
mass, but it was not specified in all respects before it occurred in this new
theory." How would this differ from saying: "No, it is a different concept
of mass now that it enters into the new theory, because, although it is still
not completely specified, it now has some more specification"?
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HEMPEL: First of all, one difficulty really has to be put at the doorstep
of Hanson and others. Namely, they have to give us a criterion in terms of
which we can tell when there is a change of meaning, and when the concept is still the same and one is now making empirically different assertions about it. Here I just don't know what to say. I do have the feeling
that the concepts which we use in order to describe the evidence have a
certain stability, but I have to say this just intuitively. They have stability
in their meaning; otherwise it wouldn't be really possible, even theoretically, to say that we introduce new and totally different theories which are,
however, supported by the evidence.
Also, I felt some sympathy for Hilary Putnam's view that the notion of
temperature has the same meaning now as it had in Galileo's time. Since I
have not been provided with a concept of sameness of meaning, and since
I am not able to offer one, I can only say that I find this suggestive and
interesting. I find that it is helpful to look at it this way without being
able to provide any clear theoretical elaboration.
HANSON: Professors Hempel and Achinstein have both called for a criterion for difference in meaning. I think consistency is a fairly reasonable
and classical criterion. I will just give two examples. In the classical theory
a moving charge radiates. In the Bohr theory, the moving charge, the orbital electron in the hydrogen atom, does not radiate. Now, here is a candidate for difference in concept. Both are called 'charge,' yet are different.
Another example is the notion of a particle in seventeenth- and eighteenth-century mechanics, and the notion of a particle in contemporary
microphysics. It is an essential feature of a quantum mechanical particle
that it spreads, that it is not uniformly locatable as a geometrical mass
point, contrary to a classical particle. Because these two characterizations
are incompatible, therefore, they provide different contexts: 'Particle' is
different in these two contexts; 'charge' is different in these two contexts.
GRUNBAUM: I just want to make a general remark about the significance
of this quest for general criteria for sameness of meaning and general criteria for change in belief about the facts versus a change in meaning. I
have very definite axes to grind on this. I find that there is a lot of work
being done in the quest for general criteria. This work often ends up with
negative results, and then produces a sort of a general skepticism. All that
this yields, then, is the knowledge that many clever proposals do not work.
Hence, our efforts lose a great deal of the potential relevance which they
may have to the actual logical concerns which scientists have with specific

scientific theories. I do not see now any hope for a program that is going
to produce general criteria of sameness of meaning. I believe that in very
specific cases and in specific theories such as elementary particle theory
and geometry, one can, contrary to the general Quinian conception, say:
"In this case, in a very interesting sense, there has been a change in the
meaning of the term," or "In this case, in a very interesting sense, there
has been a change in the belief about what the facts are."
After all, where does this notion come from? It comes from daily life
situations. Suppose a physician were to tell the mother of a child that the
child has acute appendicitis, and the child were then examined and found
to be feeling just fine. The physician would surely not say: "What I really
meant by this is that the child is smiling." The mother would say: "You
have just played with words; you have not done anything but waste my
time." Precisely this kind of thing comes up in discussions of the foundations of geometry. There has been confusion among people between saying that relative to a certain congruence standard, the geometry is such
and such, and saying that if you play with what the congruence criterion
is, then you can have any geometry you want. Here I would say that whatever the merits of the results of the work of Quine and others, I find it
profoundly interesting to say to somebody: "You have played with what
you understand the congruence criterion to be, and, therefore, you have
been able to come up with the statement that the geometry can be anything you want," or to say on the other hand: "Relative to this congruence
criterion the geometry is such and such." I would plead for this: that we
enter specific contexts, and find that in these specific contexts we can
articulate, very usefully, some of these distinctions, and carry out piecemeal work on these specific scientific theories. We will, then, helpfully
clarify issues that scientists are arguing about and are interested in, without a general program of criteria.
FEIGL : Let us consider the axiomatization that Reichenbach provided
for the theory of relativity. I think that this shows that the position of
Duhem and Quine about the testing of theories as totalities is logically
obvious. That is, when we have a conjunction of propositions and, modus
tollenclo toJiens, refute that conjunction, then, of course, we do not know
which of the propositions are false. But I maintain that experimental techniques serve precisely to pinpoint the dubious postulates. That requires at
least rcl:il-ivcl y independent testable postulates. Now, I am not sure whether we sl1011kl dra g in the qu es tion of whether there is a fundamental dis-
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tinction of analytic and synthetic propositions. In any case, I think that if
we were to defend the work of the logicians of science to the extent that
would be useful for the working scientists themselves, then at least a measure of independent testability must be available for the postulates. That
shows that the mathematicians' idea of an elegant, highly compressed axiomatization, such as Caratheodory's of relativity, is extremely elegant, but
absolutely not perspicuous as far as the empirical consequences are concerned. If we can show which experimental results are relevant for which
postulates, then such an analysis will clarify and make fully explicit what
goes on in the thinking of the scientists when they are forced to modify
their theories. Moreover, in regard to change of meaning, I believe that
one task of the logician of science is to take a snapshot of a current theory
at a given stage, and try as best as he can to formulate explicitly what this
theory asserts in terms of postulates and correspondence rules.
VAN VLIET: It always occurs to me that we overlook the fact that Bohr's
theory has been replaced by quantum mechanics. In quantum mechanics
there is no problem, because you can only have radiation if the electron
will go in an orbit. However, if you take the proper theory, we have to take
the distribution of an electron over a sphere. In an S-state there is, therefore, no angular momentum and thus there is no radiation. It seems to me
that the strange attribute of an electron has been removed again. It is similar with respect to the parity of the particles. One has to ask what the
reality of a definition in physics is . The point that has not been brought
up here is that the physicist, as a rule, will try to couple his definition to a
mathematical concept. For instance, an electron is defined as being the
smallest quantity of charge measurable. Now you might add other properties to it. But the definition has always been this, and will remain this, in
my opinion. Suppose that someone had defined an electron as having a
Lande factor of two, that is, that the wave magnetic moment is about
twice what you'd expect classically. That would have been wrong. The
definition would have to be revised, because we now know that it's not
two; it's 2.000 ... whatever it is. But it was not defined that way; it was
defined as the smallest quantity of charge. It is not a matter of whether
definitions were different in previous times. The question is whether they
are the same right now.
A physicist will try to satisfy what is called Hankel's principle. In other
words, when we extend our theories, we want to find somewhere a core of
knowledge common with what has been said before. Hankel's principle is

not given as a truth for all times, but is an ideology that we try to satisfy.
If we cannot satisfy it, if the concepts are divergent, then we need a new
concept. This is also done in quantum mechanics. After all, we do have
Bohr's correspondence principle.
ACHINSTEIN: If to learn the meanings of the terms in the theory one has
to learn the theory, and if every time the theory changes the meanings of
the terms change, then this seems to produce various paradoxes. First, how
does one learn the theory if one has to learn the theoretical concepts first,
and they're an integral part of the theory? Second, how does one theory
contradict another? Bohr thought he was contradicting classical electrodynamics. If the terms in his theory mean something different from those
in classical electrodynamics, he cannot really have been said to have denied
classical electrodynamics. Third, all propositions in a theory would be
analytic. That is, if an atom is just the sort of thing that satisfies Bohr's
postulates, then the propositions of the theory that describe atoms would
be necessarily true. Certainly, I am not denying that meanings change; I
think sometimes they do. Sometimes they do more radically than at other
times. But sometimes we want to describe what has gone on simply as a
change in our beliefs about the world.
WILLIAMS: In the past, the philosophers have done a great service by
pointing out to the scientists that they should take care to distinguish between their observables and their theoretical concepts. Here we turn
around and, as I understand Professor Hempel, put into a theoretical construct antecedent terms, which in part contain what we would call observables. It seems to me that by including these observables we are violating the main lesson that the scientist learned before, namely, that he
has to keep his theory separate from the observables or the operational
language. It seems to me that these antecedent concepts or antecedent
terms really must be part of the theoretical language. What we are doing
is turning around, and instead of trying to keep this separation for the edification of the scientist, we are trying to look at what the scientist is doing
and incorporate all his lack of distinction between theory and principle into the philosophy.
ROZEBOOM: If an electron is whatever is true of it, then this makes electron theory analytic. But a statement about electrons is not analytic in the
sense of being a logical truth. This does not make electron theory logically
true, because there may not be anything about which the things which are
said of electrons are true. It does not follow that to say electrons are such
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and such is to make a logically true statement. Nevertheless, this is perfectly compatible with saying that by the term 'electron' we mean whatever it is that has these properties. This is just one facet of the extensive
revisions of basic semantical theory that the analysis of theoretical concepts requires. A statement can be analytically true, if it is true, and not be
true at all. Namely, if the statement about electrons is true, it is true analytically, because that's what you mean by 'electrons.' It need not be true at
all, because there need not be any such things.
BUCK : Professor Feyerabend has, at various times, insisted on the incommensurability of the terms in competing theories. At the same time he has
urged that different theories will very often yield incompatible predictions
within some domain. Some account of incompatibility different from that
which one usually learns in logic is going to be required in order to make
good on the claim that a pair of incommensurable theories can yield incompatible predictions. The standard situation for incompatibility is that
one gets a prediction, P, out of one theory, and a prediction, not-P, out of
the other. In the second theory, either the statement P or the statement
not-P will not be formulatable because of the incommensurability of the
concepts of the two theories.
I want to put the point again in this way: How is one to know that the
latter, and more successful, of two theories is dealing with the same domain which was being dealt with by the earlier theory? When one speaks
of the domain, and takes it for granted that each of two theories do indeed
apply to it, in terms of the concepts of what theory does one identify the
domain? Perhaps oxidation theory is just dealing with a different domain
from phlogiston theory. Instead of being in the position to assert that oxidation theory is doing a better job of explaining certain sorts of chemical
reactions than is phlogiston theory, perhaps what we ought to say is that·
the followers of Lavoisier have identified a whole new set of properties
of chemical elements and compounds, and have been able to develop a
thesis about these. Inasmuch as these concepts and those of the phlogiston
theory are incommensurable with each other, there is absolutely no reaso11
to suppose that phlogiston and dephlogisticated gases do not exist. T11 l'
two theories just talk about different things or features. To prove that t11cy
do not would be to reintroduce some strong sense of incompatibility.
F EYE RABEND: I have been advancing certain concrete arguments wh icl 1 I
believe can be made very clear and quite compellin g. If these concrete :11
guments lead to a situation in which one does not know wh:.it- to do. 0111 ·

has two choices: Either drop the arguments or try to adapt one's way of
thinking to the new situation. I would say : Let us wait and see what will
come about. When I talk about theories, I mean general points of view
which are concerned with everything there is. For example, 'all ravens are
black' is not a theory in that sense, because it is only about ravens. The
theory of relativity is a theory in that sense because it considers extension,
and extension is a property, at least according to some theorists, of everything there is. As soon as one has such theories, one faces the problem of
the interpretation of one's observation language. If the theory is a universal theory, then it should be applied universally. This means that its
conceptual apparatus should also be applied to the description of observational processes. Hence, one has to give up the idea of an observation language which remains unchanged, whereas only the superstructure changes.
This conception has to be given up not only because of general considerations, but also on the basis of this very concrete consideration : Why
should one not interpret the theories directly when one teaches them? For
example, why should not the materialist who is convinced of the correctness of his point of view teach his child the terminology of brain processes,
pain, and so forth, rather than teach him the old observation language
which contains an old theory? I think that these are very simple questions
and that the answer to them is that we ought to interpret theories in that
way.
Consider two radically different theories, one a theory which describes
the fixed stars as divine beings and describes their paths as the paths of
divine beings, and the other, an astronomical theory. One can very easily
translate from the one to the other. One translates the observation statements of the people who hold the theory of stars as divine beings into the
terminology of modern astronomy. It seems to be quite possible to jump
from one of two radically different conceptual systems into the other. One
does not refute certain statements in astronomy by reference to an observation language which is common to both. Conceptual systems are obh1ined, which, from the point of view of meaning, have nothing to do with
each other, although they can easily be translated from one into another.
Somebody who goes into a primitive tribe and learns the language learns
t·o do this. H e can learn a new language from scratch . That one can trans1:.i tc from one into another seems to indicate that what is needed is a new
kind of theory of meaning, or perhaps one not too much concerned with
meanin g.
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· BUCK : Isn't this astronomical case very easily handled by someone like
Nagel? The Babylonian astronomers observed gods, and it takes only a
little reference to what they said to know that their observations coincide
with the observations of Tycho, who was observing something quite different. This is a simple problem, if one is willing to admit that there is some
overlap between the observational vocabularies.
FEYERABEND: You are describing what these people observed, tacitly
using the point of view which we believe in today. They described what
they observed using terms which had no extension, at least according to
what I believe in, because I think that there are no gods-not even one.
If someone who was inside the conceptual system of these people pointed
to something, then it seemed that he was talking about something. At the
same time he described it by terms which have no extension, so he seemed
to be talking about nothing. The transition from the one terminology to
the other is really quite a tremendous one. But you can make it, despite
the fact that there is no conceptual similarity between the two systems.
CRAIG: Is this your argument: that an actual phenomenon and the value
of the phenomenon as predicted by a certain hypothesis may be indistinguishable observationally, whereas when additional theories are applied, they are no longer observationally indistinguishable?
FEYERABEND : The theories which are needed are theories which are incompatible with the theories from which the original hypothesis was
obtained.
CRAIG : Do you then conclude that sometimes one has to construct new
theories even when the old one is not already contradicted by experience?
FEYERABEND: Yes. Sometimes refuting instances for a certain theory can
be found only with the help of an alternative to that theory. Therefore,
the construction of alternatives is not as foolish as some people would say.
CRAIG: I do not think many people would hold that the only situations
in which we start constructing new theories are those in which experience
disconfirms present theories. I think almost everyone would maintain that
we start looking for new theories if the present theory does not account for
sufficiently many of the phenomena.
FEYERABEND: Yes, but that is not an easy affair, because no theory ever
accounts for all the phenomena. In every theory we have, there are somc
open places. This being the case, some quantum physicists, having a s11 c
cessful theory, object to the introduction of new theories. As a matt er of
fact, they claim to have shown that their theory explains all the things

which can be found by experiment. But another theory might point out
that there are certain difficulties of the current theory which have been
overlooked. There are difficulties concerning any theory at any time. In
the history of scientific theories, it is never the case that a theory is completely in accordance with all the experimental findings existing at a certain time. Usually these experimental findings are put aside. They are not
yet regarded as refuting instances; but it is said that at some time they will
be explained.
One example was the great inequality of Jupiter and Saturn, which, for
about a hundred years after Newton's Principia, could not be explained
on the basis of the principles of Newtonian mechanics. People did not give
up Newtonian mechanics on that account, but said that at some time the
inequality would be explained, and Laplace explained it. Today, Newtonian mechanics is, in domains which are outside relativistic effects, inconsistent with many observational results for the following reason: Physicists use, in different domains, different approximations of Newtonian
mechanics. They try to make these approximations mutually consistent
and gravitationally consistent. This means that one tries to adapt them to
each other in such a way that an approximation times the law of gravitation does not lead to an inconsistency with another approximation. The
result is that the approximations do not cover the facts as well as they
would if one did not make them gravitationally consistent. So we have
rather large deviations from Newtonian mechanics in the domain ii:t which
everyone would say there are no quantum effects and there are no relativistic effects. This being the case, the idea that a simple fact which we
discover and which deviates from the theory will refute it becomes completely unrealistic.
Usually people say that Newtonian mechanics was given up because of
the anomalous advance of the perihelion of Mercury. That is not at all
correct. The whole movement is about 5600 seconds, and all sorts of disturbances are subtracted. In the subtraction of these effects all approximations are made gravitationally consistent. Hence it has to be expected that,
somewhere, a discrepancy will arise. Why, finally, has it been said that
there are difficulties with classical mechanics? Because an altogether different theory, namely the general theory of relativity, from quite different
principles provided a value which filled in the missing 43 seconds, which
is a very, very curious affair. Therefore, physicists said there must be some1hing wrong with classical mechanics, because, if so many different prin-

234

235

Discussion

Discussion

ciples explain this effect, it cannot be possible that it is explained on the
basis of Newton's theory. Relativity says it is caused in a different fashion.
HANSON: Although I am, in general, in great agreement with Professor
Feyerabend, I think his examples are just letting him down, and to that
extent they are letting the rest of us down too. The aberrations in the
perihelion of the planet Mercury were taken very seriously in the middle of
the nineteenth century. In 1859 Leverrier went out of his way in order to
establish that there really was an effect here. There were at least five
different attempts to correct the discrepancy between the theory and the
observations by serious overhauls inside classical celestial mechanics and
the theory of perturbations. There were at least three attempts which consisted in suggestions that Newtonian mechanics was false and should be
abandoned.
A second point is that the perihelion of Mercury problem is a relatively
incidental item in Einstein's papers of 1916-17. The major objective of
the work of Einstein was not to treat this particular thing. Despite the
seriousness with which this imperfection in classical mechanics was regarded, I do not think that it was this which triggered the new theory at
all. This was, in a sense, an additional "confirmation" of general relativity.
So, in the absence of an alternative theory, the discrepancy was regarded
very, very seriously. Individuals did try to find a way of correcting this by
adjusting the structure of the theory, or by finding an alternative theory.
The theory which finally did the job was not designed to do that job. It
was designed to do a different job.
FEYERABEND: I completely agree. However, there were other difficulties,
for example, the motion of the moon and the reciprocal masses of Jupiter
and Saturn. That one paid special attention to the perihelion of Mercury
may, perhaps, have been triggered by the fact that one had some success
with the motion of Uranus and the discovery of Neptune. At any rate,
when you have a new theory, whatever the reason for which you have introduced it, if this new theory explains a particular deviation of observations from the old theory that gives you an extra strong reason for regarding the old theory with suspicion. It is a stronger reason than if you just
have the difference between observations and the old theory.
ROZEBOOM: In your view, how is it possible for two theories to be inconsistent, and how is it possible for a theory to have a refuting instance?
HEMPEL: If one follows your advice, then one would describe the world
in terms of the theoretical apparatus. Provided your observations wo11lcl

check with this, there would be nothing left to worry about. The questions
which arise and which eventually might lead one to scuttle the theory are
often formulated in terms of concepts which are not construed in terms
of the theory. These are construed in terms of observations. But your view
seems to imply that my observations would then come out as the theory
requires.
FEYERABEND: I have argued that we should interpret the terms of observation languages by means of the most recent theories we possess. The
arguments I give for this are, first, simplicity and, second, revision of the
principles of the observation language, which should not be exempt from
revision. These are two quite straightforward reasons. In the first place, it
is simpler not to have two different levels of observation. When the
theory is detailed enough to give an account of macroscopic objects and
of their behavior, the syntactical apparatus of the theory is detailed enough
to be taught as an observation language. Secondly, we should have means
of correcting the principles of any observation language. From the fact
that I interpret concepts in a relativistic fashion, it does not follow that all
the predictions I make with the help of the theory that has these concepts
will be as the theory says they are. It does not follow that if I interpret the
observation language so that it fits the postulates of the theory, then I will
not find any observational result incompatible with the theory. Of course,
I put in initial conditions. The initial conditions wi11 also be in terms of
the theory. If I had put in two different sets of initial conditions, one of
these sets of initial conditions will give me different predictions from the
other. One of them wi11 agree with what I actua11y do observe, also interpreted in terms of the theoretical concepts.
BUCK: If you are going to describe observations and initial conditions
solely in terms of the theoretical vocabulary, then the only sorts of events
that you are going to be able to describe which do not conform to the
theory are going to be straightforward anomalies with respect to the
theory. There is something wrong with an account of our capacity to describe phenomena if that account guaranteed that every phenomenon
clescrihed had to be exhibitable either as a predictable consequence of the
t·heory or as incompatible with it. Then there could not be any third class,
namely, phenomena with which the theory simply did not deal. Or, if
t·hcrc were, as there must be, in what terminology are they described?
l'l·:Y1mA11..:Nn: T woulcl describe them in terms of a theory with which I
lry 1·0 cxphi11 i-11 1.:m. l\lfan y people ass ume that macroscopic phenomena
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should be described by some variation of general relativity, and that microscopic phenomena should be described by the quantum theory. Then
there is a question of what will be the observation language in both cases,
In one case it will be a relativistic observation language; in the other case
it will be a quantum-theoretical observation language. There are no elements common to the different theories. Even the observation languages
have no common elements. Usually that will not be the case, because most
theories which are put forth are not so general and do not have such a
great scope.
Assume that one theory is being taught to a little child, e.g., general
relativity, and another theory is being taught to another little child. How
many problems will one have, and how many problems will the other
have? The one with fewer problems is better off than the other. There
does not need to be any overlap of theories.
ACHINSTEIN: Furthermore, in your review of his book you seem to have
attributed to Nagel the idea that one ought never to introduce, for any
purpose whatsoever, a theory which is incompatible with well-confirmed
theories. It seems to me that no one who holds the layer-cake view is committed to this position at all. Nagel, by reference to the third element of
theories, namely, models or analogies, certainly was conceiving of the possibility and indeed endorsing the idea that theories which are inconsistent
or incompatible with theories which we currently believe should be introduced for certain purposes.
The position I take Nagel to be denying would be this: One ought not
to be fully committed to believing or accepting theories which are inconsistent with theories which have a high degree of confirmation. But you
did not attribute this view to Nagel. You attributed to him the view that
one ought never to think about introducing in any way a hypothesis or
theory which is inconsistent with current theories. This is certainly not
what Nagel says and certainly not what any of the layer-cake people need
be committed to.
FEYERABEND: The reason I attributed this view to Nagel is that he says,
and repeats again and again, that science proceeds by explanation; the
principle which advances and amplifies science is explanation. Then he
says that explanation consists of inventing primary sciences for the reduction of secondary sciences. Reduction simply consists of logical derivation.
From that it follows that the only method which he talks about 'in the
sciences, and which seems to him to be the only method worth discussing,

is the method of deduction of secondary sciences from primary sciences.
This means that the primary and secondary sciences must be consistent.
I infer that this is a correct description of his view because, when it was
pointed out to him by Smart that in actual cases they are not consistent,
he said he must revise his model and assume that there are probability
connections between the two. Nagel said that the laws connecting the
various theories, not the laws connecting the theories with the observational bases, are probability statements.
The probabilistic weakening of the connection between the various
layers of the model is not so desirable. It takes away just that method of
criticism for which we sometimes introduce what is called the primary
science. Furthermore, there should not be any layers at all, because the last
theory on top should be strong enough to give an account of everything
the previous theories have given an account of. If it is not quite sufficient
for such an account, then this will be simply explained by saying that the
account given by the lower level theories should not be preserved. Let me
give you an example.
Let us consider an explanation of why the sun rises at a certain time on
the eastern horizon. First, it doesn't rise at that time. What appeared at
the horizon at that time was an optical image; the sun is below the horizon.
Second, we explain why the optical image appears there. Very often such
an explanation consists of throwing out the old explanandum and replacing it by a new explanandum. We throw out the old explanandum on the
basis of a theory which we hold, and which we have tested or believe to be
correct in different domains.
I think this principle should be applied more generally. This is not to
say that we must retain the lower levels, which always seems to be Nagel's
move. Sometimes we have to throw out the lower levels, because our assumptions contained in the lower levels are not correct. Therefore, these
are not the correct explananda. You seem to imply that if you explain,
there must be something to be explained. Certainly, but what decides
what is the thing to be explained, the theory introduced for the explaining, or the observational statements existing before? It may sometimes be
one, sometimes the other. Very often it is the former, especially when we
are dealing with very general theories . Then the theory tells us the kinds of
things which happen and the kinds of observations which we have to expect, although the particular observations which we have when we rise at
five in the morning are not fixed hy the theory. But what the rising of the
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sun is, whether it is the rising of an image or of the physical object, is determined by the theory.
ROZEBOOM: What is the meaning that a theory gives to its observation
base? Can you argue from premises to the possible correctness or incorrectness of a theoretical conclusion if the premises depend upon the conclusion for their meaning? This is a question of the possibility of having
an observation basis, or something formally akin to an observation basis,
which we use in order to pass judgment on the theory. If the sources of
our inference to a theory depend upon our acceptance of the theory to give
them meaning, then it doesn't seem to be possible to doubt the theory,
because in so doubting we destroy the premises on which we base our
argument.
FEYERABEND: It is possible to doubt celestial mechanics once I have decided to interpret all observations of fixed stars as statements about the
behavior of gaseous balls, and all the observations of planets as statements
about the behavior of masses of stone with gaseous atmospheres around
them reflecting sunlight. If the planets don't turn up where they are expected to, according to the theory, then it is possible to doubt the theory.
BUCK: Can you explicate this idea of their coordinates independently of
the theory?
FEYERABEND: Their coordinates would be given by a pair of numbers,
alpha, delta, ascension, declination, respectively, which at a certain time
have two values, A and B. The theory indicates how I am to interpret these
numbers. From the theory I derive A, B; observational results give me A',
B'. Now it is quite possible that the theory gives me A, B, when I interpret
alpha, delta as required by the theory and observation gives me A', B'
when I interpret alpha, delta as required by the theory. If these two pairs
of numbers are different, then I shall have reason to doubt the validity of
the theory. What you seemed to assume before was that once I interpret
the observation language in terms of a theory, observation will never give
me a statement inconsistent with the prediction made from the theory.
That is not at all the case.
BUCK: I think the layer theorists would say, among other things, that th e
description of the position of the planet, when it turns up where it's not
wanted, is generated in a language whose adequacy and clarity is in no way
dependent on the celestial mechanics that you are using to predict Ilic
position. It appears that it follows from your view that the worse 'the pre
dictions were, the less reason one would have to take them as overthrow

ing the theory. It looks as though it would be difficult to confront a theory
with a really bad prediction because you wouldn't know what it meant.
FEYERABEND: One can turn the whole thing around the other way. Take
a normal observation language, which we have not formulated in accordance with some recent scientific theory, e.g., the physical thing language
of Carnap, mentioning tables, chairs, macroscopic objects, and so on. This
language has a certain ontology, it has a certain structure, and it is very
clear to us. However, we do not know under what circumstances this language will turn out to be incorrect. Thus, we are in a very bad position
with respect to that language. Now one who works in an observation language formulated in terms of a recent scientific theory is better off because
he knows under what circumstances he will be forced to doubt his conceptual system.
BARBOUR: On your view, what sense would it make to speak of the Newtonian case as a limiting case of relativistic physics?
FEYERABEND: I think that the answer to this question of limiting cases
is not difficult. From general relativity, we derive a formula which is identical with a certain formula used in classical mechanics. But this formula
cannot be interpreted as it is interpreted when it expresses a law of classical mechanics. For example, positions and temporal intervals will not be
absolute, but will be relativistic ones. Something is in common: the formula. Something is different: the interpretation.
BARBOUR: Not only the formula part, but many of the terms are in common, too. Velocity is measured in the same way in both systems, even
though the ways in which it is defined or derived are not the same.
FEYERABEND: There is no absolute velocity anymore; there is no absolute
distance anymore. There is something different. From the fact that the
same measuring instrument and the same measuring procedures are there,
it doesn't follow that considerable conceptual changes have not taken
place.
BARBOUR: Could you indicate in what sense the observational language
of the Einsteinian and the Newtonian would differ in reporting on the
path of Mercury?
CRAIG: Do they have different notions of pointers?
FEYERABEND: You have a pointer and you have a certain distance from
zero. There would be no difference as regards the number which is read.
'I 'here will be no difference as regards the procedure for ascertaining this
1111mlicr; it is a macroscopic thing.
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GRUNBAUM: There is a presystematic sense of theoretical versus nontheoretical which has crept into this whole discussion. What we are appealing to in these disavowals is the supposition of some fundamental
dichotomy of the old protocol versus nonprotocol type in trying to convey
what sorts of things we are including in the antecedent or theoretical
vocabulary. When Professor Hanson says that something is theory-laden,
he is saying that when we use physicalistic language of the original Carnap
type, we are using terms which, in the framework of a sense-data versus
something else dichotomy, involve more than talk about sense data.
ROZEBOOM: What I have been trying to do is to set up a notion of the
observation language, in a way which minimizes this kind of commitment.
I did not want to say anything about the nature of the meaning of the observation terms. In other words, I want to leave this open, without starting
with the statement that these are theory-laden. I want to allow the possibility of later agreeing with somebody who says that the observation terms
also contain theoretical meanings.
GRUNBAUM: If somebody says retroactively about the antecedent vocabulary that this vocabulary also has theory-involving terms, is he using the
term 'theory' in your new sense?
ROZEBOOM: Let me just suggest that in another scientific context the
propositions that in this context are taken as a basis for argumentation
might be taken as an object of argumentation.
FEYERABEND: If you take what one roughly calls observational terms as
a basis for argumentation, there may be many people who agree to certain
observational states of affairs. Equally, the starting point of some particular physicists may be at a 'theoretical' level.
ROZEBOOM: It seemed to me that when you spoke of the more abstract
functions, you were doing something that was not at all relevant to the
development of higher levels of theory. What you were doing was to say
that given a set of functions, you can find a more general function form
such that specification of different values for parameters in this function
form will yield these more specific equations. I fail to see that this has an y
relevance whatsoever to ascending from observations to theory.
HANSON: In general it will be the case that there will be more than one
higher-level generalization from which the lower-order algebraic expressions can be generated. If this is so, then there is a choice between th ese.
and this choice has then to be made in terms of other considerations,
about which I said nothing.

SALMON: Did you mean to say that the Wright brothers did not understand what the word 'flight' means?
HANSON: There is a sense in which if you simply are sitting there, fat,
dumb, and happy, and a bird takes off from under your nose, you can say
of it that it is in flight now. Nonetheless, there are other things that might
be said about it. If you mean that the gap between the ground and where
the object is now is increasing, then this is going to apply without distinction to a large number of things which you would not want to call 'flight.'
Some understanding of what it is that constitutes the physical interaction
between the wing of the animal and the medium through which it is moving is involved in making reference to it as flight. There are many things
that a bird can do with wings outstretched which will not constitute flight;
it could be in a stall, it could be falling like a Steinway piano. These are
possibilities and they are perfectly compatible with what one just said
about the bird. To say that it is in flight is to commit oneself to further,
and I think theoretical, claims concerning the nature of the interaction
between the elements in the fluid medium and the elements in the solid
medium.
FEYERABEND: One can apply the standard account to the old hydrodynamics. One has coordinating definitions between certain magnitudes in
the theoretical calculus and certain measured magnitudes, and one finds
out that the theory is false when one does that. As a matter of fact, that is
a way of finding out that the theory is false. Perhaps nowadays one has not
arrived at a general theory of flight. But this does not show that once one
has arrived at it, describing it by correspondence rules would not be
correct.
HANSON: My conjecture is that it might well be the case that the theory
one ends up with may have the structure that it has in virtue of the commitments one had already made much earlier at the level of the coordinating definitions.
HESSE: I think that the following example indicates how one can have
nn observation statement that is theory-laden and yet use it to refute one
of two competing theories. Paul Feyerabend gives this at the end of his
Minnesota Studies article when he wrote about the meanings of the words
'up' and 'down.' Consider Anaximander, who thought of the earth as
!rum-shaped . He conceived of space as nonisotropic. That is, there is preferred direction everywhere, which is the direction along which bodies
foll. Jf we suppose tl1at he retained this theory of space, but was forced to
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admit that the earth is a sphere, then, sitting in Athens, he would observe
bodies falling along his preferred direction in space. His meaning of the
word 'down' refers to this preferred direction. Now, consider a Newtonian,
whose meaning of 'down' is radial, in agreement with his theory of force
fields. If Anaximander were asked to predict what happens to falling
bodies in New Zealand, he would say that bodies fall "down." Newton
would say that in New Zealand bodies fall "down" in the sense of Newton.
These two observation statements are theory-laden, each with one of the
two theories of space. Yet there is surely no question that if the experiment
were performed, there would be a decisive result. Anaximander would
admit when he arrived in New Zealand that his theory had been falsified .
His statement would be couched in the language of his own theory, and
would look verbally the same as the prediction Newton would make. At
this point they would have to get together and decide about the sense of
each other's language. If they were both honest men, we and they should
be able to determine which one is mistaken.
ROZEBOOM: At any one time it may turn out that where people were
agreeing, suddenly they can no longer agree upon their beginning statements. When this situation arises, it has always been possible to arrive at
a new basis for agreement, in terms of which the previous propositions can
be debated as conclusions rather than as premises.
HANSON : At the level where the claim is being adjudicated there will be
terms which function in exactly this way, and so on all the way down.
ROZEBOOM: We do not need to assume that there is a rock bottom.
HESSE: It is a mistake to think that there are levels, because you ca11
never tell antecedently which of the terms are going to be the ones whicl1
you will have to withdraw from. Those terms retained are temporarily tl1 c
observation language, any terms of which might subsequently have to he
withdrawn from.
FEYERABEND : The conclusion that there is a more primitive observatio11
language is a non sequitur. Assume that we start with two classes of people.
the Newtonians and the Anaximandrians. The latter class will admit tl1:il
they are wrong, not using the language of the Newtonians, and perh : 1p~
not even understanding it. The former class will claim that they are riglil .
They, being convinced that they are right, will teach everyone else l"l1ci1
language. The consequence that there is a more primitive lai1 g11agc i11
terms of which they must converse with each other is completely 1111w:11

ranted. One can learn any language from scratch. A little child can do that
without any more primitive language.
MAXWELL: I believe that in a good reconstruction there will be a sharp
dichotomy between the observation language and the theoretical language. The observation language will be theory-laden only in the sense that
there will be lawlike connections with other entities in the observation
language, not in the sense that there will be meaning connections with
unobservables. Furthermore, this observation language will be an observation language of sense contents.
ROZEBOOM: Many of the examples about theory-ladenness applied to
common-sense terms are spurious. These are not the kinds of observation
sentences a scientist is trying to come up with.
FEYERABEND : Certainly. But the term 'down' as it was used in Anaximander's theory is a very abstract term. It is almost a cosmological term.
It says something about the direction in the universe. It is a paradigm of
what one would call a theoretical term, although one is accustomed to it.
Furthermore, anyone who uses the terms in that way, will, when he realizes that he has gone around the earth, and that he is not on a flat earth,
admit that he is wrong. That is sufficient for refuting the theory that everything falls down in that sense.
GRUNBAUM : What is the concept of theory that is used when one says
that observation terms are theory-laden? What is the contrast that is implied between being theoretically infested and being theoretically aseptic?
The answers to these questions have to be provided in order to give an
interesting sense to the theory-laden character of observation terms.
Claims formulated in Carnap's physicalistic thing language can be regarded as theory-laden, in the context of the sense-data versus non-sensedata dichotomy. Is that what is intended here?
MC MULLIN: I would like to suggest that there are two different types of
theory-ladenness. It is sometimes the case that the terms in which the "observation statement" itself is expressed are altered by a new theory, or differ
between two theories. This raises a specific kind of difficulty about the
notion of observation, or about the reporting of observations. On the other
hand, th ere are frequently cases where there is a disagreement between
two th eories, and where the observation statements upon which both of
I hcsc th eories rest are in no sense affected by the differences between the
I wo tl1 corics . Take, for example, the contemporary discussion of two theories of pl:111 cl:iry origin , th e catastrophic theory and the condensation

244

24 5

Discussion

Discussion

theory. So far as I know, the observation statements in both cases are not
at all affected by which of the two theories you take. There is, in fact, some
hypothesis always involved in observation, but not necessarily the hypothesis that is at stake between two theories.
FEYERABEND: I completely agree that with some theories the problem
of the change of observation language does not arise. Therefore, I restrict
my discussion to theories which I have called universal theories. These are
theories which enable one to say something about anything there is in the
world. The theory of planetary origin is not a theory in this sense. Examples of such universal theories are the general theory of relativity, the
special theory of relativity, classical thermodynamics, and statistical physics. These theories have an advantage over theories like that of the origin
of the universe, for the reason that they give us an opportunity to correct
our observation language.
GRUNBAUM: Let us take a case that does not involve cosmological considerations. We have a spaceship that goes a velocity of 0.9c to the left
with respect to a ground system, and a spaceship that goes to the right
with a velocity of 0.9c with respect to the ground system. A Newtonian
will say that if a man in one of the spaceships measures the relative velocity of the other ship with respect to him, he will get l .8c by Newtonian
velocity addition. An Einsteinian will say that what he will get is something like (180/ 181 )c, which is less than c. Surely, when they are about
to compare their findings, the comparison will involve not just language
noises, but things that are done with clocks and meter sticks. In fact, there
will be very similar things that are done with clocks and meter sticks. The
similarity in the two cases cannot be characterized as syntactical. It can not be characterized only in terms of numbers. In fact, numerically, thcr('
is no similarity. The similarity lies in the fact that they are both testing a
velocity addition law, in a very interesting common sense of 'velocity.'
namely, distance with respect to transit time. To be sure, the full-blow11
concept of time is different in the two cases, but it involves a difference i11
synchronized clocks. Clocks are not syntactical entities.
Moreover, if we consider the relevant formula for an angle in Rierna11
nian geometry, the CONCEPT of angle is the same in any one of the spccin
of Riemannian geometry, i.e., in any of the non-Euclidean geometrics a11cl
Euclidean geometry, even though these geometrics arc pairwise in co111
patible theories. And Riemannian geometry, being the basis ·of gc11c1:ii
relativity, is an example of what Feyerabend called a "global" theory.

BRODBECK: One of the ways in which we test the general theory of relativity is by the bending of light. When we test it, our notion of the bending of light is not derived from the general theory. We have to make our
observations independently of the general theory in order to test it.
FEYERABEND: When we go from classical physics to relativity, what remains the same are the objects. The objects are what they are, only we
think different things about them. To a large extent, our operations for
getting certain numbers remain the same. The functors which we use and
much of the syntactical apparatus may also remain the same. What is different are all the concepts connected with the functors. In classical physics
the two spaceships of Professor Griinbaum's example would be supposed
to be rigid bodies. In relativity theory, they are not rigid bodies. They
would be those kinds of things which in relativity theory correspond to
rigid bodies as closely as possible. We have to replace the classical concepts describing these things by relativistic ones if we want to use relativity theory correctly. Thus, velocity will be a new concept; time will be a
new concept.
If the concepts are different, how is it possible to have crucial experiments? We require that someone who understands the theory will, under
certain circumstances, say that he is wrong. If a proponent of one theory
talks to that of another, sooner or later they will discover that they are
speaking different languages. But this does not matter because one can
learn the other's language, and when he has learned it he will use those
terms and then admit that he is wrong. So refutation is possible by using
the full-blown theoretical language.
HANSON: It is often said in popular expositions of the correspondence
principle that ash-bar goes to zero or as quantum numbers get large, quantum mechanics approximates classical mechanics. In other words, quantum mechanics is very often said to include classical mechanics as a limiting case. Consider the algorithms of classical mechanics and quantum
mechanics. It may be that we can derive expressions from the algorithm
of quantum mechanics which are syntactically indistinguishable from the
expressions of the classical algorithm. That, I take it, is the force behind
the claim that quantum mechanics can be taken to subsume classical mechanics as a limiting case. We should not conclude too much from this
because the logic of the quantum algorithm is different from the logic of
the classical algorithm. In the classical algorithm, the position and momentum operators commute, and the time and energy operators commute,
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which affects what complete state descriptions of punctiform masses are
possible. In the case of quantum mechanics, the operators are not commutative, hence allowing a different set of possible state descriptions.
HILL: I agree very much with what Professor Hanson says. The assertion
that when h-bar goes to zero the mathematics of quantum mechanics goes
into that of classical mechanics is patently false. I would make the categorical statement that there are no two theories in physics that overlap
completely. They all branch. The chocolate-layer-cake theory of physics,
in which the higher layers effectively include the lower ones, is wrong.
Physics is more like a forest that has a lot of parallel trees that grow up
with their branches interlocked and rubbing together. Actually, they are
different trees on different standards with some crossbars.
HEMPEL: Paul Feyerabend said quite explicitly that the operations performed by the Newtonian and the Einsteinian in the experiment of Professor Griinbaum's example could very well be the same. These operations
should be describable in each theory. Would not there be a residual language in which there were observation terms common to both? This would
be the language in which these experimental findings are described.
ACHINSTEIN: According to Professor Feyerabend, if I hold one theory
and want to examine another theory, then the only thing I can do is learn
the vocabulary of the new theory. Certainly, but it does not follow that
retreating to a common vocabulary is precluded. Suppose I believe in
radioactivity and you believe in leprechauns. Suppose it follows from my
theory that when you put radium in a cloud chamber, beta rays will be
emitted and ionize the gas molecules. You think that when you put radium in a cloud chamber, nothing will happen, because cloud chambers
are irrelevant to your theory. How do I refute your theory? I don't have to
learn all the technical vocabulary of your theory. Your theory predicts that
there will be no new visible line in this box. My theory predicts that there
will be a visible line in this box. Of course, when I describe the line in my
theory, I say that it is an electron track, or I say that it is water droplets
which have condensed on ions. But you don't understand that at all. So l
retreat to a very primitive level. That is, I describe it as a thin wavy lin e,
and my description does not depend on either of our theories. At this
point I can refute your theory without having to learn it.
SALMON: With respect to the first problem about falling bodies, I won
der whether Professor Feyerabend and Professor Hanson would agree t-11;1 I
we all mean the same thing by 'stone,' 'ground,' 'earth,' 'dirt,' etc., llw

very commonplace words that are involved here? And I wonder whether
it is relevant to ask, in this context or in the later context of the discussion
of the relativistic experiment, any question about whether the hand is a
rigid object? I know what a hand is, and I do not need to know whether it
is a rigid object or a non-rigid object. Suppose one becomes committed to
the view that whenever a new piece of information about a particular kind
of object comes along, we change the concept. What we are committed
to, then, is a view that all truths are essentially truths of definition. Then
it is impossible to use words to describe objects, to find out new things
about the objects, and then to use the same words in the same meanings
to describe the objects about which we have learned something new. The
ostensive vagueness of many observation terms has nothing to do with
theory. It has to do with the intrinsic vagueness of ordinary words. We
can make these words quite precise without developing any new theories.
All of this is theory-laden to an extent that is absolutely negligible and
unimportant.
MC MULLIN: I agree with Professor Feyerabend, but now I want to go
one stage further. Suppose we have a cosmic theory. This is a theory which
applies to everything, and therefore falls under his thesis. The sort of evidence that would be brought in support of such a theory would involve
· concepts required for the observation statements whose meaning would
depend upon the theory. For example, the evidential statements that are
brought in support of Newtonian theory and those that are brought in
support of relativistic theory would involve concepts whose meaning importantly depends upon the theories themselves. A second question is the
more interesting one here. Would it be the case that when a Newtonian
and a relativist are reporting the same experiment, the two reports would
differ as evidence? Are you saying that the theory-ladenness of these reports affects the way in which they were being brought forward as evidence? By the same report, not only do I mean syntactically the same
report, but I mean that the operations on which the report is based will
be the same. The difference at the theoretical level will not affect the observation statement as evidence.
FEYERABEND: Whether the operations will be the same is accidental. If
the gravitational field of the sun were much stronger, then light rays would
be bent to such an extent that we would have to take this fact into account
in measuring their angle.
C llAH~: Consider an Einsteinian and a Newtonian, in the case in which
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each wants to test his theory by means of the advance of the perihelion of
Mercury. Do they perform the same experiment?
FEYERABEND: In most cases, yes.
CRAIG: Even when one has very pervasive theories such as relativity
theory or Newtonian physics, there is some common ground. This is the
only way one can decide between two theories. It is quite true that notions,
such as angle, which are often thought of as observational notions, turn
out to be theoretical. In fact, an assertion about an angle in relativity
theory is tested experimentally in a different way from the same-sounding
assertion in Newtonian physics. Statements which sound observational,
which sound innocuous, are actually theoretical, and in the framework of
different theories lead to different predictions, and have to be tested in
different ways.
HESSE: I agree with what Professor Craig has just said. Given simple experimental situations, such as that in the example of Anaximander, there
seems to be a kind of neutral language between theorists. But the crucial
point is whether it follows from this that there is a layer cake of observation languages going downwards, with each level becoming less theoryladen. It seems that we could always, given the way in which we now report observations, withdraw from the theoretical commitments which are
made by these observation statements to something at a lower level. I
think that it is false to conclude from this situation that one can get a
language which is neutral with respect to the two theories by descending
to a sufficiently low-level observation language.
Consider the notion of simultaneity. A Newtonian hopes his observation statements are fairly neutral with respect to his theory. We now believe that most of the relevant observation statements applying to his
theory commit him to the view that there is a time slice across the universe
so that there is absolute simultaneity between any two points at a given
time. This notion was one which was theory-laden in the Newtonian
scheme. If, for some reason, a Newtonian had doubts about this question
before the advent of special relativity, he could not have reformulated his
observation language in terms which did not make this assumption about·
simultaneity. He would have had to set up some kind of operational definitions about which he and the subsequent Einsteinian could have agreecl .
But in order to set up this operational definition, he would have to have
made some assumptions about the speed of light. He would have to assume that this speed was the same in all directions and for all rcbtivc

motions. These are assumptions which a Newtonian would have found far
more theoretical than the assumption about simultaneity. He could have
made the assumptions required to set up operational definitions about
simultaneity without presupposing other parts of a relativistic theory. He
could not have given the Einsteinian definitions because he would not
have had the Einstein theory of light. So it is not at all meaningful to talk
about the sort of neutral language which the Newtonian could have withdrawn from, even if the Einstein theory were formulated in such a way
that they had something mutual, because the Einstein theory would have
had to be used to formulate the new observation language.
GRUNBAUM: The issue is not whether one could have withdrawn to
something which does not involve any part of the theoretical apparatus,
but whether when one looks at two theories something is the same in both.
In my spaceship example, the Newtonian will use locally synchronized
clocks. He assumes that clocks under transport will behave in a certain
way. The relativist has a different belief about the behavior of clocks under
transport. Therefore he will not synchronize clocks in the same way; rather
he will station them in certain places, and then have certain light signals
exchanged between them. Although the clocks are not synchronized in
the same way, we are using clock readings in both cases. We can specify
what is the same and what is different in the two cases. The crucial issue
is not whether each theorist can withdraw to some territory which is completely free of any of the commitments of his theory, but what is common
to the two theories.
HANSON: There may be an argument to the effect that relativity can have
ordinary classical mechanics as a limiting case. It is fundamentally different in the quantum mechanical case.
CORNMAN: Given a difference in meaning, or a change of concept, why
must we say that the new and old concepts are incommensurate? Perhaps
there is an analogical relationship between the corresponding concepts of
successive theories.
SALMON: I have exactly the same point to make. Although there are
changes in concepts, which we all admit do occur, incommensurability of
concepts is not the result. There is a high degree of commensurability left,
and this is how we can talk sensibly.
HANSON: Let us consider again the example of the anomalous advance
of the perihelion of Mercury. In the years between 1858 and 1860, Leverricr proclncccl a number of memoirs in order to establish precisely what
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discrepancy existed between the predictions of unadjusted Newtonian
theory for the advance of the perihelion of Mercury and what was observed. This was determined to be 38 seconds of celestial arc per century.
There is a rough consilience between this figure and what is actually set
out in the papers of Einstein as 42.5 seconds of celestial arc per century.
It is perfectly clear that if the instruments of the early twentieth century
were transported into the middle of the nineteenth century, the observaions would, in an important sense, have been the same. The configurations
within the telescopic view area would have been the same for both. However, if one had undertaken to make the adjustments appropriate for the
theory of relativity, these would have been such as to yield a value, based
on those same observations, which would have been incompatible with
the recorded discrepancy of 38 seconds of celestial arc. Here is a clear case
where the fact that a theory has come along which requires a completely
different construal of the data means that the observation statements are
going to be different in these two cases. This discrepancy supports Feyerabend's case.
BUCK: How we could teach relativity theory to kids in school is in an important sense a question for educational psychology. It is not at all obvious
that whether we could or could not do this is a philosophical question.
HEMPEL: The question of how one could teach children relativity or the
language of some theory has some philosophical interest. People with
strong philosophical consciences think that new theoretical terms are suspect as Jong as their meaning cannot be fully specified by definition. It
seems clear that this cannot be done in any profitable way. The question
then arises of how one can teach a person to use concepts without defining
them, to understand them satisfactorily, and to use them with great objectivity. The question really acquires considerable interest. I think that
the purists are making too strong a demand and an unrealistic one. Here it
would be helpful to be able to point out that children could be taught
such concepts. Then one could argue that one can come to understand a
language without having to make use of explicit definitions in terms of
something one antecedently fully understands.
CORNMAN: Let us look at Professor Hempel's schema (2). Schema (2)
has no calculus and no correspondence rules. It has internal principles ancl
bridge rules. In the internal principles there are both the theoretical vocabulary and the antecedent vocabulary. In the bridge rules there is :1
theoretical vocabulary and an antecedent vocabulary. T11cy both 11avc th e

same vocabulary, and there is no formal way of distinguishing between the
two. Now, if there is no way of distinguishing between the two schemata,
then what are the consequences for those people who object to schema
(1)?
HEMPEL: One objection that I have to what I called schema ( 1) was the
idea that it is not always profitable and illuminating to view a scientific
theory as consisting of an uninterpreted calculus plus certain statements
which interpret this calculus. I argued that this is no doubt possible; I
presented reasons why I thought that it was not always profitable. Nevertheless, it can be very iUuminating to have certain specific presentations of
this kind. For example, I remarked that Reichenbach has made very illuminating use of this idea in discussing the relation of abstract mathematical geometry to physical geometry. One could think of the formulation of a theory as involving two sorts of specifications: (a), those which
describe the theoretical scenario, the new entities and processes which are
assumed there; (b), those which say how this is connected with what one
has antecedently established, empirical laws, for example. As I pointed
out, the bridge principles which establish the connections would necessarily have to make use of whatever theoretical terms the theory introduces
and the antecedently available vocabulary. T11e internal principles would
make use of whatever theoretical terms the theory introduces, plus antecedently available vocabulary. Since, in general, the theory wiU contain
antecedently available vocabulary, it is very difficult to make a distinction
between the bridge principles and the theoretical ones, except in some
pragmatic terms, unless the theoretical principles contain theoretical
terms exclusively. The Maxwell equations might have this latter character.
ACHINSTEIN: Here is the value of distinguishing between a concept and
a term. One wants to say that some of Bohr's concepts were entirely new,
namely the concept of quantization within the atom itself, but the terms
he used were not. In the case of entropy one would say that Clausius's
concept of entropy was a new concept, even though he could define it by
reference to heat and temperature which were antecedently understood.
[s your thesis one about concepts, or is it one about terms, or do you not
,vant to distinguish between the two?
HEMPEL: The question here is whether one wants to qualify a term as a
'theoretical term not belonging to the antecedently available vocabulary"
fin fac:t: it can he explicitly defined in terms of the antecedent vocabulary.
would 11avc originall y thought that if we can define all our newly intro-
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duced concepts in terms of what we already have, then there really is not
a new theory. Now I doubt that, and I think one should say that in this
new context there are new theoretical terms, although they can be defined
in terms of the available vocabulary. I put this before you tentatively and
for discussion.
FEYERABEND: The standard view of scientific theories can be defended
under two circumstances which Professor Hanson has enumerated, and it
cannot be defended under further circumstances. The first is the case of
hydrodynamics. It is a beautifully abstract theory about ideal, not real,
fluids. Nevertheless, I would want to use this theoretical scheme for making predictions in a certain domain. Special correspondence rules would
have to be added. Because the theory is not about anything in existence,
one must modify it so that it may make correct predictions. In this case,
a scheme of theory, correspondence rules, observation language is the only
way in which we can apply the theory to the observations. Another example is quantization in field theory, which is an inconsistent theory. Here
one must employ special correspondence rules in addition to the theory in
order to get a consistent observational apparatus, because the theory is
inconsistent. If one has a different theory which is neither inapplicable to
anything nor inconsistent, then one does not need this scheme. If it is
applicable to everything, the theory gives terms for every concrete event
there may be. This means it contains a vocabulary and a language which
can be taught to people. No correspondence rules are needed; no bridge
laws are needed. The theory can be acquired from teaching, not by relating it to some other language.
GRUNBAUM: What is understood by "a theory that applies to everything
there is"? Is it a theory which makes statements that pertain to any space
point or any time point? What is there about spatiotemporal pervasiveness that requires this doctrine of conceptual change in a way in whicl1
nonspatiotemporal pervasiveness does not require it?
MC MULLIN: Let me try to answer the question for Professor Feyerabend. The kind of theory he wants to restrict himself to, if I am not mistaken, is that very narrow class of theories which affect the meaning of th ·
observation statements upon which they are based. There are very few of
those. Relativity theory is one of them. That is, if relativity theory is in
fact based upon space-time measurements, and if it is itself a theory or
space-time, then the meanings of the evidential statements are going to he
affected. One could ask whether or not the way in which a theory alTccls

the evidential statements would change the evidence itself. Professor Hanson said that in the case of the Mercury perihelion, the reformulation of
the space-time notion meant that the number would be changed from 38
to 42.5. This is an extreme consequence, namely, the reformulation will
change the evidential basis. There will also be a great number of cases
where this would not be true. Nevertheless, Professor Feyerabend would
want to insist that although the numbers have not been changed, the conceptual basis of the new theory would extend to the evidential statements
upon which the theory itself was based. I think those are his universal
theories.
ROZEBOOM: I would like to give what I understand it is for a term or a
set of concepts to be theory-laden. If my notion is agreed upon, then this
has some fairly straightforward implications for Professor Feyerabend's
views. Suppose that T is the theory under consideration with which a certain proposition P may be laden. If the concepts in Pare laden with theory
T, I would understand this to require that P necessitates T. This is the
only sense which I can make of the idea that the concepts in P are laden
with the theory T.
BUCK: If an observation statement turns out to be false, it was suggested
that it counted against the theory and also against the intelligibility and
applicability of the terms which the observation statement contained. I
suppose that you might build a sense of presupposition to answer to these
requirements.
HANSON: I will simply refute this in one step. Suppose that P is an observation statement which refers to double refraction. It will require theoretical backing in terms of Snell's law. This commitment is found in corpuscular Newtonian optics, and also in that theory which in many respects
is taken to be the negation of corpuscular Newtonian optics, namely, Huygens's wave optics. Either one of these theories is, to the extent that they
involve Snell's law, compatible with the observation statement in question. But it is contradictory to say that the observation in question entails
both of these theories.
HILL : It surely is important that no scientist presents raw observations.
The observations themselves are always cleaned up before they are presented as data. That is true even in biology. In fact, when you talk about
observations you are already talking about cleaned-up things.
TT ANSON : In virtue of what are they cleaned up? By prior theoretical commitmen ts of some sort?
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That is right.
It is also important that you not be circular and not clean up
the data to yield the point of view that you are trying to demonstrate.
MAXWELL: If Professor Feyerabend rejects Professor Rozeboom's account of what it is to be theory-laden, then it seems to me that it is incumbent upon him to give a clear account of his own.
HILL: Let us say prior conceptions of geometry constitute theory-ladenness. The observer's conceptions are largely determined by his apparatus.
He has to understand your apparatus, and use certain ideas in interpreting
it. If he does not do that he has no observations.
HANSON : This is shown by the relationship between Hooke's law and
the spring balance, and Archimedes' law and the double pan balance.
Whatever is observed by virtue of balances of this kind is going to have
either Hooke's law or Archimedes' law built into it in some sense.
MC MULLIN: Professor Hill said that in physics it is ordinarily the case
that the observation statements which are brought forward are theoryladen in the sense that certain preconceptions are built into them. What is
meant by saying that for certain theories the observation statements are
theory-laden is the following. Statements are advanced as evidence for a
particular theory, but they involve concepts whose meanings will be determined by the theory itself, and this is not ordinarily true. There are not
many theories of which this is true. In the case of some of the most important theories in physics, the observation statements will necessarily
involve conceptions which, in a certain sense, are being called into question, or are being justified by the theory. This is not quite my previous
point; it is a development of it. If, for example, the relativity theorist uses
certain observation statements involving the notion of length or the notion of angle, these are theory-laden in the sense that they are themselves
being called into question, and a particular answer to the question is being
given by the theory which is based on this evidence.
HILL : What has happened today in science is that scientists want evc11
their observations to be theory-laden. They deliberately want them to he
theory-laden. There is nobody, practically speaking, who goes out and
makes raw measurements anymore. The new concept is that the experiment is not for the purpose of finding out the facts of nature, but for the
purpose of testing theories.
CRAIG: There is a great deal of theory mixed up in some way or otl1cr
with reports about experiments, not only by physicists, but also by biolo

gists or chemists and others. I recall lab experiments in a biology course in
college. If you start working with a frog, it is very difficult to find out
whether you are working with the liver or some other part of the frog.
Where does the liver stop and some other part start? Whenever you start
actually reporting about things, you already have theorized to some extent.
In this respect physics is not unique. If there is something unique about
so-called universal theories in the respect in which they differ from the
others, it has still to be brought out. It seems that quite a few different
notions of universal theory have been dealt with. One notion is simply
that a theory has a wider range of applicability than another. For instance,
the theory of spectroscopy has less wide a range than a general theory of
optics. Quite often the ranges overlap. It is true that certain theories have
a much wider range than others. Everybody would agree that relativity
theory and Newtonian mechanics are among these. The mere fact that
they have a wider range is of some interest, but not very much. It is more
important to try to find out in what respect they are deeper theories than
others. This has not been brought out very clearly. I agree that in some
sense the general theory of relativity is philosophically much more interesting than a particular theory of spectral lines. However, the word 'universal theory' tends to be misleading in this usage. It tends to lead to the
following confusion which may have been in some people's minds. At
times 'universal theory' was used almost as a respectable scientific term for
old-fashioned metaphysics. The very appeal of such a monolithic theory
tends to make us overlook what I think are important differences. If it is
to be the truly universal theory, it must account not only for observations
in the laboratory, but for the facts of daily life as well. A truly universal
theory would have to account for these facts, more or less in the terms we
use in describing them now. I think all present theories are a far cry from
that.
MC MULLIN : Professor Feigl's diagram of the standard view of scientific
theories allows us to see that we are asking two somewhat different questions . One would be the question of discovery; the other would be the
question of confirmation or justification. It is clear that this diagram was
never intended to be a pattern for discovery. It is intended to be a reconstruction at some point in time. One of the difficulties about it is that there
:ire ccrbin kinds of theories to which it does not apply. For example, hyclrodyn:imics h:id this character. That is, one had this nice theoretical
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balloon up in the air, but it was awfully difficult to get the hooks down
into the soil of observation, and ultimately they did not get down.
On the other hand, if one looks at many other areas of contemporary
physics, for example, quantum physics, there is an attempt, particularly
with the use of computers, to build out of observations a set of functional
relationships among observations. One gradually works up to a level where
there is no theoretical structure at all but simply a mathematical way of
relating a set of observations with no further kind of structure. That sort
of system would not fit the standard view of scientific theories. In these
two examples we could make a critical comment that these are not very
good theories. Would one want to say that something like the standard
view of theories ought to be applicable to the confirmation structure of a
good theory? Let me ask a question of Professor Hanson. If one moves to
higher and higher algebraic levels, as in your example of aerodynamics, at
what point does this become theoretical and how does'it become so?
HANSON: Suppose the standard view of theories were taken to be a normative criterion in virtue of which one evaluates extant theories. Then it
is relevant to look at actual theories which have been influential in the
history of science. If there are working scientific theories which do not
fulfill this criterion, it is worth pointing this out. The number of actual
cases which completely fulfill this criterion may be equivalent to the null
class. This is a rather misleading criterion, if the scientific theories all
around us are illuminated so rarely and so seldom by this particular account.
MC MULLIN: I absolutely agree with you that it is not the case that the
standard view applies to all theories. But even in your own writing about
this you suggest that it may very well give a direction for a theory at a give11
time. For example, if one can point out that contemporary aerodynamics
lacks this form, this does give a direction for future research in aerodynamics, namely, to develop the theory so that it has that form.
HANSON: Yes, I think that is right. I did grant that point when I charac
terized ideal fluid mechanics as an ideal language theory, and quantu111
electrodynamics as a black box theory largely in terms of the concept11:1I
apparatus provided by the standard view. I made my remarks about those
theories in virtue of my already having granted a certain analytical utilil y
to this schematization. In addition to noting that function, it is imporl :1111
for understanding what scientific explanation and scientific theory arc I' >
n ote that there is nothing which actually corresponds to this . Th is bc:11 s

on the degree to which analysis in the form of philosophy of science can
help us to understand great moments in the history of science.
An important activity in the development of experimental laws which
might have great significance for the development of the theory is the
formal generalizing activity, which one finds in the theory of functions.
Here, a number of lower-order algebraic statements can be shown to be
subsumed under higher-order statements, where the subsumption is not
simply one of conjunction. For any collection of algebraic statements there
will not be just one higher-order abstract statement from which they can
be generated. This multiplicity of higher-order statements need not all be
equivalent each to the other. Your point was that since they would all entail the list of algebraic statements, there must be necessary connections
between them. My point was that although these higher-order general
claims will have as one of their properties that they entail the lower order
statements, they will have other properties as well. Then the choice between the higher order general claims will rest upon other considerations
which I call boundary considerations.
ROZEBOOM: To the extent that one simply observes that a set of equations are all instantiations of a more general form, this is simply observing
an analytic fact, and I am not objecting to this. Professor Hanson's argument does not do anything to point to how a nondemonstrative inference
is made from what one has to a more comprehensive picture of what the
world is.
HANSON : The relation between higher- and lower-order claims is analytic, if one considers the more general claim and then generates the lowerorder claim. It is not analytic in the other direction. One cannot make an
inference from the collection of lower-order algebraic statements to the
higher-order general claim.
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