
 1 

The Propensity Interpretation 
by Donald Gillies, University College London (donald.gillies@ucl.ac.uk)  
 
This is the final author version of a paper published in Alan Hájek and Christopher 
Hitchcock (Eds.) Oxford Handbook of Probability and Philosophy, 2016, pp. 406-422.  
 
 
 
 
Contents 
 
1. Popper’s Introduction of the Propensity Interpretation 
2. Can there be Objective Probabilities of Single Events? 
3. Classification of Propensity Theories 
4.  Propensity and Causality:  Humphreys’ Paradox 
5. Connecting Propensities to Frequencies 
 
 
 
 
1. Popper’s Introduction of the Propensity Interpretation 
 
The propensity interpretation of probability, or propensity theory of probability, was 
introduced by Popper in 19571, and subsequently expounded and developed by him in a 
series of papers and books [(1959), (1967), (1983), (1990)].  As we shall see, the basic 
ideas of the propensity theory were subsequently taken up by other philosophers of 
science, who produced versions of the theory that often differed from Popper’s.  
However, it seems natural to begin by considering Popper’s views. 
 
In his Logic of Scientific Discovery (1934:146-214), Popper advocated a version of the 
frequency theory of probability, which was a modification of the theory that von Mises 
had presented in his 1928.  Further reflection, however, gradually convinced Popper that 
the frequency theory was inadequate, and this led him to introduce the propensity theory.  
As the propensity theory was thus developed in explicit contrast to the frequency theory 
in a version similar to that of von Mises, it will be helpful to say a few things about this 
frequency theory before we go on to consider the propensity theory. 
 
Von Mises regarded probabilities as objective in the sense that they were features of the 
natural or social worlds that had nothing to do with human beliefs or knowledge.  
Probability theory, according to von Mises, is a mathematical science dealing with 
objectively occurring random phenomena.  Probability itself is an objective concept like 
mass in theoretical mechanics, or charge in electromagnetic theory.  In the natural or 
social worlds, there are what von Mises calls ‘collectives’ where “either the same event 
repeats itself again and again, or a great number of uniform elements are involved at the 
                                         
1 Popper first presented the propensity theory at a conference in the University of Bristol.  However, as he 
could not attend himself, his paper (1957) was read by his then student Paul K. Feyerabend. 
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same time” (1928, p. 11).  The probability of an attribute in a collective is defined as its 
limiting frequency. [406] (Numbers in square brackets are the page numbers of the 
published version.) Probabilities, then, are associated with collectives and are considered 
to be objective and independent of the individual who estimates them, just as the masses 
of bodies in mechanics are independent of the person who measures them. 
 
Von Mises’ emphasis on the objectivity of probabilities was something that appealed 
strongly to Popper, and he retained this feature of von Mises’ theory when he changed to 
the propensity theory.  However, there was another aspect of von Mises’ theory which, 
even in 1934, Popper found unsatisfactory.  This was von Mises’ discussion of 
probabilities for single events, or singular probabilities.  Von Mises denied that such 
probabilities could validly be introduced.  The example he considered was the probability 
of death.  We can certainly introduce the probability of death before 41 in a sequence of 
say 40-year-old Englishmen.  It is simply the limiting frequency of those in the sequence 
who die before 41.  But can we also introduce the probability of death before 41 for a 
particular 40-year old Englishman (Mr Smith, say)?  Von Mises answered: ‘no!’ (1928: 
11): 
 
“We can say nothing about the probability of death of an individual even if we know his 
condition of life and health in detail.  The phrase ‘probability of death’, when it refers to 
a single person has no meaning at all for us.  This is one of the most important 
consequences of our definition of probability …” 
 
Of course it is easy to introduce singular probabilities on a version of the subjective 
theory which interprets probabilities as the degrees of belief of individuals measured by 
the rates at which they are prepared to bet.  All Mr Smith’s friends could, for example, 
take bets on his dying before 41, and hence introduce subjective probabilities for this 
event.  Clearly, however, this procedure would not satisfy an objectivist like Popper.  The 
key question for him was whether it was possible to introduce objective probabilities for 
single events. 
 
Already in 1934 Popper disagreed with von Mises’ denial of the possibility of objective 
singular probabilities.  This was partly because he wanted such probabilities for his 
interpretation of quantum mechanics.  Consider, for example, the two slit experiment.  
This can be performed in such a way that only one photon is present in the apparatus at 
any time.  Yet the diffraction pattern appears just as it does when photons pass through 
the apparatus en masse.  Thus, so it could be argued, the probabilistic laws of quantum 
mechanics must apply to each single photon just as much as to a collective of photons.  In 
1934, Popper thought that objective singular probabilities could be introduced by a 
simple modification of von Mises’ theory.  Let us consider a single event that is a 
member of one of von Mises’ collectives.  We can then define its singular probability as 
the same as the probability of the event in the collective as a whole.  Later on, however, 
in his (1957) and (1959), Popper presented an objection, which he himself had invented, 
to this way of defining singular probabilities, and this led him to his new theory of 
probability. 
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Popper’s argument is as follows.  Begin by considering two dice:  one regular, and the 
other biased so that the probability of getting a particular face (say the 5) is ¼.  Now 
consider a sequence consisting almost entirely of throws of the biased die but with one or 
two throws of the regular die interspersed.  Let us take one of these interspersed throws 
and ask what is the probability of getting a 5 on that throw.  According to Popper’s 1934 
suggestion, this probability must be ¼ because the throw is part of a collective for which 
prob(5) = ¼.  But this is an intuitive paradox, since it is surely much more reasonable to 
say that prob(5) = 1/6 for any throw of the regular die. [407] 
 
One way out of the difficulty is to modify the concept of collective so that the sequence 
of throws of the biased die with some throws of the regular die interspersed is not a 
genuine collective.  The problem then disappears.  This is just what Popper did (1959: 
34): 
 
“All this means that the frequency theorist is forced to introduce a modification of his 
theory – apparently a very slight one.  He will now say that an admissible sequence of 
events (a reference sequence, a ‘collective’) must always be a sequence of repeated 
experiments.  Or more generally, he will say that admissible sequences must be either 
virtual or actual sequences which are characterised by a set of generating conditions – by 
a set of conditions whose repeated realisation produces the elements of the sequence.” 
 
He then continued a few lines later (1959: 34): 
 
“Yet, if we look more closely at this apparently slight modification, then we find that it 
amounts to a transition from the frequency interpretation to the propensity interpretation.” 
 
In this interpretation, the generating conditions are considered as endowed with a 
propensity to produce the observed frequencies.  As Popper put it (1959: 35): 
 
“But this means that we have to visualise the conditions as endowed with a tendency or 
disposition, or propensity, to produce sequences whose frequencies are equal to the 
probabilities; which is precisely what the propensity interpretation asserts.” 
 
And, in similar fashion (1957: 67): 
 
“ … since the probabilities turn out to depend upon the experimental arrangement, they 
may be looked upon as properties of this arrangement.  They characterize the 
disposition, or the propensity, of the experimental arrangement to give rise to certain 
characteristic frequencies when the experiment is often repeated.” 
 
So Popper’s notion of propensity involves the change from collectives to conditions, but 
there is more to it than that.  The word ‘propensity’ suggests some kind of dispositional 
account, and this marks another difference from the frequency view.  A useful way of 
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looking into this matter will be to consider some earlier views of Peirce which were along 
the same lines.2 These are contained in the following passage (1910: 79-80): 
 
“I am, then, to define the meaning of the statement that the probability, that if a die be 
thrown from a dice box it will turn up a number divisible by three, is one-third.  The 
statement means that the die has a certain ‘would-be’; and to say that the die has a 
‘would-be’ is to say that it has a property, quite analogous to any habit that a man might 
have.  Only the ‘would-be’ of the die is presumably as much simpler and more definite 
than the man’s habit as the die’s homogeneous composition and cubical shape is simpler 
than the nature of the man’s nervous system and soul; and just as it would be necessary, 
in order to define a man’s habit, to describe how it would lead him to behave and upon 
what sort of occasion – albeit this statement would by no means imply that the habit 
consists in that action – so to define the die’s ‘would-be’ it is necessary to say how it 
would lead the die to behave on an occasion that would bring out the full consequence of 
the ‘would-be’; and this statement will not of itself imply that the ‘would-be’ of the die 
consists in such behavior.” 
 
Peirce then goes on to describe an occasion that would bring out the full consequence of 
the ‘would-be’.  Such an occasion is an endless sequence of throws of the die and the 
relevant [408] behaviour of the die is that the appropriate relative frequencies fluctuate 
round the value of 1/3.  Though Peirce does not actually say this, he could have added 
that the relative frequencies gradually come closer and closer to 1/3, and eventually 
converge on it. 
 
Peirce’s ‘would-be’ is obviously similar to Popper’s ‘propensity’, but there is an 
interesting difference.  Peirce regards his ‘would-be’ as a property of the die, whereas 
Popper regards his ‘propensity’ as a property not just of the die but also of the conditions 
under which it is thrown.  Mellor in his 1971 develops a version of the propensity theory 
that sides with Peirce rather than Popper on this point.  However, Popper has produced a 
number of interesting examples to support his position.  One of these concerns tossing an 
ordinary coin, for which the probability of heads is ½.  We can alter the conditions of 
tossing by letting the coin fall not on a flat surface such as a table top, but on a surface in 
which a large number of slots have been cut.  We now no longer have two outcomes 
‘heads’ and ‘tails’ but three, viz. ‘heads’, ‘tails’ and ‘edge’, the third outcome being that 
the coin sticks in one of the slots.  Further, because ‘edge’ will have a positive 
probability, the probabilities of both ‘heads’ and ‘tails’ will be reduced.  This example 
shows that not only do the probabilities of outcomes change with the manner of tossing 
but even that the set of outcomes can similarly vary.  
 
Despite this difference between Peirce and Popper, the two agree on holding that 
probabilities are dispositions, and Peirce makes a valuable distinction between 
probability as a dispositional quantity, and an occasion which would bring out the full 
consequence of this disposition.  The importance of making this distinction is that it 
allows us to introduce probabilities as dispositions even on occasions where the full 

                                         
2 On this topic see Fetzer (1993). 



 5 

consequence of the disposition is not manifested, where in effect we do not have a long 
sequence of repetitions. 
 
This shows the difference between a dispositional account of probability and von Mises’ 
frequency theory, for von Mises held that probabilities ought only to be introduced in 
physical situations where we have an empirical collective, i.e. a long sequence of events.  
If we adopt Popper’s propensity theory, however, it becomes perfectly legitimate to 
introduce probabilities on a set of conditions even though these conditions are not 
repeated a large number of times.  We are allowed to postulate probabilities (and might 
even obtain testable consequences of such a postulation) when the relevant conditions are 
only repeated once or twice.  Thus Popper’s propensity theory provides a valuable 
extension of the situations to which probability theory applies, as compared to von Mises’ 
frequency view. 
 
So far then, we have found 3 ingredients in Popper’s early propensity theory.  These are:  
(1) probabilities are associated with repeatable conditions rather than with collectives; (2) 
probabilities are dispositions; and (3) objective probabilities can be introduced for single 
events.  Now (1) and (2) are relatively unproblematic, but (3) is a different matter.  
Several philosophers of science have argued that there cannot be objective probabilities 
for single events.  In the next section, I will examine some of these arguments, and 
discuss what bearing they have on the propensity interpretation of probability.   
 
  
2. Can there be Objective Probabilities of Single Events? 
 
Ayer (1963: 198-208) discussed what is perhaps the major difficulty in the way of 
introducing objective probabilities for single events, though the problem has an earlier 
[409] history.  The difficulty is this.  Suppose we are trying to assign a probability to a 
particular event.  The probability will vary according to the set of conditions which the 
event is considered as instantiating – according, in effect, to how we describe the event.  
But then we are forced to consider the probabilities as attached to the conditions that 
describe the event rather than to the event itself. 
 
To illustrate this, let us return to our example of the probability of a particular man aged 
40 living to be 41.  The probability would seem to vary depending on whether we regard 
the individual merely as a man or more particularly as an Englishman; for the life 
expectancy of Englishmen is higher than that of mankind as a whole.  Similarly the 
probability will alter depending on whether we regard the individual as an Englishman 
aged 40 or as an Englishman aged 40 who smokes two packets of cigarettes a day, and so 
on.  This does seem to show that probabilities should be considered as dependent on the 
properties used to describe an event rather than as dependent on the event itself. 
 
It is natural in the context of the propensity theory to consider the problem in terms of the 
conditions used to describe a particular event, but we could equally well look at the 
problem as being that of assigning the event to a reference class.  Instead of asking 
whether we should regard Mr Smith as a man aged 40, or as an Englishman aged 40, or 



 6 

as an Englishman aged 40 who smokes two packets of cigarettes a day, we could ask 
equivalently whether we should assign him to the reference class of all men aged 40, of 
all Englishmen aged 40, or of all Englishmen aged 40 who smoke two packets of 
cigarettes a day.  The reference class formulation is more natural in the context of the 
frequency theory where the problem first appeared.  Although I am discussing the 
propensity theory, I will continue to use the traditional terminology, and refer to this 
fundamental problem as the reference class problem. 
 
Howson and Urbach argued in their 1989 that the reference class problem shows that 
single case probabilities are subjective rather than objective.  However, they also 
suggested that singular probabilities, though subjective, may be based on objective 
probabilities.  Suppose, for example, that the only relevant information that Mr B has 
about Mr A is that Mr A is a 40-year-old Englishman.  Suppose Mr B has a good estimate 
(p, say) of the objective probability of 40-year-old Englishmen living to be 41.  Then it 
would be reasonable for Mr B to put his subjective betting quotient on Mr A’s living to 
be 41 equal to p, and thereby make his subjective probability objectively based.  This 
does not, however, turn Mr B’s subjective probability into an objective one, for consider 
Mr C, who knows that Mr A smokes two packets of cigarettes a day, and who also has a 
good estimate of the objective probability (q, say) of 40-year-old Englishmen who smoke 
two packets of cigarettes a day living to be 41.  Mr C will put his subjective probability 
on the same event (Mr A living to be 41) at a value q different from Mr B’s value p.  
Once again the probability depends on how the event is categorized rather than on the 
event itself.  Howson and Urbach put the point as follows (1989: 228): 
 
“ … single-case probabilities … are not themselves objective.  They are subjective 
probabilities, which considerations of consistency nevertheless dictate must be set equal 
to the objective probabilities just when all you know about the single case is that it is an 
instance of the relevant collective.  Now this is in fact all that anybody ever wanted from 
a theory of single-case probabilities: they were to be equal to objective probabilities in 
just those conditions.  The incoherent doctrine of objective single-case probabilities arose 
simply because people failed to mark the subtle distinction between the values of a 
probability being objectively based and the probability itself being an objective 
probability.” [410] 
 
Howson and Urbach’s argument against the existence of objective probabilities for single 
events is certainly a strong one.  There are, however, some arguments on the other side in 
favour of objective singular probabilities.  Here is one.3  It might be conceded that it is 
difficult to assign such singular probabilities to events involving humans, such as Mr 
Smith, our 40-year-old Englishman, dying before he is 41, or having a car accident before 
he is 41.  However, it could still be claimed that such singular probabilities are more 
plausible in cases like games of chance, or scientific experiments such as the quantum-
mechanical two-slit experiment with electrons.  In such cases, it could be argued, we 
have a well-defined reference class consisting of a sequence of tosses of coin, rolls of a 
die, or experiments, which are carried out under a specified set of repeatable conditions.  

                                         
3 This argument was suggested to me by Ladislav Kvasz. 
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Here it seems reasonable to say that we should assign an objective singular probability on 
each toss, roll, or experiment equal to the objective probability in the reference class as a 
whole.  
 
In the light of this, we can say that the introduction of objective probabilities for single 
events is rather problematic.  There are some arguments in favour, but also strong 
arguments, based on the reference class problem, against.  Now suppose someone decides 
that objective probabilities for single events are illegitimate.  Does that mean that he or 
she has given up the propensity theory of probability?  If we identify the propensity 
theory of probability with the position that Popper defended in his 1957 and 1959 paper, 
then the answer must be:  ‘Yes’, for Popper in those works regards the introduction of 
objective singular probabilities as the most important feature of his new theory.  
However, as we saw earlier, Popper’s new propensity theory had other features which are 
not strongly connected with his advocacy of objective singular probabilities.  For 
example, the new theory holds that probabilities be assigned to sets of repeatable 
conditions (S) rather than to collectives (C), and that probabilities be analysed as 
dispositions.  This suggests that we might use the term ‘propensity theory of probability’ 
in a more general sense, in which it would be possible to deny the existence of objective 
singular probabilities while still supporting a version of the propensity theory. 
 
Of course the question we are considering is a semantic one.  Should we define ‘the 
propensity theory of probability’ as the view expounded by Popper in his 1959, or should 
we give this term a more general sense?  There is an important consideration which 
favours the second alternative.  Popper’s suggestion of a new philosophical view of 
probability aroused a great deal of interest in the community of philosophers of science.  
As a result, many different philosophers of science developed different versions of the 
new propensity theory.  I have already mentioned Mellor (1971) as an example of this, 
and, without aiming to be completely comprehensive, I will give further examples in 
what follows.  Moreover, as Runde points out in his 1996, Popper’s later views on 
propensity, particularly in his 1990, differ considerably from his earlier views.  Thus 
Popper’s 1959 paper stimulated the development of a number of different, but related 
philosophical theories of probability.  It seems best to use the term ‘propensity theory of 
probability’ as a general description of members of this group of theories.4 [411] 
 
If, however, we do not have a single propensity theory of probability, but rather several 
different propensity theories of probability, the question arises of how these different 
propensity theories are to be classified.  In the next section, I will propose a classification, 
and give some examples of the different kinds of propensity theory. 
 
                                         
4 This is the way I use ‘propensity theory’ at present, but, in some of my earlier writings, I used a narrower 
definition of propensity.  For example, in my 1973, An Objective Theory of Probability, I argued that the 
theory developed in the book was not a propensity theory because it differed in some respects from 
Popper’s 1959 theory.  Subsequently, however, the term ‘propensity’ became well established in the 
literature, and has taken on a broader meaning.  I would therefore now reclassify my 1973 position as one 
particular example of a propensity theory.  I had some discussions with Popper on this point after my book 
had appeared.  Interestingly Popper favoured using the term ‘propensity’ in a general sense rather than as 
specifically referring to his own views. 
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3. Classification of Propensity Theories 
 
Propensity theories in the general sense just explained can be classified into (i) single-
case propensity theories, and (ii) long-run  propensity theories.5  A single-case 
propensity theory is one in which propensities are regarded as propensities to produce a 
particular result on a specific occasion.  Now Popper wanted his propensity theory to 
apply in the single case, and yet some of his formulations of the theory in his 1959 
referred to long-run frequencies.  This aspect of Popper’s thinking about propensity is 
discussed by Giere, who writes (1973: 472): 
 
“ … an early discussion of Popper’s includes the statement that ‘propensities turn out to 
be propensities to realize singular events [1959, p. 28, Popper’s italics]”.  This parallels 
my view that propensities are tendencies to produce specific outcomes on particular 
trials.  Yet in the same article Popper describes his propensity interpretation as asserting 
precisely that experimental conditions are ‘endowed with a … propensity to produce 
sequences whose frequencies are equal to the probabilities [1959, p. 35, my italics]’.  … 
in his later writings Popper seems to make the production of sequences fundamental.” 
 
Writing in 1973, Giere uses the phrase ‘Popper’s later writings’ to refer to Popper’s 1967 
article:  Quantum Mechanics without ‘the Observer’, and writes as follows about this 
article (Giere 1973: 472-3): 
 
“Propensities, he says are ‘properties of the repeatable experimental arrangement [1967, 
p. 38, Popper’s italics]’. … But then the description of the propensity must include a 
specification of what counts as a repetition of the experiment.  Popper accepts this 
‘relativity to specification [1967, p. 39, Popper’s italics]’, but seems not to realize that it 
destroys his earlier claim to have solved the problem of the single case.  … Popper fails 
to solve the problem of the single case for the old-fashioned reason that he provides no 
solution to the problem of the reference class.” 
 
Giere seems to be correct here.  Popper’s original propensity theory was, in a sense, both 
long-run and single-case, but the two halves did not fit together very well.  As soon as we 
associate propensities with repeatable conditions, then, as Giere observes, the [412] 
reference class problem arises, since any single event is an instance of many different sets 
of repeatable conditions.  It is thus not clear that we can introduce propensities for single 
events.  Giere’s way out of the difficulty is to drop the long-run aspects of Popper’s 
theory, and propose a purely single case propensity theory.  Despite his criticism of 
Popper, he follows Popper in regarding the probabilities in quantum mechanics as 
fundamental to the propensity theory, and indeed says (Giere 1973: 476) that he is 
“taking quantum phenomena as paradigm examples of propensities.” 
 

                                         
5 The distinction between long-run and single-case propensity theories is taken from Fetzer (1988: 123 & 
125-6).  However, I am using the terminology in a slightly different sense from Fetzer.  Fetzer takes the 
‘long-run’ to refer to infinite sequences, while I am using ‘long-run’ also to refer to long, but still finite, 
sequences of repetitions.  
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Another difficulty for Popper’s long-run formulation of the propensity theory was 
pointed out by Hájek, who writes (2002/9: Section 3.4): 
 
“According to the long-run theories, propensities are tendencies to produce relative 
frequencies with particular values, but the propensities are not probability values 
themselves; … . According to Popper, for example, a fair die has a propensity – an 
extremely strong tendency – to land ‘3’ with a long-run frequency of 1/6.  The small 
value of 1/6 does not measure this tendency.” 
 
Hájek has here raised an important objection to the long-run formulation of the 
propensity theory which Popper gave in 1959.  As will be remembered, this ran (Popper 
1959: 35): 
 
“ … we have to visualise the conditions as endowed with a tendency, or disposition, or 
propensity, to produce sequences whose frequencies are equal to the probabilities; which 
is precisely what the propensity theory asserts.” 
 
However, as Hájek points out, the propensity of the conditions of throwing a fair die to 
produce a long-run frequency of 3’s (approximately) equal to 1/6 is very high, and 
definitely not equal to 1/6.  Thus, if propensities are characterised as in the above 
quotation, they are not equal to probabilities, and so do not give an interpretation of the 
probability calculus – contrary to Popper’s intention.  The question arises as to whether 
we can reformulate the long-run propensity view so that it does become an interpretation 
of the probability calculus as originally intended.  I will now attempt to give such a 
reformulation.6  
 
Let us suppose that S is a set of repeatable conditions, and A is one of the outcomes of S.  
To say that the probability of A given S is p [P(A | S) = p] is to claim that the conditions 
S have a propensity equal to p to produce A on any repetition of S. 
 
It might be objected that this is not a long-run, but a single-case propensity theory since it 
speaks of the propensity to produce A on any repetition of S.  A particular repetition of S 
is of course a single event.  My answer to this difficulty is that a particular single event E, 
such as: A occurs to a particular individual at such and such time and place, may be the 
repetition of a number of different repeatable conditions S1, S2, … , and the propensities 
P(A | S1), P(A | S2). … may be different.  This is illustrated by the standard example of 
Mr Smith, aged 40, dying before his 41st birthday.  Here A = dies before 41st birthday, 
and the different sets of repeatable conditions are  … is a 40 year old man, …is a 40 year 
old Englishman, … is a 40 year old Englishman who smokes two packets of cigarettes a 
day, … .  The particular event of Mr Smith’s demise can be regarded as a repetition of 
any of these sets of repeatable conditions, and the propensity of A on the repetition is 
different for each [413] different set of repeatable conditions.  Thus the propensity of A 

                                         
6 In my earlier writings on the propensity , e.g. (2000a) and (2000b), I used a formulation of the long-run 
propensity theory similar to that given by Popper in his 1959.  Alan Hájek pointed out to me the difficulty 
in this formulation, and, the following attempt at a reformulation is the result of discussions with him. 
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on a repetition does not give the propensity of the single event.  In fact there may not be 
such a propensity.  
 
Another way of looking at it would be to say that we are not, when considering a 
repetition of the conditions S, considering the single event in itself but only qua repetition 
of the conditions S.  The propensity is associated not with the single event, but with these 
conditions.  I would indeed take the association of propensities with repeatable conditions 
as characteristic of long-run propensity theories.  There are a number of further 
difficulties with long-run propensity theories, but I will postpone the consideration of 
these until section 5, and now turn instead to examining some ways in which the single-
case propensity theory has been developed.   
 
As we saw, Giere, writing in 1973, thought that Popper was veering in the direction of a 
long-run propensity theory.  However, in his later 1990, Popper moves away from the 
long-run approach and emphasizes single-case propensity.  A similar position is also 
developed by Miller in his 1994 and 1996.  This position retains from the earlier Popper 
objective singular probabilities, but abandons the association of propensities with 
repeatable conditions.  Instead propensities are associated with the whole physical 
situation, which I will take as referring to the state of the universe as a whole.  Popper 
writes (1990: 17): 
 
“… propensities in physics are properties of the whole physical situation and sometimes 
of the particular way in which a situation changes.” 
 
One reason for this change may have been the desire to preserve objective probabilities 
for single events.  If propensities are associated with repeatable conditions, then, as we 
have seen, the reference class problem calls into question whether we can extend these 
propensities to particular instances of these conditions.  At all events, Miller is 
determined to retain objective singular probabilities.  He writes (1994: 177): 
 
“ … the propensity interpretation … is an objectivist interpretation where single-case 
probabilities are supreme …” 
 
He goes on to say (1994: 185-6): 
 
“Propensities are not located in physical things, and not in local situations either.  
Strictly, every propensity (absolute or conditional) must be referred to the complete 
situation of the universe (or the light-cone) at the time.  Propensities depend on the 
situation today, not on other situations, however similar.  Only in this way do we attain 
the specificity required to resolve the problem of the single case.”  
 
The main problem with the 1990s views on propensity of Popper and Miller is that they 
appear to change the propensity theory from a scientific to a metaphysical theory.  If 
propensities are ascribed to a set of repeatable conditions, then by repeating the 
conditions we can obtain frequencies that can be used to test the propensity assignment.  
If, on the other hand, propensities are ascribed to the ‘complete situation of the universe 
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… at the time’, it is difficult, in view of the unique and unrepeatable character of this 
situation, to see how such propensity assignments could be tested.  Miller seems to agree 
with this conclusion since he writes (1996: 139): 
 
“The propensity interpretation of probability is inescapably metaphysical, not only 
because many propensities are postulated that are not open to empirical evaluation …” 
[414] 
 
Popper writes in a similar vein (1990: 17): 
 
“But in many kinds of events … the propensities cannot be measured because the 
relevant situation changes and cannot be repeated.  This would hold, for example, for the 
different propensities of some of our evolutionary predecessors to give rise to 
chimpanzees and to ourselves.  Propensities of this kind are, of course, not measurable, 
since the situation cannot be repeated.  It is unique.  Nevertheless, there is nothing to 
prevent us from supposing such propensities exist, and from estimating them 
speculatively.” 
 
Of course we can indeed estimate the propensities speculatively, but if these speculations 
cannot be tested against data, they are metaphysical in character. 
 
Now there is nothing wrong with developing a metaphysical theory of propensities, and 
such a theory may be relevant to the discussion of old metaphysical questions such as the 
problem of free will and determinism.  However, the propensity theory of probability 
could be developed with another aim, namely that of providing an interpretation of the 
probabilities that appear in such natural sciences as physics and biology. For a theory of 
this kind, probability assignments should be testable by empirical data, and this makes it 
desirable that they should be associated with repeatable conditions. 
 
Fetzer’s single-case propensity theory differs from that of Miller and the later Popper in 
that he does not associate propensities with the complete state of the universe.  As Fetzer 
says (1982: 195): 
 
“ … it should not be thought that propensities for outcomes … depend, in general, upon 
the complete state of the world at a time rather than upon a complete set of (nomically 
and/or causally) relevant conditions … which happens to be instantiated in that world at 
that time.” 
 
In comparison with Miller and the later Popper, Fetzer’s view takes a step closer to 
making propensities testable by empirical data, but some difficulties remain.  If, as Fetzer 
suggests, we ascribe propensities to a complete set of (nomically and/or causally) 
relevant conditions, then in order to test a conjectured propensity value we must make a 
conjecture about the complete list of the conditions that are relevant.  The required 
conjecture might often be difficult to formulate and hard to test, thereby rendering the 
propensities once again metaphysical rather than scientific. 
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There is more to be said about Fetzer’s version of the propensity theory, but, before doing 
so, we must introduce a new theme.  So far we have concentrated on the question of 
whether the propensity theory can provide an account of objective probabilities for single 
events.  However, propensities have also been connected with causality.  This aspect of 
the propensity theory is particular stressed by Popper in his 1990 book.  Indeed the first 
part of this book (1990: 1-26) is entitled:  ‘A World of Propensities: Two New Views of 
Causality.’  In the next section, I will examine the links between propensity and causality.    
 
 
4.  Propensity and Causality:  Humphreys’ Paradox 
 
To relate propensity to causality, it is first necessary to distinguish between deterministic 
and indeterministic causality.  A causes B involves a deterministic notion of causality 
only [415] if, ceteris paribus, the instantiation of A is always followed by B.  A simple 
example of deterministic causality is:  ‘The sprinkler causes the grass to get wet.’  Here 
‘The sprinkler’ is short for ‘The sprinkler being properly connected to a working water 
supply and turned on’: when that happens the grass always gets wet. 
 
Deterministic causality is the traditional concept of causality which is analysed by 18th 
and 19th century philosophers such as Hume and Kant.  Indeed Kant says in The Critique 
of Pure Reason (1787: B5): 
 
“ … the very concept of a cause … manifestly contains the concept of a necessity of 
connection with an effect and of the strict universality of the rule …” 
 
So, according to Kant, if A causes B, and A occurs, then B is sure to follow.  This is what 
we have called deterministic causality.  In the 20th century, however, a new concept of 
causality emerged largely in connection with medical epidemiology.  The first example 
of this new, or indeterministic, type of causality was:  ‘Smoking causes lung cancer’.  
This claim was first made and around 1950, and was initially very controversial. Now, 
however, it has become a generally accepted causal law, and yet smoking is not always 
followed by lung cancer.  In fact only about 5% of smokers get lung cancer. 
 
Popper suggested in his 1990 that propensity might be a generalisation of the notion of 
cause.  As he puts it (1990: 20): 
 
“Causation is just a special case of propensity: the case of propensity equal to 1 …” 
 
Using our terminology, Popper’s point seems to be that indeterministic causes are 
propensities whose values are less than 1, and deterministic causes are propensities equal 
to 1.  So to say that smoking causes lung cancer is just to say that smokers have a 
propensity to get lung cancer.  In fact, this propensity is around 5%. 
 
This thesis of Popper’s is simple and attractive, but it gives rise to a difficulty, which has 
come to be known as Humphreys’ Paradox.  This can be stated as follows.  Causes have 
a definite direction in time.  So if A causes B and A occurs before B, then B does not 
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cause A.  Apart from a few speculations in theoretical physics, it is almost universally 
conceded that causes do not operate backwards in time.  The situation is very different 
with probabilities.  In general, if P(A | B) is defined, then so is P(B | A).  Probabilities 
have a symmetry where causes are asymmetrical.  It thus seems that propensity cannot 
after all be a generalization of cause. 
 
This problem was first noticed by Humphreys, and first published by Salmon, with a 
reference to Humphreys, in 1979. 
 
Here is a simple example which illustrates the difficulty.  It is certainly true to say that 
rain causes mud, but false to say that mud causes rain.  On the other hand, during a 
particular period (say a day) at a certain place and a certain time of year, it would be 
fairly easy to ascertain both P(mud | rain) and P(rain | mud).  Both probabilities are well-
defined, though only the first appears to be causal in character. 
 
This problem was named ‘Humphreys’ paradox’ by Fetzer (1981), and has given rise to 
much interesting discussion.  A statement by Humphreys himself of the paradox is to be 
found in his 1985.  
 
One attitude that could be taken to the paradox is simply to say that propensities are not 
causal in character.  There may indeed be interesting relations between indeterministic 
causes and propensities, but the two concepts are different and should not be identified.  
Another possible attitude would be to say that propensities are always causal in character, 
[416] but that they cannot be identified with probabilities.  This seems to be Fetzer’s 
position for he writes (1982: 195): 
 
“ … by virtue of their ‘causal directedness’, propensities cannot be properly formalized 
either as ‘absolute’ or as ‘conditional’ probabilities satisfying inverse as well as direct 
probability relations.” 
 
And again (1991: 297-8): 
 
“ … that propensities are not probabilities (in the sense of satisfying standard axioms, 
such as Bayes’s theorem) by virtue of their causal directedness was not generally 
recognized before the publication of Humphreys (1985).” 
 
On Fetzer’s account then propensities do not satisfy the standard Kolmogorov axioms 
[see Kolmogorov (1933)].  Working with Nute, however, Fetzer developed an alternative 
set of axioms for propensities.  This system which he calls ‘a probabilistic causal 
calculus’ is presented in his (1981: 59-67).  It has the feature that  
 
“ … p may bring about q with the strength n (where p occurs prior to or simultaneous 
with q), whether or not q brings about p with any strength m.” 
(Fetzer 1981: 284) 
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Fetzer, however, emphasizes that the Fetzer-Nute probabilistic causal calculus has many 
axioms which are definitely probabilistic in character.  It might therefore be more 
accurate to describe the Fetzer-Nute calculus as a non-standard probability theory.  As 
Fetzer himself says (1981: 285): 
 
“Perhaps this means that the propensity construction has to be classified as a non-
standard conception of probability, which does not preclude its importance even as an 
interpretation of probability!  Non-Euclidean geometry first emerged as a non-standard 
conception of geometry, but its significance is none the less for that.  Perhaps, therefore, 
the propensity construction of probability stands to standard accounts of probability just 
as non-Euclidean constructions of geometry stood to standard accounts of geometry 
before the advent of special and of general relativity.” 
 
Since ‘non-standard’ has connotations of ‘non-standard analysis’ it might be better to 
speak of the probabilistic causal calculus as a non-Kolmogorovian probability theory by 
analogy with non-Euclidean geometry. 
 
The Fetzer-Nute suggestion of a non-Kolmogorovian probability theory is a bold and 
revolutionary one, but its revolutionary character will naturally create problems in its 
achieving general acceptance, since at present nearly all mathematicians accept the 
Kolmogorov axioms as the basis of probability theory.  There is, moreover, an enormous 
body of theorems which have been proved from the Kolomogorov axioms.  The 
mathematical community is unlikely to give up this formidable structure and substitute 
another for it unless there are very considerable gains in so doing.  This is one reason for 
preferring a propensity theory which retains the standard Kolmogorov axioms, but gives 
up the claim that propensities have causal directedness.  A long-run propensity theory of 
this type will be presented in the next section.7 [417] 
  
 
5. Connecting Propensities to Frequencies 
 
In section 3, the following formulation of a long-run propensity theory was given.  It was 
supposed that S is a set of repeatable conditions, and A is one of the outcomes of S.  To 
say that the probability of A given S is p [P(A | S) = p] is to claim that the conditions S 
have a propensity equal to p to produce A on any repetition of S.  Following the 
discussion in section 4, it will further be assumed that propensities satisfy the 
Kolmogorov axioms, but not that they have causal directedness.  This long-run 
propensity theory is thus a kind of minimal propensity theory, since it provides an 
interpretation of the standard calculus of probability, without claiming that there are 
objective singular probabilities or that propensities have a causal directedness.  In this 
theory propensities can be considered as theoretical entities that are partly defined by 

                                         
7 The treatment of the Humphreys’ paradox in this section was rather concise.  A more detailed treatment is 
to be found in my 2000a: 825-33, or in my 2000b: 129-36.  These references give an account of Miller’s 
attempt in his 1994 to retain both the causal directedness of propensities and the standard axioms of 
probability.  It is also valuable to consider the relations between propensity and causality in the context of 
Bayesian networks.  An attempt in this direction is to be found in my 2002.   
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their satisfaction of the Kolmogorov axioms.  The problem of this section is how we 
connect this theoretical entity to observed frequencies. 
 
When, in section 3, we discussed the single-case propensity theories of Miller and the 
later Popper, and of Fetzer, we remarked that these theories were in danger of making 
propensity a metaphysical rather than a scientific concept.  The same problem arises in 
the present long-run propensity theory.  Suppose we postulate that the propensity of A, 
given S = p.  How can we test this hypothesis h say against evidence to see whether it is 
confirmed or refuted?  We could repeat the underlying conditions S n times, and A might 
occur r times, so that the observed frequency of A is r/n.  Now if r/n differs considerably 
from p, we might regard this as refuting our hypothesis, but not necessarily.  We could 
say instead that n is not sufficiently large, and for a much larger number of repetitions, 
the relative frequency of A might come to be quite close to p.  The problem here is to say 
what is meant by ‘long’ in the phrase ‘a long series of repetitions’.  There is also a 
problem about saying what is meant by ‘approximately equal to p’.  Suppose for example 
that p = 0.5, n = 2000, and that the observed frequency of A is 0.487.  Is that close 
enough to 0.5 to be acceptable, or should we claim that a difference of 0.013 refutes our 
propensity hypothesis? 
 
We can also present these difficulties by means of some simple probability calculations.  
Suppose our hypothesis h is as in the previous paragraph, and that the underlying 
conditions S are repeated n times with the event A occurring r times.  Assuming that the 
repetitions are independent, we have 
 

Prob(r/n)  =  nCr pr (1 – p)n-r     (1)  
 
So, however long our sequence of repetitions (however big n is) and however many times 
the event A occurs (whatever the value of r), the observed frequency of A (r/n) will 
always have a positive probability.  It will not be strictly ruled out by our hypothesis h.  
In other words, h cannot be falsified by observed data, and so, according to Popper’s 
well-known criterion, would seem to be a metaphysical rather than scientific hypothesis. 
 
The difficulty about falsifying probability statements was noted by Popper early on, and 
he gives the following statement of it in The Logic of Scientific Discovery (1934: 146): 
[418] 
 
“The relations between probability and experience are also still in need of clarification.  
In investigating this problem we shall discover what will at first seem an almost 
insuperable objection to my methodological views.  For although probability statements 
play such a vitally important rôle in empirical science, they turn out to be in principle 
impervious to strict falsification.  Yet this very stumbling block will become a touchstone 
upon which to test my theory, in order to find out what it is worth.” 
 
Popper’s answer to this difficulty consists in an appeal to the notion of methodological 
falsifiability.  Although, strictly speaking, probability statements are not falsifiable, they 
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can nonetheless be used as falsifiable statements, and in fact they are so used by 
scientists.  Popper puts the matter thus (1934: 191): 
 
“ … a physicist is usually quite well able to decide whether he may for the time being 
accept some particular probability hypothesis as ‘empirically confirmed’, or whether he 
ought to reject it as ‘practically falsified’ …” 
 
Popper’s approach has been strongly vindicated by standard statistical practice.  Working 
statisticians are constantly applying one or other or a battery of statistical tests, such as 
the chi-square test, the t-test or the F-test.  The procedure in any such statistical test is to 
specify what is called a ‘rejection region’, and then regard the probabilistic hypothesis 
under test (H say) as refuted if the observed value of the test statistic lies in this rejection 
region.  Now there is always a positive probability (called the ‘significance level’ and 
usually set around 5%) of the observed value of the test statistic lying in the rejection 
region when H is true.  Thus H is regarded as refuted, when, according to strict logic, it 
has not been refuted.  This is as much as to say that H is used as a falsifiable statement, 
even though it is not, strictly speaking, falsifiable, or, to put the same point in different 
words, that methodological falsifiablility is being adopted.8 
 
Let us now apply the methodological falsifiability implicitly used by statisticians to our 
example of the hypothesis h that the propensity of A = p.  From h, we deduced equation 
(1) above.  This is a binomial distribution which for large n tends to the normal 
distribution.  If we base a statistical test on this normal distribution using the standard 
level of significance of 5%, we can show that there is a 95% probability of the relative 
frequency of A, that is r/n, lying in the interval   
 

[p – 1.96(p(1-p)/n)1/2 , p + 1.96(p(1-p)/n)1/2]   (2) 
 
Applying the statisticians’ methodological falsifiability, we regard it as practically certain 
that the r/n will lie in the interval (2), and so take the hypothesis h to be refuted if the 
observed value of r/n lies outside this interval.  In this way a connection is established 
between theoretical probabilities and observed frequencies without ever defining 
probability in terms of limiting frequency as was done by von Mises and other frequency 
theorists. 
 
We can illustrate this procedure by a simple example.  Suppose that p equals ½.  Then 
interval (2) becomes  
 
  [1/2 – 0.98/n1/2, 1/2 + 0.98/n1/2]   (3) [419]   
 
Earlier I considered the example of h with p = ½  and 2,000 repetitions, and asked the 
question of how close to 0.5 the observed frequency should be in order to be compatible 
with h.  If we adopt the significance level of 5%, as is customary in statistical practice, 
                                         
8 I have tried to formulate methodological falsifiability in terms of what I call  a ‘falsifying rule for 
probability statements’, and to compare this rule to the procedures of statistical testing used in practice.  An 
account of these matter is to be found in my 1971, or in my 1973: Part III,161-226. 
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we can now calculate the answer from (3) by putting n = 2000.  This calculation shows 
that the allowable deviation from 0.5 at this level of significance is  ±0.022.  So a result 
for r/n of 0.487, that is a deviation of 0.013, is in fact allowable and does not refute h at 
the 5% level. 
 
This example is based on a coin-tossing experiment which I performed some years ago 
with an ordinary old penny.  Table 1 below gives the results of this, and other similar 
coin tossing experiments carried out by Buffon and Karl Pearson.   
 
 
              Table 1 
 
Author  Number  Allowable  Relative   Difference      
  of tosses Deviation  Frequency   between  
       of Heads  r.f. and 0.5 
 
Gillies  2000  ±0.022   0.487   -0.013 
Buffon  4000  ±0.015   0.507   +0.007 
K.Pearson 12000  ±0.009   0.502   +0.002 
K.Pearson 24000  ±0.006   0.501   +0.001 
 
 
In each case the allowable deviation is calculated at the 5% level of significance, and in 
each case the observed frequency is compatible with the hypothesis that the coin was a 
fair one.  These figures show in a vivid way how theoretical propensities can be related to 
observed frequencies by methodological falsifiability without the need for any definition 
of probability in terms of limiting frequency. 
 
Let me now say something more about the assumption that propensities satisfy the 
Kolmogorov axioms.  Assuming methodological falsifiability, we can test empirically 
specific propensity hypotheses, such as the claim that P(A | S) = p, either refuting or 
confirming the hypothesis.  However, the assumption that propensities satisfy the 
Kolmogorov axioms is at too high a theoretical level to be tested in this way, even 
assuming methodological falsifiability.  What can be said, however, is that the 
assumption that propensities satisfy the Kolmogorov axioms, together with 
methodological falsifiability, have led to the development, in a great variety of different 
areas, of propensity hypotheses which are empirically testable, and which have been 
tested and confirmed.  This provides an indirect empirical justification for the assumption 
that propensities satisfy the Kolomogorov axioms, and for the usefulness of the 
methodological falsifiability adopted by statisticians in their practice.  
 
Hacking in his 1965 book Logic of Statistical Inference develops what could also be 
called a long-run propensity theory, but it differs in one interesting respect from the long-
run propensity theory which we have sketched in this section.  Hacking uses the term 
‘chance’ rather than ‘propensity’.  However, he says (1965: vii): 
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“Chance is a dispositional property:  it relates to long run frequency much as the 
frangibility of a wine glass relates to whether the glass does, or did, or will break when 
dropped.” 
 
Hacking also points out (1965: 10-11) that his term ‘chance’ has a similar meaning to 
Popper’s ‘propensity’.   
 
Hacking rejects von Mises’ definition in terms of limiting frequency, and suggests 
instead that chance should be given a postulational definition.  Part of this postulational 
definition [420] is that chances satisfy the Kolmogorov axioms.  However, something 
more is needed.  As Hacking says (1965: vii): 
 
“Although the Kolmogoroff axioms help to define chance they are not enough. … we 
shall need further postulates to define chances and to provide foundations for inferences 
about them.” 
 
So far, Hacking’s theory of chance is very similar to the long-run propensity theory 
expounded in this section, but now comes the difference.  The further postulate added by 
the long-run propensity theory of this section is that of methodological falsifiability.  
Hacking however suggests adding postulates which specify when statistical hypotheses 
are supported by data.  In his 1965 book, he develops a logic of empirical support and 
shows how it can be related to standard views of statistical inference.  In Hacking’s 
version of a long-run propensity theory, therefore, the emphasis is on empirical support 
or confirmation rather than on empirical refutation or falsifiability. 
 
This is another illustration of the variety of different theories which come under the 
heading of ‘propensity’.  I hope in this article to have given the reader some idea of this 
variety, and of the complex group of related problems which have not been fully resolved 
and which will undoubtedly provide a stimulus for further developments. 
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