GROVER MAXWELL

The Ontological Status
of Theoretical Entities

That anyone today should seriously contend that the entities referred to
by scientific theories are only convenient fictions, or that talk about such
entities is translatable without remainder into talk about sense contents or
everyday physical objects, or that such talk should be regar'd'ed as‘belong-,
ing to a mere calculating device and, thus, without cognitive content—
such contentions strike me as so incongruous with the scientific and ra-
tional attitude and practice that I feel this paper should turn out to b.e a
demolition of straw men. But the instrumentalist views of outstandmgf
physicists such as Bohr and Heisenberg are too well known to be cited,”
and in a recent book of great competence, Professor Ernest Nagel con-
cludes that “the opposition between [the realist and the instn}}nenta}‘hst]
views [of theories] is a conflict over preferred modes of speech” and .the
question as to which of them is the ‘correct position’ .has only termino:
logical interest.”* The phoenix, it seems, will not be laid to rest.

The literature on the subject is, of course, voluminous, and a com-
prehensive treatment of the problem is far beyond the scope of one essay.

From Herbert Feigl and Grover Maxwell, eds., Scientiﬁc’Explana‘tion, Spqce, anfl
Time, vol. 3, Minnesota Studies in the Philosophy of Science (Minneapolis: Uni-
versity of Minnesota Press, 1962), 3-15.

* Niels Bohr and Werner Heisenberg, along with Max Born and other pioneers
of quantum physics in the 1920s, were proponents of the so-called Copenhagen
interpretation of quantum mechanics, which remains the orthodox textbook ac-
count to this day. Its elements include Bohr’s doctrine of c.orrllplementar.lty, the
insistence that the wave function contains a complete description of reality, and
a profound reluctance to say anything about the properties of quantum systems
when they are not being observed or measured. As Maxwell'se}ys, Bohr and Hei-
senberg were instrumentalists (though opinions are shar'ply divided over what, %X—
actly, Bohr’s position was), and their views had a FQQSlderable influence on t t;
development of logical positivism and logical empiricism. For a good account o
Heisenberg’s version of the Copenhagen interpretation, see Werner Heisenberg,

Physics and Philosophy (New York: Harper and Row, 1958).
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I shall limit myself to a small number of constructive arguments (for a
radically realistic interpretation of theories) and to a critical examination
of some of the more crucial assumptions (sometimes tacit, sometimes ex-
plicit) that seem to have generated most of the problems in this area.?

[ |  The Problem

Although this essay is not comprehensive, it aspires to be fairly self-
contained. Let me, therefore, give a pseudohistorical introduction to the
problem with a piece of science fiction (or fictional science).

In the days before the advent of microscopes, there lived a Pasteur-
like scientist whom, following the usual custom, I shall call Jones. Reflect-
ing on the fact that certain diseases seemed to be transmitted from one
person to another by means of bodily contact or by contact with articles
handled previously by an afflicted person, Jones began to speculate about
the mechanism of the transmission. As a “heuristic crutch,” he recalled
that there is an obvious observable mechanism for transmission of certain
afflictions (such as body lice), and he postulated ‘that all, or most, infec-
tious diseases were spread in a similar manner but that in most cases the
corresponding “bugs” were too small to be seen and, possibly, that some
of them lived inside the bodies of their hosts. Jones proceeded to develop
his theory and to examine its testable consequences. Some of these seemed
to be of great importance for preventing the spread of disease.

After years of struggle with incredulous recalcitrance, Jones managed
to get some of his preventative measures adopted. Contact with or prox-
imity to diseased persons was avoided when possible, and articles which
they handled were “disinfected” (a word coined by Jones) either by means
of high temperatures or by treating them with certain toxic preparations
which Jones termed “disinfectants.” The results were spectacular: within
ten years the death rate had declined 40 per cent. Jones and his theory
received their well-deserved recognition.

However, the “crobes” (the theoretical term coined by Jones to refer
to the disease-producing organisms) aroused considerable anxiety among
many of the philosophers and philosophically inclined scientists of the
day. The -expression of this anxiety usually began something like this: “In
order to account for the facts, Jones must assume that his crobes are too
small to be seen. Thus the very postulates of his theory preclude their
being observed; they are unobservable in principle.” (Recall that no one
had envisaged such a thing as a microscope.) This common prefatory
remark was then followed by a number of different “analyses” and “inter-

pretations” of Jones’ theory. According to one of these, the tiny organisms
were merely convenient fictions—fagons de parler—extremely useful as
heuristic devices for facilitating (in the “context of discovery”) the thinking
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compound microscope. His crobes were “observed” in great detail, and it
became possible to identify the specific kind of microbe (for so they began
to be called) which was responsible for each different discase. Some phi-
losophers freely admitted error and were converted to realist positions
concerning theories. Others resorted to subjective idealism or to a thor-
oughgoing phenomenalism, of which there were two principal varieties.
According to one, the one “legitimate” observation language had for its
descriptive terms only those which referred to sense data. The other main-
tained the ‘stronger thesis that all “factual” statements were translatable
without remainder into the sense-datum language. In either case, any two
non-sense data (e.g., a theoretical entity and what would ordinarily be
called an “observable physical object”) had virtually the same status. Oth-
ers contrived means of modifying their views much less drastically. One

group maintained that Jones’ crobes actually never had been unobservable

in principle, for, they said, the theory did not imply the impossibility of
finding a means (e.g., the microscope) of observing them. A more radical

contention was that the crobes were not observed at all; it was argued that
what was seen by means of the microscope was just a shadow or an image

rather than a corporeal organism.

| | The Observational-Theoretical Dichotomy

Let us turn from these fictional philosophical positions and consider some
of the actual ones to which they roughly correspond. Taking the last one
first, it is interesting to note the following passage from Bergmann: “But
it is only fair to point out that if this . . . methodological and terminological
analysis [for the thesis that there are no atoms] . . . is strictly adhered to,
even stars and microscopic objects are not physical things in a literal sense,

but merely by courtesy of language and pictorial imagination. This might
seem awkward. But when I look through a microscope, all [ see is a patch
of color which creeps through the field like a shadow over a wall. And a
shadow, though real, is certainly not a physical thing,”*

I'should like to point out that it is also the case that if this analysis is
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strictly adhered to, we cannot observe physical things through opera
glasses, or even through ordinary spectacles, and one begins to wonder
about the status of what we see through an ordinary windowpane. And
what about distortions due to temperature gradients—however small and,
thus, always present—in the ambient air? It really does “seem awkward”
to say that when people who wear glasses describe what they see they are
talking about shadows, while those who employ unaided vision talk about
physical things—or that when we look through a windowpane, we can
only infer that it is raining, while if we raise the window, we may “observe
directly” that it is. The point I am making is that there is, in principle, a
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continuous series beginning with looking through a vacuum and contain-
ing these as members: looking through a windowpane, looking through
glasses, looking through binoculars, looking through a low-power micro-
scope, looking through a high-power microscope, etc., in the order given.
The important consequence is that; so far, we are left without criteria
which would enable us to draw a nonarbitrary line between “observation”
and “theory.” Certainly, we will often find it convenient to draw such a
to-some-extent-arbitrary line; but its position will vary widely from context
to- context. (For example, if we are determining the resolving char-
acteristics of a certain microscope, we would certainly draw the line be-
yond ordinary spectacles, probably beyond simple magnifying glasses, and
possibly beyond another microscope with a lower power of resolution.)
But what ontological ice does a mere methodologically convenient obser-
vational-theoretical ‘dichotomy cut? Does an entity attain physical thing-
hood and/or “real existence” in one context only to lose it in another? Or,
we may ask, recalling the continuity from observable to unobservable, is
what is seen through spectacles a “little bit less real” or does it “exist to a
slightly less extent” than what is observed by unaided vision?®
However, it might be argued that things seen through spectacles and
binoculars look like ordinary physical objects, while those seen through
microscopes and telescopes look like shadows and patches of light. I can
only reply that this does not seem to me to be the case, particularly when
looking at the moon, or even Saturn, through a telescope or when looking
at a small, though “directly observable,” physical object through a low-
power microscope. Thus, again, a continuity appears.
“But,” it might be objected, “theory tells us that what we see by means
of a microscope is a real image, which is certainly distinct from the object
on the stage.” Now first of all, it should be remarked that it seems odd
that one who is espousing an austere empiricism which requires a sharp
observational-language/theoretical-language distinction (and one in which
the former language has a privileged status) should need a theory in order
to tell him what is observable. But, letting this pass, what is to prevent us
from saymg that we still observe the object on the stage, even though a
“real image” may be involved? Otherwise, we shall be strongly tempted
by phenomenalistic demons, and at this point we are considering a
physical-object observation language rather than a sense-datum one.
(Compare the traditional puzzles: Do I see one physical object or two
when I punch my eyeball? Does one object split into two? Or do I see
one ¢bject and one image? Etc.) /
Another argument for the continuous transition from the observable
to the unobservable (theoretical) may be adduced from theoretical consid-
erations themselves. For example, contemporary valency theory tells us
that there is a virtually continuous transition from. very small molecules
(such as those of hydrogen) through “medium-sized” ones (such as those
of the fatty acids, polypeptides, proteins, and viruses) to extremely large
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ones (such as crystals of the salts, diamonds, and lumps of polymeric plas-
tic). The molecules in the lastmentioned group are macro, “directly ob-
servable” physical objects but are, nevertheless, genuine, single molecules;
on the other hand, those in the firstmentioned group have the same
perplexing properties as subatomic particles (de Broglie waves, Heisenberg
indeterminacy, etc.). Are we to say that a large protein molecule (e.g., a
virus) which can be “seen” only with an electron microscope is a little
less real or exists to somewhat less an extent than does a molecule of a
polymer which can be seen with an optical microscope? And does a hy-
drogen molecule partake of only an infinitesimal portion of existence or
reality? Although there certainly is a continuous transition from observ-
ability to unobservability, any talk of such a continuity from full-blown
existence to nonexistence is, clearly, nonsense.

Let us now consider the next to last modified position which was
adopted by our fictional philosophers. According to them, it is only those
entities which are in principle impossible to observe that present special
problems. What kind of impossibility is meant here? Without going into
a detailed discussion of the various types of impossibility, about which
there is abundant literature with which the reader is no doubt familiar, I
shall assume what usually seems to be granted by most philosophers who
talk of entities which are unobservable in principle—i.e., that the theory(s)
itself (coupled with a physiological theory of perception, I would add)
entails that such entities are unobservable.

We should immediately note that if this analysis of the notion of
unobservability (and, hence, of observability) is accepted, then its use as
a means of delimiting the observation language seems to be precluded for
those philosophers who regard theoretical expressions as elements of a
calculating device—as meaningless strings of symbols. For suppose they
wished to determine whether or not ‘electron’ was a theoretical term. First,
they must see whether the theory entails the sentence ‘Electrons are unob-
servable.” So far, so good, for their calculating devices are said to be able
to select genuine sentences, provided they contain no theoretical terms.
But what about the selected “sentence” itself? Suppose that ‘electron’ is
an observation term. It follows that the expression is a genuine sentence
and asserts that electrons are unobservable. But this entails that ‘electron’
is not an observation term. Thus if ‘electron’ is an observation term, then
it is not an observation term. Therefore it is not an observation term. But
then it-follows that ‘Electrons are unobservable’ is not a genuine sentence
and does not assert that electrons are unobservable, since it is a meaning-
less string of marks and does not assert anything whatever. Of course, it
could be stipulated that when a theory “selects” a meaningless expression
of the form Xs are unobservable, then X' is to be taken as a theoretical
term. But this seems rather arbitrary. '

But, assuming that well-formed theoretical expressions are genuine
sentences, what shall we say about unobservability in principle? I shall
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support the thesis that any
observation term,

There is another line which may be taken in re
of the observation language. According to it, the proper term with which
to work is not ‘observahle’ but, rather ‘observed.” There immediately comes
to mind the tradition beginning with Locke and Hume (No idea without
a preceding impression!), running through Logical Atomism and the Prin-
ciple of Acquaintance, and ending (perhaps) in contemporary positivism. *
Since the numerous facets of this tradition have been extensively examined
and criticized in the literature, 1 shall limit myself here to
remarks,

Again, let us consider at this point only observation languages which
contain ordinary physical-object terms (along with observation predicates,
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those philosophers who hold that there are no such things as sense con-
tents (even sense data), nor do I believe that they play no important role
in our perception of “reality.” But the fact remains that the referents of
most (not all) of the statements of the linguistic framework used in every-
day life and in science are not sense contents but, rather, physical objects
and other publicly observable entities. Except for pains, odors, “inner
states,” etc., we do not usually observe sense contents; and although there
is good reason to believe that they play an indispensable role in observa-
tion, we are usually not aware of them when we (visually or tactilely) observe
physical objects. For example, when I observe a distorted, obliquely re-
flected image in a mirror, 1 may seem to be seeing a baby elephant stand-
ing on its head; later I discover it is an image of Uncle Cl
nap with his mouth open and his hand in a peculiar positi
my neighbor’s home at a high rate of speed, I observe tha
a car. If asked to report these observations I could quickly a
a baby elephant and a washing of a car; I probably
subsequent observations, be able to report what colo
what sense data) were involved.

Two questions naturally arise at this point. How is it that we can
(sometimes) quickly decide the truth or falsity of a pertinent observation
sentence? and, What role do sense contents play in the appropriate token-
ing of such sentences? The heart of the matter is that these are primarily
scientific-theoretical questions rather than “purely logical,” “purely con-
ceptual,” or “purely epistemological.” If theoretical physics, psychology,
neurophysiology, etc., were sufficiently advanced, we could give satisfac-
ing
and treating sensations, sense con-
(yes, theoreticall)

harles taking a
on. Or, passing
t he is washing
nd easily report
would not, without
1s, shapes, etc. (i.e.,

It is interesting and important to note that, even before we give com-

satisfactory answers to the two questions considered above, we can,
serve directly” what
entities—the sense contents (color sensations, etc.)
perception of physical things. As has been pointed out
0 come to observe other kinds of entities which were
come to mind involve the use
d, using our painfully acquired
at we “directly ob-

begin to become poignantly
strong gravitational field, and as
out, if we were carrying a heavy

I conclude that our drawing of the observational-theoretical line at
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any given point is an accident and a function of our physiological makeup,
our current state of knowledge, and the instruments we happen to have
available and, therefore, that it has no ontological significance what-
ever. . . .
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3. T have borrowed the hammer analogy from E. Nagel, “Science and [Feigls]

Semantic Realism,” Philosophy of Science, 17:174-181 (1950), but it should be:

pointed out that Professor Nagel makes it clear that he does not necessarily sub-
scribe to the view which he is explaining.

4. G. Bergmann, “Outline of an Empiricist Philosophy of Physics,” American '
Journal of Physics, 11:248--258; 335342 (1943), reprinted in Readings in the Phi:
losophy of Science, H. Feigl and M. Brodbeck, eds. (New York: Appleton-Century-

Crofts, 1953), pp. 262-287. ,

5 1 am not attributing to Professor Bergmann the absurd views suggested by these

questions. He seems to take a sense-datum language as his observation languiage

(the base of what he called “the empirical hierarchy”), and, in some ways, such

a position is more difficult to refute than one which purports to take an “observable

physical-object”. view. However, [ believe that demolishing .the straw men with
which I am now dealing amounts to desirable preliminary “therapy.” Some non-
realist interpretations of theories which embody the presupposition that. the

observable-theoretical distinction is sharp and ontologically crucial seem to me to.

entail positions which correspond to such straw men rather closely.

6. For arguments that it is possible to alter a theory without altering the meanings

of its terms, see my “Meaning Postulates in Scientific Theories,” in Current Issues
in the Philosophy of Science, Feigl and Maxwell, eds.
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