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repay examination. It is enough that they can be shown to have a bearing on 
the ways in which the relevance of science and technology to the realities of 
social, economic, and demographic experience has come to be understood. 

There is something admittedly awkward about proposing to combine a 
materialist view of the past in general with a presentist interpretation of the 
history of scientific thought in particular. Intellectual historians can be 
expected to resist being urged to restrict themselves to the study of only 
those past ideas that illuminate the way we think now or that pertain to 
questions now deemed important. Social and economic historians will be 
equally put off by the suggestion that their understandings of the material 
conditions of life in the past show nothing so much as the continued power in 
the present of historically transmitted ideologies and patterns of belief, 
scientific or otherwise. But if the slippery slopes leading from materialism to 
positivism and from idealism to antiquarianism are to be avoided, some such 
historiographic synthesis needs to be tried. 

PETER BUCK 
Massachusetts Institute of Technology 

SKYRMS, BRIAN [I980]: Causal Necessity: a Pragmatic Investigation of the 
Necessity of Laws. New Haven: Yale University Press. ?i2.6o. Pp. vii 
+ 205. 

This book is in two parts. Part I develops a theory of the content, 
confirmation and uses of scientific laws by developing a corresponding array 
of related conceptions of probability. Part II invokes this theory and this 
array in giving accounts of some important and kindred topics, viz. 
conditionals, causation, rational decision making, scientific explanation, 
knowledge and acceptance. 

The book's programme is ambitious but, as the author would probably 
admit, sketched rather than achieved. First, the array of probabilities 
invoked is both complicated and contentious, its elements--subjective, 
epistemic and objective probability--rather too blithely stipulated and, as I 
shall argue, neither adequately defended nor properly related to each other. 
This is partly deliberate: Skyrms delegates to others the task of showing how 
rationality could turn subjective probabilities into epistemic ones. But still 
he anticipates the achievement of that task, by taking it to give him epistemic 
probabilities, conditionalisation and the rest of his basically Bayesian 
apparatus, and I doubt if it will. However, since Bayesian epistemology's 
rivals are hardly less promissory, the book may reasonably be read as 
recommending its Bayesian foundations by showing what could be built on 
them if only they existed. So I shall not press objections to Bayesianism 
here, since I have in any case other objections to offer. 

The other sketchy aspect of the book is the application of its Part I theory 
in Part II to the topics listed above. None of them seems to me discussed 
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enough, either in its own right or as a proof that Skyrms's approach is better 
than his rivals'. His cursory treatment of these topics does indeed invoke laws 
and probabilities at appropriate points, but since not much in it turns on his 
own theory of them, it gives a misleading impression of piling up support for 
his theory. This is especially true of his brisk account of causal chains, 
energy-momentum transfer, the asymmetry of time, tachyons, the problems 
of locality and the collapse of the wave packet in quantum mechanics. 
Skyrms's account of these matters does not really add much to existing 
literature, nor has it much to do with the theory of Part I. Of that theory 
Skyrms rightly says at the start of Part II that 'the proof of the pudding is in 
the eating'; but surely in the eating of that pudding, not in nibbling at a 
miscellany of altogether different desserts. In this review therefore I shall 
concentrate on the basic recipe contained in Part I. And although I shall 
argue that it does not really rise to the occasion, I should say at the outset that 
the study of it will profit anyone trying to cook up a probabilistic theory of 
natural laws. It is not an easy thing to do, and Skyrms's is an impressive 
attempt, full of shrewd insights and good arguments, generally well and 
concisely expressed. 

Skyrms's project in Part I is to develop and defend an account of what he 
calls 'propensity', his name for the kind of probability that occurs within 
statistical laws (and perhaps without them) and may occur even in the 
presence of an underlying determinism. He takes propensities to attach to 
(the truth of) singular propositions rather than to events on the one hand or 
propositional functions on the other. Events are out because, if they differ 
from true propositions at all, many propositions, with different prob- 
abilities, may be true of the same event. Propositional functions, the natural 
bearers of probabilities conceived as relative frequencies, are out because of 
the familiar difficulties of relating the latter to the single case. For example, 
this toss of this coin will instantiate many propositional functions giving 
many different relative frequencies of truth to corresponding instances of 
the function 'x lands heads': why should one be chosen to be the probability 
of heads on this toss, and why? 

As a fellow propensity theorist I applaud Skyrms making the probabilities 
that figure in statistical laws attributes of singular propositions rather than 
propositional functions; but I have a caveat to enter about his dismissal of 
events. That probability is probability of truth, and therefore of pro- 
positions (including indexical and de re propositions) is undeniable; but 
those who would make objective probability a property of events need not 
deny it. Take the coin toss. Suppose there is an objective probability of the 
proposition that this toss will land heads. What in the world is that a 
property of? Not of the coin landing heads, for it may not do so, so why not a 
property of the event of the coin being tossed? Nothing Skyrms says rules 
that out, and indeed he does not claim to; but newcomers to the subject may 
be misled here, as elsewhere, by the generally laudable conciseness of his 
exposition. 
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My other complaint here is at Skyrms (and others) calling this kind of 
probability 'propensity'. We already have a good short word for it, viz. 
'chance', as in 'the chance that a fair toss of a biased coin will land 
heads 1i/2'. Calling chances 'propensities' only excites the suspicion- 
unjust in Skyrms's case-that the mere name is doing duty for an 
explanation. Worse, it wastes a good word which is needed (and has already 
been used) for something else, e.g. the bias of a coin. The bias of a coin is not a 
chance, it is how much the chance of heads would differ from I/2z if the coin 
were fairly tossed. Bias is a property the coin has even when it has no chance 
at all of being tossed, and afortiori equal, because zero, chances of landing 
heads and tails. That is an instance of the sort of property I have always 
(since The Matter of Chance, 197 ) called a propensity, and confounding it 
with chance has been a rich source of error and confusion in the philosophy 
of probability. (It is like confounding a thing's solubility with its actually 
dissolving.) 

Distinguishing chance from propensity matters because both are needed 
to account for the explanatory uses of statistical laws, which are among 
Skyrms's main concerns. Suppose I decide to stop smoking because I want 
to avoid getting cancer; or suppose I explain someone else's cancer as an 
effect of his smoking. I rely in each case on a smoker's chance of cancer being 
higher than that of an otherwise similar non-smoker; so in both cases I am 
comparing a person's actual chance of cancer with a non-existent one, viz. 
with what it would have been had the person done something other than he 
actually did. The objective rightness of my decision or explanation therefore 
requires objective 'truth makers' for subjunctive conditionals of the form 'If 
h were true, the probability of k being true would be p'. These truth makers 
are what I call propensities, in this case properties of people fixed by their 
metabolism whether they decide to smoke or not; just as a single coin's bias 
is fixed by its geometrical and other properties whether or not it is ever 
tossed or ever has any chance of being tossed. Now Skyrms dislikes this sort 
of 'unanalysed counterfactual machinery', and expresses 'thoroughly re- 
ductionist' tastes, specifically a taste for reducing such subjunctive con- 
ditionals to conditional probabilities. But I deny, for reasons I shall give 
later, that his tastes in this matter can be gratified; and unless they can, we 
shall need propensities as well as chances. 

I should remark here that many self-styled propensity theorists-not 
Skyrms-confound propensities with chances because they think chances, 
like propensities, are a kind of disposition. So it is worth insisting that 
chances are not dispositions at all, at least not in the same sense that 
propensities are. (They are not even properties of the same kind of entity, 
being properties of events such as coin tosses, whereas propensities are 
properties of things, such as coins.) People think a coin toss's chance of 
landing heads is a disposition because it implies something like an 
increasingly stable frequency of heads among increasingly many similar 
tosses. But the antecedent of this conditional, 'If there were sufficiently 
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many similar tosses, the frequency of heads among them would (very 
probably) lie in the interval...', does not impose a condition on the toss itself 
in the way the antecedent of a real disposition's implied conditional imposes 
one: as e.g. 'x is soluble' implies 'If x were put in water it would dissolve'. 
Nothing either can or need be done to a single coin toss, in order to make it 
reveal its chance of landing heads, that is at all analogous to putting a soluble 
thing in water to make it reveal its solubility. If there were an analogue here, 
it would have to be replicating the toss, and that would make the chance of 
heads a disposition, not of the token toss but of the type (i.e. of the 
propositional function rather than the proposition), with the long run 
frequency of heads among tokens of that type being its display, just as 
dissolving is the display of solubility. But this, as Skyrms forcefully 
observes, it cannot be, because the laws of large numbers connecting chance 
and long run frequency only make the connection probable. The supposed 
display of single case chance in many similar cases is just another chance, 
namely the high chance of getting a similar frequency. Which, as an account 
of chance, is on a par with accounting for solubility by saying that a lot of 
soluble things would also be soluble! 

But if chance is not a disposition to produce long run frequencies, it is not 
a disposition at all. There is nothing conditional about the ascription to an 
event of the chances of its possible outcomes, as there is about the ascription 
of a real disposition to a thing. Of course the chances of an event's outcomes 
will depend on its other properties; but on its actual properties, not on 
properties merely hypothesised in the antecedent of a subjunctive con- 
ditional. Whereas ascribing a propensity, e.g. the bias of a coin, does make, 
and only makes, a conditional assertion: if the coin were fairly tossed, the 
toss would have unequal chances of landing heads and tails. That says 
nothing about the actual chances of heads and tails, since it says nothing 
about the chance, if any, of the coin being tossed, fairly or otherwise. 

Calling chance 'propensity', as Skyrms does, only perpetuates the 
misconception of it as a disposition and, worse, the idea that it suffices on its 
own to show how statistical laws can support probabilistic causal explana- 
tions and probabilistic decision making. So I shall stick out for my original 
usage, and readers should bear in mind henceforth that I am calling 'chance' 
what Skyrms calls 'propensity'. But what really matters, of course, is what 
Skyrms says of chance, not what he calls it; and I belabour his terminology 
only because it encourages substantial and erroneous assumptions about 
what chance is. 

Skyrms starts his account by considering what de Finetti calls 'ex- 
changeable' sequences of trials, e.g. tosses of a coin where we attach the same 
unconditional probability to heads on any one toss, even if we would attach a 
different probability on learning (say) that all other tosses came up heads. 
Instances of statistical laws certainly form exchangeable sequences, since 
the law that all Fs have a chance p of being G ascribes the same unconditional 
probability of being G to any F. But there is more than this to chances, 
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although not for Skyrms necessarily as much as the classical independence 
of objective probabilities requires. That would imply not only the same 
unconditional probability that each F is G, but also the same probability of it 
conditional on information about what other Fs are and are not G. In 
general, one proposition is statistically independent of others if its un- 
conditional probability is the same as its probability conditional on each of 
them. But a proposition which is not quite independent of others may still be 
almost independent, in that its conditional probabilities do not differ much 
from its unconditional one and hence from each other. As a measure of this 
relative independence, Skyrms defines the resiliency of a proposition q 
having a probability a as I minus the greatest difference between L and the 
probability of q conditional on any truth function of the other propositions 
which is consistent both with q and with its negation. Resiliency is similarly 
defined for conditional probabilities, e.g. the probability of q given some 
other proposition r; the truth functions of the other propositions now having 
to be consistent with r&q and with r& , q. (The text actually requires them to 
be consistent with p&q and p& - q, one of many misprints readers should 
beware of in the book-which I must say for a Yale product has been very 
shoddily printed and proofread.) 

Resiliency is Skyrms's basic notion, which he uses to define chance. A 
chance, he says, is a highly resilient probability, i.e. a probability whose 
resiliency is close to i. To be of interest, the probability must be highly 
resilient over a usefully wide range of propositions, i.e. have what Skyrms 
calls a considerable 'scope'. A resiliency's scope may be stated as a 
restriction on the range of propositions over which the probability is that 
resilient. Restrictions of this sort, Skyrms says, explicitly or implicitly 
govern the application of statistical laws, which say what chances are in 
specified conditions. Subject to such restrictions, then, Skyrms takes 
statistical laws to assert high resiliency of conditional probabilities (since as a 
Bayesian he equates these with the corresponding conditionals), e.g. of the 
probability of an atom decaying in a certain time conditional on its having 
the nuclear makeup of a specific radioelement. 

Because the restricted application of statistical laws will generally exclude 
propositions about 'hidden variables', over which the probabilities involved 
would not be resilient, chances and statistical laws have for Skyrms the merit 
of permitting an underlying determinism. Not that Skyrms is a determinist, 
but he rightly holds e.g. that relatively macroscopic chances invoked in 
genetics, gambling and theories of epidemics need not depend on an 
indeterministic metaphysics (or microphysics). (In The Matter of Chance I 
argued otherwise, as Skyrms notes, but I have since been converted to his 
view.) Skyrms's chances therefore are relative to limited ranges of physical 
conditions-or, as I should put it, the rationality of acting on a chance (other 
than I or o) when there is relevant determinism is relative to our inability to 
perceive the determining factors. Likewise with physical randomness, 
which Skyrms also defines in terms of high resiliency: randomness is not 
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absolute, but relative to specified physical properties. High resiliency, 
therefore, is the key, and Skyrms takes it to be a statistical notion of 
necessity, and thus to provide a requisite sense in which laws (including 
statistical laws), as opposed to accidentally true generalisations, may be said 
to be necessary. 

What one makes of all this, and of the rest of Skyrms's theory, depends on 
what one makes of his account of chance; and that depends on what kind of 
probability one supposes to be transformed into chance by high resiliency. 
We know it is more than subjective probability, the probabilistic degree of 
belief people actually have in the truth of a proposition q. It is at least q's 
epistemic probability, i.e. the degree of belief people ought to have in q given 
the relevant evidence available to them. And if Skyrms supposed chance 
simply to be highly resilient epistemic probability, his theory would be clear 
enough; but he doesn't. At this point he distinguishes a notion of objective 
probability, which is what he later says will count as chance when it is 
resilient enough. But this distinction, and this intermediate category of 
objective probability, seems to me neither clear nor convincing. Bearing in 
mind that epistemic probability is itself objective, in that one can be wrong 
ot uncertain about it, we need a very good reason to introduce yet another 
kind of objective probability apart from chance, and I do not see that Skyrms 
provides it. 

Of course, as Skyrms says, if we know what he calls an objective 
probability, whether it is a chance or not, e.g. the objective probability of 
heads on the toss of a coin, that must also be the corresponding epistemic 
probability, e.g. of heads on that toss. And if we know only an epistemic 
probability distribution over a number of possible objective probabilities of 
heads, the epistemic probability of heads is the mean of those objective 
probabilities weighted by their epistemic probabilities. Contrariwise, if we 
have an epistemic probability of heads, got in this way, we can recover the 
various possible objective probabilities of heads from it by conditionalising 
on propositions saying what they are. (Skyrms rather misleadingly presents 
this daft operation as if it were a serious device for 'objectifying' epistemic 
probabilities.) Now this is all very well, and very well known: the question, 
however, is why such objective probabilities should have to be highly 
resilient to count as chances. 

To call an objective probability highly resilient relative to some pro- 
positions is to suppose it would be much the same whether they were true or 
false. That is to make a particular kind of counterfactual claim, viz. that were 
the world different in those respects, the objective probability would not be 
very different. But why must that be true for the probability to be a chance, 
i.e. the sort of probability that can figure in statistical laws? The objective 
probability of heads resulting from a coin toss might vary sharply with slight 
variations in the method of tossing, just as a paint's colour might vary 
sharply with minute changes in its composition. But both probability and 
colour can still figure in true generalisations giving their values as functions 
respectively of method and composition. And the functions need be neither 
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especially simple nor especially close to constant functions for the generalis- 
ations to be laws, i.e. to support subjunctive conditionals saying what the 
probability or the colour would be in specified circumstances. 

The fact is that all objective probabilities which are not merely epistemic 
(as for example what Skyrms calls 'probabilities of causes' are) are chances, 
whether they are highly resilient or not. I believe Skyrms thinks otherwise 
for two reasons. First, he confounds chances with what I call propensities, 
i.e. truth makers for subjunctive conditionals with chances in the con- 
sequents, and then identifies these with conditional probabilities. I have 
already said why I jib at confounding chance with propensity; my objections 
to identifying the latter with conditional probabilities I give below. The 
other source of Skyrms's demand for high resiliency in objective probability 
I suspect is his confounding this requirement with the truism noted above 
that objective probabilities, where known, fix the corresponding epistemic 
ones. That is, given knowledge of a chance, the corresponding epistemic 
probability is highly resilient under further information that would 
otherwise have drastically altered it. If for example you know the chance of 
heads on each of a sequence of coin tosses to be 1/2, your epistemic 
probability of heads will stay at I/2 even if you observe a long run of heads 
that would otherwise have raised it much closer to i. Belief in chance can 
thus generally be distinguished from belief in mere epistemic probability by 
its greater constancy, from which it is tempting to infer that chance itself can 
be defined as highly resilient epistemic probability. And although the 
inference would be fallacious, it might still be true. At any rate, despite his 
denial, that seems to me the only defensible variant of Skyrms's theory. But 
is it true? Are objective probabilities, i.e. chances, highly resilient epistemic 
probabilities? 

Chance will of course only be definable in this way provided epistemic 
probability does not itself depend essentially on chance, which in my view it 
does. And although Skyrms himself offers no explicit theory of epistemic 
probability, he says enough about it in this book to commit him to the same 
opinion. First, there is the suspicious fact that the truism above tells us 
almost all we know about epistemic probability; which strongly suggests 
that knowledge of epistemic probabilities derives from knowledge of 
chances, not the other way round. And Skyrms himself reinforces this 
suggestion by his discussion of knowledge in Part II of the book. He there 
rightly replaces the classical conception of knowledge, as true belief justified 
in some self-certifying way, with Ramsey's account of it as true belief got by 
a reliable process. In the basic case of perception, this means as Skyrms says 
that what is perceived must give our perception of it a high chance of being 
true. Likewise for knowledge got by inference: the process of inference must 
be reliable, i.e. must give its conclusions a high chance of being true. I share 
Skyrms's conviction that this is the right way to construe knowledge, and 
hence the right basis for epistemology. But it is a basis that defines epistemic 
probabilities essentially in terms of chances, not vice versa. 
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Chance is therefore not definable as highly resilient probability. If the 
probability is objective, it need not be resilient: it is a chance already in its 
own right. And if the probability is epistemic, it will itself depend on chance. 
So Skyrms's account of chance is wrong, and so therefore are his accounts of 
physical randomness and of the necessity supposedly involved in laws and 
thus in causation. If chance does not reduce to highly resilient epistemic 
probability, physical randomness will not reduce to it. Nor, by the same 
token, will chance as Skyrms defines it yield a statistical notion of necessity. 
The resiliency entailed by his definition of chance is at best a resiliency in an 
epistemic probability, whereas physical randomness and necessity are (in 
Kripke's terminology) metaphysical, not epistemic: they do not depend on 
what we know. 

In fact the so-called 'necessity' of a statistical law consists in it entailing 
not just actual chances, but counterfactual ones: what the chance of an atom 
decaying would be if only it were of the radioactive kind the statistical law 
applies to. We have seen that this is not a matter of high resiliency, i.e. these 
counterfactual chances need not be close to actual ones. But they might still 
be definable as actual conditional probabilities, which would at least gratify 
Skyrms's 'reductionist tastes' in that respect. Unfortunately, even that is not 
so. Consider the chance of I/2 an unbiased coin would have of landing heads 
if it were fairly tossed. The objective probability of the coin landing heads 
conditional on it being fairly tossed is by definition the chance of it being 
fairly tossed and landing heads divided by the chance of it being so tossed. 
But that chance, as we have seen, may be zero-or have no definite value-in 
which case this conditional probability will not exist; yet it is still obviously 
true that were the coin to be fairly tossed, I/2 would be its chance of landing 
heads. And Skyrms cannot at this point rescue his reduction by giving the 
conditional probability the value it would have if only there were some 
definite non-zero chance of the coin being fairly tossed. That would be to 
define conditional probability by means of a subjunctive conditional with a 
chance in the consequent, when the whole object of the exercise is to do the 
opposite. And anyway, when we ask what in the world makes it true that 
were there such a chance of the coin being fairly tossed, the conditional 
probability of it landing heads would be 1/2, the only possible answer is: the 
real physical propensity-in my sense-which makes it true that were the 
coin to be fairly tossed, the chance of heads would be 1/2. The fact is that 
propensities no more reduce to chances, resilient or conditional, than 
chances reduce to resilient epistemic probabilities. I fear there is more in 
heaven and earth, by way of irreducible chances and propensities, than is 
dreamt of in Skyrms's philosophy. 

D. H. MELLOR 
Cambridge University 
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