PATRICK SUPPES

SOME FURTHER REMARKS ON PROPENSITY:
REPLY TO MARIA-CARLA GALAVOTTI

Galavotti’s commentary on my paper raises a number of fundamental
questions about propensity which I did not address and which have
been important in the philosophical literature. She raises too many
fundamental issues for me to hope to reply in detail to all of them but I
think there are some points that I can take up explicitly that will help
clarify the discussion, or at least clarify my own position about the
concept of propensity.

PROPENSITY OR OBJECTIVE PROBABILITY

One of the first issues that Galavotti raises is whether my account is
not really an account of objective chance rather than of propensity. I
certainly answer negatively to this question. In my view, an objective
theory of probability is just required to be objective as opposed to
subjective, and no causal account of this kind implied in a propensity
account is necessary. For example, purely logical theories of prob-
ability are intended to be objective, as opposed to subjective, as are
also accounts based upon relative frequency or on a concept of
complexity of finite sequences. It is certainly the view of the pro-
ponents of these various views that an objective theory of probability
has been given. Moreover, the four extended examples considered
certainly do not say anything about the relative frequency or com-
plexity accounts of probability just mentioned. It seems to me that it is
a virtue of the propensity theory to provide a particular causal view of
probability which will qualify as a special kind of objective probability.

This leaves open the question whether all objective accounts of
probability should be encompassed by a propensity account. Philoso-
phers such as Mellor seem to think so, but I hold a more pluralistic
view. There is no reason in principle that accounts of probability or of
randomness in terms of complexity can always be reduced to accounts
in terms of propensity.
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QUESTION OF DETAILS

Galavotti refers to the many detailed philosophical discussions of
propensity by Popper, Mellor, Giere, and others. She rightly notes that
my own paper does not go into the details of the views held by these
various authors. It was indeed not my purpose to do so and I believe I
made that clear in the introductory section. I attempted to go into
details in a different sense, namely, the sense of the mathematical and
scientific details of specific examples that exhibit propensities. One
purpose of the examples I selected was to illustrate the pluralism of the
concept of propensity. It seems to me that Galavotti is asking for a
more specific and more monolithic concept of propensity than I would
be prepared to offer. I am skeptical that there is a technical general
account of propensity any more than there is a technical general
account of the concept of disposition or that of tendency. The term
propensity itself would not in my mind occur ordinarily in any well
worked out scientific theory. It might occur in the informal descrip-
tions of experiments but not at all theoretically. This means that the
concept differs from other general concepts that do occur in scientific
theories, but it in no way challenges the usefulness of the concept. The
same thing can be said about the concept of cause. The term cause
never, or almost never, occurs in detailed scientific theories but it
certainly occurs in informal talks surrounding the theory and often in
informal descriptions of experiments or of observational procedures.
Because the term cause may not occur in the formulation of most
scientific theories we are in no sense warranted in arguing that the
concept of cause is not important in science. It is just that in the
formulation of theories we deal with more specific properties and
concepts. The same is the case with propensity, which I take to be a
way of talking about dispositional causal phenomena. Just as many
different kinds of things are causes, sc many different kinds of things
are propensities.

To emphasize this point, let me just ring the changes on one of the
natural ways to formulate talk about propensity in each of the four
examples considered in my paper: propensity to decay, propensity to
respond, propensity for heads, and propensity for randomness. Notice
that in the first two cases the propensity is referred to in relation to an
event or an action, and in the Jast two cases to a standing
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phenomenon, but these grammatical differences are not as important
as the various ways in which the specific theories are formulated. The
third and fourth examples are particularly interesting on this point
because they both are built in a general way within the framework of
classical mechanics. On the other hand, the third example requires the
introduction of an initial probability distribution on the initial con-
ditions of vertical velocity and rate of rotation. Without this dis-
tribution expressing the variation in initial conditions the results
certainly cannot be derived purely from physical considerations. The
fourth example has quite a different character. No extraneous
assumptions about probability are introduced. The random sequences
exhibiting any probability desired are generated purely by the different
objective initial conditions of the restricted three-body problem. I will
return to this fourth example later in showing how it refutes many of
the things that are said about the relation between propensity and
indeterminism. The point for the moment is that the third and fourth
examples illustrate that even within the framework of classical
mechanics we can have very different talk of propensities in relation
to probabilistic phenomena. The existence of so much pluralism, also
exhibited in other ways in the first two examples, makes me skeptical
of having any unified theory of propensity of any depth, just as I think
we cannot have any fully satisfactory unified single theory of the
general concept of cause. We can have, for example, a good general
theory of probabilistic causality but not a detailed theory of causality
that is meant to accurately reflect the relevant nuances of causal
phenomena in diverse parts of science.

SINGLE-CASE VERSUS LONG-RUN FREQUENCIES

Various philosophers have differed on the application of propensitities
and have taken quite different views on whether propensity ap-
proaches to probability should apply to single-case phenomena or only
to long-run frequencies. My general view is that this is a red herring
and consequently I shall not say much about it. The most important
aspect of my view is that the problem is mainly one of statistical
inference, not one of probability as such. I am happy to use propensity
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theory to make single-case predictions and also long-run frequency
predictions, but how these predictions are to be tested is a matter of
statistical methodology and not a matter of the foundations of prob-
ability. This is a summary way of dispensing with this issue and not, 1
recognise, fully satisfactory, but I want to avoid entering into the
discussion of the methodological issues involved, which seem to me
not special to propensity views of probability.

PROPENSITIES AND INDETERMINISM

From the standpoint of what has been said in the philosophical
literature, Galavotti is certainly right in saying that propensities have
often implied a commitment to indeterminism. Melior (1971) begins
his chapter on determinism and the laws of nature by saying “If
propensities are ever displayed, determinism is false.” The same view
is held by Humphreys (1985), who says in the opening paragraph.
“Although chance is undeniably a mysterious thing, one promising
way to approach it is through the use of propensities — indeterministic
dispositions possessed by systems in a particular environment...” (I
return later to other issues raised by Humphreys’ article.) One reason
for the inclusion of my fourth example was to give a particular
detailed and sophisticated instance of the generation of random
phenomena by a system that all would ordinarily classify as purely
deterministic. Note that in the restricted three-body problem outlined
in this example there is no question of collisions, which are sometimes
used as the basis for introducing indeterminism in classical mechanics.
In the ordinary sense, as reflected in the theory of differential equa-
tions in the philosophical talk of determinism, etc., the three-body
problem described there is purely deterministic in character and yet
randomness of any desired sort can be generated by appropriate initial
conditions. The wedge that has sometimes been driven between pro-
pensity and determinism is illusory. (The more general implications of
example four for questions of indeterminism are discussed in a paper I
have now read in a number of places (Suppes, unpublished).) There is a
lot to be said about indeterminism and the closely related concept of
instability within the framework of determinism, but it would take us
too far afield to develop the details here.
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PROPENSITIES ARE NOT PROBABILITIES

In one of the better-worked-out articles on propensities, Humphreys
(1985) presents good arguments for why propensities cannot be prob-
abilities. Humphreys makes the point that although propensities, as he
puts it, are “commonly held” to have the properties of probabilities,
he thinks this is not the case, and in this I concur. He goes on to take
this argument to be “a reason for rejecting the current theory of
probability as the correct theory of chance.” I strongly disagree with
his conclusion and so I want to disentangle the basis of my agreements
and disagreements with the various theses in his article, to which
Galavotti refers in her commentary.

First he gives a formal argument in terms of Bayes’ theorem and
inverse probabilities to show that propensities cannot have these
properties. I will not go over the argument in detail, for I agree with it,
but in my own case I never for a moment thought that propensities did
have the properties of probability. It is my reason for rejecting this
view initially but also leads to my rejection of Humphreys’ conclusion.

The central point is based upon the nature of representation
theorems, as exemplified in my paper. It is standard that in proving a
representation theorem, the objects out of which a representation is
constructed do not themselves have the properties of the represented
objects. The third and fourth examples in my paper, which use
extensively classical mechanics, illustrate the point. No one has ever
thought for an instant that classical mechanics exemplifies the proper-
ties of probability. What we get in the coin-flipping example is a
combination of an arbitrary initial probability distribution and the
strong symmetry properties in a mechanical sense of a flipped coin.
From these diverse ingredients we obtain a symmetric distribution for
the actual flips. The physical analysis that uses two simple differential
equations of mechanics is far removed from any features of prob-
ability. In the fourth case of the restricted three-body problem this
strictly deterministic theory in itself certainly is not to be thought of as
part of probability theory. It is one of the most surprising theorems in
mechanics that we can represent in such a clearly deterministic way
within such a purely deterministic framework any random sequence.
But again the well-known gravitational mechanical properties exhi-
bited in the restricted three-body problem have not at all the proper-
ties of probability structures.
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The first example is, as I say in the paper, close to probability and
therefore not a good example in the most essential way of how the
representation of probability in terms of propensities is built up from
ingredients that are themselves far from being probabilities. The
second example is better because the intuitive notion of a response
strength as in principle unbounded is not at all a feature of probability
and the absence of constancy as, for instance, in a finite measure that
always has a constant sum, is again a feature not characteristic of
probability theory.

Other classical examples of representation theorems show the same
kinds of features. Among the best known is the representation of
thermodynamical properties by statistical aggregates of particles. The
macroscopic thermodynamical properties of bodies, of gases let us say,
are represented by aggregates of particles for which the properties in
question are not even defined, e.g., there is not a meaningful concept
of temperature for a single particle.

So it is in terms of separating the represented objects from those
ingredients out of which the representation is constructed that I reject
Humphreys’ conclusion that the current theory of probability should
be rejected. It is the basis on which I argue for a classical conception
of probability in quantum mechanics, but it is not appropriate here to
enter into the guantum-mechanical example. In any case, in Humph-
rey’s rejection of the standard theory of probability as an adequate
theory of chance I do not think he has in mind the nonstandard
features of probability theory characteristic of quantum mechanics.

In a related vein, there is much in Salmon’s review article on
propensities (1979) with which I agree. He certainly seems to concur
with Humphreys that propensities are not probabilities. On the other
hand, he does not go on to set forth a formal representation theory of
propensity as I have attempted to do, and in my own judgment this is
the most important missing ingredient needed to bring propensity
theory to the same level of technical detail that is characteristic of
relative frequency theories or subjective theories of probability. The
absence of a clear view about representation theorems is, I should aiso
say, very much a missing ingredient of Mellor’s book (1971), which
has many useful and interesting things to say about propensities, but
also in that long Cambridge tradition of books on probability, is
lacking a kind of formal clarity that a representation-theory view
would bring to it.
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PLURALISM REEMPHASIZED

Finally, I want to comment on the last paragraphs of Galavotti’s
remarks. She compares the examples that I have given with her work
with Costantini and Rosa on elementary particle statistics. She
remarks on their analysis of the phenomenological characteristics of
elementary particle statistics in contrast to a propensity theory, which
would presumably try to give an explanatory account of why the
various types of statistics of Bose—Einstein and Fermi-Dirac, for
example, arise. Unfortunately it seems to me that here she has missed
the point entirely of representation theorems and my claim for plural-
ism in the account of propensities. There is not going to be a deep
general account of propensity in my judgment, just as there will not be
a deep general account of the physical properties of the world. We
have many different subdisciplines in physics, each dealing in depth
with particular properties of a class of phenomena. We do not
naturally move in any easy way across the whole spectrum. The same
is true of propensities. If we prove a representation theorem for a
given phenomenon it will be in terms of specific characteristics of
those phenomena and that particular account will not work well when
transferred to another environment. This can already be seen in my
four examples. It is a long way from response strengths to flipping a
coin and even farther to the restricted three-body problem, yet in each
case propensities of a certain kind form the ingredients out of which a
representation theorem in terms of probability can be constructed.

There will be, 1 claim, no precise general account of propensity.
What there will be will be a pluralistic unfolding of many accounts of
propensities for many different physical situations. It is no more
feasible to give a detailed general account of propensities than it is to
give a detailed physical theory of properties.
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