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1. Introduction

I had always been convinced that the problem of the interpretation of quantum
theory was closely linked with the problem of the interpretation of probability
theory in general...[63, Karl Popper, p27]

The interpretation of physical probability in quantum mechanics cannot pro-
ceed without choosing sides (and, on what passes for the standard view, not
choosing very well) in the metaphysical debate about the nature of chance.[31,
Jenann Ismael, her emphasis: p79-80]

1.1 Background, Assumptions, and Aims
Despite Popper’s best efforts with his propensity interpretation of probability,
and the efforts of a great many erstwhile and competent philosophers over the
50 years since he wrote the above, I find that I still share Popper’s conviction.
Kolmogorov’s probability theory comes to us as pure syntax. Like any other
theory, it needs interpreting, and—again like any theory—many interpreta-
tions are possible. But probability theory is applied in many contexts, and it
is by no means given that a single interpertation is suitable for all these vari-
ous applications. Perhaps frequentism is best in some contexts, Bayesianism
in others, and the propensity interpretation in others still. Moreover, the inter-
pretation one finds most suitable to a particular application is also a function
of one’s philosophical commitments. Bearing all this in mind, the best that
can be hoped for is an optimal interpretation given some set of commitments
and a particular application.

The main aim of this text is to prepare the ground for a full interpretation
of quantum theory; so, I seek an interpretation of probability theory as it is
applied in the physical sciences. In particular, I seek an interpretation/account
of the objective, irreducible probabilities of those sciences. Such probabilities
are often referred to as objective chances in the literature. Like Ismael and
Popper above, I believe strongly that attempts to interpret quantum probabil-
ity are very likely to fail unless the far more basic metaphysical problem of
giving a proper account of the physical modalities, in particular the physical-
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probabilities/objective-chances, is tackled first. This work is devoted to this
task.

With the intended application decided all that remains is to be clear as to
my philosophical commitments. The most important and pertinent of these in
this context are: 1. that I hold that modality De Re is reducible to modality De
Dicto and 2. that I hold all modalities to be projected onto the world.

As all who read this will undoubtedly already know, there are two
traditional views of modality in philosophy: modality De Re and modality
De Dicto. I follow Quine in the classification of these modalities: De Re
modes qualify the predication of attributes to subjects whilst De Dicto modes
qualify the predication of truth to truth-bearers, such as propositions, or
sentence/statement types/tokens. From this description it sounds as if the De
Dicto is a special case of the De Re. The only difference between De Re mode
and a De Dicto mode, understood in this manner, is that the predications
operated on by such modes are exclusively semantic in the latter case: i.e.
predications of truth and falsity.

As an example of the difference, the proposition expressed by ‘Milk al-
ways turns sour after 30 days.’ is a De Re modal, whereas the proposition
expressed by ‘Always, milk turns sour after 30 days.’ is a De Dicto modal.
In the former, the property of always turning sour after 30 days is predicated
of milk, whereas in the latter what is expressed by the sentence ‘Milk turns
sour after 30 days.’ is predicated with the property of eternal truth. But, aren’t
these just two different ways of saying exactly the same thing? Indeed, I hold
that they are! This example and its kin suggest that a reduction of one of the
types of modality to the other should be possible. I hold to the view that the
world would be a better place if all De Re modality was reduced to De Dicto
modality. Why?

The problem with modality De Re is that it implies that there are modal
predicates, such as NecF . It follows that formula, such as ∃x(NecFx), should
be valid in first order predicate logic. Aristotelian essentialism (at least as
this thesis is understood by Quine [65])—the thesis that certain properties are
necessarily held—follows. As I cannot live with Aristotelian essentialism1, I
conclude that a world without the modalities that commit one to this thesis is

1I reject this thesis primarily for the same reason Quine does [65]. Quine’s argument is that
Aristotelean essentialism is refuted by scientific fact. Consider his number of planets example:
8 is necessarily 8, but 8 is not necessarily the number of planets in the solar system, therefore
8 is not the number of planets in the solar system. But this conclusion is contrary to scientific
fact, ergo Aristotelean essentialism is contrary to scientific fact. The argument works because
De Re modes do not create referentially opaque contexts; hence, it is legitimate to substitute
non-rigid designators for rigid ones, or vice versa. De Dicto modes create referentially opaque
contexts where such substitutions are prohibited, thereby avoiding the problem. Another reason
why I am dubious to Aristotelian essentialism, at least where the necessity by which a property
is held is a real feature entirely of the world and independent of ourselves, is that it requires
natural kinds, and I find such kinds dubious.
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a better world than one with them. As ∃x(NecFx) is not a valid formula where
Nec is a semantic predicate, De Dicto modality does not suffer from this flaw.

I am also a projectivist with respect to modality. Consequently, I hold that
physical necessity, possibility and probability are all read onto the world by
us. I hold this view because I am broadly sympathetic to the Humean program.
In particular, I hold to a regularity thesis on natural laws. On this view regu-
larities are not the result of some real necessary connection between events or
universals, but are rather simply brute facts of our world; hence, any neces-
sity that we observe in such regularities must come from us. If this is true of
physical necessity, then it must also be true of physical probability.

A rough sketch of the position I advocate runs as follows. In Humean terms
one could say that one proposition is nomically necessary given some set of
natural laws if, on the supposition of the latter, we are certain of the former.
This admits of a natural qualification whereby one proposition is physically
probable to some degree given some system of laws (and initial conditions)
if, on the supposition of those laws (and initial conditions), we are certain to
that degree of the former. This is suggestive of an interpretation of objective
chance in terms of partial belief (AKA credence), and this is indeed the route
that I take in this text. Though this is a minority view of objective chance,
there are notable philosophers who adhere to some variant of this proposal,
e.g. Lewis[46], Ismael [31, p89-91], and Williamson [86], etc.

Two problems immediately raise their head: firstly, the credence distribu-
tions of actual observers are rather poorly mapped by probability theory (pri-
marily because actual belief systems are not coherent); secondly, and more
seriously, objective chances are supposed to be objective, but how can degrees
of belief be objective? The first problem is dealt with by simply taking the
account here offered to be normative, rather than descriptive. Physical prob-
abilities are not our actual credence given some supposition/evidence, rather
they are what our credence should be given that supposition/evidence. The
second problem is much more difficult, and I must admit that I was troubled
by it for a while. Eventually, a colleague2 tipped me off to the work of David
Lewis on just this problem, and through him to objective Bayesianism and the
chance as ultimate belief doctrine. This provides at least part of an answer by
having the objectivity of the objective chances derive from the natural laws to
which they conform. The rest of the answer can only be secured by ensuring
the objectivity of the natural laws, but this will to wait on future research.

My main aim has been to furnish an interpretation of objective chance that
can serve as the foundation of a full interpretation of stochastic physics; and
so, of quantum mechanics. Lewis served as a excellent vehicle for this as he
shares a great many of my own philosophical commitments. He belongs to
the broadly Humean tradition, is also an adherent of a (best-system) regularity
thesis on natural laws, prefers diverging to branching world ontologies, etc.

2My thanks to Clas Weber.
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There are important differences between us: I am no modal realist; so, I do
not think that a superposition is a “multiplicity” of overlapping intrinsically
distinguishable objects [48], nor do I think that there is a uniquely best system
of natural laws “out there” (which causes me significant problems with respect
to the objectivity of objective chances that do not afflict Lewis), etc. But so
far as the topic of objective chance is concerned, we are very much of a single
mind.

Aside from Lewis’ contribution to the main aim of this work, he also fea-
tures prominently in my supplementary aims. One such is bringing together
the relevant strands of his philosophy on this topic into one text. The devel-
opment of Lewis’ philosophy of indeterminacy and chance is spread across
at least three decades, and is informed by even earlier works. Nowhere is this
work synthesised into a single presentation. That it is desirable to have such a
synthesis is beyond question. On many occasions, Lewis makes subtle and im-
plicit references to work he carried out elsewhere, and often the text in one’s
hand will be read in a way he did not intend unless the reader is aware of
the cross reference. One example of this is where Lewis concludes that there
is nothing at the actual world that fills the objective chance role (see section
5.7.), another is where Lewis appears to contradict himself when he represents
the worlds over which his objective chances are distributed with tree diagrams
(see section 2.4.).

This synthesis has not proved too difficult as, for the most part, Lewis main-
tained an incredible degree of consistency across his work. Where I have spot-
ted minor inconsistencies, I have tried to rationally reconstruct his view in
such a way as to remove them. Mostly, this has just been an exercise in ap-
plying the principle of charity, but in some cases I have had to deviate from
Lewis’ own position. Furthermore, some aspects of Lewis’ philosophy on this
topic I have found wanting. Where this is the case, I have proposed improve-
ments that someone working within his program should find acceptable. This
is why this work is ‘a study in the Lewisian tradition’, rather than a work of
contemporary history of philosophy. Examples of improvements include: my
definition of admissibility (see sections 3.1.4 and 3.1.5); my limiting of the
analysis to only those chances that are irreducible (see beginning of section
3); and my elimination of objectified credence in favour first, of objective cre-
dence (see section 3.2), and then of credence conditioned on an indexical (see
section 6.4). I have also sought to make Lewis’ work on this subject more
relevant to philosophy of science (see sections 3.4 and 4.4). Though, this is
more a change of style than of substance, I think it a significant improvement
nonetheless.

My final supplementary aim was to make this work as self-contained as
possible. I wished to create a text where all the arguments are given explicitly,
and where the proofs and derivations for the results contained herein are, as
far as is practicable, given in the text. Length permitting, where they would
detract from the flow of the text, or where they are rather incidental to it, I
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have taken the liberty of placing them in footnotes. Otherwise, where they
would be too long for a footnote, I have placed them in an appendix. The hope
is that the reader will be able to use this text to navigate safely thorough this
subject without constantly having to go to outside sources in order to check
results and details. Examples of such efforts on my behalf include: a formal
demonstration for Lewis’ claim that laws implying a non-zero chance of an
undermining proposition are laws implying a non-zero chance for their own
negation in a footnote (see section 5.2), a demonstration of the referential
opacity of probability ascriptions of Lowe’s Thesis in Appendix E, and an
exposition of Vickers ‘arithmetic of expectations’ in the text (see section 4.5).

1.2 Overview
The second chapter
Among the more popular interpretations of Quantum Mechanics there is a
family that goes under the heading of Many World Interpretations (MWI). The
members of this family all share a common root in the work of Everett [17]3.
They also, as far as I can tell, share the common feature that during measure-
ments of the first kind, i.e. during events where there is at least an apparent
reduction of the wave packet, there is a “branching” of the world with at least
one “branch” for each component of the expansion of the original state vector
in the relevant/preferred basis. A closely related, though slightly different, take
on analysing stochastic processes using branching worlds hails from Bellnap
and is known as the Branching Space-Time (BST) approach. The two differ in
that BST depicts the branching directly in terms of alternative causal chains

3The birth of such an influential idea deserves to be celebrated, so I have quoted in full its
original formulation for those who are interested. As one can see, from the moment of inception
branching was a key component of what was to become the many worlds interpretation.

We thus arrive at the following picture: Throughout all of a sequence of observation
processes there is only one physical system representing the observer, yet there is no
single unique state of the observer (which follows from the representations of interact-
ing systems). Nevertheless, there is a representation in terms of a superposition, each
element of which contains a definite observer state and a corresponding system state.
Thus with each succeeding observation (or interaction), the observer state "branches"
into a number of different states. Each branch represents a different outcome of the
measurement and the corresponding eigenstate for the object-system state. All branches
exist simultaneously in the superposition after any given sequence of observations. The
"trajectory" of the memory configuration of an observer performing a sequence of mea-
surements is thus not a linear sequence of memory configurations, but a branching tree,
with all possible outcomes existing simultaneously in a final superposition with various
coefficients in the mathematical model.
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of events, and so avoids the preferred basis problem that afflicts MWI4. How-
ever, both share the common feature that at each stochastic event the world
branches, and both can be seen as part of the wider branching worlds program
aimed at the interpretation of irreducibly probabilistic physics.

The research program that assumes such branching worlds seems, from
what I know of it, to have been broadly progressive. It has had many prob-
lems, and new problems arise all the time within the framework, but none of
these have yet proved fatal, and many of them have been solved5. However,
just because a program has been progressive to date does not mean that oth-
ers are not worth investigation. At least since Lewis’ work of the late 70’s
and early 80’s philosophers have been aware that in any many worlds anal-
ysis of chance a choice has to be made between having those worlds that
represent the various outcomes branch or diverge from each other. Among
the divergers—though they may be unaware of their allegiance—are many
who hold to stochastic dynamics, propensities, and more besides. Any who
consider chance distributions to be over a set of physically possible models—
notable examples from within the philosophical community include Earman,
Montague, Lewis, Maudlin and van Fraassen—is probably a diverger. A rarer
breed is the diverger who holds all those models to be on an ontological par
with our world. It is to this group, and its most prominent proponent: David
Lewis, that diverging worlds have been most associated in philosophy.

This chapter is devoted to an investigation of Lewis’ metaphysics of inde-
terminism. One of its achievements is to resolve a tension between Lewis’
“tree diagrams” and his definition of indeterminism. Aside from this, I find
many general arguments for why diverging world ontologies are preferable to
branching world ontologies. None of these are supposed to be knock down
arguments against branching world ontologies, nor, by extension, branching
world interpretations of quantum mechanics. They are simply meant to show
that: i) we are free to choose between the ontologies and ii) metaphysical con-
siderations support the choice of diverging worlds over branching worlds.

The third chapter
Having settled the question of Lewis’ metaphysics of indeterminism, I go
on to consider his account of the measures of (in)determinacy: the objective
chances. The aim is a precise and thorough review of the significant points of
Lewis’ A Subjectivist’s Guide to Objective Chance. It is here that Lewis intro-
duces his famous Principal Principle (PP) in both its original and reformulated

4Though many now claim that the preferred basis problem is solved when MWI is altered
to accommodate decoherence. For a very rough sketch of how decoherence, the principle of
inertia, and the canonical translations of QM pick out position as the preferred basis, see Omnès
[60, p199].
5The most serious remaining issue is incompatibility with general relativity, but as there is
no generally relativistic formulation of quantum mechanics perhaps one can see this as just a
reflection of a general difficulty in combining physical indeterminacy with general relativity.
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guises. This principle states a relationship between the chance of A and that
degree of belief that it is initially reasonable to have in A. In its original formu-
lation the PP is just a generalisation of an instance of Miller’s Principle, but
in the reformulated form it is a novel identity between chances and a particu-
lar kind of conditional degree of belief. Lewis showed that the identity could
be derived from the original principle where certain conditions are met. This
derivation is crucial to the plausibility of Lewisian style analyses of chance in
terms of credence, as it transfers the undeniable plausibility of the original PP
to an identity between chance and credence upon which such an analysis can
be based. Without the derivation much of the justification for the analysis is
lost.

In this chapter I present the original principle before going through this
derivation, taking great care to make explicit much that Lewis left implicit
in his original paper. I deviate from Lewis only in preferring the notion of
objective credence over his objectified credence. In particular I spell out in
detail the conditions that must be satisfied for the derivation. These provide
the frame within which solutions to the problems Lewis identifies with his
nascent analysis must be sought. For, if a problem is solved by relaxing one
of these conditions, then the derivation is no longer possible and the analysis
looses a great deal of its plausibility.

To this end, the most significant contribution I make is a formal intensional
definition of the key concept of admissibility. Though Lewis introduces the
concept of admissibility in a way that should prompt anyone familiar with the
notions of screening off and conditional independence to search along these
lines for a formal definition, Lewis consistently fails to offer such a definition.
He is not alone in this. Thau, Hall, Loewer, and to my knowledge every other
commentator, have followed Lewis in this regard (though Hall does offer a
formal definition of his own that does not seem to have anything to do with
screening off by chances). This is deeply unfortunate. What makes Lewis’
principle other than just an instance of Miller’s are the admissible proposi-
tions. Without these there is no derivation of the Reformulated Principle from
the Original Principle (Hall’s work on analyst-experts not withstanding), and
so no possibility of an analysis of chance justified by such a derivation. More-
over, of the three problems that Lewis originally held to be collectively so
serious as to prevent his guide from being read as an analysis, two of them
turn entirely on questions of admissibility one of which is the infamous Bug
over which so much ink has been spilt. It seemed past time for this concept to
be formally defined.

The fourth chapter
Chapters four, five and six are devoted to the resolution of the three problems
Lewis identifies in his Guide. Unsurprising, armed with a definition of the
pivotal concept of admissibility, the tractability of the problems highlighted
by Lewis is greatly increased. Of the three problems, only the Bug has re-
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ceived serious attention in the literature. This is presumably due to Lewis’
admission that his thesis of Humean supervenience stands or falls on whether
the Bug can be killed or not. Again this is an unfortunate state of affairs. It
is unfortunate because the Bug’s poorer cousin—a problem I refer to as the
reasonability riddle—when properly understood, is actually the generic prob-
lem with the original principle of which the Bug is but a species. However,
as Lewis originally presented what I call the riddle as a vicious circularity
whereas he presented the Bug as a paradox for adherents to reductionist the-
ses6 of chance, it is perhaps understandable that Lewis failed to appreciate the
close connection that exists between these two problems. Indeed, given how
they are presented the connection is far from obvious.

In this chapter I take the rather unusual step of dealing at length with what
I call Lewis’ reasonability riddle. Aside from Lewis’ original, tentative, and
unsuccessful suggestions for its resolution, there has been utter silence on this
topic in the literature. The solution to the riddle I propose turns out to be very
simple, and well justified by consistency criteria, and considerations about the
role of objective chance as a measure of indeterminacy. I propose to solve the
riddle by restricting what the chances can be for a very small number of propo-
sitions. These restricitions are justified without any reference to credence, and
it is this credence-independent justification that solves the riddle7. In answer-
ing this concern I move away from Lewis’ historically conditioned degrees of
belief to those conditioned upon the state of the world/isolated-system at some
moment in time. This leads to a slightly altered reformulated principle being
derived from Lewis’ original principle. This alternative reformulated principle
is, in essentials, no different to Lewis’, but it does increase the relevance of
Lewis’ work for philosophers of science and so meets one of my supplemen-
tary aims. Primarily for this reason, but also to allow for indeterminacy of the
past, I adopt this alternative as my primary object of study for the rest of this
work.

6A reductionist thesis on chance is any thesis where chances supervene on global patterns of
particular fact. The reduction is of chances to the categorical/occurrent property distributions
of the world in question via the supervenience of the later on the former. As history can be
arbitrarily short it is implausible to have such supervenience purely upon matters that are settled
at the indeterministic world in question. As the Bug arises where chances supervenes on matters
of fact that are unsettled, so it arises for any plausible reductionist thesis.

Note: a matter is settled at a world and time if its chance at that world and time is 0 or 1.
7Both the riddle and the Bug could be solved in a different way. At the end of chapter 4 I show
that behind the riddle and the Bug lies a paradox of self reference. Such paradoxes admit of a
standard solution whereby one makes explicit the linguistic level of the expressions concerned.
The effect of this is to remove the expressions for certain propositions from the object language
to a higher level, which amounts to removing certain propositions from the set of those for
which there are objective chances. Availing ourselves of this solution amounts to giving up on
the notion that every well formed proposition always has an objective chance: i.e., it creates
chance gaps. For this reason (see section 4.6 for details) I do not avail myself of this approach.
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The fifth chapter
Having solved the riddle the next step is to kill the Bug. First I reveal that the
Bug is just an example of the riddle, and then I follow Lewis in casting the
Bug in a more tractable form before applying the lessons learned in solving
the riddle to the Bug. The solution I offer is not original, but is that offered by
Hall and Lewis. My goal in this chapter is not to develop a new solution, but
is rather to develop a deeper understanding for why the standard solution is
the best on offer. This solution comes at a price, which again is well known.
I offer some arguments for why the price is worth paying. However, it is the
final conclusion that is most important: the Bug was never really a threat to
Lewisian style analyses of objective chance, rather it is a powerful argument
against reductionism and regularity theories of natural law.

The sixth chapter
Here, I address the last of Lewis’ concerns: the informativeness of his Guide
as an analysis. How informative an analysis of objective chance in terms con-
ditional credence will be obviously depends upon our relative familiarity with
the latter over the former. In this chapter I present a brief summary of the the-
ory of partial belief as a disposition to bet up to a certain amount for a fixed
gross winnings. There is little new here, though I have tried to place this con-
ception of partial belief within the wider context of the philosophy of disposi-
tional properties, thereby introducing the notions of antidotes and finks to the
theory of partial belief. I have also gone into the subject of conditional proba-
bility in a little more depth than usual. This is a non-standard, but not unique
or wholly original, treatment of the subject. However, it lays the groundwork
for an original contribution, which though entirely in the Lewisian tradition,
is not a move taken by Lewis himself. What I advise is a move away from
an analysis of objective chance in terms of the rather obscure, and somewhat
suspect, notion of objectified credence originally proposed by Lewis, to one
in terms credence conditioned on an indexical sentence. This facilitates the
reduction of objective chance to a De Dicto mode.

The conclusion
In conclusion, I demonstrate the worth of the analysis, and some of its present
limitations, with a few standard examples. I discuss briefly to what extent the
analysis fits within the chance as ultimate belief theory, and to what extent
it is “fatalistic”. Finally, I pose a question of vital importance that I cannot
answer in the context of this work. On the analysis here offered, objective
chances do not exist as part of the physical world, rather they are read onto
that world by us. This is as it should be as far as I am concerned, as I regard all
modality to be projected onto the world. But, if physical necessity, possibility
and probability are all projections onto the world—if they are not part of that
world but are rather a part of our way of making sense of that world—then how
can the chances, laws, and so on, be objective? How can something created in
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the human mind be “objective”? Unfortunately, answering that question will
have to wait on future research.

1.3 Methods
Formal methods
Throughout this work I make use of formal methods: primarily Standard Prob-
ability Theory (SPT), though on occassion this is supplemented with first or-
der logic and set theory. My view of the proper use of formal methods in
philosophy is that of supporting the philosophical research being pursued, not
as a substitute for it. They should be employed where such employment brings
clarity and assures validity. As excessive formality often obscures more than
it illuminates, so good philosophical practice is to use the least formal method
commensurate to the task at hand. Hence, I avoid measure theory and real
analysis, as they would add almost nothing to the train of argument whilst
making that train of argument harder to glean from the text. However, the na-
ture of the object of study is such that to shun all formal methods would be to
risk superficiality in the analysis and reasoning herein. Standard probability
theory seems to strike the happy medium between formal enough to get to
the bottom of the issues involved, yet informal enough not to obscure those
issues.

Contemporary history of philosophy
Much of this work is comprised of an exegesis of Lewis’ philosophy of in-
determinism and objective chance. The techniques that I have employed in
grappling with Lewis’ work herein are very much in the tradition of those
employed in history of philosophy. In very broad strokes, such work typically
comes in two flavours: what I call the critical and the interpretive. The in-
terpretive flavour concentrates on finding the “correct” interpretation of the
work in question. Its method is often hermeneutical, and the debates are of-
ten focused on what the author originally intended, and on finding the most
consistent reading possible. The critical flavour begins in the same way as the
interpretive, but then seeks to evaluate the “correct” interpretation. Sometimes
the critique is limited to rational reconstruction of parts of the earlier philoso-
pher’s work, but sometimes the constructive critique goes beyond rational
reconstruction into the realms of original philosophy, where the researcher
builds significantly upon the work of their predecessor. This thesis is most
definitely in the latter critical tradition, belonging in that grey area between
contemporary philosophy and its history.

Conceptual Analysis
The latter two thirds of this work comprise an extended exercise in conceptual
analysis, and it carries all the attendant weaknesses. These I discuss briefly
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at the beginning of chapter six, so neither they, nor my response—such as it
is—to them, need be repeated here.

Narrow Focus
The focus of this work is deliberately narrow in order to allow for sufficient
depth. This has necessitated some tough choices. For instance, I have not gone
into the realist/ersatzist/fictionalist debate about the nature of possible worlds
(though in point of fact my sympathies lie with fictionalism). Nor have I given
the plethora of alternative branching world accounts the space they deserve.
I have also deliberately neglected the negative component of arguing for my
preferred view. Typically, when arguing for a position one presents it in the
best light possible by demonstrating its superiority to other positions on the
same subject. This I have not done. I have not contrasted the chance as ultimate
belief position with others on objective chance, rather I have concentrated on
developing the strongest positive case for the Lewisian variant of that position.
I made this choice partly because of time constraints, and partly because on
the negative side I could do little except repeat arguments that have already
been advanced against these rival positions.

Perhaps most seriously, I have not been able to present and defend my pre-
ferred theories on natural laws and propensities. The most serious of these
omissions is the lack of an account of natural laws. At (at least!) three key
junctures in the text, this lack is keenly felt. In particular, until I can give an
account of natural laws, I am unable to answer the final, and most crucial,
question posed in this thesis. But to do justice to the account of natural laws
that I favour would require an additional thesis at least as long as the present
one. So the difficult choice was taken to keep the focus of this work entirely
on objective chances, and to leave for later research those questions that can
only be answered by a full account of natural laws. I stand by that choice.

In Service to the Sciences
In my view philosophy of science is properly descriptive and interpretive, not
normative. As such, I respect the methodological constraint that philosophy,
in general, and philosophy of science in particular, errs when it dictates to the
sciences on subjects that are properly theirs to arbitrate over. Any restrictions
on natural law or the objective chances will either have to be in accord with
what scientists themselves would impose under almost any conceivable cir-
cumstances, or else be of such minimal impact as to allow scientists to ignore
them when they are going about their business of theory creation and testing.
Any restrictions that meet these criteria I will classify as acceptable to the
sciences.

23





2. To Diverge or Branch?

On reading Lewis’ works of the early to mid 80’s I became intrigued by what
I initially thought to be an inconsistency in his position. I later satisfied my-
self that the inconsistency was only an apparent; however, it is illuminating to
discuss this apparent inconsistency for its resolution bears upon Lewis’ guide
to chance. The apparent inconsistency is between his account of initially du-
plicate worlds [40, p217-8] and his account of the temporal asymmetry of
chance [45, p93-4]. The natural assumption is that the two should assume the
same metaphysical underpinnings, yet it is far from obvious that they do. Be-
fore discussing this in detail I shall remind the reader of the central tenets of
Lewis’ Modal Realism, which is the basic metaphysical framework underpin-
ning everything he has to say about chance and duplication.

2.1 Modal Realism
A Lewisian Modal Realist is someone who accepts:

1. Possible worlds exist and are [42, p1-2]
• primitive,
• as concrete as our world,
• causally and spatio-temporally isolated from each other,
• unified by the spatio-temporal interrelations of their parts.

2. The actual world is just that possible world inhabited by us [42, p92-3].
3. There is a possible world for every way the actual world could be [42, p2].
To the above might be added that possible worlds obey the law of the identity
of indistinguishables. In other words, the ‘a’ in the final axiom of Modal Re-
alism might be read as ‘one, and only one’. For most of his professional life
Lewis claimed himself to be agnostic [42, p84-87] on this issue. Eventually,
however, Lewis [49, p211] firmly and unequivocally accepted the ‘identity
of qualitatively indiscernible worlds’, which is to say that he rejected haec-
ceitism. His reason for this rejection is that haecceitism seems to involve
a commitment to the transworld identity of individuals—a commitment to
individuals that are simultaneously a part of two, or more, distinct worlds
and capable of simultaneous instantiation of incompatible intrinsic properties.
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Whether or not the reader agrees with that rejection, it is useful as a simplify-
ing assumption to take indistinguishable worlds to be identical1.

Though Lewis vacillated over whether worlds that are utterly indistinguish-
able are identical, he was much less equivocal in his views when it came to
worlds whose indistinguishability is only partial. It is the question of how
such worlds are to be viewed that lies behind the apparent inconsistency. The
resolution of that inconsistency in Lewis’ favour settles the question of how
he viewed such worlds. As it is such worlds that his analysis of chance as-
sumes, the answer to this question is both relevant and interesting to my wider
project of first understanding, and then extending and improving upon, Lewis’
analysis of chance.

2.2 Partially Indistinguishable Worlds
To my knowledge there are three ways of treating worlds that have indistin-
guishable parts.

Diverging Worlds The indistinguishable segments are not identical but
rather perfect intrinsic copies of each other. The worlds retain their
spatio-temporally isolation.

Branching Worlds The indistinguishable segments are identical. The worlds
share a common spatio-temporal segment.

Branching World The indistinguishable segments are identical. There is
only one world with a complex, branching, space-time structure.

Initially, I shall follow Lewis’ lead in only considering the question of how
to conceive of worlds that are historically indistinguishable: it being such
worlds that play a crucial role in Lewis’ guide to chance. Lewis holds two
individuals to be intrinsic duplicates iff they differ in their extrinsic properties
yet differ not in (the distribution of) their perfectly natural (physical) intrinsic
properties. If they satisfy the second requirement but not the first, then they
will be utterly indistinguishable; and so, (presumably) identical. Worlds can-
not differ extrinsically from one another, but can differ intrinsically; hence, if
worlds are perfectly intrinsically duplicate, they are identical. If two worlds
are only partial intrinsic duplicates, they will be only partially indistinguish-
able.

A world’s historyt2 is the proposition that holds at exactly those worlds
that perfectly match that world in matters of particular fact up to, and includ-

1Everything herein applies mutatis mutandis where indistinguishability of worlds does not as-
sure their identity.
2I have found that the optimal balance between elegance/simplicity of prose and accuracy of
content, when dealing with Lewis’ philosophy of objective chance, is achieved by the generous
use of subscripts. There is a constant need to index to particular worlds and times that becomes
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ing, time t (see section 3.3.). Consequently worlds are historicalt duplicates
iff intrinsically identical in the spatio-temporal distributions of their perfectly
natural physical properties up to, and including, t. The question becomes: are
historically duplicate worlds diverging or branching; and, if the latter, then are
they branching worlds or merely branches of a world?

In his New Work [40] Lewis prefers the vehicle of duplication for defining
the diverging and branching of worlds.

I shall say that two possible worlds diverge iff they are not duplicates but
they do have duplicate initial temporal segments.· · ·I distinguish divergence
of worlds from branching of worlds. In branching, instead of duplicate seg-
ments, one and the same initial segment is allegedly shared as a common part
of two overlapping worlds. Branching is problematic in ways that divergence
is not.[40, p359]

The two problems he raises for branching are: 1, that worlds (plural) that
branch do not meet the spatio-temporal isolation requirement of MR; and 2,
that it causes problems with the principle of bivalence. The former of these
problems is a problem for Branching worlds (Plural) alone, whereas the latter
is a problem for branching generally. The advantages of diverging worlds he
cites as: 1, their utility in defining determinism; and 2, their utility in the anal-
ysis of causation. This last advantage is of only passing interest to our present
concerns and so it shall not be considered further.

2.2.1 Problem 1: Failure to Respect the Spatio-Temporal
Isolation Requirement of MR
At issue is the demarcation of worlds. MR gives the criterion of demarcation
as spatio-temporal interrelation. Two individuals belong to the same world
if they stand in a spatio-temporal relation to each other. Clearly—spatio-
temporal relations being transitive and symmetric—individuals in distinct
worlds that have a spatio-temporal segment in common will stand in a
spatio-temporal relationship to each other, and so by the lights of MR they
will belong to the same world. This contradicts the original assumption
that they belong to distinct worlds. In general, MR’s demarcation principle

tiresome when done explicitly and consistently in prose. So, for instance “The history of world
w up to time t”, is herein abbreviated as “The historytw”. For the most part the use of these
subscripts for indexing carries no philosophical weight whatsoever, they serve only to make
this text shorter and more elegant without loss of content. They are there to allow the casual
reader to engage with the philosophical gist of the text without getting bogged down in the
detail, whilst, at the same time, providing such detail for the more fastidious reader.

There is one notable exception where the subscripts play a less innocent role. Like Lewis
I treat the terms ‘future’, ‘past’, and ‘present’ almost exclusively as synonymous with the B-
series ‘later than t’, ‘earlier than t’, and ‘t’ respectively. This is a non-standard usage. I make
this explicit with the subscripts, so all that is later than, earlier than, or at t is in the futuret ,
pastt , or presentt respectively.
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for worlds is only tenable given their spatio-temporal isolation. Branching
worlds are not so isolated; and so, the demarcation principle is incompatible
with them. It is no accident that while presenting his demarcation principle in
his On the Plurality of Worlds [42] Lewis immediately goes on to say;

[n]or do [possible worlds] overlap; they have no parts in common, with the
exception, perhaps, of immanent universals exercising their characteristic priv-
ilege of repeated occurrence.[42, p2]

For Lewis [42, p72], worlds that are spatio-temporally inter-related, and it
is an essential feature of branching worlds that they are so related, are ex
hypothesi only parts of some larger world.

2.2.2 Problem 2: Failure to Respect the Principle of Bivalence
The problem here is simply that at times during the common spatio-temporal
segment utterance/statement tokens about matters of particular fact at times
outside that segment that are true in one of the branches and false in the other
will fail to be exclusively either true or false.

...an inhabitant of the shared segment cannot speak unequivocally of the world
he lives in. What if he says there will be a sea fight tomorrow, meaning of
course to speak of the future of his own world, and one of the two worlds he
lives in has a sea fight the next day and the other doesn’t. [40, His emphasis:
p359-360]

He repeats this argument in a clearer form 3 years later.

The trouble with branching exactly is that it conflicts with our ordinary presup-
position that we have a single future. If two futures are equally mine, one with
a sea fight tomorrow and one without, it is nonsense to wonder which way it
will be—it will be both ways—and yet I do wonder. [42, p207-208]

If both the world where there is a sea fight and the world where there is none
are the agent’s, then the agent simultaneously speaks both a truth and a false-
hood when they say of their world that it is one in which there will be a sea
fight tomorrow. This is because both the sea-fight-tomorrow and the no-sea-
fight-tomorrow worlds are theirs as and when they make their utterance. Note
the problem is not an artefact of the indexicality of Lewis chosen example: it
would persist even if the speaker eternalised their utterance.

Lewis was here only considering the disadvantages of Branching Worlds
(plural) ontologies, but it is plain that similar issues afflict Branching World
(singular) ontologies. The inhabitant of such a world would, analogously, not
be able to speak unequivocally of their future, for every possible future is
theirs in the sense that it branches from their present and they will come to
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occupy it. So, when they say that there will be a sea battle tomorrow they again
say something that is simultaneously both true and false because their world
contains both the sea-fight-tomorrow and the no-sea-fight-tomorrow branches.

In both the Branching World (singular) and Branching Worlds (plural) on-
tologies, though in different senses, there is both a sea fight tomorrow and not
a sea fight tomorrow at our world. In the former case, this is because our world
contains both the sea-fight-tomorrow and no-sea-fight-tomorrow branches, in
the latter case this is because both the sea-fight-tomorrow and no-sea-fight-
tomorrow worlds are ours. Because of this, what is said about the future can-
not now have a truth value in a branching world. Some, such as Belnap et al
[4], have argued that this is not a problem as the truth of what is now said
about the future may be decided retrospectively3. However, such approaches
still leave us with the problem that between the utterance being made and the
matter being decided the utterance cannot be ascribed a truth value, nor can it
be held to express anything that does possess a truth value. This conflicts with
our intuition that talk about the future is exclusively either true or false in the
here and now in virtue of the way the future is.

The intuition that there is a definite future is captured well in what Belnap et
al [4, p366] have referred to as thin red line in apparent homage to Øhrstrøm:
the belief that there is a course along which history goes from the beginning
of time until its end irrespective of whether our world is indeterminate or
not. It is our belief in this line that allows us to make sense of assertions
like ‘the coin will come up heads, but it needn’t do so’. The first part of the
assertion is a claim about the thin red line, the second is about other lines
that are historically and nomologically accessible from that red line. Only in
a world where there is a red line can utterances about the futuret possess truth
values as and when they are made. But in worlds that branch the positing of a
red line defeats the whole purpose of the ontology. If one of the paths through
a branching world is privileged as the one that is actual, then in what sense
do the remaining branches represent “real” future possibilities? What sense

3Belnap et al [4, p382] argue that assertions about the future can still be made in a branching
framework so long as ‘history will decide the matter’. Assertions about the future are here held
to possess a truth value only retrospectively. E.g., It was true at my world yesterday that there
would be a sea battle tomorrow iff I fight today. Belnap et al, use the vehicle of retrospective
credit and discredit instead of truth, but it amounts to much the same. To do this they develop
a non-standard semantics for assertions about the future. Roughly, on their account a speaker
makes a true assertion about the future just in case they deserve credit or discredit in every future
branch of their world depending upon whether what they assert is true or false, respectively, in
those branches [4, p382]. My problem with this is that whilst it saves assertion in branching
worlds in the long run, it still leaves us with the problem that what is asserted about the future
is apparently exclusively neither true/creditable, nor false/discreditable at the speakers world
when she asserts it. Retrospectively, from one of the future branches the assertion that there
will be a sea battle tomorrow was true/creditable, but from the other it was false/discreditable.
There persists a violation of the principle of bivalence. That this violation exists only until
matters become settled is an improvement, but—as I make clear in the main text—I think it not
sufficient to the task of answering Lewis’ critique.
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is left to the notion that the future is “genuinely open” in the sense of there
being “real” future possibilities4? No line can be thin enough to leave the
future “genuinely open” whilst at the same time being thick enough to make
talk of the future truth-valued in the present. Hence, branching worlds (both
singular and plural) conflict with our intuition that there is a red line. But what
of our intuition that the future is “open”, whatever one might mean by that?
Surely this too is contradicted by our belief in the red line? Indeed, I concur
that here we have two intuitions that cannot be reconciled, one of which will
have to give way to the other. I can make little sense of the intuition that our
future is “open” over and above that future being physically indeterminate
(again see section 7.3), whereas I can make much sense of the intuition that
claims about the future are exclusively either true or false as and when they are
made; hence, I advocate giving up on the former in order to retain the latter.

Lewis [48] showed how the violation, even if temporary, of bivalence in
branching ontologies leads to absurdities: in particular to the absurdities
that arise from life and death branching and chancy Russian roulette. He
raised these as objections to standard Many Worlds Interpretations of
quantum mechanics, but they arise in any branching world, or worlds,
framework. They stem from the aforementioned feature that for any agent in
a branching space-time, all future possibilities—be they in distinct worlds
or branches—are ‘theirs’. Paraphrasing the later Lewis; branching world(s)
lead to coexisting actualities: multiple worlds/branches that can rightfully be
called “mine” by a single observer.

Let us assume that I live in a branching world5. If in every causal chain
leading to death a chance event is involved such that the outcome determines
whether I live or die, then every time I am faced with death my world will
divide into at least two branches, one where I survive and one where I do
not. As this occurs every time my life is endangered; so, every time I live to
fight another day in some branch of the world ad infinitum. As my conscious
experience is limited to just those branches in which I survive; so, I should
experience living forever6.

This first reductio opens up relevant and interesting possibilities for those
who believe theirs to be a branching world, the most profitable being a neat
get rich scheme involving a game of Russian roulette using a lethal apparatus
that fires, or not, by dint of some truly stochastic process. By placing bets on
my survival in this game I guarantee my future prosperity, for in some branch I

4I must admit that I have completely failed to find a satisfactory account of just what proponents
of branching worlds mean by “open future” and “real future possibility” (see section 7.3), but
the thesis that they exist is plainly inconsistent with the thesis that our world has a definite
future on any sensible interpretation of these expressions.
5All that follows holds mutatis mutandis if I live in a plurality of branching worlds.
6As an interesting Lemma Lewis argues that among those branches where I survive will be
experiences that I would wish to avoid [48, p20], such as sever decrepitude the loss of all those
I love etc, etc. Eternal life may not be the happy absurd consequence it at first appears.
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will survive no matter how many times I play the game, and in that “survives”
branch I have won the accumulator of a lifetime.

Though Lewis’ [48] couches his criticism in terms of it being aimed at no-
collapse interpretations of quantum mechanics, it is clear that such concerns
will afflict any branching world(s) analysis of chance. Again, I am not argu-
ing that these issues are fatal to the Branching World(s) programs. Attempts,
including the one by Belnap above, have been made to blunt the edge of this
sword (For a brief, partial review of further attempts to resolve the tension
between branching worlds and the principle of bivalence see Appendix G).
I just wish to point out that they do not even arise in the Diverging Worlds
alternative, and that this is a good reason for taking that alternative seriously.
In an unbranching world, if you take a chance with your life and fortune is not
on your side, then you die and that’s that.

It is telling that Lewis uses Aristotle’s venerable example of tomorrow’s sea
battle to illustrate the point. Aristotle [2] employed that example to illustrate
the apparent incompatibility of assertions about the future possessing definite,
atemporal truth values with a world that allows for chance and free wills. This,
I take to be a strong signal that Lewis’s main reason for preferring Diverging to
Branching Worlds is their ability to cope with objective chance. This is amply
confirmed by the advantage that Lewis cites for Diverging Worlds directly
after his critique of the Branching alternative; namely, the utility of Diverging
Worlds for defining determinism.

2.2.3 Advantage 1. Defining Determinism
Lewis gives a three-step definition of determinism7.

First, a system of laws of nature is Deterministic iff no two divergent worlds
both conform perfectly to the same system. Second, a world is Deterministic
iff its laws comprise a Deterministic system. Determinism is the thesis that our
world is Deterministic.[40, His emphasis: p360]

Hence, presumably Lewis would define indeterminism as follows. First, a sys-
tem of natural laws is Indeterministic iff two or more divergent worlds both
conform perfectly to the same system. Second, a world is Indeterministic iff
its laws comprise an Indeterministic system. Third, indeterminism is the thesis
that our world is Indeterministic. It is clear that Lewis took conforming to the
same system of laws to be the reflexive, transitive and symmetric accessibility
relation of nomological equivalence8. Divergent worlds are those that are his-

7His definition is essentially the same as those offered by Montague before him, and Earman[13,
p13] after him.
8At least this is what is implied in the postscript to his Guide where he advocates the theories
of chance he has been partitioning by to be best system theories whose axioms and theorems
are the laws of nature. In other places he explicitly denies that nomological accessibility is

31



torically equivalent. So Lewis’ indeterminism is the thesis that the set of our
world’s historical and nomological equivalents has more than just our world
among its elements.

From the above we can learn something about indeterminate events. An
indeterminate event has occurred at w in the period t → t + δ t iff the set of
historically and nomologically equivalent worlds at t+δ t is a non-coextensive
subset of those at t. This is not a material or physical equivalence. It is at least
an essential equivalence and may even be a synonymy. I tend to the opinion
that someone following in Lewis’ footsteps is best taking an indeterminate
event at w to be synonymous with a reduction in the set of historically and
nomologically possible worlds at w. I think this is Lewis’ position, but whether
or not it is I think it the position to adopt. It has the virtue of allowing inde-
terminate events to be distinguished from determinate events without intrinsic
“physical” differences in the events themselves needing to be posited.

Two important points should be made at this juncture. The first is that the
thesis that our world is indeterministic is a metaphysical one for Lewis. It
carries with it an ontological commitment to the existence of worlds that are
historically, nomologically and ontologically on a par with our own. The sec-
ond is that Lewis’ definition of determinism is compatible with the Laplacian
definition. Our world is deterministic iff the class of historically and nomolog-
ically possible worlds contains no world save ours. This equates to our world
being deterministic iff, given the history and laws of our world, no more than
one future is possible. Such a world would indeed be one in which Laplace’s
demon could know the future, but it should be noted that the demon and its
epistemic state do not feature in the definition.

2.3 The Apparent Contradiction
Given the above the reader may be wondering how I could ever have come
to doubt that Lewis understood objective chances to be distributed over di-
verging worlds. Unfortunately, there is also some evidence that Lewis held a
Branching World (singular) view where it comes to the worlds his Guide as-
sumes. What are my reasons for making this claim? Firstly; it is not immedi-
ately obvious that such a position is inconsistent with Lewis’ Modal Realism,
for a branching world (singular) does not violate his demarcation principle.
Secondly; he is far from unequivocal in his endorsement of diverging worlds:
maintaining only that we should ‘prefer’ [40, p360] metaphysical theories em-
ploying them to theories employing branching worlds (plural). Thirdly; he ex-
plicitly allows for the possibility of such worlds; and hence, their reality [42,
p209]. However, the main evidence for him having a Branching World (singu-
lar) framework appears in his A Subjectivist’s Guide to Objective Chance [45]

symmetric. For now I shall accept the account implicit in his Guide but I shall return to this
subject in the last footnote of the third chapter.
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in the guise of his representation of the temporal asymmetry of chance by tree
diagrams.

Figure 2.1: A simplified version of Lewis’ original tree diagram[45, p94]. The horizontal line
marks the presentt . Above the line is the futuret , and below it the pastt . The diagram shows a
indeterminate event occurring just after t. All futuret possibilities at this world are divided into
A-, and ¬A-futurest . Outcome spaces with more than two outcomes for a indeterminate event
are the norm, but they may always be recast as dichotomous partitions by taking the negation
of one of the outcomes to be the disjunction of all the others.

What’s past is no longer chancy. The past, unlike the future, has no chance of
being any other way than the way that it is. This temporal asymmetry of chance
falls into place as part of our conception of the past as “fixed” and the future
as “open”–whatever that may mean. The asymmetry of fixity and of chance
may be pictured by a tree. The single trunk is the one possible past that has
any present chance of being actual. The many branches are the many possible
futures that have some present chance of being actual.[45, My emphasis: p93-
4]

It is here that Lewis’ usual clarity and concision lets him down. The dia-
gram plainly represents a world, or worlds, in some manner or other, but just
what is being represented is far from clear. I think the evidence already pre-
sented allows us to rule out the possibility that this tree is a representation
of branching worlds (plural). But, on first blush it doesn’t exactly invite one
to the conclusion that what is being represented are diverging worlds either.
The most natural interpretation would seem to be that Lewis’ guide to chance
assumes a Branching World (singular) ontology9.

However, if Lewis is read in this way, then he is contradicting the implicit
definition he gave of indeterministic processes in his New Work [40] 3 years
after the initial publication of his Guide [45] in 1980, and three years be-
fore his Guides republication in his Philosophical Papers Volume II. There,

9I am not isolated in this initial appraisal of Lewis position in his Guide. Hoefer [27, In a foot-
note: p554] reads him as adopting just such a position, though he fails to note the contradiction
with Lewis’ New Work.
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indeterministic events are instants of divergence of historically duplicate and
nomologically equivalent worlds. This is not consistent with a picture of such
events as instants of branching at a world. An indeterministic event under-
stood as the branching of a world, cannot also be an indeterministic event
understood as the diverging of two or more worlds. What is to be made of this
apparent contradiction?

2.4 Resolving the Contradiction
Fortunately, there is evidence in Lewis’ Guide [45] for the branches and trunk
of the trees in his diagrams to be interpreted as representing sets/bundles of
diverging worlds.

Figure 2.2: An exploded simplified tree diagram with its diverging world structure made ex-
plicit.

Part of the evidence can be found in where he defines objectified credence,
which he then goes on to identify with chance. However, a far better source
comes in his study of the calculus of the Reformulated Principal Principle
(see section 3.3). Thankfully, the evidence comes in the context of Lewis rep-
resenting the calculus on a copy of his earlier tree diagram, thereby leaving us
in no doubt as to what it applies.

Worlds - those of them that are compatible with a certain common past and a
certain common theory of chance - lie along paths through the tree.[45, p101]

That one sentence puts it beyond doubt that Lewis held the worlds represented
in his tree diagrams to be diverging. The use of the plural is unequivocal.
Whatever else Lewis held, he did not hold chance to involve the branching
of a world. Having ruled out branching worlds (plural) in his New Work [40],
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Lewis is left with only diverging worlds to work with. The sentence above, in
conjunction with his wider metaphysics, commits Lewis to a guide to chance
that assumes diverging worlds, just as his definition of (in)determinism from
1983 does.

2.5 Branching Worlds and Modal Ersatzism
Somewhat paradoxically given Lewis’ own views, there is a much easier
fit between diverging worlds and Modal Ersatzism than between branching
world(s) and Modal Ersatzism. Both Modal Realism and Ersatzism agree
that possible worlds exist and that the actual world is concrete. Where they
disagree is in the ontological status of the non-actual possible worlds. Modal
Realism holds all possible worlds to be on an ontological par with our own;
hence, it holds non-actual possible worlds to be as concrete as our own.
Modal Ersatzism, on the other hand, takes non-actual possible worlds to
differ from the actual world in that the former are abstract entities of a kind
with models or fictions. On the diverging worlds view all those worlds that
diverge from the actual world share no parts in common with it; so, the
diverger has the easy option of taking only the actual world to be concrete
whilst taking the others to be mere abstract models/fictions. Lewis is peculiar
precisely because he does not avail himself of this inherent advantage of
his ontology. He is not alone in this: lately the Everetian divergers, such as
Wilson and Saunders, also fail to avail themselves of this advantage of their
diverging ontology, though in their case this is the price of the “interference”
they allow between their worlds. Even so, many—such as Maudlin, van
Fraassen, and myself—do avail themselves of this advantage.

Now consider the Branching Worlds (plural) Modal Ersatzer. They would
have to hold that there are worlds, one concrete throughout its history the oth-
ers abstract, that share a common temporal segment. But, then some part of
each world branching from the concrete actual world will have to be concrete;
namely, that part shared with the concrete actual world (Here I assume that
one and the same object cannot be both entirely abstract and partially con-
crete, which seems to be a safe assumption.). The Branching Worlds Modal
Ersatzer would then need to provide us with satisfactory answers to the fol-
lowing questions: How can a modal ersatzer about possible worlds allow some
of their possible non-actual worlds to be partially concrete? How can a world
be concrete one minute but abstract the next? How can my successors—be I
identical with one, none, or all of them—inhabit an abstract world? Why do I
always find myself in the concrete world? I do not rate their chances highly of
answering those questions to any philosopher’s satisfaction.

Branching World (singular) Modal Ersatzism fares even worse. Here one
cannot even pose the question of whether there is a difference in the ontologi-
cal status of those worlds in which future non-actual possibilities arise contra
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the world in which future possibilities are actualised, because non-actual and
actual possibilities arise in the same world. However, the ersatzer could move
the goal posts and become an ersatzer about the non-actual branches of our
indeterministic world. This position faces its own slew of thorny questions:
How does an abstract branch attach to a concrete one? What happens when a
concrete individual branches so that one of their successors becomes abstract?
How can my successors—be I identical with one, none or all of them—inhabit
abstract branches? Why do I always find myself in the concrete branch? Again
these are all particularly nasty questions that seem designed to provoke the
worst in a philosopher, and again the safest thing to do is to reject Branching
World Modal Ersatzism.

The moral of the story is that diverging worlds are easily compatible with
both Modal Ersatzism and Modal Realism, whereas branching worlds are only
really compatible with Modal Realism. If one wants to be a Modal Ersatzist
about the histo-nomologically possible futures of our indeterministic world,
then one had better be a diverger, rather than a brancher. It is just as well
that in this case there seems to be a philosophical consensus against ersatz
branching worlds10.

There is another ersatz option that I have not yet considered, which takes
all possible worlds to be abstract. On this view the actual world is not a pos-
sible world, rather it is isomorphic to a possible world. Here all the problems
related to how abstract and concrete are to be combined within a branching
world no longer trouble those who wish to take an ersatz view on branching
worlds. However, given all of the issues that afflict branching worlds as al-
luded to earlier, one is left wondering why someone who took the view that
all possible worlds are abstract would not just make life easy on themselves
by also taking them to be diverging. The only argument I can see for not do-
ing so is if our world is in fact branching, in which case no diverging world
would be isomorphic to it. But as whether our world is diverging or branch-
ing is radically, and irretrievably, under-determined by the empirical evidence
(see section 2.7), we can never know, one way or the other, whether this ar-
gument is sound. The contrary argument—that if our world is diverging, then
no branching possible world will be isomorphic to it—is just as plausible on
the basis of empirical data. If we add to this all the defeasible metaphysi-
cal considerations in favour of preferring diverging over branching possible
worlds noted in this chapter, then the balance of reasons would seem to favour
the presumption of a Diverging Worlds ontology even if those worlds are all
taken to be abstract.

10The only argument that might be decisive in favour of Lewis’ Realism is the weak anthropic
argument—popular among String Theorists—where it is employed to justify realism in the
Landscape. The argument is certainly correct if taken to be trivial, and even has some initial
plausibility as an argument for Modal Realism, but there is much controversy over whether it
delivers on that promise. I remain uncertain as to its prospects, so, for now, agnosticism seems a
reasonable stance to take. If forced to choose, I prefer that form of ersatzism that is fictionalism.
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2.6 Classical Space-Time Saved
There is one other advantage with diverging worlds that I have yet to mention,
which is perhaps the greatest advantage of them all. Each diverging world is
something very like a standard 4D classical space-time manifold, with per-
fectly natural properties arrayed throughout. The worlds may differ in their
space-time geometries and in their property distributions, but they are all man-
ifolds of a type at least very similar to those familiar to us from relativistic and
classical physics. Under the Diverging Worlds framework the complexity of
the geometry of the space-times we are dealing with does not increase signif-
icantly when we move from deterministic systems of laws to indeterministic
systems of laws. The same cannot be said of branching worlds which neces-
sarily invoke complex branching space-time manifolds of a type that, though
perhaps not incompatible with our physics, are at least very unfamiliar and
difficult to work with.

The only difference between indeterministic space-times and deterministic
space-times according to the Diverging Worlds view is that given a complete
set of boundary variables on a Cauchy surface through the former there will
not be a unique distribution of boundary variables on all adjacent Cauchy sur-
faces, but rather an array of possible distributions. This stands in contrast to the
deterministic case where any Cauchy surface specified through the manifold
will serve to specify the variables on all other surfaces through the manifold.
However, this is not a difference in the structure of the manifolds, merely in
the relations holding internally between arbitrarily chosen spacelike surfaces
through them.

It cannot but help the prospects of a grand unified theory—reconciling
quantum mechanics and general relativity—if the former can be interpreted
in a manner that makes it more or less silent on the large scale geometry of
space-time. I take it that a philosophical position that allows the problems of
science to be cast in a form more tractable to scientists stands at a significant
advantage to others that do the opposite. So I take it that diverging worlds on-
tologies are advantaged over branching world(s) ontologies in this respect. At
this time I make no claims beyond this11.

11However, I have had it reliably confirmed in a very brief conversation with Placek that one
of the great problems with the branching space-time interpretation of QM is its present incom-
patibility with general relativity, an incompatibility that apparently stems from the branching
space-time structure supposed in the interpretation. I am unclear of the details and hence my
reticence to take it up at this time. Yet, presumably, if diverging worlds do not have the structure
that leads to the problem, they need not share in that problem and this must be seen as a point
in their favour.
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2.7 Is our World Diverging or Branching?
As already owned at the beginning of section 2.4, Lewis allows for the possi-
bility of branching space-times within12[42, p209] a world. I am unclear about
whether abruptly branching space-time geometries are compatible with rela-
tivistic physics or not, though my hunch is that they are not for they seem to
require discontinuous, or as near to discontinuous as makes little difference,
geometries. However, even if such geometries are not nomologically possible,
they are certainly logically and metaphysically possible. But just because a
viable possibility would account for the indeterminacy we see in the actual
world, we are not thereby forced to entertain its actuality according to Lewis.

Respect for common sense gives us reason to reject any theory that says that
we ourselves are involved in branching, or that if we are not, that can only be
because (contrary to accepted theory) our world is governed by deterministic
laws. But we needn’t reject the very possibility that a world branches. The
unfortunate inhabitants of such a world, if they think of ‘the future’ as we
do, are of course sorely deceived, and their peculiar circumstances do make a
nonsense of how they ordinarily think. But that is their problem; not ours.... .
[42, p209]

I personally find this argument most unsatisfying as it stands here. My prob-
lem is with Lewis’ assertion that the problem of being deceived by common
sense is not our problem, but our counterpart’s. How are we to know this?
Take any diverging set of worlds. Now take all of these worlds and hold their
duplicated parts to be identical. You now have the branching world(s) equiv-
alent of the set of diverging worlds you started with. Take any future directed
path through that branching space-time world and the distribution of perfectly
natural properties along that path will be the perfect intrinsic duplicate of one,
and only one, of the diverging worlds you started with. Just as we only ever ex-
perience one diverging world, so we only ever experience one path through a
branching space-time world; thus, the experience of passing through a branch-
ing world is indistinguishable from that of passing through a diverging world.

The empirical evidence tells us—at least if we assume the completeness of
our fundamental physics—that ours is an indeterminate world, but necessarily
under-determines whether our world is branching or not. Let us assume that
ours is one among a number of diverging worlds, then, by the above argument,
there exists a branching possible world that is empirically indistinguishable
form our world for some counterparts of ours. In our world common sense
may hold but in the other it does not. Yet, our counterparts in the branching
world have as much reason to believe common sense as we do. So, I feel com-
pelled to ask the question: how are we to know that we are not the occupiers

12He accepts the possibility of a branching world, not of branching worlds: the latter being
inconsistent with his Modal Realism.
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of the role presumed occupied by our unlucky counterparts? I am not aware
that Lewis ever offers an acceptable answer to that question.

My own initial response is to admit that we may indeed be deceived by com-
mon sense. Lewis and I both accept the metaphysical possibility of branching
within a world. I have just argued that whether or not a world is branching
is radically underdetermined by the empirical evidence. Hence, as all of the
arguments I have to offer here for adopting a Diverging Worlds ontology are
eminently defeasible I feel beholden to admit that no matter how offensive to
common sense and intuition they may be—I agree with Lewis that they are
very offensive on both counts—our world may indeed be branching for all we
can tell. But I still contend that we are well within our rights to provision-
ally adopt them as our working ontological hypothesis. Any indeterminacy
modelled by branching worlds can be equally captured by a set of diverging
worlds and, as the latter are far more agreeable to scientific, philosophic, and
common, sense, than the former, we have reason to prefer them.

The situation is no different from that which occurs when we have two
empirically equivalent but distinct13 scientific theories where one far outstrips
the other in the extra-empirical virtues of simplicity, ease of use, intuitiveness,
etc. In such a predicament the asymmetry in extra-empirical virtues gives us
reasons, albeit entirely defeasible ones, to provisionally believe in one of the
theories over the other. The belief is provisional precisely because the theory
lacking in extra-empirical virtues remains a possibility given the empirical
evidence.

Similarly, here we have two empirically equivalent metaphysical theses, one
of which has an abundance of extra-empirical virtues relative to the other, so
similarly here we should provisionally believe in that thesis, acknowledging
all the time that we may be in error as our reasons for doing so over the alter-
native are defeasible. This I take to be the sensible initial response. It amounts
to by and large accepting all of Lewis’ original argument except the claim that
we are not troubled by the possibility of ours being a branching world. We
are troubled by that possibility: our acceptance of it prevents anything beyond
reasonable provisional belief in our world being a diverging world.

But is there no way in which we could know our world to be diverging? I
can see how, for the Lewis of the 90’s, there could be an initially plausible
argument to the effect that we can know that ours is a diverging world. We
could then, at a real stretch, read Lewis’ argument above as being that whilst

13The question of when one theory is distinct from another that is its empirical equivalent and
not just the same theory in another formulation is a very difficult one to answer. One attempt to
answer this question in the Quinean[64, p29] mould goes as follows: two empirically equivalent
formulations are formulations of the same theory when their intertranslation is possible. So one
theory is distinct from another that is its empirical equivalent when there is no possibility of
their intertranslation. The devil is in the detail of the conditions for intertranslation, but if we
assume such detail can be filled in in such a way as to allow for non-intertranslatable empirically
equivalent theories, then it is these that I am here referring to.
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we may rule out as an epistemic possibility, primarily because of common
sense, that ours is a branching world, this does not rule out the metaphysi-
cal/logical possibility of it being a branching world. Consider Lewis’s (rather
problematic) definition of knowledge.

S knows that P iff P holds in every possibility left uneliminated by S’s
evidence—Psst!—except for those possibilities that we are properly
ignoring.[47]

where, in the first instance, a possibility is uneliminated by S’s evidence
iff S’s ‘perceptual experience and memory in [that possibility] exactly match
his perceptual experience and memory’ as it actually is[47, p553]. Lewis im-
mediately goes on to allow that there is scope for including ‘the evidence of
our extrasensory faculties’, and that ‘[i]f they exist, they should be included’.
Given this definition of knowledge Lewis can argue in two ways14 that we
can know our world yo be diverging. The first is by including the faculty of
‘common sense’ among those capable of acquiring evidence, the second is by
finding some argument for why branching worlds can be properly ignored.

By the first argument Lewis’ inclusion of the products of common sense
among what qualifies as evidence would allow him to argue that our evidence
eliminates the possibilities of determinism and world branching. This leaves
only the possibility that our world is diverging thereby ensuring that this possi-
bility is known to us. In the second argument some reason for properly ignor-
ing the possibility of branching worlds is identified. This leaves only diverging
worlds as that possibility not eliminated by the evidence or properly ignored.
Then, by Lewis’ definition of knowledge, we can know that ours is a diverg-
ing world despite the impossibility of evidence distinguishing diverging from
branching worlds.

Lewis offers rules for what can, and cannot, be properly ignored. I offer
the following as an example of an application of one of these rules to this
problem: I do not claim that it is the only possible example. The rule govern-
ing what can be properly ignored that I shall employ is the Best Explanation
Rule [47, p558]. By this rule we can properly ignore any failure of the best
explanation being the true explanation. Hence, we can properly ignore the
possibility that regular branching of our world is the true explanation of its
evident indeterminacy as divergence of worlds is (defeasibly), by the stan-
dards of common sense, intuition, simplicity, elegance and others, a far better

14A third way, similar to the first, becomes available if empirical evidence supports a physics that
eliminates branching space-times and determinism in such a way that allows near, or absolute,
certainty in that physics. Unfortunately, there appears to be no way for empirical evidence to
grant us such certainty. For various obvious reasons, such as under-determination of theory by
experiment and the limitations of induction, the best that can hoped for is a great deal of con-
fidence in a physics that rules out branching worlds, but that will not be sufficient to eliminate
branching worlds as an epistemic possibility.
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explanans of this explandum. But then, in all possibilities not eliminated by
the empirical evidence divergence of worlds is the true explanation of any
evident indeterminacy; and so, in all such possibilities our world is diverging.

There is, however, a general and simple weakness in both arguments. For
Lewis, that I know something should strictly imply that that something holds
at the actual world[47, p549]. If we assume that our counterparts in the branch-
ing world share our faculty of common sense and our appreciation of the extra-
empirical virtues,—and why wouldn’t they?—then by both arguments they
will know—first by excluding, and second by properly ignoring, the possibil-
ity of branching space-times—that they do not inhabit a branching space-time.
But then, they know something that is false at their world, which according
to Lewis ‘sounds contradictory’, and should be avoided if possible [47, p549-
550].

Few take our faculty of common sense to be reliable as a guide to which
possibilities are eliminable; so, the first argument was never a very promising
one. The weakness pointed to above just confirms the unsuitability of common
sense for this role. If the products of common sense are added to our evidence
and common sense is not reliable, then we should expect our evidence to elim-
inate possibilities that otherwise would not have been eliminated. This cannot
but lead to the situation where, by Lewis’ lights, we may know falsehoods.

If there was hope for the Lewisian of demonstrating that they can know
their world to be diverging, then it was always going to be through the proper
ignoring of the branching alternatives. But any such attempt will only ever
be a qualified success because of the cardinal rule governing what can be
ignored; the rule that prevents knowledge being fallible; the Rule of Actuality
that states that what is true at a subject’s world cannot be properly ignored by
them [47, p554]. This rule trumps all others for proper ignoring; so, though
our counterparts might believe that they can properly ignore the possibility of
branching worlds, they will be in error in doing so. This ensures that they do
not know that their world is not branching by properly ignoring the branching
alternative by the simple expedient of ensuring that, as their world branches,
so such branching cannot be properly ignored by them.

We have the following situation: we can know our world to be diverging by
our empirical evidence excluding the possibility of determinism and by prop-
erly ignoring (here I assume that some rule allows us to do this) the possibil-
ity of world branching, but only on the proviso that such ignoring is actually
proper. What ultimately decides whether or not such ignoring is indeed actu-
ally proper is whether or not our world is branching. But whether or not our
world is branching, which Lewis and I admit as logically and metaphysically
possible, is not something that can ever be determined by the empirical evi-
dence. So the Lewisian arrives at the position where they can know, by proper
ignoring perhaps on the basis of common sense, their world to be diverging;
however, any claim they make to such knowledge can only ever be provi-
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sional, because they could be erring in what they ignore, for all that evidence
and undefeasible argument can tell.

My original recommendation was that it is reasonable to provisionally be-
lieve our world to be diverging. By the lights of Lewisian epistemology, this
can be upgraded to a provisional claim to know our world to be diverging.
In either case, the possibility of branching space-time is making itself felt
for the diverger. No amount of defeasible reasons, citing of extra-empirical
virtues, or claims of proper ignoring ever changes the central fact that despite
all this we could still be unlucky. Hence, Lewis is very wrong in claiming that
the possibility of a branching world is only a problem for those unfortunate
counterparts of ours who live in them. He is wrong precisely because we, for
all that indefeasible reasoning has to say on the matter, could well be those
unfortunates.

2.8 Two-way Indeterminacy
A small flaw in Lewis’ account of indeterminacy is the assumption that this
concept can only be future directed. This is a flaw shared by many philosoph-
ical, and scientific, accounts of indeterminacy. The natural Laws Of Tempo-
ral Evolution (LOTE’s)—to coin Maudlin’s [53] phrase—take the state of a
world/isolated-system at one time as their argument, and give the state of that
world/system, or a distribution over states of that world/system, at other times.
If we take such probabilities to be paradigms of objective chances, we have
that objective chance distributions as conceived by the sciences are defined
over just those possibilities/models that are constitutive of a world’s/system’s
indeterminacy. Put more succinctly, objective chance as conceived by the sci-
ences is a measure of (in)determinacy. Typically the sciences try and ensure
that such laws perform this function no matter whether the latter times are
later than, or earlier than, the former. Indeed, for reasons of objectivity it is
seen as a desirable feature that they should behave in this way: i.e. LOTE’s
should be time reversal invariant (see Earman [13, p131-132]).

Whether or not quantum mechanics, or even the true theory of irreducible
physical probability at our world, satisfies this requirement, we must concede
that worlds whose systems of laws behave in this way are possible in the same
way that worlds that obey different physical laws to ours are possible15, and
that this possibility should be allowed for. To cater for such indeterminacy the
diverger need not deviate from Lewis’ definition of an indeterministic system
of laws. All they need do is redefine what it is for one world to be divergent
from another. Lewis holds one world to be divergent from another, if they
are not duplicates but have duplicate initial temporal segments. To cater for

15In other words, even if our world has a closed past, this must be at least a logically, if not—
assuming we have a good idea what metaphysical possibility amounts to—metaphysically, con-
tingent fact of our world.
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two-way indeterminacy we need only adjust this definition by dropping the
‘initial’: one world is divergent from another conforming to the same system
of laws if they are not duplicates, but have duplicate temporal segments.

Our world is indeterministic iff its system of laws is such that there is at least
one world that is not a perfect duplicate of our own, but that yet conforms to
those laws and duplicates some portion of our world’s history. Even if there
is only one such world that meets the duplication criterion for no more than
an instant, this is sufficient for indeterminism to be true at our world. Beyond
the duplicated segment the two worlds will diverge, both into the future and
into the past (assuming that the segments are not final in the first instance,
or initial in the second). Two worlds may even be duplicate over multiple
temporal segments, diverging and converging any number of times throughout
their history, both into the past and into the future. All this the new definition
of divergence allows for.

Figure 2.3: To the left, a simplified tree-with-roots diagram representing the worlds constitu-
tive of a world’s two-way indeterminacy. To the right, an exploded view of the same.

A world might be indeterministic in a number of ways. In particular, it
might be divergent from its nomological equivalents only into the futuret , or
only into the pastt , or both into the futuret and the pastt . In the first case the
world’s futuret is indeterminate, in the second its pastt is indeterminate, and
in the third both its pastt and futuret are indeterminate. The first possibility
is the one familiar to all participants in the debate and equates to what Ear-
man [13, p13] would call futuristical (Laplacian) indeterminacy. The second
is less familiar, though is a perfectly respectable form of indeterminacy equat-
ing to what Earman would call historical (Laplacian) indeterminacy. The last
possibility is two-way indeterminacy: worlds are two-way indeterminate if
both futuristically and historically indeterminate. Hence, the new definition
of divergence allows for two-way indeterminacy; and so, for those stochastic
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systems of laws that distribute probabilities over both past and future possi-
bilities.

Presumably something of this sort could also be done for definitions of in-
determinacy that assume branching worlds, but as I am not defending that
position I will leave this for others. However, the standard complaint that two-
way indeterminacy is incompatible with our everyday experience of a single
unified past should be nipped in the bud quickly. This simply is not the case
for those, such as Lewis and myself, who hold the mental to supervene on the
physical. Simply put, on this view what we remember is determined broadly
synchronically, whereas what actually happened is determined, or left unde-
termined, diachronically.

It is true that what we remember at any moment in time is a more or less co-
hesive single unified past. But it might just be a fact of life that human memory
states just happen to be of this character. We could even offer an evolutionary
explanation for why this should be so, and even for why what we remember
about the past must at least be consistent with some subset of those pasts that
are nomologically accessible to us. After all, a memory that regularly and se-
riously misled us as to the regularities of our world would not serve very well
as an aid to survival, nor would one that did not present us with a cohesive
narrative of our past experience. But the main point here is that whatever is
remembered is remembered at a particular time and is fixed at that time by
our physical/brain state at that time. That we are in that physical/brain state at
that time is entirely consistent with their being more than one nomologically
accessible past for us at that time. Hence, whether the past is indeterminate or
not is immaterial to what we remember. It follows that our subjective experi-
ence of the past as determinate is entirely consistent with our world having an
indeterminate past.

In any case, it does not matter whether one thinks the evidence from our
memories rules out our world as historically indeterminate. Just because ours
is a historically determinate world does not mean that historically indetermi-
nate worlds are logically or metaphysically impossible. World’s conforming
to different laws to our own may be such that intelligent beings within them
remember multiple, incompatible pasts. What are we to say about determin-
ism at their worlds? Their kind of indeterminism must be accommodated in
our metaphysics of determinism, for their world is, after all, among those that
are metaphysically possible relative to ours.

2.9 Summary
In summary, I have provided evidence that Lewis was consistently against
Branching World(s) from at least the early 80’s, right up until his unfortu-
nate death, and that in all relevant instances he assumes a Diverging Worlds
metaphysics. To a large extent I agree with the reasons for his preference; and
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so, I follow him in rejecting branching in favour of diverging. Having settled
the question of what the metaphysics behind chance in Lewis’ work is—the
metaphysics of indeterminism—let us now proceed to an in depth study of his
guide to chance to see what riches Lewis has to offer, and how far along the
path of a full blown analysis of this measure of indeterminacy he has taken
us.
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3. Lewis’ Nascent Analysis of Chance

Whatever Lewis held chance to be, he certainly held that non-trivial objective
chances only obtain at indeterministic worlds [45, postscript: p120]. One must
be careful here. There are two possible meanings of ‘objective’ as it applies
to chances and we need to distinguish them. There are the objective chances
whose paradigm examples hail from quantum mechanics. These match Lewis’
criterion of being non-trivial only at indeterministic worlds. However, re-
ducible chances can also be objective in the sense that intersubjective agree-
ment is assured among reasonable agents as to their value, typically because
all such agents will conform their credences to certain common principles of
indifference. These other objective chances do not match Lewis’ criterion, as
they can certainly take on non-trivial values at deterministic worlds. Hence, it
seems that Lewis’ Guide is best read as a guide to that subset of the chances
that are irreducible, whose paradigms are the irreducible probabilities of quan-
tum theory. Some, for instance Bostrom [7, Unpublished] and Suppes [74], see
this as a failing in Lewis’ work for various reasons. Among other things they
claim that the everyday notion of chance is far wider, including distributions
over epistemically possible outcomes of deterministic processes. Indeed, pre-
sumably no natural law is responsible for the chance of throwing a six on a
die toss being 1/6. Lewis agreed that deterministic events, such as coin tosses
and die casts, are parasitically, objectively chancy at indeterminate worlds [45,
p84], but disagreed that they are at deterministic worlds.

His argument supporting his rather surprising claim—that the result of an
event normally considered to be deterministic is, in reality, partially deter-
mined by the results of a multitude of chancy events all adding together to
make that “deterministic” event objectively chancy— is implausible even for
his chosen example of a coin tossed in air. Suppose the result of the coin’s
toss is partially dependent on its interactions with the air molecules around it
during the toss, and that such interactions are chancy. Given no such objec-
tively chancy interactions (imagine the coin tossed in a perfect vacuum) the
objective chance for heads will be 1 or 0, as the initial conditions and the nat-
ural laws will together determine the result of the toss. Now add the chancy
interactions. In real life the influence of such interactions on the final result
would be minute compared to the influence of the initial conditions; so, the
chance of heads will only marginally differ from 1 or 0. Thus, in real life it is
implausible that such chancy interactions could give rise to objective chances
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that differ very much from the trivial values of 1 or 0 for typical middle sized
systems such as coins.

Yet the implausibility does not end there. The degree to which such inter-
actions cause the objective chance of heads to differ from 1 or 0 will depend
utterly on contingent matters such as the air’s density, chemical composition,
temperature, the coins time of flight, etc, and any other factors that determine
the strength and number of the chancy interactions. It is utterly implausible
to think that all these factors should invariably conspire to give a chance of
heads close to the accepted 0.5 in all relevant circumstances. Lewis himself
admits this; though, where he claims it to be less than certain that such chancy
interactions would give us the desired chances, I would claim that it is nearly
certain that they would not.

Lewis’ attempt to increase the generality of his guide was misguided;
however, restricting Lewis guide to just the irreducible chances increases the
relevance of his work to my wider project of interpreting such probabilities.
Far from Lewis being routed here, it is my judgment that there is an obvious
path open for an orderly retreat to a more defensible position. I shall assume
that this is the position to be defended for the rest of this work, hence I shall
read Lewis guide to objective chance exclusively as a guide to those chances
characteristic of indeterministic worlds.

The formal underpinnings of Lewis’ nascent analysis of objective
chance are presented in the section of his [45] titled Chance as Objectified
Credence. The very first line of which unequivocally identifies chance with
‘objectified subjective probability’ [45, p98]. Lewis is very concise in his
treatment of objectified credence—perhaps a little too concise—so I am
going to take the liberty of going through his position slowly and carefully
so as not to miss anything important. I hope to make a couple of minor
improvements to his guide along the way. This will constitute the majority of
the work in this chapter.

3.1 The Original Principal Principle
So as not to have to continually adjust my conventions I wish to introduce
early a convention that Lewis later adopts.

Given a time t and a world w, let us write Ptw for the chance distribution that
obtains at t and w. For any proposition A, Ptw(A) is the chance, at time t and
world w of A’s holding.[45, p96-7]
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Therefore, Pt(A) = x̆ is the proposition that the chance, at time t, of A’s holding
is x̆, where x̆ is some real on the unit interval1. I also wish to introduce Dt as
the argument domain of Pt , such that Pt(A) is defined iff A ∈ Dt . Where the
chance function is also indexed to a world w, the domain will likewise be
indexed; e.g., Dtw will be the argument domain of Ptw. With these conventions
Lewis’ Principal Principle (PP) is as follows [45, p87].

THE PRINCIPAL PRINCIPLE: Let C be any reasonable initial credence
function. Let t be any time. Let [x̆] be any real number in the unit in-
terval. Let [Pt(A) = x̆] be the proposition that the chance, at time t, of A’s
holding equals [x̆]. Let E be any proposition compatible with [Pt(A) = x̆]
that is admissible at time t. Then

C(A|[Pt(A) = x̆]E) = [x̆]

The PP says that the reasonable credence to have initially in A, on the sup-
position that E and the chancet of A is x̆, is x̆ where E is admissible and
compatible with the chancet of A being x̆. Most authors on the subject choose
to leave the conjunction in the symbolic representation of the PP implicit. I
will do so where the conjunction is being invariably treated as a single propo-
sition2, otherwise I shall use ‘,’ to mark the conjunction. Henceforth, I will
write the PP as C(A|E,Pt(A) = x̆) = x̆. Most of the PP is fairly self explana-
tory, but some finer points need to be made.

1In an effort to avoid confusion I reserve small case letters from the end of the alphabet with a
breve accent for parameters. For example x̆ is some particular but unspecified constant denoting
some particular but unspecified value from the value domain of variable x, such letters without
breve accents being variables. In the context of the PP, x̆ rigidly designates some particular but
unspecified real on the unit interval. I make this distinction so as to make explicit the distinction
between P(A) = x, which is an open sentence, and P(A) = x̆, which expresses a well formed but
unspecified proposition: the latter typically being used to exemplify a class of propositions. In
the literature often context is relied upon to settle the appropriate reading of expressions such as
P(A) = x: where it appears in a context that requires it to possess a truth value the appropriate
reading is unambiguous.But for the unwary reader such contextual subtleties may be missed;
hence, for the sake of clarity, I do not rely on context to differentiate parameters from variables.

Just to be thorough, other protocols I adopt include: 1. small case letters from the end of the
alphabet with a superscript, or small case letters from the beginning or middle of the alphabet,
are constants from the domain of the variable concerned, e.g. xi is the i-th constant denoting
the i-th value of the value domain of x, and x1 might be alternatively denoted a, or even q; 2.
the value domain of a variable will be denoted as, e.g.,

{
xi
}

. A domain/set might alternatively
be denoted by a large case letter in bold, e.g.,

{
xi
}
=X; and 3. a circumflex accent marks an

operator, e.g., x̂, and Ŝx.
2This will be where there is no independent interest in the conjuncts.
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3.1.1 The Credence Function C
A credence function C is Lewis’ version of a subjective probability function:
credence being synonymous with degree of belief. It is important to note that
C is only a model of some reasonable agent’s state of knowledge/belief: there
may be no agent at the world and time at issue whose credence even approxi-
mately answers to that model. That C is a reasonable initial credence function,
just means that if C is taken by an agent as their initial credence in A, any cre-
dence function derived by conditionalising C upon further evidence, whatever
that evidence might be, will also be reasonable3. Hence, if respect for the PP
were adopted as a constraint on reasonable credence, it would generate a rea-
sonable prior probability at t for agent X for any proposition about which X
holds a normalised credence distribution as to its chancet . C is a probability
distribution over a space whose points are worlds and whose regions are sets
of worlds: i.e. propositions.

3.1.2 Regularity
To ensure that, where appropriate, C may be further conditionalised as is re-
quired for its initial reasonability, it must be regular: i.e. C(B) is zero (one)
only if B holds at no (all) worlds, and C(B|A) is zero (one) only if B holds
at no (all) A-worlds. This restriction can be motivated by Lewis’ “avoid dog-
matism” reasonability criterion (see immediately below), but an even stronger
motivation comes from the demonstrable equivalent of imposing regularity;
namely, imposing the restriction that credence functions be strictly coherent
in the sense that Dutch books cannot be made against agents who hold them
[20]4. However, as Giere [20, p448-9] highlights, imposing regularity upon
credence functions forces one to choose between having credences conform to
a Non-Standard Probability Theory (NSPT) that embraces infinitesimal prob-
abilities and the failure of countable additivity, and restricting the argument
domains of credence functions so that credence distributions are only ever
specified over at most denumerably many, and preferably finitely many, dox-
astic possibilia.

Lewis opts for the first option, while I opt for the second. One reason for
preferring the second option to the first is that there are some important results
that hold in SPT but not in NSPT. An example, which will play an important
role in what is to follow, is the result that where E |= A, P(E) ≤ P(A). How-
ever, like Giere[20] I have a wider agenda in imposing regularity on credence.
I intend to follow Lewis in analysing objective chance in terms of credence;
so, if credences are regular, then objective chances will be too. Where ob-
jective chances are regular physical necessity falls out as the limiting case

3Lewis does give tentative suggestions for independent reasonability criteria that I will briefly
review in subsection 3.1.3.
4Giere attributes this result to Carnap in his 1971 ‘A Basic System of Inductive Logic’.
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where objective chance is always 1 (see section 6.4). That physical necessity
is just a kind of certain belief is a nice result for Humeans such as myself.
Lewis may even have had a similar target in mind. This is certainly sug-
gested in his work of 1994 [46]. Of course, the price to be paid is that the
outcome spaces for chances must be similarly prescribed, which entails that
non-denumerable outcome spaces are physically impossible even though log-
ically possible [20, p446-7]. Moreover, credence/chance gaps—propositions
for which no credence/chance is defined—are unavoidably created. Examples
of such a gaps are generated wherever we have a variable with a value do-
main that is continuous, such as the position of some object, or the time when
some event will occur. There will be no chance attributable to those variables
taking a value from those domains. Instead, the value domains must be reor-
ganised into event spaces with at most denumerably many intervals. If one can
live with these consequences, and I can, then one can have regular credence
and objective chances that conform to standard probability theory with all the
benefits these bring.

3.1.3 Reasonability
We are still owed some independent reasonability criteria and these Lewis [45,
p110] provides tentative suggestions for. A credence function is reasonable if
it is regular in the manner defined above, respects probability theory, is biased
toward worlds where the regularities of the past are reliable guides to those of
the future, and obeys restricted principles of indifference. Lewis’ hoped that
these would be sufficient to constrain the value of a reasonable C(A|E,Pt(A) =
x̆) to x̆, thereby motivating the PP without reference to chance. However, while
the first three criteria are plausible, they fail to constrain C(A|E,Pt(A) = x̆) to a
unique value, and whilst the latter would be sufficient to this task, it is plagued
by well known consistency problems.

One might ask why Lewis did not just simply add respect for the PP to his
other unproblematic reasonability criteria for credence. From what I have read
in the literature this seems to be the position of most authors on the subject.
Lewis does consider this course, but rejects it. The reason for rejection is very
interesting indeed. The PP, as the reader shall soon see, places restrictions
upon what the chances for certain propositions can be. For those propositions
where the chances are constrained by what reasonable credence allows, one
cannot very well have conformity to those chances as a reasonability criterion
for such credence. This problem I shall, henceforth, refer to as the reasonabil-
ity!riddle. Lewis argued that respect for the PP cannot be a generally appli-
cable reasonability criterion for credence because of this riddle. But this left
him at a loss as to why reasonable credence should conform to his principle.
This is one of the three main reasons Lewis gives for why his guide could not
be taken as an analysis of chance.
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3.1.4 The Proposition Pt(A) = x̆
The proposition5 “the chancet of A is x̆” is embedded in a referentially opaque
(see section 3.1.5) intensional context in the PP, so it is a fallacy to substitute
for x̆ with non-rigid terms. In particular, one cannot substitute “the chancet
of A” for the instance of “x̆” that appears outside of the credence function in
the PP. Making that substitution into the PP where the credence function con-
cerned is a distribution over some agent’s actual doxastic, or epistemic, possi-
bilities would have the effect of making that personal reasonable credence in
A invariably equal to the chancet of A whether or not the agent’s beliefs about
the chancet of A are erroneous, which would be absurd. Though, as we shall
see, there are credence functions for which this is a desirable feature, and in
such contexts the substitution is unproblematic.

3.1.5 Admissibility in the Literature
Finally, care should be taken to cover the concept of admissibility in Lewis’
PP. In Lewis’ own words from 1980,

[a]dmissible propositions are the sort of information whose impact on credence
about outcomes comes entirely by way of credence about chances of those
outcomes. [45, p94]

He then goes on to say that he has ‘no definition’ to offer for admissibil-
ity, only some sufficiency conditions. The first sufficiency condition is ‘[i]f a
proposition is entirely about matters of particular fact at times no later than t,
then as a rule that proposition is admissible’ [45, My emphasis: p92]. I call
such propositions historict . Lewis held that the truth of a proposition super-
venes upon the spatio-temporal distribution of perfectly natural physical (and
perhaps spiritual) properties. This base is often referred to as the Humean mo-
saic. It should be clear to the reader from section 2.2. that two worlds exactly
alike in terms of their Humean mosaics up to time t are what Lewis would
call initiallyt duplicate worlds; so, a proposition E is historict iff there are no
two worlds that are initiallyt duplicate such that E holds at one of the worlds
but not the other. The other sufficiency condition is if E is a history-to-chance
conditional (see section 3.3.).

The ‘as a rule’ that I emphasise above is crucial. Lewis admits the possi-
bility of inadmissible historic propositions: examples being proclamations by
seers, or by time travellers from the future [45, p94]. Lewis does not really ex-
plain explicitly why this is. Later I offer an explanation, and from it I derive a
definition for admissibility, but first we should consider what those who came

5That Lewis takes Pt(A) = x̆ to be a well formed proposition signals a significant departure
from Subjective Bayesianism which traditionally [9] holds probability assignments to be non-
propositional.
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after Lewis, and the later Lewis himself, had to add to our understanding of
this central concept.

Beginning with Lewis [46, p486], one finds that he later added to his orig-
inal conception of admissibility in three ways. The first was to recognise that
a proposition could be more or less admissible.

Admissibility admits of degree. A proposition E may be imperfectly admissi-
ble because it reveals something or other about future history; and yet it may
be very nearly admissible, because it reveals so little as to make a negligible
impact on rational credence.

In conjunction with this he realised that for the purposes of the PP
‘near-admissibility may be good enough’. In other words, the value of
C(A|E,Ptw(A) = x̆) may be constrained to x̆ even though E is not perfectly
admissible, just so long as it is nearly so. Finally, but most importantly
of all, Lewis agreed with Thau [75, p500] that admissibility is typically
relative.

[D]egrees of admissibility are a relative matter. The imperfectly admissible E
may carry lots of inadmissible information that is relevant to whether B, but
very little that is relevant to whether A.

Many have more or less concurred with Lewis’ later notion of relative admis-
sibility. For instance Loewer [51, p1116], Thau [75, p500], and Hoefer [27,
p508]6, but to my knowledge there is only one formal intensional definition
of relative admissibility in the literature, and that is Hall’s.

F is admissible with respect to [initial reasonable] credence C0, proposition A,
and time t iff C0 takes it as certain that the t-chances treat A and F as indepen-
dent. [24, p102]

I would give this condition symbolically as C(Pt(A|F) = Pt(A)) = 1. One
can offer a nice argument for this being a sufficient criterion for admissibil-
ity. One starts with Miller’s Principle (MP), which is well justified by ar-

6Some others have had more of interest to say. These range from the rather trivial such as Hall’s
[23, p508] extension of Lewis’s sufficiency criteria to any proposition implied by all history and
theory of chance conjunctions, to the not so trivial. In this latter group I include the following
insight from Halpin [25, p352].

[A]dmissible information at t can include only facts that are settled (not chancy) at t.

The interesting aspect of this insight is that it fits entirely with my conclusions as to how to deal
with the problem I refer to as the reasonability riddle (see next chapter), where we interpret
Halpin here to be referring to general admissibility. Basically, for a proposition to be admissible
for all propositions for which there are objective chances, it must be admissible for itself and
for this to be possible the chance of that proposition must be 1, and so settled.
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guments such as those given in section 4.2. Symbolically, Miller’s Princi-
ple is Lewis’ PP shod of the admissible propositions: C(A|Pt(A) = x̆) = x̆.
By an argument originally by Skyrms (1988)—reproduced in Appendix A—
one can show that, if MP is a reasonability constraint on credence, then so is
C(A|F,Pt(A|F) = x̆) = x̆. This is the Miller Conditional Principle (MCP). Hall
argues for this principle from different, and somewhat less plausible (see sec-
tion 5.6.), premises. But once we have this principle it follows immediately
that C(A|F,Pt(A) = x̆) = x̆ if C(Pt(A|F) = Pt(A)) = 1; hence, Hall gives us a
sufficient criterion for F’s admissibility at t for A.

Hall offer’s no justification for this criterions necessity, yet immediately
moves to claim that it offers an ‘explicit definition of admissibility’. I wish
to offer my own “explicit definition” of relative admissibility, and as the nec-
essary and sufficient condition for admissibility that I will propose is—so far
as I can tell—not equivalent to Hall’s7, at least one of us must be wrong in
our claim to necessity. Obviously I take it that Hall is wrong to add ‘only if ’
to his ‘if ’. It is not difficult to make that claim considering that he offers no
justification for this move. If I am right in this, then no one has yet succeeded
in giving an intensional definition of relative admissibility. This I intend to
rectify in the following subsection.

3.1.6 Relative Admissibility as Screening Off by Chance
What is wrong with foresight that makes it inadmissible? Consider an objec-
tively chancy coin toss where the chance of heads is 0.5. By the PP the rea-
sonable initial credence in heads before the toss is 0.5. Now consider that an
infallible seer8 whispers in your ear that the result of the soon to be made toss
will be heads. Let A be the proposition that the coin lands heads, and let IS(A)t
be the proposition that the infallible seer prophecises A prior to t. Plainly if the
infallible seer prophecisesA, then A: that is, IS(A)t entails A. Now, if IS(A)t
is admissible, then we will have C(A|IS(A)t ,Pt(A) = 0.5) = 0.5 by the PP,
but C(A|IS(A)t ,Pt(A) = 0.5) = 1 by probability theory, which is inconsistent.
Hence, the seer’s foresight must be inadmissible.

In this there is the makings of a necessary and sufficient condition for ad-
missibility. First I stipulate that where the value of a credence function is de-
termined by Probability Theory (PT) to be one thing, and by the PP to be
another, then its reasonable value is that given by PT. So, in the above ex-
ample, the reasonable value of C(A|IStA,Pt(A) = 0.5) is 1. An initial stab at
a necessary and sufficient condition for admissibility would then be that a
proposition E is admissible for another proposition A iff the reasonable value
for C(A|E,Pt(A) = x̆) is x̆. But it may be noted that PT is silent on the value of

7Of course this may just be a failure of imagination on my part: others might have more success
in proving the equivalence. If so, I would be prepared to accept the necessity of Hall’s criterion.
8An infallible seer can be construed as an expert who is never wrong and whose expert functions
only take the values 0 and 1(see section 4.2)
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C(A|Pt(A) = x̆) for all A∈ Dt ; so, its reasonable value will be invariably deter-
mined by the PP to be x̆. Hence, one can rewrite the above stab at a necessary
and sufficient condition for E being admissible for A as the reasonable value of
C(A|E,Pt(A) = x̆) being the same as the reasonable value of C(A|Pt(A) = x̆).
Among the criteria these functions must satisfy in order to be reasonable is the
obvious one that they be defined. For reasons that will become obvious it is
helpful to make explicit this condition. Both functions will be defined where
C(E,Pt(A) = x̆)> 0, where this function is also reasonable.

With all this in mind we can say that E will be admissible for
A iff it is the case that the reasonable value of C(A|E,Pt(A) = x̆)
is the same as the reasonable value of C(A|Pt(A) = x̆), where the
reasonable value of C(E,Pt(A) = x̆) is greater than 0: symbolically iff
C(A|E,Pt(A) = x̆) = C(A|Pt(A) = x̆), when C(E,Pt(A) = x̆) > 0. Formally,
where ⊃ is the material conditional:

RELATIVE ADMISSIBILITYt v. 1.1: Proposition E is admissiblet
for proposition A iff C(E,Pt(A) = x̆) > 0 ⊃ C(A|E,Pt(A) = x̆) =
C(A|Pt(A) = x̆).

The reader may be forgiven for thinking some of the motivations for the var-
ious steps in developing the formal definition of relative admissibility rather
arbitrary. It is my hope that the end justifies the means, as the above definition
allows us to formally define such admissibility as independence conditional
on chance.

CONDITIONAL INDEPENDENCE: If P(A|B,C) = P(A|C) [where
P(B,C) > 0], we say that A and B are conditionally independent given
C; that is, once we know C, learning B would not change our belief in
A.[62, p3]

Another way of saying that A and B are conditionally independent given C, is
to say that C screens off A from B. Alternatively, one can use Skryms’ notion
of resiliency, which is a quantative measure of the degree to which something
screens off something else.

To say that c shields-off e2 from e1 is to say that Pr(e2 given c) has resiliency
1 over e1.[71]

Conditional independence and resiliency play similar and important roles in
causal modelling and inference. For example, though coffee drinking and lung
cancer are correlated, the former is not a direct cause of the latter. We know
this because smoking screens off lung cancer from coffee drinking. It may
be inferred from this that all dependence on coffee drinking of lung cancer is
mediated by smoking, from which it follows that smoking is a cause of lung
cancer, and that coffee drinking is either another effect of smoking or else
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an indirect cause of lung cancer via smoking. However, though the concept
of screening off is typically employed in causal modelling and inference, it
is formally a probability theoretic concept, applicable wherever probability
theory is applicable, and so applicable to reasonable credence functions.

With this in mind my initial formal definition of relative admissibilityt can
be rewritten to give a very simple definition of relative admissibilityt .

RELATIVE ADMISSIBILITYt v. 1.2: Proposition E is admissiblet for
proposition A iff Pt(A) = x̆ screens off A from E.

But this will not do. Consider the seer example again, but this time
substitute a double headed coin for the fair coin. By PT we have
C(A|IS(A)t ,Pt(A) = 1) = 1 due to the seer’s prophecy, but by the PP we also
have C(A|Pt(A) = 1) = 1, and—as A is quite consistent with Pt(A) = 1 and
C is regular—C(IS(A)t ,Pt(A) = 1) > 0; so, we would have that the seer’s
foresight is admissiblet . It just happens that her foresight is screened of by
the appropriate chance on this occasion. Given the above condition, whether
the seer’s foresight is admissiblet or not will depend upon what the relevant
chancet is. I take it that admissibility should not depend upon chance in this
manner. Surely the seer’s foresight in A is inadmissible just because given
such foresight our reasonable credence in A is 1, whatever the chancet of A
happens to be. Another way of putting this is that E is admissiblet for A iff
for every value that Pt(A) can take, the proposition formed by it taking
that value screens off A from E.

One would think that it should be easy to transcribe the above notion of
relative admissibility into a precise symbolic form in first order language. This
is not the case. Let the set of reals on the unit interval be the value domain
for Pt . For every t, let there be a proposition that the chancet of A is xi for
every A ∈ Dt and xi ∈ [0,1]. Then, as a second stab at a formal definition of
relative admissibility the necessary and sufficient condition can be written as
the following conjunction with an uncountably infinite number of conjuncts:
one for each real on the unit interval.

RELATIVE ADMISSIBILITYt v. 2.1: Proposition E is admissiblet
for proposition A iff C(E,Pt(A) = 0) > 0 ⊃ C(A|E,Pt(A) = 0) =
C(A|Pt(A) = 0), · · ·, C(E,Pt(A) = 1) > 0 ⊃ C(A|E,Pt(A) = 1) =
C(A|Pt(A) = 1).

Just as version 1.1 of my definition could be reformulated as the more succinct
version 1.2, so version 2.1 can be given more succinctly as:

RELATIVE ADMISSIBILITYt v. 2.2: Proposition E is admissiblet for
proposition A iff Pt(A) = 0, · · · and Pt(A) = 1 all screen off A from E.

Roughly, E is admissiblet for A iff learning the chancet of A, whatever that
should happen to be, would make E redundant as evidence for A. One can now
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clearly see why the seer’s foresight is inadmissiblet : it is only made redundant
as evidence for A by the chancet of A in the very special circumstance where
said chancet is 1.

Some care needs to be taken in how the ellipsis (· · ·) in this definition is
read. In particular, a decision must be taken whether the ellipsis is that of
natural English, or that of logic and mathematics. If the ellipsis is taken as
that of natural English, then the above must be read as a sentence of natural
English that incompletely expresses the proposition that is the definition of
relative admissibility. On such a reading the ellipsis marks an omission from
the sentence expressing the definition, not an omission from the definition
itself. The only real draw back with such a reading is that the definition is
only partially expressible in natural English and such language is by nature
informal. To retain formality, and complete expressibility, of the definition
the ellipsis must be that of logic and mathematics, but for that reading to be
permissible the ellipsis must mark the omission of the results of a well defined,
repeated operation. The trouble is that it is dubious whether or not a repeatable
operation is definable where the value domain of the chance functions are the
reals from the unit interval.

Consider the following examples of the legitimate use of ellipsis in mathe-
matics.

Ex.1 : 0+1+2+3+ · · ·+100

Ex.2 : 0,1,2,3, · · ·

Ex.3 : 1,2,3,5,7,11, · · ·

Ex.4 : π = 3.141 · · ·

The first three exemplify the use of ellipsis in representing the omitted results
of some operation, the fourth exemplifies its use in representing the omitted
indefinite continuation of an irrational number. Where the ellipsis comes at
the end of a series, such as in examples 2 and 3 above, it is to be read as “and
so on ad infinitum”. Plainly, it is the sense of ellipsis of the first 3 examples
that is required in my definition. For its use in this sense to be legitimate there
must be a clear pattern in the terms whereby the next term can be clearly iden-
tified from the preceding term by means of some kind of successor operation.
As examples 2 and 3 illustrate, such an operation will be definable where the
terms are countable, so one way to make sure of the definition above is to im-
pose countability on the extension of the value domains of chance functions.
The way to do this is to switch from the elements of these value domains being
reals on the unit interval, to them being disjoint sub-intervals of reals on the
unit interval. Many, for instance Gaifman [19], would see such sub-intervals
as the natural choice for the values of probability functions in any case; so,
adopting this convention is by no means beyond the pale, nor contrary to
probability theory. With the value domains of chance functions as domains
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of sub-intervals the ellipsis in the above definition can be unproblematically
read as the ellipsis of logic.

But for those who wish to retain reals on the unit interval as the values of
the chances there may be no way of reading the ellipsis in the above definition
as that of mathematics and logic. The problem is that as there is a continuum
of these numbers it is very difficult to define a successor operation. The only
half-plausible way of building up an exhaustive conjunction of reals from 0
that I know of is the following:

0 & the real that is greater than 0 and less than, or equal to, any other real & the
real that is greater than (the real that is greater than 0 and less than, or equal to,
any other real) that is less than, or equal to, any other real & · · ·.

There are so many issues and problems surrounding constructions such as this
conjunction that to rest our definition upon their successful resolution when
there are other options available is to take a substantial and unnecessary risk.
Hence, in what follows I shall read the ellipsis in my formalisation of the
definition of relative admissibility as that of natural English and will continue
to hold chances to take values from the reals on the unit interval. For those who
wish to read the ellipsis as that of logic, they would be well advised to have
chances take values that are sub-intervals of the reals on the unit interval. All
that follows applies mutatis mutandis to chances that have as their potential
values 0, 1, or any sub-interval between 0 and 1.

If one chooses to read the ellipsis in this more logical sense, then in the
same way that 1+ 2+ 3+ 4+ · · · can be written using the summation op-
eration as ∑

∞
n=1 n we can define a conjunction operation to write definition

v. 2.2 more elegantly. Let X= {0,∆i,1} be the value domain of Ptw such
that there are an infinite number of disjoint sub-intervals (∆i being the i-th
sub-interval) such that every real on the unit interval save 0 and 1 belong
to one, and only one, such sub-interval. Now define a conjunction operation⋂n

i=1 xi = x1, x2, x3, · · · and xn. Then the ellipsis in definition v. 2.2 may be
substituted for by

⋂
∞
i=1 Ptw(A) = ∆i giving:

RELATIVE ADMISSIBILITYt v. 2.2.1: Proposition E is admissiblet for
proposition A iff Pt(A) = 0,

⋂
∞
i=1 Ptw(A) = ∆i and Pt(A) = 1 all screen

off A from E.

This definition can be adjusted if one thinks that the chances should be coarser
grained by specifying a finite size to, and so number of, the sub-intervals in X.
The reader should be mindful that v 2.2.1 of the definition of admissibilityt , or
any of its near kin, is only tenable given that the value domain of the chancet
functions are countable.

Probably, the astute reader has long since felt that the use of ellipsis in my
definition hinders more than it helps. Surely its employment could be avoided
by simply writing the conjunction in the definiens in the following universally
quantified form?
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RELATIVE ADMISSIBILITYt v. 3.1: Proposition E is admissiblet for
proposition A iff ∀x(Pt(A) = x screens off A from E).

Indeed, written in this short hand this would appear to be a perfectly valid
move. After all, arguably a universally quantified sentence is just a short hand
representation for a conjunction whose conjuncts exhaust the domain over
which one is quantifying. But consider the above written out in full.

RELATIVE ADMISSIBILITYt v. 3.2: Proposition E is admissiblet for
proposition A iff ∀x(C(E,Pt(A) = x) > 0 ⊃ C(A|E,Pt(A) = x) =
C(A|Pt(A) = x)).

One can now see why the universal quantifier cannot be employed here: do-
ing so involves “quantifying in” over a semantic predicate, and this generates
gibberish.

Credence functions are specifically defined such that their argument do-
mains include only truth-bearers. To have a certain level of credence in A is
to have a certain degree of belief in the truth of A. Hence, an expression like
C(A) = 0.7 can only be read as ‘The reasonable degree of belief that ‘A’ is
true is 0.7’ where A is some truth-bearer. There is no credible De Re reading
of such an expression, the modality here is purely De Dicto and the context
created by C is plainly referentially opaque9.

Paraphrasing Quine [65, p172]: constructions such as C(Pt(A) = x) = 0.7
are simply statements about specific open sentences. For, it must be remem-
bered that ‘Pt(A) = x’ in the argument of C is a name of the specific quoted ex-
pression, with fixed letter ‘x’. The ‘x’ in C(Pt(A) = x) = 0.7 cannot be reached
by a quantifier. To write ∀x(C(Pt(A) = x) = 0.7) is like writing ∀x(Socrates is
mortal); the quantifier is followed by no germane occurrence of its variable.

Perhaps a simple example will make the difference between an
exhaustive conjunction and universally quantified sentence even clearer.

9The following example demonstrates this feature nicely.

David’s reasonable credence that the chancet of heads is 0.5, is 0.7.

To bring out the problem assume that it is true that the number of women in Uppsala divided by
the total population of that city is (invariably) 0.5, but that David is reasonably certain that this
is not the case. If the above context were purely referential for the ‘0.5’ that occurs there, then
substituting something with which 0.5 is identical for its occurrence in this context will leave
the truth of the above unchanged. Making that substitution we have:

David’s reasonable credence that the chancet of heads is the number of women in Up-
psala divided by the total population of Uppsala, is 0.7.

But this second proposition is false if the first is true given David’s degree of belief in the ratio
of women to men in Uppsala. Hence the argument of a credence function is a referentially
opaque context as we would expect given that the modality concerned is obviously De Dicto.
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Let X =
{

xi
}
= {a,b,c} and F be some normal single place predicate.

Then ‘Fa’, ‘Fb’, and ‘Fc’ are all expressions for propositions that are
exclusively either true or false. To these we can apply a modal predicate,
e.g. Nec, to form Nec‘Fa’, Nec‘Fb’ and Nec‘Fc’. As each of the conjuncts
of Nec‘Fa’&Nec‘Fb’&Nec‘Fc’ is truth functional, so is the conjunction. In
this case—though not in the case of my admissibility condition—one can
even rewrite the conjunction as Nec‘Fa&Fb&Fc’. Now the temptation is to
invoke x as a variable over X and to use the ∀ quantifier to write the above as
∀x(Nec‘Fx’), but this is no longer truth functional; and is hence, gibberish. If
Fx is taken to be an open sentence, then the predication of necessity to it is
meaningless drivel as the truth conditions for such a predication require that
the predicated be a truth-bearer. If, on the other hand, Fx is taken to express
a proposition, then we are in ∀x(Socrates is mortal) territory, and again this
is drivel. So while Nec‘Fa&Fb&Fc’ may look equivalent to ∀x(Nec‘Fx’)
where the intended domain is X = {a,b,c}, it most certainly is not. In this
instance appearances are deceptive. Though version 3.1 of my definition of
relative admissibilityt appears to be equivalent to version 2.2, it is not. The
former is—despite appearances—ill formed, meaningless gibberish whereas
the latter is not10.

It should be clear that there has to be an admissibility criterion for E being
admissible for A for every chance function. Hence, if there is a chance func-
tion for every time, then there is a corresponding admissibility for every time,
and if there is a chance function for every time and world, then there is a cor-
responding admissibility for every time and world. In line with my practice
throughout this book I shall write ‘E is admissibletw for A’, as a shorthand for
‘E is admissible for A at time t and world w’.

RELATIVE ADMISSIBILITYtw: Proposition E is admissibletw for propo-
sition A iff Ptw(A) = 0, · · · and Ptw(A) = 1 all screen off A from E.

From this definition of relative admissibilitytw one can generate a few
related definitions. When proposition E is admissibletw relative to all A ∈
Dtw I shall say that E is generally admissibletw

11. When E is generally
admissiblew at each and every moment in time I shall say that it is eternally
admissiblew. When E is generally admissible at each and every moment
in time and world I shall say that it is universally admissible. When a
proposition is not admissibletw for A I shall say that it is inadmissibletw for A.
Finally, given the above, a definition of Lewis’ notion of near admissibilityt
suggests itself.

10That such infinite conjunctions are true where all the conjuncts are true and false otherwise is
assured by the postulated existence of a chancet proposition for every combination of A ∈ Dt
and xi ∈ [0,1].

11This definition, if spelt out formally, will have to rely on nested conjunctions. For A appears
in a referentially opaque context in the admissibility definition, and so cannot be treated as a
variable.
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NEAR ADMISSIBILITYt: Proposition E is nearly admissiblet for propo-
sition A iff Ptw(A) = 0, · · · and Ptw(A) = 1 almost12 screen off A from
E.

Just how near to being admissiblet a proposition is for another can perhaps
be given in terms of its average resiliency over its chancest—although to do
so we would have to ensure that there is a once integrable resiliency density
function of the chances—with respect to that other proposition, though here I
speculate far outside what is required for this work.

I invite the reader to compare these definitions of relative admissibility, both
near and absolute, with what Lewis, and others, had to say on these matters in
section 3.1.5. Lewis, and those that came after him, may not have been able
to offer a formal definition of admissibility, but there is certainly one close to
hand that seems to fit well with all he, and others, had to say on the subject.

There are three things that are crucial to note about this definition. The first
is that one and the same E may be admissibletw for A∈Dtw but inadmissibletw
for B ∈ Dtw, where A and B are distinct propositions. The second is that it
makes Lewis’ PP a generalisation of Miller’s Principle as presented by van
Fraassen [82, p82].

MILLER’s PRINCIPLE: My subjective probability that A is the case, on the
supposition that the objective chance of A equals [x̆], equals [x̆]. Symbol-
ically: [C](A|ch(A) = [x̆]) = [x̆]

Plainly, for any E that is admissible according to the definition given above,
C(A|E,ch(A) = x̆) = C(A|ch(A) = x̆) where E is consistent with ch(A) = x̆
and so we see that Lewis’ principle is a rather trivial extension of Miller’s.
Thirdly, and finally, it should be noted that the intentional content of E, i.e.
what E is about, plays no explicit role in E’s admissibility for A. This allows
one to deal authoritatively with the concept of admissibility without having
to differentiate between propositions in terms of, e.g., whether they are about
the future or not.

Assuming that some solution to the reasonability riddle is forth coming,
the PP can be adopted as a reasonability constraint on credence. This is the
role to which it is best suited. It is wholly unsuited as the basis of an analysis
of chance in terms of some form of credence. The PP fails as such a basis
for two reasons. Firstly, the identity could only serve as such a basis if the
chancetw function could be substituted for the x̆ that the credence function
is being held identical to, and this leads to the aforementioned (see section
3.1.4) absurdities if taken to be generally permissible. Secondly, given some
resolution to the first issue, the PP still couldn’t form the basis of an analysis
of chance because the chancetw function features in the would-be analysans.

12Replace every instance of ‘=’ between credence functions in definition v.2.1 with ‘≈’ to cash-
out this ‘almost’ explictly.

61



Fortunately Lewis resolves both difficulties: the former by objectifying the
credence function, the latter by reformulating the PP.

3.2 Objectified Credence
Lewis defines the objectification of a credence function as follows. Let P be
a partition of logical space: a set of mutually exclusive and jointly exhaustive
propositions such that at every (logically) possible world one and only one of
these propositions holds. Let C(A) be a reasonable initial credence function
for proposition A, for agents of world w. Let pw be that member of P that
holds at w. According to Lewis, the objectification of C(A), given P= {pi},
is this credence function conditionalised upon that member of P that holds at
w, i.e. C(A|pw). This is the objectified credence function at w, relative to P.
The space over which such credence is defined is the pw-restricted space.[45,
p98-9]

I must admit that I have issues with Lewis’ characterisation of objectifica-
tion as conditionalising on some portion of the truth. Presumably the condi-
tionalising he refers to is that covered by the principle of conditionalisation.
This principle governs the updating of prior credence functions to posterior
credence functions upon new evidence. My issues with its applicability in this
context are that there are no prior too, nor posterior too, relations to be had
to the truth, and that most truths do not qualify as evidence. Hence, as it is
standardly understood, conditionalisation is wholly unsuited as a model for
objectification in my eyes. Indeed, the whole notion that you start with a C(A)
and then objectify it to to get an objectified C(A|·) seems wrongheaded. Bet-
ter, I think, is to define objective credence functions without reference to con-
ditionalisation, and employ them in the stead of Lewis’ objectified credence
functions.

OBJECTIVE CREDENCE: Let P= {pi} be a partition of logical space.
Let pw be that member of P that holds at world w. Then C(·|pw) is the
P-objective credence function at w.

The objective credence function C(·|pw) models, at w, the degree of belief
of a reasonable agent supposing correct13 that pw. Any model of credence
meeting this definition, that is also reasonable as an initial credence func-
tion in the manner Lewis describes, qualifies as an objective reasonable initial
credence function. Objective and objectified credence functions are precisely
alike except that the provenance of the former plays no role in its definition.
As the provenance of the nascent analysans of Lewis’ PP is unimportant, noth-
ing is lost in the transition form viewing C in the PP as an objective rather than

13I correctly suppose that my wife is attending a conference iff my wife is indeed actually at-
tending a conference.
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objectified function. Henceforth, where Lewis speaks of objectified credence
with respect to, relative to, or given a certain partition P, I shall simply speak
of P-objective credence.

Now let logical space be partitioned as Pt =
{

Pt(A) = xi
}

, where each xi is
a distinct real on the unit interval. The credence function that is Pt-objective
at w is C(A|Ptw(A) = x̆), where Ptw(A) = x̆ is the member of Pt that holds
at w: x̆ being the value that Pt(A) has at w. By the PP, C(A|Ptw(A) = x̆) =
x̆, given C is reasonable in Lewis’ sense. Where C is also Pt-objective, the
conditioning proposition holds at w; and so, we may substitute Ptw(A) for the
x̆ that appears to the right of the identity. This is possible as the absurdity
that arises upon such substitutions, where the chance conditioned upon is not
the chance at the agent in question’s world, cannot arise where the chance
conditioned upon by definition always holds at that world. Hence, we may
with impunity selectively substitute the chancetw function for x̆ to the right of
the identity in C(A|Ptw(A) = x̆) = x̆, giving

C(A|Ptw(A) = x̆) = Ptw(A). (3.1)

In words: the reasonable initial credence in A holding at w, on the correct sup-
position at w as regards the value of the chancetw of A, is the chancetw of A.
Following Lewis, we have made a significant step forward as the would-be
analysis of chance now has the appropriate analysandum. However, chance
still features explicitly in the would-be analysans. What is needed is an objec-
tive credence function that may be substituted for the left hand side of (3.1) no
matter which proposition from the argument domain of the chancet function
is substituted for A.

3.3 The Reformulated Principal Principle
Lewis realised14 that there is no single partition E such that for all t and A∈Dt ,
E-objective credence functions can be substituted on the LHS of (3.1). This
is because the chances typically change through time. He instead identified a
family of partitions, {Et}, with one member for each t, such that for each t the
Et-objective credence function can be so substituted.

In general, where Etw is that member of Et that holds at w, an Et-objective
credence function can be substituted for C(A|Ptw(A) = x̆) if the following cri-
teria are met.

1.
⋂m

i=1(∀w∃!x(Etw ` Ptw(Ai) = x))15.

14This is my formal reconstruction of what he realised substituting for his objectified credences
with my objective credences. Whether he was explicitly aware of what he was doing I cannot
tell. His own derivation of the RPP from the PP can be found in his [45, p97]

15The reader may be wondering why I did not write this condition formally as ∀w∀A∃!x(Etw `
Ptw(A) = x). Unfortunately, as a Lewisian I cannot write this condition in this way, as I shall
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2. ∀w(Etw is generally admissibletw).
A partition of logical space at t (partitiont) that meets the first of these crite-

ria I shall call—for want of a better phrase—fit for purpose. A fit for purpose
partitiont is one where each of its members implies a unique chancet at the
world where that member holds for every proposition A ∈Dt . A partitiont that
meets the second criterion I shall call—for want of a better word—viable.
Let Etw be that member of Et that holds at w, where Et is both viable and fit
for purpose. Then the Et-objective credence function in A at w is C(A|Etw).
Assume this function to be reasonable in the sense that it satisfies all Lewis’
reasonability criteria save respect for limited principles of indifference. Being
reasonable in this sense it will obey Probability Theory (PT). As Et is fit for
purpose,

C(A|Etw) =C(A|Etw,Ptw(A) = x̆) (3.2)

for all A∈Dtw
16. Where Et is viable, C(A|Etw,Ptw(A) = x̆) =C(A|Ptw(A) = x̆)

where these credence functions are defined. The right hand side of this identity
is just the Pt-objective reasonable initial credence function that features in
(3.1). Making the obvious substitutions we may substitute for the right hand
side of (3.2) gives (3.3) for all A ∈ Dtw.

C(A|Etw) = Ptw(A) (3.3)

As the left hand side of (3.3) is objective no absurdities arise, and as it is Et-
objective instead of Pt-objective, the nascent analysis codified is not explicitly
circular. Of course, this is the bare bones of an analysis, and remains so until
an informative choice of a fit for purpose and viable Et is made.

soon identify Ptw with a certain kind of conditional credence function. Hence, because the
arguments of credence functions are referentially opaque contexts, so must the arguments of
chance functions be also. In conclusion, written as ∀w∀A∃!x(Etw ` Ptw(A) = x) the fit for pur-
pose definiens commits the sin of quantifying in to a referentially opaque context, and is thereby
untenable. However, we can use the same trick as was used when the same problem occured in
context of the definition of relative admissibilityt ; namely, by writing down the full conjunction
with the help of the ellipsis symbol.

Fit for Purpose: Partitiont Et is fit for purpose iff ∀w∃!x(Etw ` Ptw(A1) = x), ∀w∃!x(Etw `
Ptw(A2) = x), · · · and ∀w∃!x(Etw ` Ptw(Am) = x)

where Ai be the i-th proposition in Dt and m is that set’s cardinality.
Fortunately—due to the restrictions already imposed on Dt (see section 3.1.2) in order to stay

within the confines of SPT—the argument domains of chance functions are always countable;
so, the ellipsis can be read as that of mathematics and logic. We may, therefore, avail ourselves
of the conjunction operator (see section 3.1.6), whereupon the above definition may be written
more succintly as in the text.

16Proof: where C(A|E) respects SPT: By the law of total probability, C(A|E) =
C(A|E,D)C(D|E)+C(A|E,¬D)C(¬D|E). By SPT, if E |=D, then C(¬D|E) = 0 and C(D|E) =
1). Hence C(A|E) =C(A|E,D) and (3.2) follows by substituting Ptw(A) = xw for D and Etw for
E while noting that Et is fit for purpose.
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Lewis’ candidate for Et is the partition by consistent17 conjunctions of
historiest (Ht being the set of all possible historiest) and theories of chance
(T being the set of all possible theories of chance). So the candidate parti-
tion for Lewis’ nascent analysis of chancet is HtT-partition. For a particular
agent’s world w a certain member of this partitiont will hold, say Htw,Tw. This
is the conjunction of w’s historyt and the theory of chance w conforms to. To
simplify matters, and to bring my notation into alignment with Lewis’, I shall
leave the conjunction implicit, giving HtwTw.

Lewis defines Htw as:

· · ·the conjunction of all propositions that hold at w about matters of particular
fact no later than t. Htw is the proposition that holds at exactly those worlds that
perfectly match w, in matters of particular fact up to time t.[45, p97]

The fundamental matters of particular fact, upon which all other matters of
fact are said to supervene, are perfectly natural properties distributed through-
out space-time. So the worlds for which Htw holds are just those that are
historicallyt duplicate in the sense defined in section 2.2.

Lewis defines Tw as:

· · ·the conjunction of all the conditionals from history to chance, · · · that hold
at w. Thus Tw is a full specification, for world w, of the way chances at any
time depend on history up to that time.[45, p97]

Each T ∈ T defines a chance function for each t, such that for every Ht ∈
Ht and A ∈ Dt , there is a conjunct of each T ∈ T to the effect that Ht →
Pt(A) = x̆. This implication need not be truth functional in that it may be
either true or false where the antecedent is false; however, it must be such that
where the conditional holds, then Pt(A) = x̆ holds wherever Ht holds. So, a
theory of chance for some world w is an exhaustive conjunction of true claims
about how the chancetw of any proposition in that function’s domain depends
upon historyt . Plainly, by modus ponens the chancetw of A is deducible from
HtwTw ∈ HtT for all w and A ∈ Dtw. Hence, as Lewis defines such things,
the HtT-partition is fit for purpose. If we suppose that this partitiont is also
viable—that is, if we suppose that for all w, HtwTw is generally admissibletw—
then HtT-objective credence functions are good candidates for the left hand
side of C(A|Etw) = Ptw(A). Making the appropriate substitution we arrive at
the following:

17Not all conjunctions of historytw and theory of chancew are consistent if one assumes the truth
of the latter to supervene, at least to some extent, upon the frequencies apparent in the former.
Of course, here we begin to encounter the Bug, so I will not make too much of this consistency
requirement until such time as I am ready to treat the Bug. However, plainly if a conjunction of
a history and a theory of chance is inconsistent, then it will hold at no possible world.
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THE REFORMULATED PP (RPP): Let C be any reasonable initial cre-
dence function. [Let HtwTw be that member of HtT that holds at w].
Then for any time t, world w, and proposition A in the domain of Ptw

Ptw(A) =C(A|HtwTw)

[45, p97]

The above Principle differs substantially, from the original PP. Whereas
the original PP could at most occupy the role of a reasonability criterion for
credence, it is the RPP and its kin that offer the prospect of a meaningful
analysis of objective chance in terms of some form of conditional credence.

The first lesson to learn from the RPP about chances is what they
are distributed over. The RPP tells us that Ptw(A) is distributed over
whatever C(A|HtwTw) is distributed over, and this we know. An objective
credence function of this sort is defined over the set of worlds that are
HtwTw-accessible: the set of HtwTw-worlds. It ascribes to each of these
worlds, including w, a non-zero probabilityt for it being a world in which A
holds. These are all worlds which conform to the same theory of chance and
historyt as w. Lewis holds a diverging account of worlds that are historicallyt
duplicate; so, these worlds are diverging from one another. To summarise:
the space of chancest at w is the space of worlds that are HtwTw-accessible.
This is a space of divergent worlds. The chancetw of A is the probability that
w is among those HtwTw-worlds that are also A-worlds.

3.4 Refining Lewis’ Guide
Up to this point no restriction has been put on Tw other than that the chances
at w depend upon w’s history as it specifies. The HC-conditionals could be as
miscellaneous a hotchpotch of propositions as you like, they may be totally
unrelated to each other and beyond systematisation of any form, and they
certainly need not be implied by stochastic laws. This is entirely proper if
one’s concern is to give a guide to chance that captures as many of chances
common incarnations as possible, and this was Lewis’ interest in 1980 [45,
p96]. However, not long after Lewis admitted that one could restrict Tw to the
best-system theory of chance for w18. The advantage of doing so is that the

18The best-system theory of chance for w is the one that is true at w, and achieves the optimal
balance between three desiderata; fit, strength and simplicity. The strength of a deductive system
is maximised by making it as informative as possible: the more universal and accurate a theory
the more informative it is. Simplicity is maximised by systematising the deductive system as
much as possible: the fewer and more straightforward the axioms, and the more direct their
relationship with the theorems, the simpler the deductive system. These two desiderata must
often be traded off against each other. They are the standards by which we judge which true
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axioms and theorems of w’s best-system theory of chance are, by Lewis and
Ramsey’s definition of such things, the (stochastic) laws of w. One could then
hope/stipulate that all HC-conditionals true at w would follow from these laws
so that the chances of w would be law conforming19. The conclusion I wish the
reader to draw here is that though Lewis did not initially place any restriction
upon the class of theories of chance, he was aware that certain restrictions may
be warranted by the desire to have chance conform to law, and he later felt it
necessary to impose those restrictions20.

Lewis’ restrictions upon Tw are equivalent to a refining of the relevant par-
titioning of logical space21. Let N j be the jth best-system theory of chance.
Then the refined HtN-partition is the set of consistent, mutually exclusive
and jointly exhaustive conjunctions of historiest and best-system theories of
chance. Then, using similar arguments and conventions to those of section
3.3., we have:

THE REFINED RPP (RRPP): Let C be any reasonable initial credence
function. Let HtwNw be that member of HtN that holds at w. Then for

theory is the best-system for a non-chancy world. The criterion of best fit, however, is peculiar
to theories of chance. One theory has a greater degree of fitt than another when the former
ascribes a higher chancet to the historyt of the world in question than the latter [46, p480].

The payoff for finding the true best-system theory of chance for our world is that, according to
Ramsey and Lewis, the axioms and theorems of that theory are the stochastic laws of our world.
Lewis faced real difficulties with respect to his best-systems approach because he wished for the
weighing of these desiderata to be objective in order to secure the objectivity of our natural laws.
Like van Fraassen [82], I think this wish is doomed to go unsatisfied. I tend toward the position
where we follow the best-system prescription but allow that there is no objectively right way to
weigh the criteria in the way normally meant. Rather, I assume that what criteria are actually
employed and how they are actually weighed against each other are questions over which there
is, or will be, intersubjective agreement within the human, and scientific, community. It is this
intersubjective agreement that secures the objectivity of the criteria and so the objectivity of the
laws. In any case, my opinions on natural law are beside the point in this context.

19Lewis uses the terminology of chance ‘governed by law’[45, ps: p126] but this is misleading
given that he holds a regularity thesis with regards to such laws, so I prefer to speak of chance
‘conforming to law’

20Plainly one need not agree with the best-systems approach and yet still hold to the thesis that
objective chances should conform to natural law. Minimally, given Lewis’ definitions, I take
this position to be that of taking the natural laws of a world to entail the theory of chance of that
world. That is, I take it that chance conforms to natural law at a world iff that world’s natural
laws entail all the HC-conditionals of that world and no others.

21Lewis never explicitly recognised this. It is clear toward the end his postscript to his [45], and
in his [46] that his ultimate wish was to take Tw to be the best-system theory of chance for w.
Typically a theory of chance partition will differ in terms of how it divides up logical space
from a best-system theory of chance partition, so this move is not as innocent as Lewis treats it.
C(A|HtwTw) objective with respect to the theory of chance partition is not the same function as
C(A|HtwTw) objective with respect to the best system theory of chance partition. Versions of the
RPP will hold for both, but the superficially similar chance functions, will, despite appearances,
be distinct and typically have different values for the same propositions at the same world and
time. To avoid such ambiguities I make explicit what Lewis left implicit.
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any time t, world w, and proposition A in the domain of Ptw

C(A|HtwNw) = Ptw(A)

where Nw is the best-system theory of chance for w. One can still consider
this theory to be nothing more than an exhaustive conjunction of the HC-
conditionals that hold at w, but given the restriction that chance be law con-
forming, and given that this is a best-system theory, one may equivalently
consider Nw to be an exhaustive conjunction of the natural laws of w22. Those
who dislike the best-system approach can substitute whatever story they like
for what the laws are. So long as they have chance conform to law at every
world, and hold the laws to be eternally admissible at said worlds (an inno-
cent enough assumption for the most part), the HtN-partition will be as fit for
purpose and viable as Lewis original HtT; and so, their RRPP will be just as
derivable from the PP, by the argument rehearsed in the previous section, as
the RPP was. Either way, Nw can be taken to be the system of natural laws that
w conforms to and N can be taken as the partition of logical space by such
systems.

Recall Lewis’ definition of (in)determinism from 1983 (see section 2.2.3).
This definition assumes a space of diverging historically and nomologically
possible worlds. It fits perfectly with chance according to this refined parti-
tion, which has the chancetw of A as just the initial reasonable credence that
w is among those (diverging) HtwNw-worlds in which A holds23. Due to C’s

22Hence the N for Nomos
23There is a caveat to this. Lewis elsewhere took the nomological accessibility relation to be
asymmectric, and so not an equivalence relation. This means that the Lewis of 1994 was tacitly
availing himself of a partition of logical space he was not strictly entitled to. For our purposes
we shall beg to differ from Lewis on the symmetry of nomological accessibility and thereby
avoid his small slip on this score. The why of this is very interesting. It turns out to be a feature
of Humean regularity accounts of natural laws that the nomological accessibility relation will
be asymmetric unless care is taken to prevent it from being so (more on this caveat of a caveat
soon): for example, a world nomologically accessible from ours may be such that its laws are
exhausted by a subset of our laws, or it may be such that more laws than those of our world hold
there. But to have objective chances as measures of (in)determinacy, as Lewis seems to argue for
and I certainly advocate, the nomological accessibility relation must be an equivalence relation
otherwise we cannot partition worlds by systems of natural laws. Earman [13, p100] identifies
two ways for a Humean to secure symmetry for nomological accessibility, both of which he
views with disdain: fascist empiricism and imperialist empiricism. Fascism in this context is
taking every matter of fact to be a law, whilst imperialism here means fixing the laws of all
worlds nomologically accessible from a particular world as those of that world, moving onto
another world not nomologically accessible from the first and doing the same while ensuring
no overlap, and repeating this process until all of logical space has been partitioned.

This is not the place to go into details, but I favour a form of imperialism (the details of
which will have to wait on future research) over fascism, and not just because of my British
heritage. Moreover, I am decidely unmoved by Earman’s complaint that imperialism involves
riding ‘roughshod over the occurrent facts’. Earman finds this consequence of imperialism ob-
jectionable because he believes that good Humeans, such as himself, should hold that occurrent
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regularity, the RRPP ensures that Ptw takes non-zero values at all and only
those worlds that are historicallyt and nomologically accessible from w. The
general conclusion to draw is that Lewis held law conforming chance distri-
butions to be defined over, and constrained to, spaces of diverging worlds. Put
succinctly, Lewis held objective chance to measure determinacy.

So for Lewis objective chance and indeterminacy are tightly woven to-
gether, the former being the measure of the latter. This should be of interest
to anyone concerned with the foundations of science. Yet there are problems
with Lewis’ (R)RPP, as I have noted before, and these must be resolved before
his guide can be taken as an analysis of chance.

facts decide the laws. He dislikes the other strand of Humeanism, exemplified by the likes of
J.Ayer and N, Goodman, where what differentiates laws from accidental generalisations is our
sense that they must hold. I belong to this other strand, and hold the nomic necessity of the laws
to be a projection (pen?)ultimately made true by our sentiments toward them. As such I do not
think, for good reasons which I have not the space to rehearse here, that in the first instance the
occurrent facts are up to the job of fixing the laws on their own (I think that the occurent facts
might ultimately fix the laws by fixing not only the regularities of our world but also, ultimately,
our sentiments toward those regularities). Hence, Earman’s complaint against imperialism rings
fairly hollow in my ears: if we play an important role in deciding just which general truths of
our world are to count as laws, then it should not be objectionable that we should also do the
same at other worlds, particularly if doing so facilitates the neat partitioning of logical space by
systems of laws.

Then again, one only needs nomological accessibility to be symmetric if one needs to parti-
tion logical space by systems of natural law, and this one only needs if the analysis is to be in
terms of objective credence. At the end of chapter 6 I shall argue that the analysans need not
be objective, but rather can be egocentric. This kind of credence can be specified without the
need of a partition by systems of natural laws; hence, there is no longer a need for a symmetric
nomological accessibility relation.
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4. The Reasonability Riddle

4.1 The Three Problems
Lewis [45, p109] initially held his guide to chance to have fallen short of an
analysis—though he claimed his RPP to have the form of one—due to its
failure to cope with three problems. Later [46, p478], he—in a paper that sort
to address the most serious of these concerns—was far less guarded, talking
openly in terms of his RPP being, or at least being central to, an analysis of
law conforming chance. The most sensible reading of this I consider to be
as follows. Lewis considered his first attempt at an analysis of chance to be
a failure, with all three problems contributing to that judgment, but with the
Bug playing the major villain. On reaching that judgment he sensibly chose
to qualify his original paper of 1980 as a mere guide, and the qualification
remained in its republication in 1986. However, he never gave up hope of
solving the problems that prevented his guide from being an analysis, and
on believing that he had, with Thau’s help, solved the chief of these in 1994
[46], he naturally ceased qualifying his account of law conforming chance. My
reading runs contrary to many commentators1; however, I feel that it makes
better sense of Lewis’ 1994 article—with its talk of ‘roles’—when one takes
into consideration his Canberra planer (see section 5.7) affiliations.

The three hindrances to an analysis of chance identified by Lewis in 1980
[45, p109-113] are, in order of appearance:
1. the uninformative nature of his guide as an analysis,
2. the Reasonability Riddle,
3. the Bug.
Of the first of these problems, he says only that whether the RPP is ‘informa-
tive as an analysis ... depends on the distance between the analysandum and
the concepts employed in the analysans.’ [45, p109]. I take his point to be that
such judgments of distance are, to a degree, subjective and consequently like-
wise for judgments on the informative content of analyses. This I find to be
a true, but unsatisfactory, answer. Indeed, in this instance there is a very real
obscurum per obscurum objection that could be raised. It is not obvious that
objectified credence is any less opaque as a concept than objective chance.

1For example, Hall [23] takes Lewis to be offering merely a rule governing reasonable (epis-
temic) credence, and Caves et al [9] read Lewis’ original PP as an implicit assertion of the
distinction between objective chance and credence.
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Of the last two problems Lewis originally admitted that there may be no
solving them, but that it is ‘worth trying’ [45, p110]. If these two problems
cannot be solved, then any solution to the first is mute; therefore, I shall treat
of them first before going on to address the informativity complaint. As I
claimed before, the Bug and Riddle are very closely tied together, much more
closely than most commentators—including Lewis—have realised. Indeed, I
shall demonstrate that the Bug is just an incarnation of the Riddle; therefore,
it is sensible to proceed with the Reasonability Riddle first. What is learnt
there can then be put to good use to address the Bug. But, before all this some
justification for the PP as a reasonability criterion is called for.

4.2 Why the PP as a Reasonability Criterion?
Here I offer a rather weak pragmatic argument and a stronger—though rather
standard—argument by analogy, which I then strengthen in the normal way
with a diachronic Dutch book argument. All these are directed toward jus-
tifying the PP as a reasonability criterion for credence. These can be added
to Lewis’ [45, p84-86] appeal to our intuitions through the examples of his
questionnaire. The argument by drawing an analogy between an expert and a
theory is more or less cribbed from van Fraassen [82], builds upon the work
of Gaifman [19], and also appears in other forms in Hall [23], Hájek [21], and
others. The diachronic Dutch book originates with van Fraassen [81]—though
the presentation I shall offer is Jeffrey’s [33, p232]—which builds on Lewis’
diachronic Dutch book argument for the principle of conditionalisation (see
Appendix F).

Pragmatism
The pragmatic reason is simply that there is substantial empirical evidence
that people who bet in proportion to the strength of their beliefs tend to be
successful where they conform the strength of their beliefs to the chances as
the PP prescribes. This gives us a prudential reason, albeit one that is only
supported by a meta-induction and that is, therefore, entirely defeasible, for
including the PP among our reasonability criteria for credence.

Argument by analogy
Another reason for why the PP is justified as a constraint on reasonable belief
comes from allowing chance functions to enjoy the status of universal expert
functions. It is common to take it to be implied as part of what it means to
consider a source of information to be expert on F—where F is some family
of propositions that can be roughly considered to define a topic—that one
is beholden to believe information from that source on F. Similarly, if that
expert source qualifies their opinion to a certain degree by saying that they are
only so and so confident of such and such belonging to F actually holding,
then, very plausibly, the reasonable degree of belief to have in such and such
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should likewise be qualified. The expert’s credence function on information
in topic area F, I shall call an expert function on F. Summarising the above
formally

If [C] is my personal [reasonable credence] function, then q is an [expert func-
tion on F] exactly if C(A|q(A) = [x̆]) = [x̆] for all propositions A in family F.
[82, p198]

There may be sources of information about F that are considered expert by
all reasonable agents. Their attendant expert functions I shall call universal
expert functions on F. Taking ‘exactly if’ to be ‘if and only if’ we have

If C is a reasonable credence function, then q is an universal expert function on
F iff C(A|q(A) = x̆) = x̆ for all propositions A in family F .

Hence, where q is a universal expert function, if C(A|q(A) = x̆) 6= x̆, then C
is unreasonable. In other words, where q is a universal expert function, it is
implied by our conception of what it is to take a source of information to be
expert on some topic that C(A|q(A) = x̆) = x̆ is a reasonability criterion for
credence. If we have reason to accept chance functions as universal expert
functions, then we have reason to accept the PP as a reasonability criterion for
credence.

Whether a chance function is universally expert on F will depend upon
whether the expert whose function it is qualifies, or is judged, as universally
expert on F. Traditionally, such authorities have been assumed to be human’s
in a privileged epistemic situation to ourselves with respect to F , but it does
not take much to convince ourselves that computers, or even theories, may
play roles analogous to human authorities. Given that we accept this, a fairly
strong argument for the PP as a reasonability constraint on credence can be
given.

The source for Lewis’s chancestw is the (best-system) theory of chancew.
This theory states for every t, just how chancetw depends upon historyt for ev-
ery proposition in the domain of the chancetw function (Dtw). Such a source is
expert on the propositions in the domains of the chance functions it prescribes
by definition. Taking all reasonable agents to be in agreement with the defini-
tion commits all such agents to holding the theory of chance that they believe
to hold at their world to be expert. This in turn implies that every chance func-
tion prescribed by such a theory is universally expert on its domain.

Recalling that where E is admissiblet for A, C(E,Pt(A) = 0) >
0 ⊃ C(A|E,Pt(A) = 0) = C(A|Pt(A) = 0), · · · ,C(E,Pt(A) = 1) > 0 ⊃
C(A|E,Pt(A) = 1) = C(A|Pt(A) = 1), this makes the PP’s adoption as a
reasonability criterion for credence hard to avoid. Agents of w may err in
which theory of chance they believe to be expert on their world, and so they
may erroneously conform their credences to functions that are not actually
expert. But this does not matter for justifying the PP: all that matters to this
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end is that objective chance functions are universally expert on their argument
domains, and this they will be if the theory that prescribe them is universally
expert. As long as we can accept theories as experts, the PP can be justified.

Diachronic coherence
Above I have more or less relied on the reader making the intuitive and nat-
ural leap to Miller’s Principle that is suggested by the concept of an expert
function. One can strengthen the above argument by analogy by offering a di-
achronic Dutch book argument, and so a prudential justification, for why we
should accept something very like van Fraassen’s version of Miller’s princi-
ple once chance functions are accepted as expert on their argument domains.
This argument builds upon van Fraassen’s[83, p18-19][81, p240] Dutch book
argument for the Diachronic Reflection Principle (see Appendix F.4):

Diachronic Reflection Principle: Ct(A|Ct ′(A)x̆) = x̆,

which says that the reasonable credence to have in A at t, given that one’s
reasonable credence in A at t ′ > t will be x̆, is x̆. This principle can be simply
co-opted to generate a diachronic Miller’s Principle: if at t ′ we will learn that
the expert’s credence in A is x̆, then as we are rational we will defer to that
expert’s opinion at that time; and consequently, our credence at t ′ will be x̆.
If Pt ′(A) is the expert’s credence function in A at t ′, then we will have the
diachronic form of Miller’s Principle: Ct(A|Pt ′(A) = x̆) = x̆.

However, this diachronic version of Miller’s Principle will not do [81,
p248]. Imagine that A holds in virtue of facts that obtain at t ′ and has a
non-trivial chance at t, then Pt ′(A) = 1; and hence, by the above principle
our credence in A at t should be 1 even though its chancet is less than one.
This is plainly unacceptable. What is needed is the synchronic version of
Miller’s principle, but this obviously cannot be justified as a reasonability
criterion for credence by a diachronic Dutch book argument. However, both
the synchronic reflection principle (Ct(A|Ct(A) = x̆) = x̆) and the synchronic
Miller’s principle (Ct(A|Pt(A) = x̆) = x̆) can be loosely justified as coherence
criteria on credence as limits of their diachronic kin, taken as (t ′− t)→ 0.
This does lend some extra weight to the former’s position in the canon of
reasonability criteria for credence, but does not for the latter: the diachronic
version of Miller’s Principle was found wanting and that status is likely to
transfer to any principle justified as its limit.

The synchronic reflection principle really needs no justification beyond its
own self evidence: what could the reasonable credence in A at t be, given
that the reasonable credence in A at t is x̆, other than x̆? If anything should
qualify as a Moorean truth, then surely the synchronic version of the reflection
principle should. Of course, if this is true of the average reasonable believer,
then it is surely true of the expert; so, what Bigelow et al call the Chance
Conditional on Chance Principle (CCCP: Pt(A|Pt(A) = x̆) = x̆: see section
4.5) should also qualify as a Moorean truth. The synchronic version of Miller’s
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Principle is not so obviously a Moorean truth, but if one contends that one
should always conform one’s credence to expert opinion, then for all t, Ct(A)
should equal Pt(A), in which case one can argue that the synchronic version
of Miller’s Principle is just a special instance of the Moorean truth that is the
synchronic reflection principle. This is probably the best justification to be
had on the basis of the “expert analogy” of the synchronic version of Miller’s
Principle as a reasonability criterion for credence. I judge it to suffice.

4.3 The Reasonability Riddle
Let us recall the problem. The PP, given certain assumptions about what
is admissiblet , places restrictions upon what the chancest for certain, but
by no means all, propositions can be. For example, if historyt is generally
admissiblet , then all historict propositions—those that hold, or not, in virtue
matters entirely prior to t—must have a chancet of 1 or 0, by the PP2. The
riddle is then how to break out of the following circularity: if the objective
chancest for historict propositions are determined by what initial reasonable
credence allows, then how can initial reasonable credence in historict
propositions be determined by the objective chancest for those propositions?
The same riddle arises for any proposition for which the PP, given what is
admissiblet , determines an objective chancet .

Question: what conditions need to be satisfied for the PP to restrict the
chancetw of A? Answer:
1. E |= A or E |= ¬A3, and ....
2. There must be a proposition E such that E is admissibletw for A, or....
3. There must be a proposition E such that E is admissibletw for itself.
The first condition is the key condition. The PP holds no consequences for
the chancet for A when admissiblet E is consistent with both A and its nega-
tion. However, where the first condition is met, then Standard Probability
Theory (SPT) will determine the value of C(A|E,Pt(A) = x̆), to be trivially
1 where E |= A (or 0 where E |= ¬A). There are then two arguments to the
conclusion that, given the PP, the chancet of A is 1(0): one for each of the
latter conditions. The first of the latter conditions yield the unwanted result
as by the PP, where E is admissiblet for A and compatible with Pt(A) = x̆,
C(A|E,Pt(A) = x̆) = x̆. But we have just seen that the value of this function
for any pair of E and A meeting the first condition is 1(0); so, consistency
requires that Pt(A) = 1(0). The second of the latter conditions yields the un-

2Proof: Let Ht be an exhaustive historyt , and let A be a historict proposition. Then minimally
Ht |=A, or Ht |=¬A. As Ht is generally admissiblet , the PP applies and we have C(A|Ht ,Pt(A)=
x̆) = x̆. But as Ht |= A, or Ht |= ¬A, then C(A|Ht ,Pt(A) = x̆) is 1, or 0, respectively. Hence,
consistency requires that for any historict proposition A, Pt(A) is 1, or 0, respectively.
3That A is entailed by E I shall write in the short hand E |= A, which—where Lewis is
concerned—is to be read as every E-world is also an A-world.
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wanted result as by the PP, where E is admissiblet for itself and compatible
with Pt(E) = x̆, C(E|E,Pt(E) = x̆) = x̆. But the value of this credence function
is 1 by SPT; so, consistency demands that Pt(E) = 1. As chances obey SPT,
where the first condition is met we have Pt(E) ≤ Pt(A) (Pt(E) ≤ Pt(¬A));
hence, Pt(A) = 1(0). Either way, the PP determines what the chancestw for
some propositions can be that would otherwise be free to take non-trivial val-
ues. Given that the riddle arises only when these conditions are satisfied, if it
can be shown that neither of the latter conditions are ever satisfied concomi-
tantly with the first, then the riddle is solved.

Lewis [46], Thau [75], Hall [23] and—in a way—Hoefer[26]
have all pointed out—w.r.t. the Bug—that no proposition is ever
generally admissible. Minimally, every proposition is inadmissiblet
for all propositions entailed by, or inconsistent with, itself4. Given my
definition of relative admissibility it would seem that I should agree. My
definition of E’s admissibilitytw for A gives that criterion symbolically as
C(E,Ptw(A) = 0) > 0 ⊃ C(A|E,Ptw(A) = 0) = C(A|Ptw(A) = 0), · · ·. By the
PP the RHS of the consequence of each conditional conjunct in the definition
is unproblematically equal to the chancetw the credences of that consequent
are conditioned upon. If the LHS of the consequents of these conditionals
are likewise invariably equal to the chancestw conditioned upon, then E
is admissibletw for A. But where E entails (¬)A the LHS is 1(0) by SPT
irrespective of the value of Ptw(A); hence, no proposition is ever admissible
for any proposition it entails (is inconsistent with).

However, there are propositions that are admissibletw relative to a propo-
sition they entail (are inconsistent with). Any proposition E that not only
entails (¬)A but also that the chancetw of (¬)A is 1(0), manages this feat.
It does so because, if not only E |= (¬)A but also E |= Ptw(A) = 1(0), then
C(E,Ptw(A) = x̆) = 0 in every conjunct of the relative admissibilitytw condi-
tion except C(E,Ptw(A)= 1(0))> 0⊃C(A|E,Ptw(A)= 1(0))=C(A|Ptw(A)=
1(0)). So, all bar one of the conjuncts of the necessary and sufficient criterion
are true in virtue of having false antecedents, and the one that has a true an-
tecedent also turns out to have a true consequent. Hence, there are proposi-
tions, such as E and A here, where the one can be admissibletw for the other
even though it entails that other, or that others’ negation. But the riddle does
not arise in such cases. The PP applies only where E is admissiblet and com-
patible5 with the proposition giving the chancet of A. This latter condition is

4An undermining future is just an example of a proposition that is inconsistent with the theory
of chance of some world at some time t. Lewis and Thau’s initial solution to the Bug is that
theories of chance are inadmissiblet for such propositions. All I am suggesting here is that an
obvious solution to the general problem of the Riddle would be to extend that solution to all
relevantly similar cases.
5Given my definition of relative admissibility this compatibility stipulation of the PP is su-
perfluous. The antecedents of the conditional conjuncts of the definition effectively operate as
tests of compatibility: as C is regular, C(E,Ptw(A) = x̆) = 0 iff E,Ptw(A) = x̆ is incoherent, or
equivalently iff E and Ptw(A) = x̆ are incompatible.
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met, in this instance, only where that chancet is 1(0), and for this value the
value of C(A|E,Ptw(A) = 1(0)) will be 1(0) both by the Principal Principle
and by Probability Theory. So though I quibble here, I do agree that the rid-
dle, and its kin the Bug, are pseudo problems so far as the PP in isolation is
concerned.

This being so, why should the riddle be of any concern to us? It is of concern
because unless a partitiont whose members are generally admissiblet can be
identified, there will be no hope of deriving the basis of an analysis of chancetw
from the PP. Take the RPP—symbolically C(A|HtwTw) = Ptw(A) where C is
HtT-objective—as an example. Plainly, either the chance of anything entailed
by HtwTw is 1, or this principle is inconsistent. If our only reason for all such
propositions having a chancetw of 1 is just this analysis, then we have a philo-
sophical analysis dictating what the chancestw can be. The reasonability riddle
was just: how can conformity to chance be a universal reasonability criterion
for credence, when reasonable credence constrains what chances there can be?
A similar problem arises here: how can objective credence be an analysans of
chance when what chances there are is constrained by what objective credence
allows for?

The problem is not so terminal at the level of analysis because an analysis,
in bringing clarity to a concept, often changes our pre-analytic conceptions.
But there are two dangers here even so. The first is the risk that our analysis
constrains what the chances can be beyond what is tolerable for the sciences.
The second is that we risk loosing the motivation for our analysis. The plausi-
bility of a Lewisian analysis of chance rests in large part on the relationship of
chance to reasonable credence: a relationship expressed in the PP. A Lewisian
analysis that is derived from the PP is one that is well motivated, whereas one
that is simply postulated lacks that virtue. This is the true riddle. To derive
a suitable basis for an analysis of chancet from the PP we need a generally
admissiblet proposition, but—as we have just seen—every proposition is in-
admissible for every proposition entailed by, or inconsistent with, itself; so,
no proposition is ever generally admissible because every proposition entails
at least itself. Hence, no derivation of the (R)RPP from the PP is possible, and
the (R)RPP are robbed of a good deal of their legitimacy. For those hoping to
pursue a Lewisan analysis of chance, such as myself, this is a serious problem.

I shall, therefore, attempt to show that there is a partitiont such that for all
w, the member of that partitiont that holds at w is generally admissibletw. This
would ensure that partitiont’s viability. If the partition is also fit for purpose,
then an analysis of chance in the style of the RPP will be derivable from the
PP as before. It is here that my previous quibbling pays dividends. Recall
that I showed that there are propositions that are admissible for propositions
they entail. To solve the true riddle one needs to identify a partitiont such that
each of its members has the characteristic feature of such propositions: that
they entail a chancet for every proposition entailed by, or inconsistent with,
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themselves of 1, or 0, respectively. The easiest way to do this is to show that
there is a partitiont such that each member implies a chancet for itself of 1.

Demonstration: By SPT, if E |= A, then P(E) ≤ P(A), so as chance obeys
SPT, if the chancetw of E is 1, then the chancetw of any proposition
entailed by E will be 1, and the chancetw of any proposition inconsistent
with E will be 0. Hence, if Etw ` Ptw(Etw) = 1, then Etw ` Ptw(A) = 1
where Etw |= A, and Etw ` Ptw(A) = 0 where Etw |= ¬A for all A ∈ Dtw.

Of course, that Etw implies a chancetw for itself of 1 cannot be just because
this resolves our difficulties here, otherwise again we would have the PP re-
stricting what the objective chances can be and we would be back to running
in vicious circles. So there must be reasons independent of chances relation-
ship to credence for accepting this implication. Moreover, this restriction on
what the chances can be must be acceptable to the sciences: it must either be a
restriction that they themselves would endorse, or else it must be a restriction
of so little consequence that scientists can, in good conscience, ignore it.

Putting all of the above together we have a fairly simple recipe for solving
the reasonability riddle in such a way as to permit the derivation of an analysis
of chance from the PP. One needs to identify a partitiont Et , for each t—
where Etw is that member of Et that holds at w—that satisfies the following
conditions (Ai ∈ Dt where Dt has cardinality m).
1. ∀w(Etw ` Ptw(Etw) = 1).
2.
⋂m

i=1(∀w∃!x(Etw ` Ptw(Ai) = x)).
3. ∀w(Etw is generally admissibletw).
4. There must be justification that does not assume the PP for the first condi-

tion.
5. That the first condition is satisfied must be acceptable to the sciences.

The first condition is the one that I have just argued will solve our diffi-
culties by allowing the third condition to be met. A partitiont that meets the
second condition is fit for purpose and one that meets third is viable; hence, a
partition—say Et—that meets both will allow the derivation of an analysis of
chancet by Et-objective credence from the PP. The fourth condition ensures
that the meeting of the first really does constitute a solution to the original
riddle rather than just a reframing of the problem, and the last safeguards the
response from the danger of straying too far from the expert consensus on our
object of study.

Lewis’ preferred candidate for Et is HtT. HtwTw is the member of that par-
tition that holds at w, and it meets the second condition by definition. Many a
philosopher would have no trouble accepting that this partitiont also meets the
first condition. They take it to be an essential feature of an indeterminate world
that it have a “closed” past and an “open” future. Moreover, it is not difficult
to accept that a theory of chance should invariably give a chance for itself of
1 for reasons quite apart from what reasonable credence demands. This being
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the case, if I am generous I might concede that the first and fourth conditions
can be met. If the first condition is met, then, by my argument above, there
is nothing preventing the third condition from also being met. So it looks like
conditions 1-4 can be met by Lewis’ partitiont . However, I have earlier ar-
gued (see section 2.8) that only a cursory study of how the laws governing the
temporal evolution of systems in the sciences is enough to convince ourselves
of the need to allow for two-way indeterminacy. On the working hypothe-
sis that the probability distributions of our genuinely stochastic sciences are
paradigms of what we refer to when we refer to objective chance distributions,
a restriction to the effect that as a matter of conceptual/metaphysical necessity
all objective chance distributions over past states of systems are trivial, will
not be generally acceptable to the sciences. Moreover, no physicist ever calcu-
lates the future evolution of a system from its history up to and including time
t. The initial conditions of physics are typically the states of isolated systems
at a particular instant in time. I take it that a partitiont that reflects this feature
of our sciences will be more acceptable to them?

In brief, Lewis’ candidate partitiont is not sufficiently acceptable to science
in my veiw. My task now is to find a partitiont that still does all the work
of Lewis’ partitiont , but which is sufficiently acceptable to the sciences. To
solve the riddle, arguments that do not assume the PP will need to be given
for why the members of this new parititont are such that the chancest they
imply for themselves are invariably 1. A fringe benefit of this approach will
be to increase the relevance of Lewis’ work on objective chance for the sub-
discipline of philosophy of science.

4.4 A New Partition
The discussion of two-way indeterminacy at the beginning of this book points
the way, but before continuing I wish to make a useful distinction between
indeterministic systems of laws and stochastic systems of laws. The former
were defined in subsection 2.2.3, the latter are exactly like the former except
that they specify a probability distribution over the space of divergent worlds.
So a stochastic system of laws is an indeterministic system of laws with met-
rics. Quantum Mechanics is our only example of a stochastic system of laws,
but—as Earman [13] and others have amply demonstrated—both Newtonian
mechanics and possibly even General Relativity offer examples of indeter-
ministic systems of laws. With this distinction in mind, our physical theories,
whether deterministic or stochastic, take the state of a system at one time and
compute its state, or a distribution over its possible states, at some other—
typically, but not necessarily, later—time. It, therefore, seems appropriate to
hold that the chancestw are entailed by the state of w at t (statetw/Stw) and
whatever theory of chance w conforms to. So, the only part of a historytw that
plays any role in determining—in conjunction with a theory of chancew—the
chancestw is the latest surface of that historytw. All of this suggests that Lewis’
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characterisation of a theory of chance is unnecessary flabby. To recall; Lewis
defines Tw as:

· · ·the conjunction of all the conditionals from history to chance, · · · that hold
at w. Thus Tw is a full specification, for world w, of the way chances at any
time depend on history up to that time.[45, p97]

From our above observations he might as well have defined Tw as:

· · ·the conjunction of all the conditionals from states to chance, · · · that hold at
w. Thus Tw is a full specification, for world w, of the way chances at any time
and world depend on that world’s state at that time.

So a theory of chance is nothing but a long conjunction of state-to-chance
conditionals (SC-conditionals): for every t, one such conditional for every
possible statet and element of Dt . But what is a statet? An initial answer is
provided by coopting Lewis’ definition of Htw, which he gives as:

· · ·the conjunction of all propositions that hold at w about matters of particular
fact no later than t. Htw is the proposition that holds at exactly those worlds that
perfectly match w, in matters of particular fact up to time t.[45, p97]

co-opted this becomes:

· · ·the proposition that holds at w about matters of particular fact at t. Stw is the
proposition that holds at exactly those worlds that perfectly match w, in matters
of particular fact at time t.

The reader should note that there is nothing in this definition that commits
me to value determinism: the thesis that the statet of a system determines a
unique value for every variable (determinable/observable) of that system at
t. Indeed, I explicitly renounce this thesis! The evidence from science is that
it is not the case that a system has all its determinables determined at every
moment in time. Many quantum mechanical operators do not commute with
each other, and where two such operators fail to commute there is no quantum
mechanical state such that both the associated determinables(observables) can
be precisely determined concomitantly. Recourse to hidden determinations of
these determinables runs into the well known problems stemming from the
empirical falsification of Bell’s inequalities; so, the balance of argument and
scientific opinion is firmly against value determinism.

However, one can accept value indeterminism without accepting any hint of
indeterminacy in the dynamical states of systems. This is accepted among all
those espousing a modal interpretation of quantum mechanical probabilities
where they differentiate between the value and dynamical states of systems:
those states that give the determinedt determinables of the system in question
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and those that govern its evolution from t, respectively. Stw is the dynamical
statet of w. Just how value indeterminacy is to be analysed is a subject for later
work, but the reader should note that a rejection of hidden determinations is a
rejection of facts of the matter about which to be ignorant/uncertain.

Just how states are to be best characterised will depend on the theory of
chance in question. In standard quantum mechanics a suitable characterisa-
tion would be the universe’s/isolated-system’s wave-function/state-vector at
t. A more general approach—though one that is by no means universally
applicable—that I prefer is that taken by Maudlin [53, p18]. I prefer it be-
cause it fits nicely with Lewis’ characterisation of a historytw. He gives Stw as
a fully specified Cauchy surface drawn through w that specifies a t.

Take a surface that cuts every maximal timelike trajectory in the space-time
only once [a spacelike surface](a Cauchy surface). Specifying a Cauchy surface
is the analogue of choosing a moment in time in a Newtonian regime; roughly
one can think of it as a surface that cuts the space-time in two horizontally (the
vertical direction being timelike). Boundary values can be specified on this
surface, such as the distribution of particles, intensities of field, etc. [53, p18]

Recall that Lewis holds one world to be a historicalt duplicate of another iff
they are intrinsically identical in the spatio-temporal distributions of their per-
fectly natural (physical) properties up to, and including, t. Two such worlds
will also be duplicate in the moment defined by the latest surface of that
history—the moment at t—iff they are intrinsically identical in the spatio-
temporal distributions of their perfectly natural physical properties at t. The
paradigms of such properties are qualities like charge, mass, etc. Distributions
of such qualities are densities, and charge/mass/etc densities are equivalent
to electrical/gravitational/etc field intensities [36, See for further discussion,
ch.2 & 6]. So Maudlin’s characterisation of a statetw is most conducive to the
Lewisian program. In the non-indexical sense of the words that Lewis exclu-
sively employs in his [45] paper, a Cauchy surface may be considered to define
a presentt . The pastt is then all that lies below, and includes, that presentt in
the timelike direction, and above that surface is the futuret . That a Cauchy
surface is spacelike just ensures that an object would have to travel faster than
light to pass through the surface more than once.

This picture is simplified to a large extent. In the Newtonian framework
there is nothing to stop an object travelling at an infinite velocity. This creates
all sorts of problems (see Earman [13, ChapIII]), which are best dealt with by
introducing boundary conditions at the spatial edges of the world. At best this
solves the problem by fiat; nonetheless, modifications can be made, distasteful
though they maybe, to make Maudlin’s picture work when considering deter-
minism and its measures. A more pressing difficulty arises if the laws include
those of General Relativity, whereupon there will be an equivalence between
the 4D-mass distribution of a world and its spatio-temporal geometry. This
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leads to the physical possibility of space-times for which no Cauchy surface
can be specified; and so, space-times where nothing like a statet can be spec-
ified6. Indeed, the only safe regime in which Maudlin’s schema is applicable
is Special Relativity [53, p18][13, ChapIV], which we know to be inadequate
description of our world’s geometry except locally in relatively flat regions of
space-time. But, nevertheless, I agree with Maudlin that the general schema is
sound enough.

Now I am ready to define the StT-partition as the set of StT conjunctions
that are internally consistent, mutually exclusive and jointly exhaustive. I have
already argued that this partitiont is just as fit for purpose as Lewis’ HtT. If we
assume StT to be viable, then we can, by a parallel argument to that employed
in section 3.3., derive from Lewis’ PP :

THE ALTERNATIVE RPP (ARPP): Let C be any reasonable initial cre-
dence function. Let StwTw be that member of StT that holds at w. Then
for any time t, world w, and proposition A in the domain of Ptw

C(A|StwTw) = Ptw(A).

As with the RPP there is an obvious refinement that can be made to StT, which
is to stipulate that chance be law conforming. We can then move from StT to
StN as our partitiont of choice, where N is the partition of logical space by
systems of natural law. Again, by a parallel derivation to that for the RPP we
have, where StN is assumed viable:

THE ALTERNATIVE REFINED, RPP (ARRPP): Let C be any reason-
able initial credence function. Let StwNw be that member of StN that
holds at t and w. Then for any time t, world w, and proposition A in the
domain of Ptw

C(A|StwNw) = Ptw(A).

Maudlin is again instructive on the relationship between states of the
world—conceived as fully specified Cauchy surfaces—and physical laws.

The [physical laws] now specif[y] how those values will evolve through time.
If the [laws are] deterministic in both the past and future directions, then the
boundary values will determine a unique distribution of the physical magni-
tudes through all time. Such a distribution describes a physically possible world

6There are two potential solutions to these difficulties; the first is the solution by fiat where
Cauchy compatibility is imposed as a matter of law, the second is where one restricts the state
specification to local regions of space-time. This second option amounts to giving up on the
notion of worlds possessing the property of being deterministic or not: one could only make
such assertions of local regions of space-times for it is only these for which a statet could be
defined. This might fit nicely with Hoefer’s notion of objective chance (see section 4.6) but I
cannot endorse it, as for me determinism and indeterminism, are theses about whole worlds and
not theses about their parts.
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relative to those laws. If the [laws are] stochastic then ... [s]pecific boundary
values on the Cauchy surface yield not a single model but a set of models, cor-
responding to all the outcomes permitted by the laws. Furthermore, the set of
models consistent with some boundary values is invested with a metric over
measurable subsets, a measure of how likely it is, given those boundary values,
that the world will evolve into one of the members of the subset. If the bound-
ary conditions specify that 100 coins are to be flipped then the set of models
associated with the probabilistic law of unbiased coins (50 percent likelihood
of heads) and with a law of biased coins (e.g. 80 per cent likelihood of heads)
are identical: they each contain a model for each possible combination of heads
and tails. But the probabilities assigned to these models by the two theories dif-
fer.

A Maudlin-Lewis/Masterton translation manual would include the
following rough synonymies:

• ‘a distribution of the physical magnitudes through all time’(Maudlin) ≈ a
spatial distribution of perfectly natural qualities/properties through all time
otherwise known as a ‘Humean Mosaic’(Lewis/Masterton).
• ‘a single model’(Maudlin)≈‘a possible world’(Lewis/Masterton).
• ‘a set of models, corresponding to all the outcomes permitted by the

[stochastic] laws [given some initial condition]’(Maudlin) ≈ the set of
HtwTw/StwNw-possible worlds (Lewis/Masterton).
• ‘a measurable subset’(Maudlin)≈‘a proposition in the domain of a chance

function (Lewis/Masterton)
• ‘a measure over a measurable subset’(Maudlin) ≈ ‘an objective chance of

a particular proposition’(Lewis/Masterton).
• ‘a metric over measurable subsets’(Maudlin)≈ ‘an objective chance distri-

bution over a set of mutually exclusive and jointly exhaustive propositions
that are HtwTw/StwNw-possible’.(Lewis/Masterton).

With that manual in mind it should be clear that Lewis, Maudlin and my-
self are largely in agreement over the relationship of states to dynamical laws
and the role of objective chances as measures of indeterminacy. Maudlin ap-
proaches the issue far more from the perspective of science in general, and
physics in particular; whereas Lewis approached it from the perspective of
metaphysics and the study of rational belief. I sit somewhere in between. The
analysis I propose is very close in spirit to Lewis’, but in detail lies closer to
Maudlin.

There are two major points of difference between Maudlin and Lewis. It
is definitely the case that Maudlin rejects Humean Supervenience, indeed
Maudlin’s [53] is, more or less, one long rebuttal of this thesis. It is also cer-
tainly the case that he rejects possible worlds as ontological primitives [53,
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p6]. Whilst a rejection of possible worlds as ontological primitives is not quite
a rejection of their concreteness, considering that Maudlin prefers to call them
models, I think it more than justified to read Maudlin as a modal ersatzer.

As I take Maudlin to be an adherent to the block time (diverging models)
view, his use of the word ‘evolve’ above needs explication. To my mind the
most sensible reading of Maudlin’s ‘evolve’ is that a system is capable of evo-
lution iff it is capable of occupying different states at different times. Hence,
it makes sense to say of a world that it evolves in this minimal sense, even
though it does not really make sense to ascribe a world with a space-time tra-
jectory. A world is capable of evolution if it is capable of state change: of
occupying different states at different times. A world evolves if it is not the
case that for any given fully specified Cauchy surface through that world, all
surfaces “parallel” to that surface have identical boundary variable distribu-
tions.

I do insist, however, that worlds are exceptions to Maudlin’s thesis that there
is an objective sense in which time passes. Unusually for a defender of the
block time view, Maudlin does not hold the passage of time to be an illusion:
by which he means ‘that there is an intrinsic, objective, distinction between
future-directed timelike vectors and past-directed timelike vectors’ [53, p135].
His argument for this need not detain us because it obviously presupposes
that the system concerned has a trajectory through a space-time manifold.
Space-time manifolds are constitutive elements of worlds: there is more to a
world than its space-time geometry, but a world cannot be specified without
a specification of its geometry. If we now treat a world as a system that not
only is capable of evolution in the minimal sense of occupying different states
at different times, but also of possessing a ‘timelike vector’, we must treat it
as a system that has a space-time trajectory. But in what space-time is this
trajectory to lie? It cannot be the space-time that is partially constitutive of the
world in question for in what sense could a world pass through itself? No, the
world would have to be embedded in some external space-time, but now we
enter the realms of wild and speculative fancy. Far better to hold that though a
world may evolve, time does not pass for it. This might indeed be Maudlin’s
view, as I have found no conclusive evidence one way or the other.

To summarise: I propose StN as my alternative to Lewis’ HtT. I have al-
ready established that StN is as fit for purpose as Lewis’ HtT. Additionally,
it should be immediately obvious that this alternative is compatible with two-
way indeterminacy; and so, acceptable to science. That Ptw(Stw) = 1 only en-
tails that the chancetw of any proposition solely about matters of particular fact
at t is 1. The pastt may still be “closed”, but if it is that will have to be a sub-
stantive assertion of whatever theory of chance holds at w, it will no longer be
an artefact of our philosophical analysis of chancetw. All that is now required
is to establish on grounds independent of credence that, where StwNw is that
member of StN that holds at w, that StwNw ` Ptw(StwNw) = 1 for all w, and that
this being so is acceptable to the sciences.
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4.5 A Solution
The StN-partition is fit for purpose, which means that every conjunction
of natural lawsw and statetw implies all objective chancestw, including the
chancetw of that conjunction. I require that each member of StN entail a
chancet at the world where that member holds of 1. So I require for all t
and w that StwNw ` Ptw(StwNw) = 1. This is a restriction on N that must
be justified by arguments that do not make assumptions about chance’s
relationship to credence, and that is shown to be acceptable to the sciences, if
it is to serve my purposes.

Fortunately the restriction is not difficult to justify without reference to the
PP, nor is it contrary to what science itself would impose. I think Maudlin’s
construal of how objective chance enters into the sciences is a good one that
most scientists would accept no matter how they interpret or analyse the re-
sulting measures and metrics. Moreover, it broadly chimes with Lewis’ def-
inition of (in)determinism. As is often the case we do not come to task of
analysis naked of pre-analytic conceptions. Indeed, without such prior under-
standing the task of analysis would be nigh on impossible for we would not
know where to begin. In this case, our prior understanding is that whatever
else objective chances are, they are at least measures of indeterminacy. With
this in mind, the chances at some world and time must be measures over those
worlds/models whose possibility relative to that world at that time is constitu-
tive of that world’s indeterminacy.

Lewis holds such worlds to be those that are historicallyt and nomologically
possible relative to w, Maudlin and I prefer those worlds that are nomologi-
cally possible relative to a w in some particular statet . Working in the latter
paradigm, we have that our pre-analytic conception of chancestw are that they
are measures over those worlds/models that are nomologically possible rela-
tive to a w in some statet . But then, at no world over which the chancestw are
distributed does the proposition StwNw not hold. It follows, assuming chance
functions to be regular, that the chancetw of StwNw must be 1. As all chancestw
are implied by StwNw, we have that StwNw must imply Ptw(StwNw) = 1. So
without reference to the PP, and based on an understanding of indeterminacy
that we have largely inherited from the sciences, I can motivate the restriction
on systems of laws that is required to deal with the reasonability riddle, while
leaving open the possibility of deriving an analysis of chance from the PP.

But perhaps this argument fails to convince. Perhaps the reader still finds
the notion of a measure of indeterminacy mysterious and/or vague, or per-
haps there is some other problem. In that case, I have an additional credence-
independent argument to support the claim that the laws of a world must imply
a chancet of 1 for themselves and the statet of that world. This argument shows
that if we allow non-unitary chancest for conjunctions of statest and systems
of laws we can derive a paradox similar in form to those of self reference that
traditionally plagued the truth predicate. To derive these paradoxes one needs

85



only two fairly unobjectionable principles: the Principle of Non-Occurrence
(PNO), and, what Bigelow et al[5] refers to as the Chance Conditional on
Chance Principle (CCCP):

PNO: That Pt(A) = 0, entails ¬A,

CCCP: That Pt(A|Pt(A) = x̆) = x̆, no matter what proposition is substituted
for A and no matter what real on the unit interval is substituted for x̆.

It is possible to quibble with the PNO for sound mathematical reasons. In
standard probability theory (SPT) there are circumstances in which the PNO
seems to fail. Consider the proposition that the number picked at random from
the set of real numbers will be x̆. There is an infinity of such numbers and each
one is equally likely to be picked at random; consequently, the probability
that any particular number will be picked is zero. If the PNO held here, then
no number could be picked at random from the set of real numbers: each
number having zero probability of being picked at random. Hence, the PNO
must have its limits. However, though all chances are probabilities, not all
probabilities are chances. That the PNO fails for some probabilities—if indeed
such measures even qualify as probabilities7—in some contexts does not mean
that it fails for the objective chances of physics.

Just think of the tails on a probability distribution over the values of some
continuous spectrum observable such as position. A particle may be well lo-
calised in a small volume—meaning that nearly all of its probability mass
lies within that volume—and yet there will invariably8 be a non-zero, non-
infinitesimal, but vanishing small probability for it being found well outside
that volume, or even on the other side of the universe. This is just a feature
of the quantum mechanical calculus. The common way to view this is not
that it is in principle impossible for the particle to be found outside the vol-
ume, but that it is so near to being principally impossible as to be practically
impossible.

The difference between principally impossible and practically impossible
is just that an event that is practically impossible is so improbable as to so
rarely occur in our universe that we may conclude that it simply does not
occur. In contrast, and event that is impossible in principle is one that simply
cannot occur. Another example of the difference is that according to the laws

7The examples where the PNO fails are typically examples, such as that above, where the “prob-
ability” being considered is a relative frequency. As has been pointed out by van Fraassen [77,
p129-132] and others, probabilities as described by SPT are countably additive, and examples,
such as the above, demonstrate that relative frequencies are not. Hence, there is a very strong
argument for examples—such as the above—demonstrating, not that the PNO fails for proba-
bilities, but rather that relative frequencies fail as probabilites. Such examples do not arise for
populations of denumerable extent, so these frequencies are additive, and so interpretable as
probabilities. This is presumably why Reichenbach [67] restricted himself to such populations.
8There is no such thing in reality as an infinitly deep potential well.
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of thermo-dynamics it is principally possible for an ice cube dropped in a
steaming cup of hot water to grow in size whilst the water gets hotter still, yet
the probability of this is so minute that it is considered practically impossible.
It could occur, but it wont.

Much of statistical physics works on this distinction between what is so
improbable that it wont occur, and what has strictly zero probability and so
cannot occur. As I understand it, physicists reserve zero objective chances
for those events that cannot occur, given prevailing initial conditions and our
laws, and unitary chances for those outcomes that can’t fail to occur given
the same. In other words, physicists take chance functions to be regular. So,
the objective chances of our sciences are such that at least the PNO is true
of them. Physicists might even agree to a stronger principle that vanishingly
small chance implies non-Occurrence, but they certainly hold that exactly zero
chance implies non-Occurrence.

The CCCP is, to my mind, even more secure: what could the chancet of
A, given that the chancet of A is x̆, be other than x̆? Consider the analogue
question: what could my reasonable credence in A, given that my reasonable
credence in A is x̆, be other than x̆?. I would claim that both the corresponding
principles have the flavour of Moorean truths about them (see section 4.2).
Any argument one could construct to bring these principles into disrepute
will almost certainly involve premises that are themselves far more question-
able than these principles. One such argument would be to deny that present
chances are independent of future outcomes. For example, one could argue
that actual present chances partially supervene on the actual future. Then
Pt(Pt(A) = x̆|A) 6= Pt(Pt(A) = x̆) and so Pt(A|Pt(A) = x̆) 6= Pt(A) by Bayes
Theorem. It follows that one cannot use the following paradox, nor the con-
clusions I will draw from it, to show that those who hold to such a thesis
are inconsistent. However, if I am right that the CCCP is close to being a
Moorean truth, then that their position is inconsistent with this principle is
a serious enough black mark in itself, and one that must be rectified if po-
sitions that advocate such supervenience are to be acceptable. In any case, I
am not yet conducting an appraisal of reductionism, and so it is safe to adopt
the CCCP. The reader should note that though there is a superficial structural
similarity between the PP and the CCCP, the latter—unlike the former—is not
an extension, nor an instance, of Miller’s principle, rather it is an instance of
a synchronnic reflection principle(again see section 4.2). The PP and CCCP
are, therefore, two very different animals; and as a result, the use of the CCCP
in the argument to follow does not constitute an assuming of the PP.

Armed with these principles, let us avail ourselves of an example from
Vickers [85, p128] to get used to the argument form, before presenting the
full paradox.

Suppose there can be chancet distributions over chancest . Let{
Pt(Pt(A) =

1
3
) =

1
2
,Pt(Pt(A) =

2
3
) =

1
2

}
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be an example of just such a distribution. It follows from this distribution that
Pt(Pt(A) = x̆) = 0 for all x̆ save 1

3 and 2
3 ; and so, that Pt(Pt(A) = 1

2) = 0. By
the Principle of Non-Occurrence (equivalently, by the regularity of chance
functions) we have Pt(A) 6= 1

2 , but we have Pt(A) = 1
2 by what Vickers [85,

p128] calls the ‘arithmatic of expectations’; hence, a paradox.
The ‘arithmatic of expectations’ I presume to be the following application

of the law of total probability:

Pt(A) = Pt(A|Pt(A) =
1
3
)Pt(Pt(A) =

1
3
)+Pt(A|Pt(A) =

2
3
)Pt(Pt(A) =

2
3
).

Applying the CCCP, this gives P(A) = 1
2 . As Vickers notes, there is more than

just a superficial similarity between such paradoxes and those paradoxes of
self-reference that traditionally plagued the truth predicate. This should hardly
surprise us if, as I do, one holds the probability of a proposition to be qualified
predication of truth to that proposition.

Now instead of beginning with a chancet distribution over chancest , let us
begin with a chancet distribution over propositions that imply chancest . In
particular, let the chancet distribution be over members of StN. To simplify,
let the chancest be equally distributed over only two such members, i.e.{

Pt(StN) =
1
2
,Pt(S′tN

′) =
1
2

}
As StN is fit for purpose, these arguments each imply, and so entail, a
unique chancet for A. Let our example be such that StN |= Pt(A) = 2

3
and S′tN

′ |= Pt(A) = 1
3 . As chancestw are standard probabilities we have

Pt(StN) ≤ Pt(Pt(A) = 2
3) and Pt(S′tN

′) ≤ Pt(Pt(A) = 1
3). Hence, the original

distribution implies the following distribution:{
Pt(Pt(A) =

1
3
) =

1
2
,Pt(Pt(A) =

2
3
) =

1
2

}
from which, the original paradox follows as before. The conclusion to draw
is that one cannot have a non-trivial chancet distribution over the members of
a fit for purpose partition. Either one restricts the argument domains of one’s
chance functions to exclude the members of such partitions, or one restricts
chancet distributions over such propositions to the trivial, i.e. {Pt(StN) = 1}.
Given that chance functions are regular, StN is that statet and system of laws
that hold at whatever world Pt(StN) = 1 holds at. Let w be that world, then
StwNw is that member of StN that holds where Ptw(StwNw) = 1. As StwNw
implies all the chancestw, so we have that StwNw must imply a chancetw for
itself of 1.

Where this implication holds, and where we maintain that only the state
and system of laws that hold at t and w are admissibletw, then the PP will hold
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no consequences for the what chancestw can be by the argument in section
4.3. This implication has now been argued for in two ways, neither of which
assume the PP. This solves the riddle

4.6 An Alternative Solution?
Though I have solved the riddle by restricting the chances for certain propo-
sitions to trivial values, there is another option: remove all propositions for
which the PP will have consequences as to their chances, given what is ad-
missible, from the argument domains of the chance functions. I shall call this
alternative solution the chance gap solution. In contrast, I shall call the solu-
tion I prefer the trivial chances solution. The chance gap solution has a noble
and proud lineage dating back to Tarski’s resolution of the truth predicate
paradoxes in the 1930’s. The solution he proposed is to distinguish between
the various layers of language: the idea being that as any sentence ascribing
truth/falsity to another sentence is of a higher order of language than that other
sentence, no sentence of any language can ascribe truth/falsity to itself; and
so, no paradoxes of self reference can arise. Faced with similar paradoxes of
self-reference in probability theory, like the one presented in section 4.5, it was
natural that Tarski’s solution was co-opted. Indeed, on the De Dicto reading of
such probabilities Tarski’s solution to the paradoxes of the truth predicate is a
natural tool in the fight against the paradoxes facing the probability predicates
(see [85] for a thorough introduction to this approach in probability theory).

Applying this approach to solve the paradoxes of the chance predicates,
such as the one given in the previous section, one has that any predication of
a chance to a sentence is an expression of the language above the level of that
sentence; hence, no sentence can self-ascribe a chance for itself. This allows
us to solve the paradox, as we may stipulate that objective chances only be
predicable of expressions of the object language, making sentences such as
‘The chance of ‘The chance of A is 0.5.’ is 0’, illegitimate. Such a move ef-
fectively works by excluding sentences such as ‘The chance of A is 0.5.’ from
the argument domain of the chance function. This naturally extends to those
sentences that imply or entail sentences like ‘The chance of A is 0.5.’. Carried
to its fullest extent this strategy will exclude from the argument domain of
the chance function any sentence that implies or entails chances. In particular,
it would exclude StwNw from Dtw: the argument domain of Ptw. The riddle is
solved by the simple expedient of removing all those propositions for which
the PP would hold consequences for their chances from the chance function
argument domains.

So, the chance gap solution to the reasonability riddle is well motivated
by my second argument for my trivial chance solution to that riddle, and can
boast a long and noble heritage that my own solution cannot. Not only this,
but it can be argued that the chance gap solution is even more in tune with
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what the sciences would say about the chancet of StN than the trivial chance
solution. Many scientists would argue that there is no sense to the notion of a
quantum mechanical probability for quantum mechanics, nor of the quantum
mechanical probability for the initial/prepared state of a system. But, if this
chance gap approach is as well motivated as, if not better motivated than,
the trivial chance solution, why do I prefer the latter to the former? In its
briefest form the answer to that question is that my first argument for the
trivial chances needed to solve the riddle works equally well as an argument
against chance gaps: such gaps are incompatible with what I take to be the
scientific view on chance, indeterminism and the relation between the two. I
shall return to this main point of contention after mentioning a few other less
serious problems for the chance gap solution.

Firstly, aside for those restrictions required to keep chance functions true
to standard probability theory—which could be taken as criteria for being
well formed—it is initially rather plausible that every well formed proposi-
tion should always have an objective chance. One might want to quibble for
various reasons, but as a starting point this is surely the most attractive posi-
tion. To solve the Riddle, including that form of the riddle that is the Bug, by
introducing chance gaps manifestly commits one to giving up on this princi-
ple. This makes me uncomfortable.

Secondly, it seems to me that a division of propositions into those that have
chancest and those that do not is wider than a division of propositions into
those that have trivial chancest and those that have non-trivial chances. The
chancet of a proposition is a determination of the chancet determinable for that
proposition. The trivial chance solution requires restrictions on the extension
of the determinations of the chance determinables, whereas the chance gap
solution requires restrictions on the extension of those chance determinables
themselves. For example, ‘the chancet’ is the chance determinable, while a
determination of that determinable would be ‘the chancet is 0.5’. The triv-
ial chance solution involves placing restrictions on which propositions satisfy
the non-trivial determinations of the chancet determinable, and so requires
restrictions upon the extension of these determinations; whereas, the chance
gap solution involves restricting which propositions satisfy the chancet deter-
minable period.

The difference in the gravity of the solutions can be brought out by the
analogue case of mass: the mass-analogue to the distinctions required by the
trivial chance solution would be where one type of object is differentiated
from others by its possessing a certain amount of mass, the mass-analogue
of the distinctions required for the chance gap solution would be where one
type of object is differentiated from others by it being a category mistake
to predicate it with any amount of mass at all. Plainly, the latter is a much
more substantial distinction to make between objects than the former, and I
charge that this is also so in the analogous case. If cracking nuts with nut
crackers rather than with sledge hammers is a sound methodological principle
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in philosophy, then these considerations provide a reason—albeit an eminently
defeasible one—for prefering trivial chances to chance gaps as the tool of
choice here.

Thirdly, as the propositions giving rise to the riddle in its various guises
change from world to world, and even from time to time, the chance gap so-
lution requires that the argument domains of chance functions do so too. This
is certainly possible—I have even tacitly allowed for it by consistently index-
ing these domains to worlds and times throughout this work in a sign that I
did seriously consider this approach—but it adds a degree of complexity and
strangeness that is best avoided. For instance, whenever we wish to decide
on the truth of a counterfactual conditional such as “If the allies had lost the
second world war, the chancet of Kennedy being shot in Dallas would have
been x̆” we would first have to decide whether or not Kennedy being shot in
Dallas can be ascribed with an objective chancet at the nearest world where
the allies lost the second world war, before determining whether the chancet
of Kennedy being shot in Dallas at that world is x̆. Moreover, it seems odd
that at one moment in time a proposition can have an objective chance when
at a later it may fail to do so due to those matters of fact that obtain between
the two times. That chances change over time and from world to world seems
plausible, that what can be predicated with chances does so, seems less so.

None of these arguments I claim as knockdown arguments against chance
gaps; indeed, as we shall soon see, Hoefer has arguably defeated all these con-
cerns. However, there is a fourth and final general concern relating to chance
gaps that I wish to make before looking at little more closely at what I take
to be the best of the chance gap alternatives. This final concern has to do with
chance gaps being incompatible with chances as measures of indeterminism.
For a chancetw function to be regular, in the sense that a value of one/zero
is equivalent to being determinedtw true/false, the sum of the chancestw dis-
tributed over any partition of those worlds whose possibility is constitutive of
w’s indeterminacyt—the StwNw-worlds—must be unity. However, some parti-
tions of these StwNw-worlds will have members that cannot be ascribed an ob-
jective chancetw according to the chance gap solution (for an example of just
such a partition see the start of chapter 5 on the Bug). The remaining chancestw
over such partitionst will have to be renormalised over those members of these
partitionst that have chancestw. But then, chances are not regular in the sense
defined above: for some partitionst there will be StwNw-worlds that have no
chancetw, not even a zero chancetw, of being actual. It follows that having a
chancetw of 1 will not correspond to being determinedtw: for there may be a
world whose possibility contributes to w’s indeterminacyt where the propo-
sition in question fails to hold despite its unitary chancetw. In other words, it
follows that chance can no longer be a measure of indeterminacy.

All of these complaints save the last can be overcome by a determined
chance gap proponent, and indeed, have been recently defeated by Hoefer
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[27]9. Rather than being motivated as a means of avoiding paradoxes of self-
reference, or even as a way of avoiding the Riddle/Bug, his chance gaps are
motivated by a desire for a more “realistic” account of objective chance; which
he takes to be both local, and conditional on chance setups. In this way he as-
sures that his chance gaps are not ad hoc, which is a feature of his solution that
most impresses me as other chance gap solutions I have considered have all
had problems giving independent motivation for the gaps required. As chances
supervene globally, if at all, no undermining can occur if only local matters
can be chancy; so, the chance gaps he advocates do solve the Riddle and Bug.

Hoefer’s account defeats my first and second complaint as, if we accept the
premise that chances are local in the sense of only being applicable to local
state’s of affairs and their various possible evolutions through time, then we
should agree that it is a category mistake to predicate chances of propositions
that hold or not in virtue of global matters. Motivated in his way, chance gaps
become the tool of choice: the nut of preventing reasonable credence dictating
what the chances are, having been replaced by the brick of giving an account
of chance that captures its supposed local and conditional nature. Any dis-
quiet one might feel on giving up the principle that for every well formed
proposition there is always a chance, arguably should be set aside given the
supposed manifest local and conditional nature of those chances. Finally, the
third complaint above is defeated as it is hardly surprising that domains of
chance functions vary according to context of application when such chances
are explicitly conditional on chance setups. If chances are conditional in this
way, then there is not just one chance function at some world10, but a pleni-
tude: one for every conceivable chance setup at that world. So, all the above
complaints Hoefer can answer with his non-ad hoc version of the chance gap
solution.

However, even Hoefer’s chance gaps are not without some serious flaws:
firstly, they have trouble accommodating the thesis that chance is the measure
of determinacy; and secondly, they require a rather arbitrary line to be drawn
between the local and the global. With regards to the second of these concerns,
it seems to me that global events are just complex composites of local events,
and that, if the latter are chancy, then the former must be too. For example, if
the outcome of one spin of the roulette wheel is chancy, then the outcome of 2,
or more, such spins must also be chancy. That just seems to be a consequence
of the probability calculus: where A and B are statistically independent—

9 Hoefer[26, p331] originally offered a solution whereby the Bug is cured by preventing objec-
tive chances for undermining propositions playing the role prescribed by the PP. This solution
avoided chance gaps, but it cannot be used by anyone who takes the role prescribed by the PP
to be defining for chances. However, by 2007—perhaps because he came to be suspicious of
chances cut loose from the PP—he had adopted a variant of the chance gap solution that avoids
the concerns aired above.

10He thinks chance functions, being explicitly conditional on chance setups, need not be indexed
to times.
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which they will typically be on Hoefer’s view—P(A,B) = P(A)P(B); hence,
if there is a chance for 00 on one spin of a roulette wheel, then, for any number
n, there is a chance that every one of n spins of a roulette wheel yeilds 00. But
for Hoffer’s chance gaps to do their job of reconciling Humean supervenience
of chances with the PP, there can be no such chance as the chance for all
roulette spins yeilding 00: it being precisely such propositions that undermine
(see next chapter). So, somewhere between n spins of roulette wheels, and all
spins of roulette wheels a line must be drawn distinguishing the local from the
global. But where should the line be drawn? Presumably ‘Roulette wheel R
will return 00 in each of its next 10 spins’ is a local fact; so, there will be an
objective chance for this outcome. But what about ‘All the roulette wheels in
Las Vagas return 00 for every spin for the next month.’? Does the proposition
this sentence expresses have an objective chance, assuming the spinning of
such wheels to be individually objectively chancy? According to the proba-
bility calculus to which chances conform the answer is unequivocally yes, but
according to Hoefer’s chance gaps solution there may be no right answer, or,
rather, whatever answer one gave would be arbitrary.

Finally, there is what I take to be the most serious cost of any chance gap
solution to the riddle and Bug: the incompatibility of such a solution with the
thesis that chances measure determinacy. As far as I can see there are two
ways in which Hoefer can try to deal with this issue; he can deny that it is
any part of chance’s role to measure determinacy, or he can argue that the
Montague/Earman/Lewis (MEL) definition of determinism is deficient, and
that the thesis of determinism is properly applicable only to local regions of
space-time. I think that if he takes the former position, he sets himself against
the sciences. The objective chances of physics are clearly measures over event
spaces comprised of those outcomes that are nomologically possible given
the initial conditions of the system concerned. If such possibilities are rep-
resented in the standard way as global models/worlds, then chance measures
MEL-determinacy in the sciences. I think anyone familiar with the physical
sciences should accept the thesis that objective chance as the science con-
cieves it measures determinacy. If one admits this, then the only option left to
someone like Hoefer is to reconstrue determinacy as a local concept.

The way forward for Hoefer would be to have chances as measures over
local models and to define indeterminism in terms of the divergence of such
models. I am sure that this can be done, and there is even some support for do-
ing things this way from the observations of Earman and other’s that whether
or not a systems evolution is deterministic or not may only be answerable
given a spatio-temporally delimited local context. For example, in general
relativistic space-times, such as ours, there may be no sense to the notion
of a state for the whole world; so, there may be no sense to the question of
whether or not such worlds are deterministic. This having been said, such a
course commits one to some form of local ersatzism, and local ersatzism is
plagued with such problems that there is near unanimous agreement in the
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philosophical community as to is failure. There are also problems related to
unaccounted for influences and perturbations entering from outside the region
of space-time covered by the models. To deal with these one needs to specify
timelike boundary walls as part of the initial conditions specification, or else
hold the region concerned to be isolated. Neither option is physically realistic,
and the boundary wall option works by incorporating inadmissible informa-
tion into our initial condiitons.

But even were a local notion of determinacy defensible I still would have
hesitations with regards to adopting a chance gap solution. Take the laws of
nature as an example. On any conceivable chance gap solution there will be
no such thing as the objective chance for system of laws N. Consequently,
if chance is the measure of determinacy, then there will be no sense to the
question of whether the laws are physically determined. Perhaps this can be
lived with, but I also analyse physical necessity as being always physically
determined (see section 6.4). Can we live with the there being no sense to
the question of whether the laws are physically necessary? Anyone, such as
myself, who thinks it reasonable that objective chance is a qualification, of
sorts, of physical necessity will conclude from this argument that chance gaps
are incompatible with chances as a measure of determinacy. One man’s modus
ponens being another’s modus tolens, I’m sure that the chance gap proponent
will turn this argument on its head. They will claim that if the analysis of
physical necessity in terms of eternal determinacy leads to it being a category
mistake to ascribe the natural laws with physical necessity on the grounds that
it is such a mistake to ascribe them with an objective chance, then the analysis
is plainly faulty. I agree that that is a reasonable position to take if one is
convinced of chance gaps from the outset. As I am not convinced that these
gaps are the best response to the riddle and Bug, and as I do think that there
should be unity to the physical modalities, so I choose to read the above as an
argument against chance gaps.

It suffices to say that the project of putting flesh on the bones of a local
notion of determinacy faces some very significant difficulties. These might be
over come given sufficient determination and ingenuity, but even were they to
be overcome the notion of determinacy one would have would be deficient in
the eyes of anyone who sees physical probabilities as a kind of qualification
of physical necessity and who holds that physical necessity can be predicated
of “global” propositions. At the very least it is fair to say that even Hoefer’s
version of the chance gap solution has severe difficulties with respect to ac-
commodating the role of chances as measures of determinacy. This added to
the rather arbitrary distinction between the global and the local that seems to
stand at odds with probability theory, gave me sufficient pause that I began to
look for a different solution to the riddle and Bug. The trivial chance solution
that resulted is by no means without flaws. Its one overriding benefit is that
it is designed from the outset to be compatible with objective chance as the
measure of determinacy, but there is subtle balance of pros and cons between
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the chance gap and trivial chance solutions, and I can see how chance gap so-
lutions, such as Hoefer’s, are defensible. And this is the most important point:
how the reasonability riddle and; hence, Bug are solved is less important to the
prospects of Humeanism than that they are solvable. There are two solutions
to these problems on offer, each with their own strengths and weaknesses.
Neither solution offers a clear victory, but then neither solution can be easily
dismissed either. This secures the tenability of Humeanism against the riddle
and Bug. The Realist, or other non-Humean, might still dismiss Humeanism
on the basis of these interrelated problems; but, if they do so, then their given
reason is arguably defeasible in the light of these solutions. This is the crucial
point. Hence, though I prefer the trivial chance solution to the riddle and Bug
for my own reasons, I accept that Humeans of other persuasions may prefer
the alternative chance gap solution to these problems.
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5. The Bug

5.1 A Reasonability Riddle for Reductionists
Another reason Lewis gives for why his reformulated Principal Principle can-
not be read as an analysis is the Bug. The Bug arises where present chances
supervene, even partially, on future matters of particular fact whilst simulta-
neously constraining present reasonable initial credence in those same matters
of fact. This they will do wherever something akin to the Principal Principle is
held in conjunction with a plausible reductionist thesis on chance—e.g. Sim-
ple (AKA Actual) Frequentism, or Lewis’s Humean Supervenience—where
present chances supervene upon future matters of particular fact. Any such
thesis seeks to reduce objective chances to a categorical basis via their super-
vening upon such a basis. Humean Supervenience is a thesis of covariation: if
two worlds are to differ in anyway, they must differ in the spatio-temporal ar-
rangement of their perfectly natural properties. I shall follow standard practice
by referring to spatio-temporal arrangements of perfectly natural properties as
Humean mosaics. A Humean mosaic is specified by a space-time manifold
accompanied with a complete description of how perfectly natural properties
are arrayed across that manifold. For what follows I assume, as before, that
two worlds are identical if their mosaics are completely indistinguishable.

Let Ft be the conjunction of all propositions holding at exactly all those
worlds that perfectly match w in their matters of particular fact after t; that
is, let Ft be w’s futuret . Then HtwFt is the whole history of w: pastt , presentt
and futuret . HtwFt is an exhaustive conjunction of absolutely every proposi-
tion holding in virtue of particular matters of fact at w. Among these will be
those propositions giving the chancest . There are three possibilities for how
chancest may supervene: they could supervene on only that part of the mosaic
that Htw supervenes upon, or on only that part which Ft supervenes upon, or
on the mosaic as a whole. These possibilities correspond to the entailment of
a unique chancetw for every proposition in the domain of that function by the
historytw, futuretw, and whole historytw, respectively.

The first possibility faces the problem that the history upon which the
chances of all future propositions are to depend may be arbitrarily short.
This leads to the dilemma of, either allowing that an arbitrarily meagre
set of matters of particular fact are sufficient to determine the chances
of propositions far into the future, or of denying that there were chancy
events in the early universe. The first option just seems incredible, and the
second—which amounts to a kind of emergentism about chance—equally
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ill advised. Furthermore, in a two-way indeterminate world the past will be
as chancy as the future; and consequently, any problems arising due to the
future being chancy will inevitably also afflict the past.

The second and third possibilities both give rise to the Bug. Here the
chancest supervene, either partly or wholly, on that portion of the mosaic
upon which w’s futuret supervenes, a future that itself must have some
chancet of not coming about given that w is indeterministic, i.e. both Ft and
Pt(¬Ft) = q > 0 must hold at w if w is indeterministic1. ¬Ft is nothing but the
disjunction of all those mutually exclusive futurest that are not Ft , and each
of these will have a chancet such that the sum over all such chances is q. Let
F ′t be one of these disjuncts, and furthermore, let it have a non-zero chancet
of x: symbolically, let Pt(F ′t ) = x > 0.

Figure 5.1: This diagram shows two worlds, w and w’that diverge after t. Their mosaics are
intrinsically indistinguishable prior to t, becoming distinguishable after t. With their mosaics
differing in the future in this manner, and with the chancest partially supervening on that part
of the mosaics that lies in the futuret , two worlds can differ not only in terms of what is true in
their respective futures, but also in terms of their presentt chances for one of those futures.

The covariation of supervenience is one way: no two worlds may differ
with respect to the holding of Pt(F ′t ) = x without differing in their mosaics,
but the converse is not true. In particular, a world where HtwF ′t holds—this is
a world that is indistinguishable from w until t but divergent from w sometime
thereafter—may, or may not, be one where Pt(F ′t ) = x holds. If it so hap-
pens that at the HtwF ′t -world the supervenient chancet of F ′t is y 6= x—as in
the example of the diagram above—then proposition Htw,Pt(F ′t ) = x will be
inconsistent with proposition F ′t : symbolically, Htw,Pt(F ′t ) = x |= ¬F ′t . This
Lewis refers to as the undermining of present chances by future possibilities.
Such undermining is odd: it makes one wonder whether the objective chancet

1In this and the next section I deviate from my standard practice differentiating between vari-
ables and parameters with the use of breve accents. This is purely because such accents proved
difficult to include in the graphics of the diagram. Everywhere else I stick to my standard prac-
tice.
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for F ′t really can be greater than zero. However, by itself it does not constitute
a strong argument against Humean supervenience and other reductionist the-
ses: after all, Pt(F ′t ) > 0 is entirely consistent with ¬F ′t . But combined with
the PP a very strong argument can be constructed to this end; namely, the Bug.

The Bug is simply that on the following plausible assumptions one can
derive an absurdity.
1. F ′t ∈ Dt .2

2. Htw is admissiblet for F ′t .
3. Htw,Pt(F ′t ) = x |= ¬F ′t .

The first and second assumptions, together with the PP, yield
C(F ′t |Htw,Pt(F ′t ) = x) = x. However, any reasonable C respects SPT; so, by
the third assumption, C(F ′t |HtwPt(F ′t ) = x) = 0. The Bug bites, and the disease
it carries is absurdity. Via the PP—given the first two assumptions—Humean
supervenience, which is our reason for accepting the third condition, entails
that the chances for all undermining futurestw must be zero. From this
description, it should be plain that the Bug is just another incarnation of the
reasonability riddle, only this time it is a riddle that arises only for those who
allow chancest to supervene to any meaningful degree on the futuret .

In the literature it is typically assumed that the undermining future has a
non-zero chance to start with so that the Bug takes the form of a paradox.
I hope it is clear that the Humean need not accept the assumption that there
are undermining propositions with non-zero chances. For instance, they may
take chance to be law conforming and tailor their account of laws to ensure
all chances for undermining propositions are uniformly zero, or else argue for
chances that naturally have this feature. By doing so they avoid the paradox,
but only by embracing the absurdity implied by the PP given their reductionist
thesis. They would be tacitly allowing the PP to have implications for certain
objective chances.

Of the two approaches, the most popular by far has been the latter. This
is presumably because there is tacit agreement that jury-rigging the natural
laws—so as to ensure all undermining propositions invariably have an objec-
tive chance of zero—is too ad hoc. However, it is important to note that the
alternative strategy—of finding some alternative to play the objective chance
role—works in exactly the same way. These alternative chances solve the Bug
by ensuring that the objective chance of every undermining proposition is
invariably zero, which implies physical (see section 6.4 for the distinction
I make between physical, and nomological, possibility) impossibility, given
that chances are regular. Put in my terms, both the above responses to the Bug
are trivial chance solutions. As such, one way or another, defenders of reduc-
tionism wind up embracing the absurdity outlined above. As a strategy for
dealing with a philosophical problem, biting on absurd bullets does not rank
very highly, no matter how stylishly executed. With this in mind two questions

2From this point onward I shall leave this condition implicit.
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immediately pose themselves: 1. Why bother? and 2. How do such renowned
philosophers as Lewis and Hall defend the prima facie indefensible?

I shall look at a couple of the justifications for reductionism given by no-
table participants in the debate before devoting most of the rest of the chapter
to looking in detail at how Lewis and Hall put the bravest face they can on em-
bracing an absurdity. Finally, at the end of the chapter I conclude that the out-
come of this debate on reductionism makes little difference to the prospects of
a Lewisian style analysis of chance. However, before all this I shall show that
Lewis and Hall’s approach at least meets the formal requirements of a solu-
tion. As the counterfactual dependence of present chances on future outcomes
that lies at the root of the Bug also ensures that marginal chances are incompat-
ible with the Chance Conditional on Chance Principle [Pt(A|Pt(A) = x̆) = x̆], it
should come as no surprise that a resolution of the latter conflict goes together
with curing the Bug.

5.2 Indirect Supervenience
Lewis [46] spotted that some progress could be made toward clearing up the
problem by making explicit the manner in which chances are to supervene on
the entire mosaic of a world. Let the system of laws that any world conforms
to supervene on that world’s entire mosaic, then let chance conform to those
laws. Chancesw conform to w’s system of laws when that system of laws im-
plies the theory of chance that holds at w. From that theory of chance, together
with w’s history up to and including t, the chancest can be derived, allowing
the Bug to be recast as the problem of systems of laws counterfactually de-
pending upon future matters of particular fact.

1. HtwNw is admissiblet for F ′t .
2. HtwNw ` Pt(F ′t ) = x.
3. HtwNw |= ¬F ′t .

By the PP, the first two conditions imply C(F ′t |HtwNw,Pt(F ′t ) = x) = x, but
by SPT the third condition implies C(F ′t |HtwNw,Pt(F ′t ) = x) = 0, which is
consistent iff x = 0 = Pt(F ′t ).

I hold only the latest surface of Htw to be generally admissiblet . Moreover, I
hold the dependence of chancest to be entirely on that portion of historyt that
is that latest surface at t. Hence, my version of Lewis’ recasting of the prob-
lem: where the following hold the PP will dictate by the first two conditions
that C(F ′t |StwNw,Pt(F ′t ) = x) = x, whereas SPT will dictate by the third that
C(F ′t |StwNw,Pt(F ′t ) = x) = 0, which is consistent iff x = 0 = Pt(F ′t ).

1. StwNw is admissiblet for F ′t .
2. StwNw ` Pt(F ′t ) = x.
3. StwNw |= ¬F ′t .
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Figure 5.2: This diagram shows the same two worlds as in Figure 5.1, except here what su-
pervenes is not the chances but the natural laws. The chances then supervene indirectly on the
mosaic as the laws of a world together with its historyt implies its chancest .

What has been gained by having the supervenience of present chances on
Humean mosaics mediated by systems of laws? It allows us to recast the prob-
lem in terms of systems of laws allowing for non-zero chances of their own
negation. A non-zero chance for an undermining future is a non-zero chance
that the actual laws fail to hold3. This being the case, StwNw must fail to imply
Ptw(StwNw) = 1; and consequently, there is room for the riddle to arise4. This it
does for any undermining future; and so, we have the Bug. Our most obvious
recourse is to conclude that systems of laws are never generally admissible
given reductionism. This saves the reductionist from the immediate problem,
but leaves them with no means of deriving the desired analysis of chance from
the PP. We again find ourselves in the clutches of the true riddle.

By making the supervenience of chances on the underlying mosaic indirect
via the laws we have a suitable culprit to charge the Bug upon. This culprit can
then be sentenced to inadmissibility, but in passing that sentence one looses

3If F is an undermining proposition at t and w, then (1.) StwNw |=¬F and (2.) StwNw `Ptw(F) 6=
0. It follows from (1.) by SPT that Ptw(StwNw)≤ Ptw(¬F), and so that Ptw(¬[StwNw])≥ Ptw(F).
From (2.) we have that StwNw ` Ptw(¬Stw∨¬Nw) 6= 0, which—on the assumption that StwNw `
Ptw(Stw) = 1—proves that if there exists an F such that F is undermining at t and w, then the
statetw and lawsw together imply a non-zero chance for the negation of those laws.
4Recall that at the end of the last chapter I offered two arguments for this implication; the first
argued that objective chances are measures of indeterminacy, while the second showed that
unless the chance distribution over the states and natural laws is trivial paradoxes arise. The first
argument can be reconciled with reductionism by redefining what is nomologically possible
relative to some world in some state to exclude those worlds that are undermining. This allows
the law-conditioned chances to be just as regular as the old. The second argument, likewise,
has no purchase against the reductionist as the Chance Conditional on Chance Principle does
not hold where present chances depend counterfactually on future outcomes. No paradox arises
from Ptw(StwNw) 6= 1 where such chances supervene to any meaningful degree on future matters
of particular fact.
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the justification of our analysis of objective chance. Moreover, we are still left
with the problem of incompatibility with the CCCP: a principle that I have
argued enjoys a status not much short of that of a Moorean truth. So is there
no way of recovering the connection of our analysis with what reasonable
credence demands in a way that ensures compatibility with the CCCP? There
is, but it comes at a price.

5.3 Introducing Conditional Chances
The solution is well documented in the literature and seems to have been inde-
pendently proposed by both Hall [23] and Lewis [46]. One simply moves from
objective chances as marginal chances proscribed by some system of laws to
similarly proscribed chances conditional on those laws. Symbolically, the so-
lution amounts to us identifying objective chancestw with Ptw(·|Nw) instead of
with Ptw(·). To see that this really does solve our difficulties recall that the Bug
is nothing but a species of the Reasonability Riddle and that I have a recipe
for solving that riddle developed in chapter four. We need to find a partitiont ,
say Et , such that:

1. ∀w(Etw ` Ptw(Etw) = 1),
2.
⋂m

i=1(∀w∃!x(Etw ` Ptw(Ai) = x)),
3. ∀w(Etw is generally admissibletw),
4. there must be justification that does not assume the PP for the first condi-

tion,
5. that the first condition is satisfied must be acceptable to the sciences.

I shall now show that StN meets all these criteria when we exchange
Ptw(·|Nw) for Ptw(·).

Conditions 1 and 4:

It is easy to prove that law-conditioned chances satisfy the CCCP when
the supervenience of objective chances is mediated by the natural laws. The
key to this demonstration is that the supervenience/dependence of present
chancest—including those conditioned on Nw—on future outcomes is entirely
mediated by Nw. It follows that any chance of a chance of A conditioned on Nw
will not alter its value upon further conditionalisation on A; hence, the fraction
in the penultimate line of the following proof is equal to 1.
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CCCP: Ptw(A|Ptw(A) = x̆) = x̆

Ptw(A|Nw,Ptw(A|Nw) = x̆) = Ptw(Nw,Ptw(A|Nw)=x̆,A)
Ptw(Nw,Ptw(A|Nw)=x̆)

= Ptw(Ptw(A|Nw)=x̆|A,Nw)
Ptw(Ptw(A|Nw)=x̆|Nw)

Ptw(A|Nw)

= Ptw(A|Nw)

As we are holding these law-conditioned chances to be the objec-
tive chances, we are presumably going to make them obey the Principle of
Non-Occurrence(AKA regularity). But for chancestw which conform to the
CCCP and the PNO, paradoxes of self-reference will arise if non-trivial
chancetw distributions over members of partitions that meet the second
condition above are allowed. To avoid such paradoxes one can either exclude
StwNw from the argument domain of Ptw, or one can impose the constraint
that StwNw ` Ptw(StwNw|Nw) = 1, for all w. I have consistently maintained that
the former response is to be avoided. It amounts to giving up on the principle
that for every well formed proposition, world, and time there is an objective
chance. Relaxing this principle—beyond what is required to keep outcome
spaces denumerable—causes more problems than it is worth, as discussed
at the end of the previous chapter. If the former response is unacceptable,
then the latter is the only way to avoid the paradox. Consequently, the first
condition is satisfied, and we have a good reason for why this is so where
the law-conditioned chances are identified with the objective chances. This
reason begs no questions as to chances relationship to credence, which means
that the fourth condition is also met.

Condition 2:

As StN is fit for purpose, so ∀w∀A∃!x(StwNw ` Ptw(A,Nw) = x)
and ∀w∀A∃!x(StwNw ` Ptw(Nw) = x). By definition, Ptw(A|Nw) =
Ptw(A,Nw)/Ptw(Nw)

5, and so StN satisfies the second condition.

Condition 3:

Recall that the original PP is a generalisation—by the inclusion of ad-
missible propositions along with the relevant chance among the conditioning
propositions—of Miller’s Principle as it applies to objective chances. The fol-
lowing analogue to Lewis’ original PP can also be generalised from Miller’s
Principle by the inclusion of admissible∗ propositions:

New Principle (NP): Let C be any reasonable initial credence function. Let t
be any time. Let x̆ be any real number in the unit interval. Let Pt(A|N) =
x̆ be the proposition that the chance, at time t, of A’s holding given

5As chances obey the PNO, there is no combination of t and w such that StwNw ` Ptw(Nw) = 0
and so invariably Ptw(Nw)> 0.
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system of laws N, equals x̆. Let E be any proposition compatible with
Pt(A|N) = x̆ that is admissible∗t . Then

C(A|E,N,Pt(A|N) = x̆) = x̆.

First one derives the following Conditional form of Miller’s Principle
(MCP) as applied to chances from the unconditional form as in Appendix A.

MCP: C(A|B,Pt(A|B) = zk) = zk.

To get from this to the desired Lewisian style constraint on reasonable cre-
dence, that is the NP, we merely substitute system of laws N for B and gen-
eralise it in analogous fashion to how Lewis’ original PP is generalised from
the MP as applied to objective chances. This generalisation can be achieved
by defining admissibility∗ in a manner analogous to how admissibility was
defined before.

Relative Admissibility∗t : E is admissible∗t for A iff N, Pt(A|N) = 0, · · · and
Pt(A|N) = 1 all screen off E from A.

In effect, adding admissible∗t E to the conditioning factors in the condi-
tional MP makes no difference to the value of that credence function, hence
the NP is a safe generalisation of the conditional MP. It also follows immedi-
ately from this definition of admissibility∗ that w’s system of laws is generally
admissible∗tw. It follows from StwNw ` Ptw(StwNw|Nw) = 1 that it is safe to
take Stw to be likewise generally admissible∗tw in analogous fashion to how
StwNw ` Ptw(StwNw) = 1 made it safe to take this proposition to be generally
admissibletw.

So we have that the members of each StN-partition satisfy the following
two constraints, these being equivalent to the second and third conditions of
fitness for purpose and viability above:
1.
⋂m

i=1(∀w∃!x(StwNw ` Ptw(A|Nw) = x)),
2. ∀w(StwNw is generally admissible∗tw).

It follows that one can derive, in a fashion analogous to how one derives the
RPP from the PP, the following Reformulated New Principle (RNP) from the
NP.

RNP: Let C be any reasonable initial credence function. Let StwNw be that
member of StN that holds at w. Then for any time t, world w, and propo-
sition A in the domain of Ptw

C(A|StwNw) = Ptw(A|Nw).

Condition 5:
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Presumably something that is trivially true should be acceptable to the
sciences. A system of laws and state together define a space of possibility. A
stochastic system of laws not only defines such a space in conjunction with a
state, but also specifies metrics over that space given that state. If the measure
functions of those metrics are regular, then the measure for any well formed
proposition that holds in all those possible worlds, will be unity. Obviously
the proposition that is the system of laws itself holds at all such worlds.
Hence, the system of laws must invariably specify a measure for itself of
unity, if it specifies a measure for itself at all. Physicists may, perhaps with
good reason, be sceptical to the notion that there is a quantum mechanical
probability for quantum mechanics, but given that there is such a quantum
mechanical probability, they will surely agree that it must be trivially equal to
1.

All of this shows that for the law-conditioned chances the reason-
ability riddle can be solved in such a way as to permit the derivation
of the RNP from a principle that is a generalisation of the conditional
form of Miller’s principle as applied to chances. The above can be
duplicated for Lewis’ preferred HtT-partition; so, one can equally show
that C(A|HtwTw) = Ptw(A|Tw), which is none other than Lewis’ [46, p487]
New Principal Principle (NPP). The RNP is my version of the NPP, but
in essentials they differ not. However, to meet the fourth condition in the
manner outlined above the law-conditioned chances must satisfy the principle
of non-occurrence, which they may not do if they are not objective chances.
Also, the Bug was what we are trying to solve, not the reasonability riddle
as it applies to law-conditioned chances. For a solution to the latter to be a
solution to the former we need to identify the law-conditioned chances with
the objective chances. There are serious question marks about whether this
identification is acceptable to the sciences.

5.4 Acceptability to the Sciences
Here, if anywhere, is where the reductionist runs into serious trouble. One can
have differing views about just what ‘acceptability to the sciences’ involves,
but on my view a philosophical position cannot be acceptable to the sciences
unless it is one that scientists themselves would agree to, or if it is one whose
consequences for the sciences are so minor as to be readily ignored by said
scientists. So, for example, thorough going idealism is acceptable to the sci-
ences even though it denies the existence of that mind independent reality that
is supposedly the object of the sciences, just because even if idealism were
true it would not hold any consequences for scientific theorising or practice.
But suppose one has a philosophical position that goes against the grain of
what scientists themselves take to be the case and which does have some lim-
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ited consequences for those sciences: at what point does one conclude that
such a position is unacceptable? When are the consequences grave enough to
motivate that conclusion? Clearly, in such cases the decision on acceptability
is likely to be highly subjective. There will be clear cases which have no, or
extensive consequences about which there will be easy intersubjective agree-
ment as to their acceptability. However, there will also be cases in the grey
area in between, where prejudices for or against the philosophical position
concerned are likely to weigh heavily on the judgment of acceptability. It is
unfortunate that reductionist accounts of objective chance fall squarely into
this grey area.

First we must answer the question of whether scientists would recognise the
reductionist’s law-conditioned chances as their own. I think the answer to that
question has to be negative. Consider the following from Arntzenius and Hall
[3, p178] where T and T ∗, are the theories of marginal and law-conditioned
chances, respectively.

Here is a way to make the difference between the two chance-theories vivid. It
is as if, at t, we have before us an urn with a million marble in it, half labeled
‘heads’ and half labeled ‘tails’. We are going to make one million random
draws from this urn. Then T says we will make these draws with replacement,
whereas T ∗ says we will make them without replacement. If T ∗ is right, then
the single-case chance of heads will vary from draw to draw: it will start out
at 0.5 and then become either 0.5000005 or 0.4999995... and will, on the last
draw, be either 0 or 1. But real chances don’t vary in this way—or if they do, it’s
not up to the philosopher to say so. Any philosophical position which says that,
in an example such as ours, the chances must vary in this way is unacceptable.

So the law-conditioned chances follow a hypergeometric distribution and
not the standard binomial distribution the sciences typically assume for ob-
jective chance. I agree with Arntzenius and Hall that no scientist would ac-
cept a philosophical restriction to the effect that objective chance behaves
in the manner outlined above. However, unlike Arntzenius and Hall I allow
that a philosophical position can be acceptable to the sciences if its conse-
quences for the sciences are negligible. As the above quote shows, when the
urns are full of marbles the law-conditioned chances very closely match the
marginal chances. The examples where a meaningful difference appears are
those where the futuret part of the reference class to which the chancet event
belongs is finite, and it only becomes significant where that subclass is quite
small.

That the pertinent reference classes—such as the class of all futuret elec-
tron spin measurements, or the class of all futuret radioactive decays of such
and such an isotope—could be finite and small enough to make the law-
conditioned chances differ significantly from the old chances, is not a phys-
ically realistic scenario. Examples, such as those of Arntzenius and Hall’s
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[3], or Lewis’ [46, p488]6, simply have no place in the actual sciences. They
are the toy examples of philosophers. As, such, they are not very convincing
when used to demonstrate the supposedly significant consequences that reduc-
tionism holds for what the chances can be. Only in very esoteric and utterly
unrealistic/unphysical models of no empirical consequence is there a substan-
tive difference that cannot be ignored. But these are not models of any interest
to the empirical, or even the theoretical, scientist. In the normal, work-a-day,
scientific context the marginal chances can be viewed as excellent approxi-
mations of what the reductionist takes to be the objective chances, and so in
these contexts the sciences can ignore this consequence of reductionism in
good conscience.

It is of interest to recall Hall’s sufficiency condition for admissibility at this
time. That condition applied to this case states that proposition A is admis-
sible relative to the system of laws that hold at the world in question if it is
reasonable to be certain that the law-conditioned chances equal the marginal.
We just found that this will always be the case where it is reasonable to be
certain that there are still many relevantly similar events to occur in the fu-
ture, and in the sciences this is almost universally assumed. Where our laws
are generally admissible, we may make free use of the original and reformu-
lated principal principles without fear of the Bug. So again I conclude that to
a very large extent the sciences can ignore the consequences of reductionism
for the objective chances. Whether this extent is sufficient for law-conditioned
chances to be found acceptable to the sciences as objective chances will prob-

6The following is a very close paraphrase of Lewis’s example, included for the sake of com-
pleteness. Here we see again an example that presumes a finite future population that demon-
strates that when that population is of any size the conditional chances approximate very closely
to the marginal. The reader will note again that these chances follow a hypergeometric distri-
bution:

Lewis’ Example: Let the pastt frequency of K’s to J’s be 2/3, let the futuret population of J’s
number 10002, and let L be the stochastic law of our world w that the marginal chancetw
that any given J is also a K is 2/3. The simplest form of Humean reductionism about
chance is simple frequentism that says that Nw—the system of laws w conforms to that
includes L—holds only if exactly 2 out of 3 J’s are K’s. Given that the past frequency of
K’s to J’s is precisely this, simple frequentism here entails that Nw holds only if exactly
6668 of those J’s that occur after t are K’s. Let t’ be the time after t such that in the
interval t to t’ exactly four J’s have “occurred”. Now let A be the proposition that three
of the four J’s to occur in the period t to t’ will be K’s. Then, on the supposition that
A, simple frequentism entails that Nw holds only if exactly 6665 of those J’s that occur
after t’ are K’s. We now calculate as follows:

Ptw(A|Nw) =
Ptw(A,Nw)

Ptw(Nw)
=

Ptw(Nw|A)
Ptw(Nw)

Ptw(A)

=
( 2

3 )
6665( 1

3 )
3333( 9998!

6665!·3333! )

( 2
3 )

6668( 1
3 )

3334( 10002!
6668!·3334! )

Ptw(A) = 1.00015 ·Ptw(A)
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ably be a matter upon which there can never be agreement between those with
prejudices respectively for and against reductionism.

So let me rest here with the claim that the acceptability of law-conditioned
chances in the role of objective chances to the sciences is not something that
can be objectively decided one way or the other. Then the largest part of the
cost of reductionism is the dubious acceptability to science of the chance role
fillers one must accept in order to avoid the Bug. One aspect of this dubi-
ous acceptability is the absurdity of many propositions that we have tradi-
tional thought of as having non-trivial objective chances—the undermining
propositions—actually having trivially zero objective chances. The easiest
way to avoid paying this cost is simply to renounce reductionism. Many, such
as Maudlin, do just this. Both Thau [75, p493] and Lewis [46, p484-485] have
presented reasons why the cost of doing so is higher than the cost incurred
by the dubious acceptability of the law-conditioned chances as the objective
chances. I have my own reasons why this is so. This complex of closely asso-
ciated reasons for reductionism I shall rehearse in the next section.

5.5 Why Reduce Objective Chance?
5.5.1 Thau’s Reason
Strictly speaking this reason is not endorsed by Thau, but is rather his rational
reconstruction of the motivation that he sees lying behind many attempts to
reduce objective chances. I call it “Thau’s Reason” just to give it a wieldy
name, and because he happened to be the one who has given it its most explicit
rendering. If any confusion arises, then I humbly beg the reader’s forgiveness.

Consider a world of a million coin tosses where at the end of all time the
historical record shows a relative frequency of 0.35 for heads: what is the
chance of heads in such a world? On non-reductivist accounts of objective
chance the best answer one can give here is that it is not exactly 0 or 1! On
this view chances differ fundamentally from actual frequencies by being prin-
cipally impossible to ascertain with certainty from the empirical evidence. No
matter how large the population instantiating the relative frequency, the infer-
ence to the single case chances of members of that population from the relative
frequency instantiated by that population is always an inductive inference. As
the chances are properly sciences to determine and as scientific knowledge
is always provisional and the result of induction from limited empirical evi-
dence, I fail to see why this should be considered a problem. To me it’s just a
fact of life.

However, some—at least according to Thau [75, p493]—cannot abide the
lessons that Hume [29, Treatise: Book I, part III, section VI], [28, Enquiry:
Section IV] has to teach; namely, that induction is, at one and the same time,
both utterly indispensible, and unjustifiable, as a tool of inference. There are
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predominantly two such schools of thought. The first holds that by formalising
inductive reasoning with the help of probability theory, induction can be justi-
fied. People in this camp seem to believe that the problem here is one of lack of
precision: they believe that if only inductive reasoning could be made precise
and rigourous it would be justifiable. The second school agrees with Hume’s
conclusion that induction cannot be justified, but disagrees on the indispens-
ability of such induction. Some in this camp think that inductive reasoning
can be replaced by deductive reasoning about probabilities. Of course, both
schools require that the probabilities employed in their “inductive logics” are
not themselves invariably the products of classic inductive reasoning. They
require that the probabilities they employ are either a priori in some sense,
or deducible from what is empirically accessible. On the reductionist’s view
objective chances/probabilities supervene on the empirical actual frequencies;
and so, can be deduced from them, at least in principle. So for those looking
to invoke probability theory in their battle with Hume, reductionism will be
attractive. It turns out that there are sound Humean reasons why reductionism
stands alone in this regard.

Murdoch [58] has shown it easy to argue in Humean terms that all standard
attempts to justify or circumvent induction by recourse to probability at some
point or other assume induction. Classical probabilities, such as those for the
outcome of a standard die cast, require induction in order to delineate the out-
come space. In order to know that there are only six equi-possible outcomes
to a die cast one needs to exclude the possibilities of the die landing on one of
its eight corners, twelve edges, or many other weird and wonderful yet logi-
cally possible outcomes. The only way all these alternative outcomes can be
excluded is by appeals to our common experience of actual die casts.

Logical probabilities fare little better as an equal weighting of the
logically possible outcomes (state descriptions) ‘would be tantamount to
the principle never to let our past experiences influence our expectations
for the future’(Carnap7 in [58, p194]), yet any other principle governing
probability ascription must be either ad hoc or grounded in experience.
Carnap’s own solution to the problem—ascribing equal probabilities to
structure-descriptions8 and then dividing the probability for each disjunction

7See Rudolf Carnap, Logical Foundations of Probability (Chicago: University Press, 1950)
p565.
8The standard example is illuminating. Given a single predicate and three constants there are
eight state-descriptions:

Fa∧Fb∧Fc,¬Fa∧Fb∧Fc,Fa∧¬Fb∧Fc,Fa∧Fb∧¬Fc,
¬Fa∧¬Fb∧Fc,¬Fa∧Fb∧¬Fc,Fa∧¬Fb∧¬Fc,¬Fa∧¬Fb∧¬Fc.
These are the logically possible outcomes. Carnap’s suggestion was that such outcomes be

grouped into four disjunctions such that the disjuncts differ only by a permutation of constants.
These disjunctions Carnap called structure-descriptions. e.g.

Fa∧Fb∧Fc,
(¬Fa∧Fb∧Fc)∨ (¬Fb∧Fa∧Fc)∨ (¬Fc∧Fa∧Fb),
(¬Fa∧¬Fb∧Fc)∨ (¬Fc∧¬Fb∧Fa)∨ (¬Fa∧¬Fc∧Fb),
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equally among it’s disjuncts—is counterintuitive, but it also carries an
inbuilt preference for more uniform outcomes. It is counterintuitive
because one would think that those structure-descriptions that have more
ways of coming about—which is to say those that have a larger number
of state-descriptions/outcomes as disjuncts—would be more probable
than those with fewer ways of coming about. More seriously though, the
preference towards uniformity is nothing but a lightly disguised symmetry
principle—the greater invariance there is to permutation of constants an
outcome has, the fewer the number of disjuncts to the structure-description
that includes it; hence, the higher its relative probability—and such principles
are only ever justifiable over others of their ilk where they have proven
themselves empirically adequate.

That induction is both unavoidable an unjustifiable is even clearer in the
cases of the standard frequency and propensity interpretations of objective
chance/probability. The limit of a relative frequency, and indeed whether or
not there is even such a limit, cannot be ascertained except by induction, as
even this positions earliest proponents (e.g. Reichenbach [67]) were aware.
Even more obviously propensities are covered by Hume’s extension of his
arguments describing the limits of induction to powers. We can only know
the propensity of a die to land with six dots uppermost either by inductively
inferring that die’s propensity for this result from the observed frequency of
this result, or by ascribing to it the propensity for this result that we have
similarly found in sensibly similar objects. Either way propensities are only
known inductively, if at all.

Finally, even Bayesianism turns out to be founded on induction. Both the
notion of probability as a measure of reasonable belief, and the principle gov-
erning the updating of such degrees of belief in light of new evidence, are
justified by Dutch book arguments (see Appendices F.1 and F.3, respectively).
Such arguments reveal that reasonable measures of belief must conform to
probability theory and the principle of conditionalisation. If an agent’s cre-
dences do not meet these criteria, then they can be presented with a set of
bets that they will judge to be fair, or even to their advantage, that will ensure
they suffer a net loss. But the relation between bets and their financial conse-
quences is a causal one. There is no logical impairment to the agent simply
refusing to hand over the money, for example. Unless Bayesianism can be
justified in another way, it too offers no escape from Hume’s conclusions.
If Bayesianism requires induction for its justification, then it cannot serve to
justify inductive reasoning. Moreover, Bayesianism cannot surplant induction
whilst at the same time being justified by it. Add to this the problem of the
prior’s and one can plainly see that there is no justifying or avoiding induction
via Bayesianism.

¬Fa∧¬Fb∧¬Fc.
Rather arbitrarily it is over the structure-descriptions that probabilities are to be distributed

equally.
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The lesson to be learned is that there is no possibility of flight from, or
justifying of, induction via probability without reduction of objective proba-
bilities, such as chances, to (in principle) empirically accessible phenomena,
such as actual frequencies. Those who think that induction needs no justifying
and who consequently see no need to circumvent such inferences, will not be
at all impressed with this argument for reductionism. But for those seeking to
justify, or avoid what they take to be unjustifiable, inductive inferences; it may
impress. The question is whether it will impress any of this persuasion enough
to accept the absurdity of some objective chances being determined by what
reasonable credence allows for.

5.5.2 Lewis’ Reason
Lewis had a different concern. Lewis wished to justify the Principal Principle
and he believed that this could be done in a non-question begging fashion only
if chance was tied securely to those empirical features of reality knowledge of
which are generally accepted as constraining upon credence, e.g. frequencies
and symmetries.

Be my guest—posit all the primitive unHumean whatnots you like... . But play
fair in naming your whatnots. Don’t call any alleged feature of reality “chance”
unless you have already shown that you have something knowledge of which
could constrain rational credence. I think I see, dimly but well enough, how
knowledge of frequencies and symmetries and best systems could constrain
rational credence. I don’t begin to see [how the alternatives could do so]...
Again, I can only agree that the whatnots deserve the name of chancemakers
if I can already see...how knowledge of them constrains rational credence in
accordance with the Principal Principle.[46, p484-485]

One might wonder whether the argument by analogy in section 4.2. answers
this injunction: after all, that argument goes through no matter the nature of
the chances. It is in the vein of those of many other commentators, both before
and after the publication of the above argument. Either Lewis was unaware of
such justifications—which would be incredible—or he did not credit them as
providing an answer to the above. I tend to the latter conclusion. Recall that
the argument preceded by drawing an analogy between chances and expertly
qualified opinions that itself rested upon a further analogy between theories of
chance and experts. But what makes either of these analogies plausible? It is
part of the meaning of what it is to be an expert that when this status is known
by others it induces them to defer to the expert’s opinions, but (arguably) it is
not part of the meaning of what it is to be a theory of chance that the chances
it describes should do the same. That we find the analogy plausible is not
in doubt, what is in doubt is that there is anything beyond the feeling that
we should conform our credence to chances as we would expertly qualified
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opinions behind this sense of plausibility. If not, then the argument by analogy
falls foul of Lewis’s injunction above. It is informative in it’s way, but it does
not answer Lewis’s challenge; namely, it assumes, rather than argues for, the
effect of knowing chances on reasonable initial credence.

One way of answering Lewis’s challenge would be to maintain that it is just
a primitive fact about chances that they have the effect on reasonable credence
that they do. Another would be to assume the analysis of chance in terms of
some form of credence, though this option obviously prevents one justifying
the analysis via the PP as Lewis and I would rather. If one is not content with
either of these responses, then it is likely that the force of Lewis’s challenge
will be felt.

Lewis’ reason for pursuing the reduction of chance to actual frequency is
more compelling than that presented by Thau, but it is not without its weak-
nesses. Recall that Lewis’ challenge was to justify the original PP. This princi-
ple tells us what is initially reasonable as credence given marginal chances. At
first it seems odd that Lewis’ main motivation—besides continuity in his on-
going philosophical program—for having objective chances supervene upon
the Humean mosaic is to justify the original PP, when in the same article [46]
Lewis concludes that there is nothing that answers to this principle (see sec-
tion 5.7.). Why seek to justify a principle relating two quantities when one of
those relata turns out to be an incoherent will-o’-the-wisp when the principle,
and the justification offered for it, are taken together?

Perhaps Lewis should be taken as desiring only the justification of some
principle relating reasonable credence to objective chance. In that case we
must read him as seeking a justification for a principle involving the law-
conditioned chances, where these are what he imagines to supervene—after
all, if marginal chances supervene, then the law-conditioned chances will—
and the principle he hopes to justify is something akin to the NP:

C(A|E,Ptw(A|Nw) = x̆) = x̆. (5.1)

The main way Lewis seeks to do this is by having objective chances (or in
his case that which can stand for them) tied securely to the actual frequencies.
The presumption on Lewis’ part must be that a near relative of the PP holds
uncontentiously, namely, a Direct Inference Principle (DIP) of the following
sort.

DIP: Given that the frequency F of property X in population G is p, and the
knowledge that a is a random member of G with respect to possession
of X, the initially reasonable credence that a is X, is p. Symbolically:

C(Xa|Ga∧FX(G) = p) = p.

If we grant such a principle as unproblematic, then the law-conditioned
chances do answer Lewis’ challenge. This gives a justification of sorts for a
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principle like that of (5.1). But should we accept the DIP as unproblematic in
this context? Any connection between actual frequencies and what it is rea-
sonable to believe about outcomes will require some kind of random sampling
from the relevant population. It is impossible to spell out such a procedure
without assuming chances. If objective (irreducible) chances are assumed in
order to connect actual relative frequencies to reasonable credence, and if this
connection is required to motivate the connection between objective chances
and reasonable credence that is expressed by the (R)RPP, then we have that the
analysandum plays a pivotal role in motivating its own analysis. If this were
the case it would be unacceptable. The purpose of the analysis is to bring the
analysandum into good repute as a familiar concept by tying to other familiar
concepts of good repute. There is no point to performing an analysis if the
analysandum is already transparent to us. So prior to the analysis presumably
we are unsure of analysandum’s credentials, but then how can this concept
play a pivotal role in motivating anything? To have the analysandum play a
pivotal role in motivating its own analysis is the same thing as offering an ob-
scure motivation for that analysis, which is more or less to fail to motivate the
analysis.

The situation might be substantially improved by distinguishing subjective
(reducible) from objective (irreducible) chances and asserting that it is the for-
mer that is the source of the required randomness. A sampling is then random
if the sampler—perhaps deliberately, perhaps not—is uncertain as to the dis-
tribution of the property at issue in the population in question. However, if
we follow Lewis in analysing objective chance as a form of reasonable uncer-
tainty, and spell out in greater detail how the DIP is to apply in order to justify
the PP—in particular the role of reasonable uncertainty in that application—
there is a substantial risk that we find that what Lewis takes to motivate the
principle that justifies his analysis, pivotally invokes the analysans of that
analysis. Here, though, I don’t see any substantial problems arising. The anal-
ysis is only worth something if the analysans is reasonably transparent and
familiar to us, and it is not beyond the pale that an analysans play an impor-
tant role in motivating the analysis it occurs in. Indeed, it is a strange analysis
where the analysans plays no motivational role.

In the absence of a convincing counter argument, I think Lewis should be
given the benefit of the doubt. I think we should assume that the random-
ness Lewis requires in order to motivate his PP is the randomness of turning
cards in a shuffled deck, rather than the randomness of atomic decays. If this
is accepted, then Lewis’ challenge does offer some reason for pursuing the
reductionist path, and preferring the new to the old chances as the objective
chances for those who feel that the PP requires more justification than that
offered in section 4.2, and who have no alternative to offer. For those who do
not fit this bill, Lewis’ reason is unlikely to impress.
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5.5.3 Masterton’s Reason No.1
An additional concern, which Lewis does not explicitly mention but must have
had, was that the Bug is a threat to any regularity account of natural law. On
such accounts the laws are first and foremost propositions that are true in
virtue of universal regularities in something like Lewis’ Humean mosaic. In
other words, they supervene in just the manner discussed above. If the system
of laws happens to be stochastic, then the laws will undermine themselves as
discussed above. Hence, one has the laws implying non-zero chances for their
own negation if one sticks to the view of marginal chances as the objective
chances. When taken together with the PP, this leads to the Bug.

So, the Bug is a threat to regularity accounts of natural law. Having made a
reasonably complete study of the various philosophical positions that can be
taken on natural law I have found that the only serviceable one belongs to the
regularity family. It shares a close kinship with Lewis’ and Mill’s best-systems
approaches, but is subtly different. The details need not detain us, the central
point is that on views such as ours the laws supervene. Treating the Bug then
becomes crucial, and as the only successful treatment around for those unwill-
ing to give up on objective chance as the measure of (global) indeterminacy
requires the identification of such chances with law-conditioned chances, this
becomes something that I must advocated despite its not insubstantial cost.

5.5.4 Masterton’s Reason No.2
Finally, I find that I cannot live with the consequence of non-reductionism that
the true physical theory of our world may be woefully empirically inadequate.
For example, in a world of one hundred tosses of a fair coin where chances
do not supervene upon actual frequencies, any actual non-trivial frequency of
heads is consistent with the laws governing such coins, though the expected
frequency of heads given those laws be in the region of 0.5. So there is an im-
probable (probability 0.8×10−30), yet physically possible, outcome where the
actual frequency is 100 heads. Stochastic theories are tested against expected
frequencies; hence, at the 100-heads world, the true stochastic laws governing
the outcomes of such tosses would be empirically inadequate because accord-
ing to them the expected number of heads in this population would be 50. On
the other hand, the false deterministic law that all tosses result in heads would
be empirically adequate. Quite simply the true system of laws for our world
might get the actual empirical frequencies entirely wrong, not in the sense of
those frequencies being inconsistent with those laws, but rather in the sense of
those actual frequencies being relatively very improbable given those actual
laws. Ismael, speaking of objective chance as traditionally conceived, puts the
same point in a different way:
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To disallow undermining altogether, an account of chance [in its marginal
guise] must completely sever the link with actual history; worlds with iden-
tical histories must sometimes differ with respect to the chances. [31, p83]

Constructive empiricists and scientific anti-realists have, for a long time,
made much sport out of the possibility of false, empirically adequate theo-
ries as exemplified by the deterministic law for the coin above: such theories
playing a central role in the under-determination of theory by experiment ar-
gument. However, even such figures as van Fraassen balk at the notion of true,
empirically inadequate theories.

It seems mistaken to me to interpret statistical theories in such a way that
they can be true if the relative frequencies do not bear out probabilities.
For if that is done (and various propensity views suggest it) then it is possible
to hold this theory of our present example, and yet not assert that in the long
run Rosenkrantz’ coin will follow suit—or indeed, any coin, all coins. The
empirical content disappears. [77, p160]

Yet the possibility of true, empirically inadequate theories is precisely what
arises where one allows that the truth of a stochastic system of laws is not
tied rather firmly to it getting the frequencies right. I know that this is a bullet
that a consistent empiricist/anti-realist, who rejects Humean supervienience
of chances, can bite down on9, but surely everyone can agree that this bul-
let tastes bad. By having chances supervene upon the Humean mosaic it is
possible to avoid biting on this bullet, but then one must pay the price to
avoid the Bug; namely, one must identify the objective chances with the law-
conditioned chances.

5.6 Hall’s Approach
Hall is rather unique in his approach to objective chance, and it is worth con-
sidering his position because he starts where most philosophers end. Above, I
have shown how Lewisean reformulated principles follow from Miller’s Prin-
ciple as applied to chance. Once we have a clear idea of what relative admis-
sibility is, Lewis’ Principal Principle is a safe generalisation of Miller’s Prin-
ciple: the Reformulated Principles all follow from Lewis’ PP depending upon
our choice of viable, fit for purpose partitiont . For those reformulated prin-
ciples where objective chances are identified with law-conditioned chances,
one can prove that a conditional form of Miller’s Principle is derivable from
Miller’s Principle. Again, once admissibility is recognised as a 3-part relation
of conditional independence, this Miller’s Conditional Principle as applied to
chances can be safely generalised to give us an analogue of Lewis’ PP for

9Examples of philosophers who do bite down on this bullet are Maudlin [53] and Loewer [50].
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conditional chances. Lewis’ NPP and my RNP then follow naturally accord-
ing to which viable∗ and fit for purpose partitiont is chosen. Miller’s Principle
as applied to chances—a principle that is justified by the analogy of chance
functions to universal expert functions together with a diachronic Dutch book
coherence argument—is the foundation upon which the whole Lewisian edi-
fice is built. Most participants in this field, follow this development more or
less. Often they leave gaps, and they have traditionally been hampered by the
lack of a formal definition of relative admissibility, but (almost) everyone be-
gins with Miller’s Principle as applied to objective chances, justified by the
anology of chance functions to expert functions, and builds from there.

Hall is different precisely because he does not begin with Miller’s
Principle as applied to chances, but instead begins with his own principle:
C(A|Pt(A|E) = x̆) = x̆. The “E” in Hall’s principle is not the same proposition
as the “E” in Lewis’ PP. As far as I can tell, Lewis treats the E in his PP
(C(A|E,Pt(A) = x̆) = x̆) not as a proposition giving the evidence that some
ideal rational agent possesses—indeed the word ‘evidence’ never appears in
the PP—but merely as a proposition that is compatible with, and screened off
from A by, that proposition giving the chancet of A. Indeed, that the credence
function in the PP is an initially reasonable credence function speaks for
it as a prior credence: one that is the starting point for conditionalisation
upon evidence, not one that is the result of such conditionalisation (Lewis’
account of objectification not withstanding). However, Hall’s E is most
definitely evidence. He then justifies his preferred principle on the argument
that chance—or better, that source of information about the world whose
qualified opinions we are going to interpret as the objective chances—is an
analyst-expert rather than a database-expert.

[A] database-expert... earns her epistemic status simply because she possesses
more information. ... [A]n analyst-expert... earns her epistemic status because
she is particularly good at evaluating the relevance of one proposition to an-
other. [24, p100]

The analogy of chance functions to database-expert functions supports
Miller’s Principle, the analogy of them to analyst-expert functions supports
Hall’s Principle. Hall claims that where Qtw is a proposition that entails that
Ptw represents the chancestw, Hall’s Principle can be reformulated as

C(A|Qtw) = Ptw(A|E). (5.2)

Now let E be Lewis’ HtwTw, and note that this proposition entails that Ptw
is the chancetw function. Then we have C(A|HtwTw) = Ptw(A|HtwTw), which
reduces to Lewis’ NPP where Ptw(Htw) = 1. Hence, Hall offer’s us a direct
justification of conditional chances as constraints on reasonable credence, and
these solve the Bug. Unless we have a problem introducing this principle as
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a fundamental principle governing rational belief, which we should not given
the analogy to expert functions, the reductionist’s work is done.

So, what are the advantages of Hall’s approach? To my mind there are po-
tentially three: two that Hall explicitly mentions and one that is left implicit.
The two explicitly mentioned are: that admissibility does not feature and nor
does the notion of initially reasonable credence. But these are only advantages
if these concepts are difficult for us to accommodate, and I charge that they are
not. Admissibility is just screening off by chances, whereas being an initial
reasonable credence just means being a prior credence that does not violate
any reasonability criteria. Hall’s charge that naked initial credences are fic-
tions carries no weight with those of us who take credences as defined herein
to be no more than theoretical normative models, i.e. deliberately fictitious
accounts of degrees of belief that present an ideal that should be approached,
but probably never actually obtains. I accept that there may be no such thing
in reality as a naked prior credence, but then I doubt the existence of purely
alturistic acts as well. In both cases, my doubt in the actual existence of these
items does not prevent me from recognising them as norms; so, I do not think
Hall’s prejudice against initial credences is justified in the present context.

Were the worth of Hall’s approach decided by these two explicitly given
“advantages” alone, then I would have to charge Hall’s account with the sin of
being superfluous. Hall’s Principle is very similar to the Miller’s Conditional
Principle (MCP)—a principle that can be derived from Miller’s original prin-
ciple, which itself is well justified by the analogy ot expert functions—and its
reformulated guise can be derived from the MCP given that we have a handle
on what screening off involves. Hence, so long as chance functions can be
justified as database-expert functions, there is no need to justifying them as
analyst-expert functions.

But there is a 3rd and far more important advantage to Hall’s approach:
it gives a direct reason/justification for accepting law-conditioned chances as
objective chances. I have already argued that the best that can be said about
this identifications acceptability to the sciences is that the reductionist cannot
be forced to admit that it is unacceptable to those sciences. Whether one can
live with this or not will probably depend upon the strength of one’s reasons
for identifying the objective chances with the law-conditioned chances. The
reasons given for this identification have, so far, all been indirect. They have
all been of the following sort: without the identification the reduction of ob-
jective chances to actual frequencies is impossible, without which cheerished
philosophical project X is doomed. One problem with such approaches is that
they rely on the audience sharing the proponents view of her cherished project;
e.g. if the reader sees no need to circumvent the limits of induction, has little
sympathy with the regularity account of natural laws, takes the justfication for
the PP given in section 4.2 to be sufficient, and can live with the possibility of
true but empirically inadequate theories/systems-of-laws, then they are going
to be distinctly underwhelmed by the indirect reasons offered herein.
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This is where Hall is a great help to the reductionist. In arguing for the
analogy between objective chance functions and the expert functions of an
expert that always qualifies their opinion upon the basis of their expertise [23,
p511], he provides a justification for law-conditioned chances as the occu-
pants of the objective chance role that is as direct as that normally offered for
marginal chances as the occupants of this role. The question then becomes:
which analogy is the most convincing? Do chance functions play an epis-
temic role similar to the expert functions of a database-expert, or is their role
more like that of the expert functions of an analyst-expert? Again, this seems
to be a question about which intersubjective agreement between the opposing
camps is going to be impossible. If one is prejudiced against reductionism,
then one will hold to the database-expert analogy. If one is enamoured with
some project which requires this reduction, then one will naturally find the
Hall’s analyst-expert analogy more satisfying. As both positions are coherent
and more or less plausible, there appears to be no decisive argument that can
be made on the matter.

Hence, in offering the alternative, Hall enables the reductionist to claim that
their candidate for the objective chances is at least as well justified in this role
as the non-reductionist marginal chances. Until the analyst-expert analogy is
shown to be deficient, it will undermine—by presenting a viable alternative
to—the database-expert analogy justification of the PP. This direct argument
for law-conditioned chances as the objective chances is far harder for the re-
ductionist’s opponents to answer than those indirect arguments offered in sec-
tion 5.5.

This is the important service that Hall has rendered the reductionist.
He gives the reductionist a direct argument for the identification of
law-conditioned chances with the objective chances that their position
requires. By doing so, he undermines the foundations of the countervailing
view. Hall turns the act of embracing something in the objective chance
role that sees to it that the objective chances for undermining propositions
are invariably zero, from a negative act of embracing an absurdity, into the
positive act of embracing the consequence of a fairly plausible argument by
analogy.

5.7 Lewis’s Idiosyncratic Approach
Though Lewis did propose the NPP as that principle which reductionists
should hold in order to avoid the Bug, he interestingly failed to endorse
law-conditioned chances as objective chances. Lewis was one of the leading
lights of the Canberra Planers (see [8] for an nice introduction to this school)
and his preferred form of analysis—at least by the 90’s—was very much in
their vein. Accordingly, analysis is performed by collecting together all the
“platitudes” we have related to the analysandum. Just what is to count as a
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platitude is very much an unresolved question in the school, but intuitively
one can think of them as the accepted facts about the analysandum over which
there is a high degree of intersubjective agreement. These are strung together
into a long sentence which is our theory of whatever is to be analysed. The
vocabulary of that theory is then divided into ‘old’ O-terms with which we
are familiar and ‘new’ T-terms with which we are not10. The T-terms are
then “Ramsey eliminated” by existentially quantified variables, one for each
T-term. This gives us our theory’s Ramsey Sentence. Our analysis is complete
when we identify that n-tuple of entities in our world—where n is the number
of variables—which makes this Ramsey Sentence true. If we assume that
there is only one such tuple, then we can write down a definition sentence
[37] for each T-term. These function collectively as definite descriptions
for the T-terms. These definition sentences give the roles that must be
occupied for our theory—the conjunction of all the platitudes—involving the
analysandum to be true. They amount to sub-analyses of the T-terms.

In the special case where there is only one T-term denoting the analysan-
dum, then we have only one definition sentence. This gives the role—the
definite description—that the analysandum must answer to at our world. For
Lewis, the RPP can, and should, be read as just such a sentence. It gives the
definitive objective chancetw of A role. So, in Canberra Planer fashion, Lewis
went looking for that 1-tuple that satisfies this sentence, and failed to find it.

A feature of Reality deserves the name of chance to the extent that it occupies
the definitive role of chance; and occupying the role means obeying the [RPP],
applied as if information about present chances, and the complete theory of
chance, were perfectly admissible. Because of undermining, nothing perfectly
occupies the role, so nothing perfectly deserves the name. But near enough is
good enough. If nature is kind to us, the chances ascribed by the probabilistic
laws of the best system will obey the old principle to a very good approximation
in commonplace applications. They will thereby occupy the chance-role well
enough to deserve the name.[46, p489]

Basically, because of undermining, nothing satisfies the RPP for the reduc-
tionist; and consequently, there are no objective chances at a reductionist’s
world. But something satisfies the NPP and the role this spells out is very sim-
ilar to that spelt out by the RPP. Indeed, it is similar enough that the occupants
of this other role deserve the name of objective chances even though, strictly
speaking, there are no such things.

10It is clear from how the Canberra planers use the word that their platitudes are truisms rather
than banal statements passed off as being of special significance. This being the case their
platitudes are supposed to be more or less self evident and obvious truths. But how can a self
evident and obvious truth contain terms—the T-terms—which we are unfamiliar and uncertain
of? This seems to be a rather basic flaw in the whole approach. However, I am not here con-
cerned to critque the Canberra planners, so I merely note the flaw for interests sake and move
forward.(My thank’s to L-G, Johansson for this observation)
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There are two readings of this. On one of these readings Lewis is trying to
have his cake and eat it also, and there are good arguments why he cannot
do this. On the other he is merely agreeing with the position given above.
On this latter reading Lewis is simply saying, albeit in a rather convoluted
fashion, that if there is anything answering to the name of objective chances at
a reductionist’s world, then that which answers to that name occupies the NPP
role. That reading is a bit of a stretch I admit, but he gets into trouble if we
read him as saying that there strictly speaking are no objective chances at our
world only things that are very much like objective chances. On this reading
he is open to an argument by Arntzenius and Hall [3] that if C(A|HtwTw) =
Ptw(A|Tw) holds at w, then so does C(A|HtwT ∗w ) = P∗tw(A), where P∗tw(A) =
Ptw(A|Tw)

11 and T ∗ is the theory of these law-conditioned chances. They then
argued from this result that if something plays Lewis’s conditional chance
role at a world, then that same something also plays the marginal chance role
at that world perfectly. It will be what plays that role perfectly that rightly
deserves to be called objective chance.

Basically, Arntzenius and Hall showed it to be inconsistent to suppose the
RPP-role to be vacant whilst supposing the NPP-role to be occupied. Consis-
tency demands that where the NPP-role is occupied, then the RPP-role is also
occupied. As both roles cannot be consistently occupied by distinct chances,

11The following proof is my reconstruction of Arntzenius and Hall’s [3] original proof. I am not
entirely sure that it follows their proof to the letter, but it is in perfect agreement with theirs and
assumes the same premises. Proof: Assume C(A|HtwTw) = Ptw(A|Tw). Now construct a theory
of chance T ∗w such that, for all A ∈ Dtw, HtwT ∗w ` P∗tw(A) = Ptw(A|Tw), where P∗w is T ∗w ’s expert
function. Then plainly

C(A|HtwTw) = P∗tw(A).

I have already argued that as HtwTw implies a unique value for Ptw(A), for all A ∈ Dtw, so it will
imply a unique value for Ptw(A|Tw), provided Tw ∈Dtw. This ensures that HtwTw ` P∗tw(A) for all
A ∈ Dtw. So Tw must entail all T ∗w ’s HC-conditionals, and as T ∗w is nothing but the conjunction
of these, T ∗w itself. Hence, by the law of total probability,

C(A|HtwTwT ∗w ) = P∗tw(A).

Let xw be the value entailed for P∗tw(A), then, as HtwTw ` P∗tw(A) = xw, another iteration of the
law of total probability gives

C(A|HtwTwT ∗w Ptw(A|Tw) = xw) = P∗tw(A).

Plainly T w conditionalises out giving

C(A|HtwT ∗w P∗tw(A) = xw) = P∗tw(A).

Finally as HtwT ∗w ` P∗tw(A) = xw we have

C(A|HtwT ∗w ) = P∗tw(A).
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they must be occupied by the same chance. Hence, the reductionist is com-
mitted to the thesis that the objective chances of their world just are the law-
conditioned chances. Lewis’ attempt to find a middle ground—if that really
was what he was trying to do—is simply incoherent. Hence, the wise philoso-
pher following in Lewis’ footsteps will not seek to equivocate in the way the
most plausible reading of Lewis has him doing. One should simply bite the
bullet and hold the objective chances to be the law-conditioned chances, de-
spite their somewhat dubious acceptability to the sciences.

5.8 Embrace an Absurdity?
The Bug does cause serious problems for the reductionist. It forces her into
an exercise in damage limitation. The least damage—at least according to
the Lewisian who holds chance to be the measure of MEL-indeterminacy—is
incurred by moving from identifying objective chance with marginal chance,
to identifying objective chance with law-conditioned chance. The problem is
that law-conditioned chances are of dubious acceptability to the sciences in
this role and involve accepting what is prima facie an absurdity: namely, that
the objective chances for all undermining propositions are uniformly zero.
Hall offers us a means to answer the latter concern—though his argument by
counter-analogy is by no means conclusive—but there seems to be no way
of avoiding former. This is the price of having chances supervene on actual
frequencies. It is not cheap, but for all that, I think it is a price worth paying.

I do not think this for the reason that Lewis gives. I do not feel the force
of the call to justify the Principal Principle. I think the justification offered
in section 4.2 is sufficient. Nor do I think this because I have issues with in-
ductive reasoning. I believe the price to be worth paying because the only
credible account of natural laws, in my opinion, belongs to the family of
regularity accounts, and because I cannot abide true, empirically inadequate
theories/systems-of-laws. So, the price of reductionism is the price of pursu-
ing a regularity theory of natural laws as soon as indeterminism is allowed
for, where there is no possibility of those natural laws both holding at a world
and being empirically inadequate there. For myself, a convincing account of
natural laws is a higher priority than an account of objective chance that fits
seamlessly into the role prescribed by the sciences. To achieve the former I
would be willing to accept some awkwardness and absurdity in the account of
objective chance, so long as this was within the bounds of what can be prop-
erly ignored by the sciences. I think that—arguably—the reductionist account
of objective chance as law-conditioned chances just about manages this feat.

In any case, if the reader disagrees, they may simply dissent from reduction-
ism and stick to the ARRPP as their basis for an analysis of objective chance.
The reductionist in my vein will prefer the RNP as the basis/justification of
her analysis of objective chance. We will disagree over what the appropriate
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analysandum of an analysis of objective chance is, but will agree completely
over the analysans. So while referring to different things when referring to
objective chances, a reductionist and a non-reductionist can agree completely
that whatever it is they are referring to is best analysed as a particular kind of
conditional credence. Even if one judges the Bug to be fatal to the reduction-
ist program, this does not negate the worth of a Lewisian analysis of objective
chance. The Bug is a threat to reductionism, not to Lewisian style analyses of
chance. It is another question whether this style of analysis is informative, and
it is to that question I shall now turn.
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6. Of The Analysans

6.1 The Bad News First
So far I have proposed, and argued for, an analysis of objective chancetw that
takes such chances to be measures over the space of worlds diverging from
world w into the futuret or pastt that conforms to w’s laws. I have also argued
that whether or not one is a reductionist with respect to objective chance is im-
material to whether or not one should accept Lewis’ original Principal Prin-
ciple. From that principle can be derived—depending on assumptions made
as to viability and fitness for purpose—an identity between objective chances
and a particular kind of reasonable credence. The motivation for this deriva-
tion has always been that this identity should form the basis of, or else justify,
an analysis of objective chance in terms of credence. Indeed, great effort has
been expended in order to ensure the validity of the derivation and to pre-
vent the identity from determining the values of the objective chances, both
of which are essential to the prospects of basing a well justified analysis on
the identity. All that remains is to further develop the analysis we have been
aiming for, and to demonstrate that it is indeed informative.

The identity we shall concern ourselves with in this chapter will be the AR-
RPP—Ptw(A) =C(A|StwNw)—which until further notice is to be read as:

The objective chancetw of A is the initially, reasonable, StN-objective credence
in A at w.

The initially reasonable StN-objective credence in A models, at w, the degree
of belief of a reasonable agent that A holds at w, on the correct supposition
by that agent that StwNw. I take the hypothetical reasonable agent to be a nor-
mative model: an ideal that we should seek to emulate rather than an idealised
model of descriptive epistemology. In which case, the objective chancetw of
A is the initial reasonable credence that we should have in A, when only the
actual statet and laws are correctly supposed.

The non-reductionist can read the above at face value whereas the reduc-
tionist needs to take expressions like ‘the objective chancet” to be an abbre-
viation of “the law conditioned chancet”. Beyond this, whether one is a re-
ductionist or non-reductionist is mute with respect to the possibilities of an
analysis following from this identity. There are, however, some general prob-
lems with the Lewisian approach to this subject, most of which stemming
from the fact that such approaches are exercises in conceptual analysis.

123



The first problem has to do with the symmetry of identity in juxtaposition
to the asymmetry of analysis and definition. A Lewisian analysis of objec-
tive chance takes a principle, such as the ARRPP—which is an identity be-
tween two functions—and reads it as a definition sentence. So we are to take
Ptw(A) =C(A|StwNw) as the basis-for/justification-of,

Ptw(A) =de f C(A|StwNw). (6.1)

But obviously the principle is symmetric, so it could just as well provide the
basis-for/justification-of,

C(A|StwNw) =de f Ptw(A). (6.2)

In other words, the ARRPP supports equally well the analysis of initially rea-
sonable StN-objective credence in terms of objective chancet as it does the
analysis of objective chancet in terms of StN-objective credence.

As there are no factors intrinsic to the identity in favour of the (6.1) over
(6.2), any reasonable preference for the former over the latter must be due to
factors extrinsic to that identity. One such factor is our epistemic situation. It
is clear from the ongoing debate on the interpretation of the irreducible prob-
abilities of quantum mechanics—our present best-system theory of objective
chance—that there is no settled consensus on such probabilities. In contrast,
there is greater consensus in the philosophical community over the interpreta-
tion of the posits of our theory of partial belief. For myself, it is this asymmetry
that motivates the choice in the direction of definition. The greater the relative
disparity in the clarity of these concepts, and the greater our relative familiar-
ity with credences such as those assumed in the ARRPP, the more justified the
desired direction of definition. As this situation is entirely contingent, there
is nothing necessary about the direction of definition: we are not forced by
logic to a Lewisian analysis of any description by principles such as the AR-
RPP. Not all identities are analytic! But just because we are not compelled by
an identity to an analysis, does not mean that an analysis cannot gain some
justification from a relevant and credible identity.

A further problem—common to all conceptual analysis—is the threat of
circularity. In any finite language the chains of definition will either have to
come full circle—as occurs in any dictionary—or they will have to terminate
in some concept that is left undefined and unanalysed. The costs and benefits
of these two options have been well rehearsed elsewhere; so, I need not repeat
them here. It suffices to say that neither option is very appealing

An effort to circumvent the problem can be made by making the chains of
definition long enough to hide the need for circular definitions or primitives,
and this is precisely the strategy taken by Lewis. In chapter 3 I rehearsed
how Lewis moved away from an explicitly circular analysis by reformulat-
ing his Principal Principle so that the credence function was made objective
on a history and theory of chance, rather than a particular chance. This was a
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small step in distancing the analysans from the analysandum by increasing the
length of the definitional chain. However, as a theory of chance is just a con-
junction of history/state-to-chance conditionals, it is fair to say that the sheen
of non-circularity acquired in the reformulation is only skin deep. A further,
and more significant, step was taken by refining the reformulated principle so
that the credence function was no longer objective on a theory of chance, but
rather on a system of natural laws. Such systems of natural law are not con-
junctions of history/state-to-chance conditionals; so, the threat of circularity
has been removed one step further to deeper waters.

This general strategy is akin to the second of those identified by Williamson
[86, p27]1: namely, to argue that any occurrence of chance ‘in the formulation
of an empirical norm [such as the PP] is simply eliminable ’.

One can substitute references to chance with references to the indicators of
chance instead. Intuitively, symmetry considerations, physical laws and ob-
served frequencies all provide some evidence as to chances; one can simply
say that an agent’s degrees of belief should be appropriately constrained by
her evidence of symmetries, laws and frequencies. While this may lead to a
rather more complicated formulation of the empirical norm, it is truer to the
epistemological route to degrees of belief that the agent has direct evidence of
the indicators of chances rather than the chances themselves. Further, it shows
how these indicators of chances can actually provide evidence for chances: ev-
idence of frequencies constrains degrees of belief, and chances are just special
degrees of belief. Finally, this strategy eliminates circularity, since it shows
how degrees of belief can be defined independently of chances.

Unfortunately, I cannot agree completely with Williamson that these kinds
of moves are sufficient, on their own, to the task of fully eliminating such
circularities. In the instance of Lewis’ attempt to distance the analysans from
the analysandum, for example, the problematic conditionals are, and must be,
implicit in the laws and initial conditions that take their place; hence, there
is bound to be some residual circularity. What is needed to deal with such
circularity is not just an elimination of the chances in favour of the evidence
for them, but also a complementary analysis of the evidence; in this instance
the systems of laws. Evidence for chances will, of necessity, implicate them;
so, the circularity cannot be completely eliminated, but it might be shown
to be benign. As the dictionary proves, not all conceptual analyses that are
obviously circular are viciously so.

In order to settle the question of whether the analysis I shall offer is vi-
ciously circular I would need to give an account of stochastic systems of natu-

1The first strategy amounts to not analysing physical chance in terms of some special kind of
credence, which is plainly unacceptable to Lewis and I. I, at least, ‘find a physical notion of
chance metaphysically...dubious’: this being the reason Williamson gives for not opting for this
strategy when faced with the circularity. The metaphysical dubiousness that drives me is that of
de re physical modalities

125



ral laws, how they are best characterised, and how they are related to objective
chances. I have an account in mind, but to do it justice would require an addi-
tional Ph.D. thesis. For now all I can say is that the analysis to be put forward
in this chapter has elements of circularity about it, but that I do not regard
these as vicious and I hope to establish this in the future.

There, hopefully, ends the bad news. All that is left to do is to follow through
on the analysis. Of the elements that are present in the analysans of (6.1) fairly
precise accounts have been given of the propositions A, Stw, and Nw. Equally,
what it was for a credence function to be reasonable as an initial credence
function was fairly well defined in chapter 3. If there is any obscurity left in
the analysans it must reside in the analysans being a conditional credence that
is objective. The rest of this chapter is devoted to exploring these loose ends
as a means to the end of as transparent an analysans for; and so, as informative
an analysis of, objective chance as possible.

6.2 Conditional Probability
A credence function is a probability function, so an analysis of objective
chance in terms of some form of conditional credence will only be informative
if we have some clear idea of what conditional probability is, and—equally
importantly—what it is not. The positive side of this task is easy to complete.
From the beginning, conditional probabilities have been held equal to the quo-
tient of two unconditional probabilities.

Bayes (1763) ‘The probability that ... two events will both happen is ... the
probability of the first [multiplied by] the probability of the second on
the supposition that the first happens.’

Ramsey (1926) ‘Degree of belief in (p and q)=degree of belief in p × degree
of belief in q given p.’

Where A and B are any well formed propositions: P(A|B) = P(A,B)
P(B) , provided

P(B)> 0. The traditional view has been to read this identity as the definition
of conditional probability in terms of marginal probability. However, many
Bayesians, such as Pearl[62] and Hájek [22], have argued for taking con-
ditional probabilities as primitive and have used the identity to define joint
probabilities2: i.e. the marginal personal probability in A for agent X is the
personal probability they have given a tautology or the universal proposition,
and the joint personal probability of A and B is defined as the product of the
B-conditioned personal probability in A and the marginal personal probability
in B. This has the advantage of allowing one to do away with the proviso in the

2Here we have another case where an identity is being appealed to in order to justify a definition,
and again we see that the symmetry of identity underdetermines the direction of definition.
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original identity by moving to P(A|B,C) = P(A,B|C)
P(B|C) as the identity characteris-

tic of conditional probability. Either way, the following inference is supported:

P(A|B) = x̆,P(B) = 1 ` P(A) = x̆. (6.3)

So P(A|B) = x̆ implies that if P(B) = 1, then P(A) = x̆, which lends some
credibility to Lowe’s thesis that “C(A|B) = x̆” means, “if C(B) = 1, then
C(A) = x̆” (see below). Finally, an immediate consequence of the above iden-
tity is Bayes Theorem3:
Bayes Theorem:

P(A|B) = P(B|A)P(A)
P(B)

.

This theorem, coupled with the principle of conditionalisation, forms the ba-
sis of the Bayesian and Personalist approaches to inductive reasoning. For
completeness, the principle of conditionalisation simply holds that where A is
some hypothesis, B is some evidence relevant to that hypothesis, and P(A) is
our confidence in that hypothesis prior to our awareness of B, then our confi-
dence in A once B is taken into account (PB(A)) should be P(A|B), which can
be calculated using Bayes Thoerem.

There, in a nutshell, is what probability theory has to say about conditional
probabilities and the role they play in inductive inference. Much more can cer-
tainly be said, but the above covers the essentials. There have, however, been
attempts to augment the standard probability theoretic account of conditional
probability—beyond the addition of the principle of conditionalisation—and
it is to these that I shall now turn.

Often philosophical debates and confusions arise because of a poor choice
of words. No where is this more true than in the debate about whether condi-
tional probabilities can be held synonymous/equivalent to some form of con-
ditional. The motivation for doing so is sound enough. Non-truth-functional
conditionals resist conventional logics; consequently, it is very difficult to
gauge the validity of arguments that invoke them among their premises. If,
however, the probability of such conditionals (or even some suitably reduced
subset of such conditionals) could be held synonymous/equivalent to condi-
tional probabilities, then their logic can be taken to be that of probability the-
ory; whereupon, tests for validity become well defined. This approach typ-
ically assumes an interpretation of probability in terms of credence; hence,
our credence in ‘if B, then A’ is understood to be our credence in A given
B. Arguments involving such conditionals are then valid if they are probabil-
ity/credence preserving: that is, they are valid if our confidence in the conclu-
sion is not less than our least confidence in the premises. In particular, this

3From the identity, P(A|B)P(B) = P(A,B) = P(B,A) = P(B|A)P(A): therefore P(A|B) =
P(B|A)P(A)

P(B) .
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approach was championed by Adams [1], whose name has been given to the
lynch pin of this approach:

Adams Thesis:

P(D|A) = P(A→ D), provided P(A)> 0,

this thesis being a consequence of the proposed synonymy/equivalence, where
‘→’ is a conditional whose only specified property is that its truth conditions
are stronger than those of material implication.

Unfortunately, the road to Hades is paved with good intentions, and it was
Lewis [44] who first proved this to be the case here. Lewis proved (see Ap-
pendix B. for Lewis’ proof of his first result) three results, each of them estab-
lishing that, on rather weak assumptions, the distributions of any probability
function for which Adam’s thesis holds are severely restricted. Such restricted
distributions are called trivial in the literature, and results—such as those im-
mediately below by Lewis—are called triviality results4:

Lewis’ Triviality Results
Lewis 1: P(D|A) = P(D), when P(A,D)> 0 and P(A,¬D)> 0;

Lewis 2: P assigns non-zero probabilities to at most two of any set of pair-
wise inconsistent propositions;

Lewis 3: P takes at most four values.

The third result follows from the second, and the second from the first. The
first result follows from three premises:

Adam’s Thesis:

P(A→ D) = P(D|A), when P(A)> 0.

Expansion Rule of Probability Theory:

P(E) = P(E|D)P(D)+P(E|¬D)P(¬D).

Principle of Conditionalisation:

PB(A) = P(A|B),

where PB(A) is the probability of A conditionalised on B.

4Popper proved the triviality result for the version of Adam’s thesis that avails itself of the
material conditional that, either P(A) = 1, or P(D|A) = 1. That result and its proof are given
below. Popper’s proof assumes only that P respects the expansion rule of standard probability
theory.
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Lewis’ (and, for that matter, Milne’s) proof actually makes use of the follow-
ing consequence of the principle of conditionalisation when closure under this
operation is assumed:

If P(A) = P(D) , then P(A|B) = P(D|B), when P(B)> 0 :

This consequence of closure under conditionalisation applied to Adam’s The-
sis gives:

P(A→ D|B) = P(D|A,B), when P(A,B)> 0,

which is the identity that causes all the trouble in Lewis’ and Milne’s proofs.
Milne [56] proves the same three results from the same premises in a more

elegant fashion. He makes use of the following triviality result from Popper:5

Popper’s Result: When P(A)> 0,

P(A⊃ D)≥ P(D|A),

with equality iff P(A) = 1 or P(D|A) = 1.

From this result, and the premises above, he proves (see Appendix C.) his own
Basic Triviality Result (BTR):

Milne’s BTR: The function P(·|A) takes only the values 0 and 1, when 0 <
P(A)< 1.

The direct absurd consequence of this result is that, given Adam’s thesis, con-
ditionalising upon new evidence will invariably lead to certainty, no matter
the prior probability, and no matter the evidence. From the BTR it is a simple
matter to prove (see Appendix D.) Lewis’ three original triviality results.

From these results it is safe to say that for any form of probability that re-
spects closure under conditionalisation, conditional probabilities are not syn-
onymous with, nor equal to, probabilities of conditionals. It is an open ques-
tion whether all probabilities respect closure under conditionalisation—e.g.
on certain De Re propensity interpretations of probability the conditionalisa-
tion of the probability that characterises a real power may itself not charac-
terise a real power—but this result certainly holds for reasonable credence
functions, which are only reasonable to the extent that further conditionalisa-
tions of them are also reasonable credence functions.

5

Proof:

P(A⊃ D) = P(¬A∨ (A,D)) = P(¬A)+P(A,D)

= P(¬A)+P(D|A)P(A)
≥ P(D|A)(P(¬A)+P(A))
≥ P(D|A).
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There have traditionally been three responses to this state of affairs: 1.
give up on trying to find a synonymy/equivalence between conditionals
and conditional probabilities, 2. hold to Adam’s thesis at the cost of
giving up on conditionals as truth bearers, which amounts to giving up on
probability as a universally modal—in the correct, truth-qualifying sense
of that word—concept (the suppositionalist’s position), or 3. try to find an
alternative to Adam’s Thesis that does not suffer from its problems. I reject
suppositionalism on the grounds that it is incompatible with the project of
giving a purely De Dicto account that is true to the modal interpretation
of probability. Probability, on this interpretation, is synonymous with
degree-of-possibility/qualification-of-necessity, where both possibility and
necessity are taken as truth-qualifying/semantic predications on truth-bearing
entities, be they propositions, or statement/sentence types/tokens.

With regard to the third approach, two alternatives to Adam’s Thesis have
been proposed: one originally by Nute [59], and the other by Lowe [52].

Nute’s Thesis:

“P(A|B) = x̆” means “B→ P(A) = x̆”

Lowe’s Thesis:

“P(A|B) = x̆” means “P(B) = 1→ P(A) = x̆”

It did not take too long for Edgington [14] to prove a triviality result for Nute’s
thesis.

Edgington’s Triviality Result (ETR): The function P is two-valued, i.e.
takes only the values 0 and 1.

Proof: By SPT, P(A|A) = 1 and P(A|¬A) = 0. Hence, by Nute’s thesis, A→
P(A) = 1 and ¬A→ P(A) = 0. But as A∨¬A, then P(A) = 1∨P(A) =
0.

It is important to note that Edgington’s proof does not require closure under
conditionalisation; hence, it holds for all interpretations of standard probabil-
ity. Edgington’s proof of the ETR cannot be repeated for Lowe’s thesis: as it
would need to assume the consequent. However, she and others have provided
counterexamples to Lowe’s thesis. These all share the same formal structure.

Generic Counterexample to Lowe’s Thesis: Take any B that is difficult to
discover, and an A to the effect that no one will ever discover B. This
set up ensures that given B’s truth, A’s must be deemed highly proba-
ble: that is, P(A|B)≈ 1. But given that B is discovered by someone so
that they become certain of B (P(B) = 1), that person will also become
certain that A is false (P(A) = 0): hence, P(B) = 1→ P(A) = 0, which
by Lowe’s thesis means P(A|B) = 0.
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Edgington [15] also argued that Lowe’s two arguments against such
counterexamples—that they would likewise tell against conditionalisation,
and that they can be avoided by changing from a first to third person
perspective—are unconvincing and I tend to agree with her.

However, in Lowe’s defence, the counterexamples have the structure of
paradoxes of self-reference, where one of the propositions makes claims
about the other. Hence, Lowe could easily address such counterexamples
by maintaining that, where expressions of B belong to the object level
of language, then expressions of A—which is a proposition about
B—properly belong to the first meta-level of language. Hence expressions
of P(A) = x̆ properly belong to the second meta-level, while expressions of
P(B) = 1 properly belong to the first. Using indices to make this clear, the
conditional in the generic counter example is a misrepresentation, the proper
representation being P1(B) = 1 → P2(A) = 0. In addition, if A is properly
expressed in the first meta-level, then the conditional probability of A must
be expressed in the second meta-level. So, for the generic counterexample to
really provide a class of counterexamples to Lowe’s thesis, that thesis would
have to be that “P2(A|B) = x̆” means “P1(B) = 1→ P2(A) = x̆”.

Though left implicit, it is fairly clear that Lowe meant “P(A|B) = x̆” to be
a first meta level expression, and that he took the synonymy to be between
first level expressions: i.e. I think it clear that Lowe took his thesis to be that
“P1(A|B) = x̆” means ‘‘P1(B) = 1→ P1(A) = x̆”. Basically, the standard coun-
terexamples are no counterexamples to Lowe’s thesis as he intended it. One
restriction that must be met by Lowe’s thesis if it is not to suffer from trivi-
ality result is that the quotation marks must be taken to create a referentially
opaque context (for the proof of this see appendix E.), but this restriction is
entirely reasonable.

To summarise; Nute’s thesis is incompatible with any non-trivial probabil-
ity theory and Adam’s thesis is incompatible with a purely modal account of
probability. Only Lowe’s thesis is serviceable given the desire to retain prob-
ability as a modal concept, but it is so only if taken to be referentially opaque,
and only if the probability sentences are both properly expressions of the first
meta-level of the language concerned. Where this is so, the option is there to
invoke Lowe’s thesis as part of our analysis of conditional credence.

6.3 Credence
In any account of credence there are certain questions that must be answered.
These shall provide the structure for this section.

1. What is it to partially believe?
2. Descriptive or normative?
3. The objects of belief?
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6.3.1 What is it to Partially Believe?
To answer this question we need first to answer another: what it is to have
a belief, or to know? Traditionally to have a belief in something is to stand
in the relation of believing to a proposition: to have a belief, or to know, is
to satisfy a certain kind of relational predicate. Whether this property is in-
trinsic or extrinsic will depend on whether what is believed is entirely in the
head. Typically propositions are not taken to be entirely in the head; hence,
these properties are extrinsic. Since antiquity knowledge has been considered
a species of belief comprised of those beliefs that are both true and justified. I
emphasise the last point as it is this that distinguishes a system of true beliefs
from a system of knowledge, a distinction that is important in the context of
this analysis.

Most ontologies contain two types of property: the dispositional, and the
categorical/occurrent. To my knowledge, no one has ever seriously entertained
the notion of believing/knowing being categorical properties of a subject. This
is probably for the simple reason that the categorical properties that could pro-
vide the basis for our mental dispositions are presently beyond our ken. Even
so, some, such as myself, fervently believe mental states to supervene on brain
states. It is important that we do so in this context as, were the analysans of
objective chance to be irreducibly dispositional, the whole project of giving a
thoroughly Humean account of objective chance would be placed into jeop-
ardy: such irreducible dispositions being difficult to reconcile with a view of
the world that has no place in it for occult powers. Therefore, though I shall
speak exclusively in terms of beliefs as dispositions, and finally as credence
in terms of dispositions to bet in a certain way, it should be understood that I
assume such disposition ascriptions to be true or false in virtue of the categor-
ical/occurrent properties of the believers concerned, just as that salt is soluble
is made true by salt’s chemical composition and the relevant laws. In this way,
though I shall claim that objective chances are betting dispositions of an ideal
agent, I in no way hold objective chances to be un-Humean (De Re) powers
of such an agent.

The dispositional account of belief takes it that, e.g., to believe that there
is milk in the fridge is to have the disposition to go to the fridge on craving
milk, and similarly for knowing. Having a belief is, then, very much like being
flammable: a person believes that there is milk in the fridge if, were they to
crave milk, they would go to the fridge; an object is flammable if, were it ex-
posed to an open flame, it would burn. Copying the terminology of Mumford
[57], the “were” clauses are the stimulus conditions for the dispositions, while
the “would” clauses are the manifestations of the dispositions. A disposition is
instantiatedt by an object if that object satisfiest the predicate(s) ascribing the
disposition. Conditionals such as the above are subjunctive rather than coun-
terfactual because it is typically not the case that disposition ascriptions cease

132



to hold on manifestation6. There is some philosophical debate over whether
there can be instantiated dispositions that are never manifested anywhere in
the universe, but it seems clear that it is entirely possible for an object to in-
stantiate a disposition, over a limited period of time, without that disposition
manifesting in that period.

So, disposition ascriptions entail subjunctive conditionals so that to ascribe
belief or knowledge to someone is to ascribe them with a disposition to cer-
tain behaviour under certain conditions. Should those conditions fail to obtain
under the period where the subject instantiates the disposition, then the man-
ifestation of that disposition—the behaviour proscribed—will fail to occur.
Hence, just because someone does not display the appropriate behaviour does
not mean that they do not have the belief concerned.

Some believe the relationship between disposition ascriptions and subjunc-
tive conditionals to be stronger than the mere entailment of the latter by the
former. One such position holds such ascriptions to be extensionally equiva-
lent to such conditionals, while another even stronger position takes the equiv-
alence to be intensional: i.e. they take disposition ascriptions to be synony-
mous with subjunctive conditionals. Let A be a proposition, X be a subject,
β be the two-place predicate ‘believes’, θ be the single place predicate cor-
responding to the stimulus condition, φ be the single place predicate corre-
sponding to the behavioural manifestation, and ⇒ be the ‘if...were the case,
then ...would be the case’ conditional. Then the three theses, in order of de-
creasing strength, are (where↔ stands for extensional equivalence):

“XβA” means “θX ⇒ φX”, (6.4)

XβA↔ θX ⇒ φX , (6.5)

XβA |= θX ⇒ φX . (6.6)

Other variations may be possible, though by far the majority adopt one of the
positions above. That these are all inadequate in their current form is easy to
demonstrate.

Firstly, the ascription might be true and stimulus conditions met, yet still the
manifestation does not occur. I might believe that there is milk in the fridge,
and crave milk, yet not go to the fridge as there is a glass of milk already there
on the table in front of me. Borrowing from statistics, factors such as the glass
of milk in this story can be called confounders, though in the philosophical
literature they are more often referred to as antidotes. Antidotes can be both
the presence of something, such as the glass of milk; or the absence of some-
thing, such as a physical barrier between the fridge and myself. Secondly, the
disposition may be such that there is a time lag between the satisfaction of the
stimulus condition and the manifestation. For example, it takes a few seconds

6There are some dispositions that do vanish on manifestation, such as fragility.
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to go from the kitchen table to the fridge in my flat and on the way to the fridge
I have to pass the sink. I may get a craving for milk and believe milk to be in
the fridge and begin to make my way to the fridge, but then loose the craving
for milk after the first step or so, instead becoming very thirsty for water. Here
again I have the belief and the stimulus is satisfied, but the manifestation fails
to occur. Dispositions of this character are called finkish in the literature, and
beliefs are definitely finkish dispositions. Both problems can be dealt with by
adding a ceteris paribus clause (CP) to the antecedent of the subjunctive con-
ditionals7. E.g., Believing that there is milk in the fridge entails that if, one
were to crave milk while everything else is held equal, then one would go to
the fridge. The trouble is to spell out that CP clause in a non-circular fashion.
This I will not even pretend to attempt, I shall merely insert the clause in the
hope that it can be spelled out in a non-viciously circular manner. The theses
thereby become:

“XβA” means “CP,θX ⇒ φX”, (6.7)

XβA↔CP,θX ⇒ φX , (6.8)

XβA |=CP,θX ⇒ φX . (6.9)

There is a further fatal problem with the two stronger theses, as can be illus-
trated by a simple example. No one would deny that if a vase is fragile, then
if CP, it were to be dropped, it would break. But nor would they deny that,
if a vase is fragile, then if CP, it were run over by a truck, it would break. If
we assume that to be dropped does not mean the same thing as to be run over
by a truck, then we have a counterexample to the strongest thesis. The syn-
onymy relation is symmetric and transitive, so if “if CP, it were to be dropped,
it would break” means “it is fragile”, which in turn means “if CP, it were run
over by a truck, it would break”, then “if CP, it were to be dropped, then it
would break” must mean the same thing as “if CP, it were run over by a truck,
then it would break”. But how can these subjunctive conditionals mean the
same thing when the antecedents are not synonymous? Moreover, if we ac-
cept that there are something’s that, CP, would not break when dropped that,
CP, would break when run over by a truck, then these conditionals aren’t even
extensionally equivalent, and so we have a counterexample to the second ver-
sion also. The problem stems from the fact that typical disposition ascriptions
entail a great many subjunctive conditionals, many of which fail to entail the
ascription.

The way out for those who champion either of the first two theses is to
admit that disposition ascriptions entail many subjunctive conditionals, but

7The CP clause could be included in various ways, that I have chosen to add it as an antecedent
condition is not meant to imply that I consider this to be the only way such a clause can be
incorporated.

134



to hold that only one—or more generally, a small intensionally/extensionally
equivalent subset—of which is also intensionally/extensionally equivalent to
the ascription, these being those that entail the ascription. These key subjunc-
tives conditionals could be said to epitomise their disposition ascriptions. The
problem comes with having to decide upon which of the countless subjunc-
tive conditionals entailed by some ascription are to epitomise it. Any choice
seems arbitrary, and the plausibility of any choice seems to be dependent on
the context in which the ascription is being considered. Another option is to
hold the ascription to be equivalent to a subjunctive conditional that has as its
stimulus condition an exhaustive disjunction of all the stimulus conditions for
the manifestation of the disposition concerned. The problem with this second
option is that of specifying just what is to count as a stimuli for the disposition
in question. Not all droppings are a test of fragility, nor are all cravings for
milk sufficient to overcome my inertia. And what if there are dispositions that
can be manifested in a number of ways? I can think of no examples, but I do
not see why such a thing should be a conceptual impossibility.

These problems are sufficiently severe, I think, to warrant caution. Hence,
we should reconcile ourselves with weakest version preferred by Mumford:
namely, that disposition ascriptions entail subjunctive conditionals, and need
not be entailed by them. So the ascription of a belief to a subject entails a
number of subjunctive conditionals to behave in some manner given that a
circumstance of some particular general kind obtains all other things being
equal.

So far I have considered believing and knowing to be binary relations: one
either believes/knows something, or one does not: one either has the disposi-
tion, or one doesn’t. This is a rather unrealistic and unhelpful picture. We are
often more or less certain in our beliefs and in what we know. The degree to
which I am certain that the sun will rise tomorrow is greater than the degree
to which I am certain that the coin I am about to flip will land heads. So it
seems plausible that we should be able to place our beliefs in a rough ordinal
scale, where they are ranked by the degree we believe them. But more than
this, we often claim to be, e.g., twice as confident that the horse will win the
race as not. For such idioms to make sense beliefs have to be such that they
can be scaled to each other on a ratio scale: with a fixed zero point marking
complete absence of the quantity measured, and where intervals are directly
comparable across the scale.

The obvious choice is to scale degree of belief (AKA credence) by the
real numbers. There are some conventions that must be decided. First, should
0 represent absence of belief about some proposition, or certainty that it is
false? Second, what number should mark certain belief? It turns out that if
one chooses the conventions that 0 mark certainty in the negation of a propo-
sition, and 1 mark certainty in that proposition, then a theory of partial belief
can be almost trivially acquired by holding partial beliefs to be probabilities.

135



If beliefs are dispositions, then presumably credences should be too. But
what is entailed by my having a credence of 0.6 that there is milk in the fridge?
One answer, proposed by Fetzer8, is that my having credence of 0.6 that there
is milk in the fridge entails that, CP, the frequency with which I go to the
fridge when I crave milk is 0.6? On this proposal, credence could either be a
kind of single case psychological propensity, as Fetzer suggests, or it could
be seen as some kind of brute psycho-behavioural regularity in the Humean
tradition. I—being a Humean, and wishing to avoid an analysis of what I take
to be De Dicto chances, in terms of De Re credences—should plainly opt for
the latter.

A great advance came to the philosophical theory of partial belief when
a class of subjunctive conditionals was identified such that most, if not all,
credences entail a member of that class. What is claimed is (roughly) that:

X having credence q in A entails that if ceteris paribus, X were to bet for A,
then they would stake a maximum of q units to secure 1 unit of gross winnings.

Gross winnings are what is paid out by the bookie should A prove to be the
case, and they include the original stake. The ratio of the amount staked to the
gross winnings should the bet come off is the betting quotient for the bet. The
CP clause, in this instance, guards against such antidotes as the wealth of the
individual relative to the size of the stake, their appetite for risk relative to their
credence in A, and so on. Such vagaries perhaps can be removed by specifying
all those attributes an agent may have that influence the stake they would be
willing to bet, but to go into all of this in detail would be a distraction from
the main thrust of the text; consequently, I shall simply leave the CP clause in
place.

In summary, a credence ascription is the ascription of a disposition to ac-
cept certain bets and reject others. As partial belief is a disposition to accept
certain betting quotients, and as dispositions can be instantiated without being
manifest, so a person can have a partial belief without exhibiting any betting
behaviour. In this way, this take on credence is applicable even to a person
who, on point of principle, never gambles.

8He makes this proposal in his 1981 review of Skyrms Causal Necessity in Philosophy of
Science. He there claims that this is ‘a position that I have recently proposed’, however, search
as I may I cannot find where, except in this review article, he has made this proposal.
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6.3.2 Descriptive or Normative?
It is this question that divides the Personalists, such as Mellor [54], Savage etc,
from the Bayesianists9. Some Bayesians, though by no means all10, take their
epistemology to be normative rather than descriptive, whereas the Personalists
are far more concerted in their attempt to provide an empirically adequate
descriptive epistemology.

Personalists take the theory of partial belief to be a theory about personal
credences of actual agents. Some Personalists restrict their account to just
those agents that are most reasonable/rational, but here the theory is still one
about the dispositions of real life individuals. This is both Personalism’s great-
est strength and its greatest weakness. It is its greatest strength as it allows the
theory to be empirically tested. This makes the theory properly scientific, and
grants Personalism a status that few philosophical programs ever attain. Un-
fortunately, and this is where the descriptive nature of Personalism proves to
be its downfall, Personalism is hopelessly empirically inadequate.

Descriptive epistemologies, such as Personalism and descriptive Bayesian-
ism, are empirically inadequate for two reasons. Firstly, actual credences sim-
ply cannot be specified to the arbitrary degree of accuracy required for them
to take values from the unit interval; e.g. I defy anyone to seriously main-
tain that someone has ever had a degree of belief of precisely 1

π
in anything.

Secondly, they require that systems of belief must be coherent. A system of
certain beliefs—the set of propositions believed—is coherent iff it contains
no contradiction and is closed under logical consequence. A system of partial
beliefs is coherent only if the credence functions obey probability theory, in
particular they must obey additivity and the standard identity between condi-
tional and marginal probabilities. Often the coherence of such systems is also
held to require conformity to other principles, such as those of conditionalisa-
tion and reflection.

There is a standard solution to the problem of vague credences: such vague-
ness can be built into the theory of partial belief by changing the value domain
of the credence functions from the reals on the unit interval, to some set of
subintervals on that interval. So, instead of a credence function mapping a
proposition to a real number on the unit interval, it would map a proposition
to a subinterval of that interval. E.g. C(A) =∆, where ∆ is the interval between

9Often the Bayesianists are referred to as Subjectivists, but as there are objective flavours of
Bayesianism as well as subjective, I think it wiser to use the more general term. The two
Bayesianisms differ in the main on their stance toward the status of prior probabilities: the
subjectivists think that there are no rationality constraints on these, and that they can take any
value (except perhaps 1 or 0), whereas the objectivists think that there are rationality constraints
on these priors. Though Lewis referred to himself as a subjectivist, it is clear to me that his PP
is just such a rationality constraint on prior credence, and so, at least in this respect, he was an
objectivist.

10Often Bayesians are unclear themselves over whether the epistemology they offer is supposed
to be normative or descriptive.
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0.45 and 0.55. The size of the intervals can be adjusted so as to get an opti-
mal fit with the vagueness of actual credences. This is a perfectly legitimate
move according probability theory; therefore, I judge the first problem to be
surmountable.

It is the second problem that is insurmountable: coherence in one’s system
of belief is just an utterly unachievable requirement even for the most rational
of actual human beings. This is a point that only a moments introspection is
needed to confirm, and indeed it is universal accepted. Not only must some
system of partial beliefs be explicitly coherent, it must be implicitly coherent
as well; yet, each of us typically has some vague degree of belief in just about
any proposition put to us. There is simply no way that even the most careful
and cautious partial believer can be expected to ensure that, e.g. where unsus-
pected by them F |= G, C(F) ≤ C(G). Add to this all the other criteria, like
reflection and so on, and it just becomes a practical impossibility for an actual
agent to be entirely coherent. I would even argue that the typical agent is lucky
if they are even remotely coherent some of the time.

The credible response a descriptivist can make to this obvious fact is to
claim that the believers of their theory of partial belief are like the isolated
systems of physics, idealisations to which actual systems may approximate in
certain circumstances. The trouble is that I seriously doubt that typical agents
ever do approximate to the ideal rational agent. In particular, I think this anal-
ogy breaks down when one tries to apply one’s epistemology. It is true that
the models employed in physics are idealisations in much the same way that
rational believers are often conceived in Personalist and Bayesian epistemolo-
gies. For example, it is plausible that the behaviour of an actual statistician
in a bookies under controlled circumstances approximates to that of a ratio-
nal believer in much the same way as a heavy ball hung by a long thread
approximates to a frictionless pendulum. However, Newtonian mechanics can
be applied, via various approximative methods, to put rockets into space and
a myriad of other uses: i.e. it can be used to rather accurately predict the be-
haviour of middle sized systems that are not isolated, thereby acquiring a vast
empirical content. In contrast, epistemology fails dismally to predict the be-
haviour of agents in the real world. There seems no reliable approximative
method for deducing how an actual agent will respond to new evidence, for
example.

There are three ways a descriptivist on epistemology might deal with the
obvious incoherence of actual agents and their all too frequent failures to be
rational that follow from this; the first is to either deny this obvious fact, the
second is to limit the realm of applicability of their epistemology to just those
circumstances where actual agents approach coherence, and the third is to
give up on the project of an empirically adequate epistemology. I take it that
to deny the claim is to deny what is obviously true; so, the descriptivist who
takes this route is ill advised in doing so. This being the case, the descriptivist
is then faced with trading empirical adequacy off against generality. The more

138



general they claim their epistemology to be, the bolder the claims they make
about their theory’s applicability to real believers as they go about their lives,
the less plausible any claim to empirical adequacy becomes. Taken to be too
general and any claim to empirical adequacy becomes hollow, but taken to be
too specific and any claim to providing a theory of actual agents also becomes
hollow. It is my judgement that the range of situations where actual agents
are sufficiently coherent that Personalist and Bayesian epistemologies have a
hope of being empirically adequate is so small, that the theory simply cannot
be taken to be generally applicable to actual agents.

What, then, is the point of epistemology? The answer, of course, is that
the theory should be taken to be normative rather than descriptive. Its use
to us is that it allows us to reason about how we should believe. Empirical
adequacy is not required for a normative theory. Our failure to be coherent
in our beliefs in everyday contexts is a failure in us to do as we should, not
a failure in the theory to be empirically adequate! If the theory tells an agent
that they should believe proposition A to degree 0.65997 on the basis of their
prior convictions and present evidence, when they actually believe it to degree
2/3 on this basis, then that agent is behaving pretty rationally and therefore,
ceteris paribus, behaving as they should. If, on the other hand, the agent in
question has credence 0.9 in those circumstances, then they are being fairly
irrational and, ceteris paribus, not behaving properly.

Basically, we do right insofar as our credence tracks those of the reasonable
agent prescribed by the theory all other things being equal. Hence, norma-
tive Bayesianism is not something that can be tested empirically, rather it is
something that has to be tested against our moral intuitions, in particular, our
intuitions about how we should reason when we are less than certain. The
emphasised caveat above is important. The reasonable agent shouldn’t be the
kind of norm that overrides all other norms: at most it should be a moderately
normative ideal, with other norms taking precedence, depending upon prevail-
ing circumstances. However, I think that such circumstances will be rare and
that mostly we will be doing right by being rational. It is also opportune at
this juncture to mention that as a Humean I take it that the status of the rea-
sonable agent as a norm is something bestowed/projected upon her by us and
not something intrinsic to that model, or ‘objective’ in the sense of indepen-
dent of human kind. To go further than this here would be to open the flood
gates to some very thorny problems in moral philosophy; so, the reader will
just have to satisfied with the above.

In any case, if epistemology is normative rather than descriptive, then our
conception of credence as a disposition to bet no more than a certain stake
against a fixed gross winnings should be placed within a normative frame.
The believer of A to degree q—for whom such credence entails a subjunc-
tive conditional about betting—is the reasonable/rational agent. This person
is a normative ideal. The reasonable/rational agent being a hypothetical ideal,
there is no problem specifying her as entirely coherent in her credence distri-
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butions, nor is there any problem in her having credences taking values from
reals on the unit interval. That we never have such systems of belief, and cre-
dences, just means that we are never entirely reasonable/rational. But we can
measure ourselves against this standard on any particular occasion to decide
weather we are being more or less reasonable, and that is all that is required
of a normative standard. Arguably, no human is wholly good nor is any action
entirely altruistic, but that does not mean that one action cannot be more al-
truistic than another or that one person cannot be morally superior to another.

That the coherent believer should be accepted as our norm for belief can be
argued for in the standard way: conforming to that ideal maximises our chance
of success in this life. This prudential justification of the norm is given formal
clothing in the famous Dutch book arguments (see Appendix F). I leave it to
the reader to decide the extent to which, and the circumstances wherein, it is
immoral to be imprudent.

6.3.3 The Objects of Belief?
The easy answer—and the one that has been assumed throughout this text so
far—is that which is entirely in accord with Lewis’ position prior to 1979:
namely, that the contents of credence are propositions, which in turn are just
equivalence classes of worlds. But it turns out that there is reason to conclude
that not all beliefs can be propositional in character. Lewis, therefore, changes
his stance on this subject in his famous paper Attitudes De Dicto and De Se
[39].

That X believes A, can be paraphrased as ‘A’ is believed true by X . In other
words, that a subject believes something to be true can be treated in the same,
truth-qualifying way as when something is necessarily true. When treated in
this way belief simpliciter becomes the modal concept of doxastic necessity
and knowing simpliciter becomes the modal concept of epistemic necessity.
Where there is necessity there is an attendant notion of possibility, and the
machinery of modal logic and semantics becomes available. I can do no better
than Lewis in laying out the groundwork here; hence, I shall quote him in
full.

Like other modalities, [the doxastic and epistemic modalities] may be
explained as restricted quantification over possible worlds. ... the content of
someone’s system of belief about the world (encompassing both belief that
qualifies as knowledge and belief that fails to qualify) is given by his class
of doxastically accessible worlds. World W is one of those iff he believes
nothing, either explicitly or implicitly, to rule out the hypothesis that W is the
world where he lives. Whatever is true at some epistemically or doxastically
accessible world is epistemically or doxastically possible for him. It might
be true, for all he knows or for all he believes. He does not know or believe
it to be false. Whatever is true throughout the epistemically or doxastically
accesible worlds is epistemically or doxastically necessary; which is to say
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that he knows or believes it, perhaps explicitly or perhaps only implicitly.
Since only truths can be known, the knower’s own world always must be
among his epistemically accessible worlds. Not so for doxastic accessibility.
If he is mistaken about anything, that is enough to prevent his own world from
conforming perfectly to his system of belief.[42, p27]

This is all fairly standard. But Lewis after 1979 advises that the above needs
revising. He builds the revision on the following observation.

More generally: to any set of worlds whatever[proposition], there corresponds
the property of inhabiting some world in that set. in other words, to any proposi-
tion there corresponds the property of inhabiting some world where that propo-
sition holds.[39, p135]

On this basis Lewis advocates the following account of what is to have a belief
about the world.

Take belief. What happens when he believes a proposition, say the proposi-
tion that cyanoacrylate dissolves in acetone? Answer: He locates himself in
a region of logical space. There are worlds where cyanoacrylate dissolves in
acetone and worlds where it doesn’t. He has a belief about himself: namely,
that he inhabits one where it does. Thereby he ascribes to himself the property
of inhabiting one of the worlds included in the set that is the proposition that
cyanoacrylate dissolves in acetone. So it is in general. To believe a proposition
is to self-ascribe the corresponding property. The property that corresponds
to a proposition is a locational property: it is the property that belongs to all
and only the inhabitants of a certain region of logical space. ...To believe a
proposition is to identify oneself as a member of a subpopulation comprising
the inhabitants of the region of logical space where the proposition holds.[39,
p137]

To believe A is to self-ascribe the property of inhabiting an A-world.
Equivalently—as actuality is indexical—to believe A is to believe that the
actual world is an A-world. In short, to believe a proposition is to hold a
belief about ones location in logical space. But at each of the A-worlds there
will be a counterpart of myself, with the counterpart at the actual world being
identical with myself; so, an alternative way of viewing all this is to take
belief in A to be the belief that I am one of my counterparts inhabiting an
A-world. Lewis later calls such counterparts doxastic alternatives [42, p28].
With this in mind we can replace propositions as sets of doxastically possible
worlds with doxastic alternatives as the contents of our beliefs.

But why should we do this? The reason Lewis gives is that not all belief is
“about the world”, some beliefs being irreducibly egocentric. Lewis presents
a couple of examples in his Attitudes. Both are of the kind where someone
has complete/extensive propositional knowledge, yet still there is something
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they do not know. The first is the example (originally by John Perry) of the
amnesiac in the library [39, p138]. In this library the amnesiac happens to read
a detailed account of the library he is in and his own biography, along with
many other factual books. As such he acquires a great deal of knowledge,
knowledge that is rather exhaustive in the case of a character called Rudolf
Lindgren. In acquiring more and more knowledge the amnesiac narrows the
logical space of worlds that can be his to an ever-greater extent. But in no book
can there be printed the proposition expressed in this instance by the sentence
“You are Rudolf Lindgren and you are in the Stanford library on aisle 5, floor
6.”. Such egocentric knowledge cannot be written down in a book, for the
simple reason that which sentence expresses such knowledge changes with
context. The above sentence is true when Rudolf reads it on this occasion, but
false for anyone else reading it at any other time or place.

A second example that Lewis provides is that of the two propositionally om-
niscient gods, one of whom throws manna from his mountain top and the other
who throws lightning [39, p139]. Again each god knows everything about the
world where they live, and about the gods that are throwing down from on
high, but each god knows not which of the gods he is. That which is believed
in when one of the gods believes that he throws lightning is distinct from that
which is believed in when the other god holds this belief. Again there is an
irreducible egocentric component to the belief that cannot be captured by a
set of worlds.

A third example from Lewis’ Plurality of Worlds is that of the completely
opinionated believer who holds a decisive opinion about every proposition
[42, p28]. For this person only one world is doxastically possible. However,
this person is peculiar in that they believe their world to be one which, once
begun, eternally recurs with a beginning but no end. In each epoch there is an
individual that is a duplicate of himself in every respect except in the epoch
that duplicate inhabits. This believer has no way to distinguish which of the
epochs is his, and so he has no way to tell when he is. But let us assume that
he is certain that his is the 17th epoch, then he holds a belief about when he is
that is essentially egocentric.

So it seems that logical space fails to exhaust what can be known or be-
lieved. In particular, knowing or holding beliefs about where, when, and who
I am lie outside the scope of such space. Hence, to capture the entire con-
tent of someone’s beliefs or knowledge we need a means of locating them,
not only in logical space, but also in physical space-time, and with respect to
population. This one can do with doxastic alternatives. Hence, Lewis’ thesis
that:

[w]hen there is a propositional object we are accustomed to speak of an atti-
tude De Dicto. Self-ascription of property might suitably be called belief or
knowledge De Se. My thesis is that the De Se subsumes the De Dicto but
not vice versa. ...I say that all belief is "self-locating belief." Belief de dicto
is self-locating belief with respect to logical space; belief irreducibly de se is
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self-locating belief at least partly with respect to ordinary time and space, or
with respect to the population.[39, p139-140]

So if we want to capture the entire content of someone’s system of belief, we
must include the egocentric part. We should characterize the content not by a
class of worlds, but by a class of possible individuals—call them the believers
doxastic alternatives—who might, for all he believes, be himself. Individual
X is one of them iff nothing that the believer believes, either explicitly or im-
plicitly, rules out hypothesis that he himself is X. These individuals are the
believer’s doxastic possibilities. But they are not different ways for the world
to be; rather, they are different possible ways for an individual to be, and many
of them may coexist within a single world.[42, My emphasis, p28-29]

Finally, Lewis extends his account to partial beliefs.

Being a doxastic alternative is not an all-or-nothing matter, but must admit of
degree. The simplest picture, idealized to be sure, replaces the sharp-edged
class all doxastic alternatives by a subjective probability distribution. Thus you
may give 90 per cent of your credence to the hypothesis that you are one or an-
other of the possible individuals in this class, but reserve the remaining 10 per
cent for the hypothesis that you one of the members of that class instead. We
can say that a doxastic alternative simpliciter is a possible individual who gets
a non-zero ... share of probability, but the non-zero shares are not all equal.[42,
p30]

Initially, I—like van Fraassen [83, p8]—thought Lewis entirely correct on
this score. I have since changed my mind. I now think that Lewis’ doxastic
alternatives are not required as we can capture the contents of an egocentric
belief with propositions if we are careful to distinguish the argument of a
belief from its contents. The argument of a belief is whatever goes in the
blank in ‘Rudolf Lindgren believes [...]’, whereas the contents of a belief is
whatever is expressed by whatever goes in the blank. With this distinction in
mind I suggest that what goes in [...] is a sentence: to believe sentence A is to
hold that sentence true. Where the sentence is well formed and non-indexical
it will invariably express one and the same proposition and, where this is so,
there is no harm in equating the arguments of beliefs with their contents. This
may explain why those, such as Lewis, have failed to appreciate the distinction
between the arguments and contents of beliefs. But, as Lewis has shown in his
Attitudes, sometimes the argument of a belief is irreducibly indexical, in which
case the proposition it expresses—the content of the belief—will depend upon
the context of the believer.

Let us consider Lewis’ examples again to get a better idea of what I am
proposing. Imagine that at the time we are concerned with Rudolf Lindgren is
on aisle 5, floor 6 at the Stanford library. Then the true, justified belief (AKA
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knowledge) that he lacks is in the sentence ‘I am Rudolf Lindgren and I am on
aisle 5, floor 6 at the Stanford library.’. Were he to believe the above sentence
at this time and place the content of his belief would be the true proposition
that Rudolf Lindgren is Rudolf Lindgren and that Rudolf Lindgren is on aisle
5, floor 6 at the Stanford library. The relevant contextual information in this
case is the identity of the believer. Were I to believe ‘I am Rudolf Lindgren
and I am on aisle 5, floor 6 at the Stanford library.’, the contents of my belief
would be the false proposition that George Masterton is Rudolf Lindgren and
is on aisle 5, floor 6 at the Stanford library. The arguments of our beliefs would
be identical, but their contents would be distinct.

Now let us consider the case of the Gods. Imagine that the God that throws
manna, call him Jake, has the true, justified belief that he is the God that
throws manna. According to Lewis way of seeing this the content of that be-
lief would be the set of those doxastic alternatives to this God who throw
manna. According to my way of seeing this, this God believes the sentence
‘I am the God that throws manna.’ the content of decided by the contextual
information that is identity of the believer is the proposition that Jake is the
God that throws manna. Were the other God, call her Susan, to believe ‘I am
the God who throws Manna’, then the content of that belief would be the false
propositon that Susan is the God who throws manna, and Susan would fail in
her omniscience. The case of the opinionated believer runs similarly.

An advantage of my approach is that it can make sense of belief in reducible
indexicals without reduction. If I here and now believe ‘It is raining.’, then
what I believe is true, not because I actually believe the true non-indexical
sentence ‘It is raining over Engelska Parken on the 28th of October 2010 at
09:55.’, but rather because what is expressed by what I believe, as I believe it,
is the true proposition that it is raining over Engelska Parken on the 28th of
October 2010 at 09:55.

So to summarise, it is not that I think that Lewis’ recourse to doxastic al-
ternatives in order to capture the content of irreducibly egocentric beliefs is
wrong, it is rather that I think it superfluous. If we are careful to distinguish
the arguments of beliefs from their contents, then the contents can remain
equivalence classes of worlds. All that is required is to move from the argu-
ments of beliefs being propositions to them being sentences. By serendipitous
coincidence it turns out that by making this move there is no more need for
the analysans of our analysis of objective chance to be objective. All that is
needed to win this prize is to carry over the distinction between the argument
of a belief from its content to partial beliefs.

This, I hope, suffices to answer the three mandatory questions posed at the
beginning of this section. If I have succeeded, then the reader by this point
will feel comfortable that they know what credence, be it conditional or not,
is. This should make the analysis offered more informative. All that is needed
to make the analysans as transparent as could be wished for, is an account
of what it is for a credence function to be objective? I shall not give such an
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account. Instead, I shall argue in the next section that the analysans need not
be objective at all.

6.4 Must the Analysans be Objective?
Why is it required that the credence function of the ARRPP and its ilk be
objective/objectified? Imagine a reasonable agent inhabiting world w at time t.
Let the chancet of A [Pt(A)] implied by the system of laws [N] and statet [St] of
w, be x̆. Now imagine that the reasonable agent is erroneously certain that the
laws at her world are N′, and that this system of laws, together with St , implies
y̆(6= x̆) as the value for Pt(A). In this case, her initial reasonable credence in
A should be represented by C(A|StN′), where StN′ ` Pt(A) = y̆ 6= x̆. Then,
by probability theory and the PP, C(A|StN′) = y̆. But, then, as y̆ 6= Pt(A), it
follows that C(A|StN′) 6= Pt(A). In words, unless the reasonable agent’s initial
credence is conditioned upon just those laws and that statet that obtains at
their world, there will be many counterexamples to the ARRPP making any
analysis of objective chances based on this principle useless. This is why the
credence function of the analysans was made objective: the problem does not
arise if the supposed system of laws and statet hold at the supposer’s world.

Let us step back from the immediate problem to consider the bigger picture.
What I am trying to pursue is a modal interpretation of physical probability.
On this view physical probabilities are predicated of a truth-bearer and func-
tion as qualified ascriptions of truth. A naive conclusion to draw from this
would be that chances measure physical possibility properly understood as a
De Dicto mode; hence, one might expect being physically necessary to equate
with having an objective chance of 1. This thesis meets an immediate problem
in that chances are indexed to times, and can change with time, whereas what
is physically necessary is typically understood to be invariant to the passage
of time. Hence, that the chance of A is 1 cannot be sufficient for A’s physi-
cal necessity. However, it makes sense, given that chance is the measure of
(in)determinacy, to hold being physically determined at t as synonymous with
having a unitary chancet . Physical necessity might then be held synonymous
with being always physically determined. This is indeed how I think physical
necessity should be viewed, but viewed in this manner physical necessity is
a different modality to what is typically meant by ‘physical necessity’ in the
literature. As I construe physical necessity, two worlds might conform per-
fectly to the same system of laws and yet differ in terms of what is physical
necessary due to differences in the states that hold at them. Hence, I shall
take the rather unusual step of differentiating between physical necessity and
nomological necessity.

In all that follows, let A and P(A) = x̆ be (closed) sentences. Let PDet.A be
the sentence ‘A is physically determinate.’, let PNec.A be the sentence ‘A is
physically necessary.’, let NNec.A be the sentence ‘A is nomically necessary.’,
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let P(A) = x̆ be the sentence ‘The chance of A is x̆.’, and let Λ be the semantic
predicate ‘always’. With these conventions I propose the following theses for
physical determinacy and necessity.

Physical Determinacy: PDet.A means P(A) = 1,

Physical Necessity: PNec.A means ΛP(A) = 1,

But what of nomic necessity? Bas van Fraassen has argued with regards to
nomic necessity that...

...all necessities are reducible to logical necessity (taken broadly, to include
necessity ex vi terminorum). What is [nomogically] necessary is the same, on
this view, as what is logically implied by some tacit antecedent—say, the laws
of physics.[76, p71]

Let N be some system of laws, and let =⇒ be the symbol for logical implica-
tion, then van Fraassen’s thesis is that:

Nomological Necessity: NNec.A means N =⇒ A.

It is very interesting and pertinent that van Fraassen identifies a difficulty with
reading nomological necessity in this way. The problem is that what is nomo-
logically necessary changes from world to world because what is tacitly an-
tecedent changes depending on where in logical space assertions/utterances of
such necessity are made.

...the law sentence [—that sentence which expresses that proposition which is
nomologically necessary—] is a sentence that expresses one thing in α and
another in β [assuming that α and β differ in their natural laws]. It is indexi-
cal. All assertions of [nomological] necessity are tacitly conditional and tacitly
indexical. Being uttered in α is a contextual factor that goes into the determina-
tion of what the law sentence says when it is uttered in α . In just the same way
‘I am here’ expresses a different proposition depending on who says it when
and where.[76, His emphasis: p74]

If readings of nomological necessity in van Fraassen’s vein suffer from this
kind of problem, then it is likely that readings such as mine of physical proba-
bility, determinacy and necessity will do so too. Hence, I conclude that asser-
tions of physical probability, determinacy and necessity are all likely to be tac-
itly conditional and tacitly indexical, and that this will need to be taken into ac-
count in order to pursue my parallel project of reducing objective chance, de-
terminacy and necessity to De Dicto modes. Let us now see how van Fraassen
persues his reduction of nomic necessity.

So far I have followed Lewis in that chances are properly predicated
of propositions. But chances are just kinds of credence according to the
Lewisian, and in subsection 6.3.3 I argued that the arguments of credence
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functions should be sentences. With this in mind we would do better to
emulate van Fraassen in having sentences as the truth-bearing entities of
which physical modalities are predicated. To settle the truth of a sentence
at world w we need to determine the proposition it expresses and whether
or not that proposition holds at w. The context of utterance/assertion/belief
determines the proposition expressed by an indexical sentence, and an
important part of the context that goes into this determination is the world
where it is uttered/asserted/believed. Indeed, as we will see, for the kind of
indexicality that we are faced with here, giving the world where the sentence
occurs is normally sufficient to determine the proposition it expresses. Let
(w)[A] be the proposition expressed by A at w. Then we have the following
analysis of A’s truth simpliciter at a world.

‘A is truew’ means ‘What A expresses at w holdsw’. (6.10)

‘A is truew’ means ‘(w)[A] holdsw’. (6.11)

But this can be generalised as the world which fixes the proposition ex-
pressed by A need not be the world where that proposition’s truth is evaluated.
It is this generalisation that takes us into the realm of two-dimensional seman-
tics. Making this move gives the following analysis of A’s truth nonsimpliciter.

‘A is truew′’ means ‘(w)[A] holdsw′’.. (6.12)

The world where A is uttered gives the context that determines the proposi-
tion expressed by A, the truth of that propositon can then be evaluated at other
worlds. Hence, the sentence A defines a relation between worlds: worlds w and
w′ satisfy relation A iff the proposition expressed by A at w holds at w′. That is
wAw′ iff (w)[A](w′), where (w)[A](w′) is an abbreviation for ‘(w)[A] holdsw′’.

The goal of van Fraassen was to analyse nomological necessity in terms of
entailment (logical implication) by the natural laws. Recall that his thesis is
that

NNec.A means N =⇒ A. (6.13)

This thesis stands if, and only if, these sentences express the same proposition
at every world. Assume, for the moment, that A’s truth is not context depen-
dent. Immediately, we see that there is a problem here caused by the fact that
what NNec.A expresses changes from world to world, whereas the proposi-
tion expressed by N =⇒ A does not appear to. The sense of the former is tied
to which laws are defining the assumed accessibility relation, and this would
seem to be a matter decided by the context of utterance; in particular, the world
where the nomic necessity of A is being asserted. The sense of the latter does
not appear to be context dependent as N is typically understood to be a system
of laws; and so, non-indexical. But for (6.13) to hold, appearances must be
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taken to be deceptive in this instance. As the contextual dependence of which
proposition the left hand sentence expresses goes via the context determining
the laws that are to be antecedently assumed, the contextual dependence of
the right hand sentence must equally operate through the context determining
the laws. Hence, despite appearances, the law sentence N must be indexical.
At each world where N is uttered/asserted/believed it must express the system
of natural laws of that world.

Explicitly the law sentence N should read something like ‘These (pointing)
are the natural laws.’.11 In one world this sentence might express the proposi-
tion that A, B and C are natural laws, whereas in another it might express the
proposition that P, Q and R are natural laws. Hence, the law sentence asserted
at w expresses the proposition that certain facts obtaining at w are laws. Bas
van Fraassen’s thesis is that to be nomologically necessary at w is just to be
implied by what the law sentence expresses at w; hence, where N is taken to
be indexical in this way, (6.13) can be reformulated as:

(w)[NNec.A] = (w)[N =⇒ A]. (6.14)

The remaining question is how to construe the proposition (w)[N =⇒ A]?
Bas van Fraassen offers the following suggestion in my notation:

(w)[N =⇒ A] = {w′ : (w′)N ⊆ (w)A}. (6.15)

(6.15) says that what is expressed by N =⇒ A at w is a proposition that is
true in w′ exactly if what A expresses at w holds at every world that is nomo-
logically possible relative to w′. What is important here is that at which ever
world the propositions truth is being evaluated, it is relative to that world that
nomological possibility is defined.

Bas van Fraassen [76, p83] went on to demonstrate that nomological neces-
sity as he has analysed it is ‘at least materially identical’ with the traditional
notion that NNec.A should be true at w iff A is true in every world nomolog-
ically possible relative to w.12, and also the completeness and soundness of
his augmented modal logic which he does via a reduction of two dimensional
models to one dimensional models for which Kripke proved completeness and
soundness long since.

11There are issues surrounding whether or not this sentence can be written in such a way as
to perform its role in implying the nomological necessities in an non-tautological way. I shall
ignore these. But just in passing I wish to note that the use I will be putting the law sentence
too is slightly different to the one van Fraassen puts it too. Whereas van Fraassen argues that to
be nomically necessary is to be implied by the law sentence, I shall argue that it is for it to be
reasonable to be certain in the proposition in question, given the law sentence. It seems to me
that the law sentence can play the role I require of it better than it can play the role van Fraassen
requires of it. However, I have not the space here to argue this further.

12Proof:
(w)[NNec.A] iff ∀w′(if w[N]w′ then w[A]w′)

iff (w)N ⊆ (w)A
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I assert that as for nomological necessity, so for physical probability in gen-
eral: ascriptions of (De Dicto) physical probability are tacitly indexical and
conditional. In van Fraassen’s vein the analysis I propose—obviously inspired
by my version of Lewis’ reformulated PP—is:

‘The objective chance of A is x̆.’ means ‘The credence in A that is initially
reasonable, given state S and system of laws N, is x̆.’.

Availing ourselves of the previously developed notation my thesis is that:

P(A) = x̆ means C(A|S,N) = x̆, (6.16)

Again, immediately we see that the proposition expressed by P(A) = x̆
changes from world to world just as with NNec.A, and for much the same rea-
son. The sense of the latter depends upon which laws are taken to define the
space of nomological possibility, and what these are depends upon the world
where the sentence is asserted. In a perfectly analogous fashion the sense of
the former depends upon which state and laws are taken to define the space
these chances are distributed over. A measure or metric is meaningless unless
one specifies what it spans. P(A) = x̆ expresses a measure defined over a space
delineated by some state and laws, but which state and laws? Surely those that
prevail where and when P(A) = x̆ is asserted/uttered. So this sentence is tacitly
indexical in very much the same way, and for very much the same reasons, as
we are used to from van Fraassen.

The same is not obviously so for C(A|S,N) = x̆. The natural way to read
this is ‘The initially reasonable credence in A, given state S and (system of)
laws N, is x̆.’ where the sentences A, N and S are normally assumed to be
non-indexical. It follows, that C(A|S,N) = x̆ is commonly understood to ex-
press the same proposition no matter where or when it is asserted. Again this
is very like van Fraassen’s case of nomological necessity. But if we accept
this at face value, then the proposed analysis cannot stand, as for the two
sentences to mean the same thing is just for them to invariably express the
same proposition whenever and wherever they are asserted. For the analysis
to work C(A|S,N) = x̆ must be taken to be indexical with respect to both time
and world despite appearances to the contrary. If it is to be indexical in a way
that ensures that at every world and time C(A|S,N) = x̆ expresses the same
proposition as P(A) = x̆, then S,N must invariably express the state and laws
that prevail at the world and time where P(A) = x̆ is asserted: i.e. S,N must be
indexical.

Again the analogy to the case of nomological necessity is telling. We need
S,N to be something like ‘This (pointing) is the state, and these (pointing) are
the natural laws.’. With an agent in the mix we can even imagine the agent
whose credence function is C (almost) quite literally pointing. If this is the
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case, then we can write the analysis as:

(wt)[P(A) = x̆] = (wt)[C(A|S,N) = x̆]. (6.17)

This says that what is expressed by P(A) = x̆ at world w and time t is what
C(A|S,N) = x̆ expresses at world w and time t. Henceforth, I shall assume
that A in not indexical relative to time, the alterations necessary to accomo-
date such temporal dependence are fairly obvious and I leave them to the
reader to fill in if necessary. Again, following van Fraassen a construal of
(wt)[C(A|S,N) = x̆] suggests itself; namely,

(wt)[C(A|S,N) = x̆] = {w′ : C((w)A|(w′t)S,N) = x̆}. (6.18)

(6.18) says that what is expressed by C(A|S,N) = x̆ at w and t is a proposition
that is true at w′ exactly if the initial reasonable credence to have in what is
expressed by A at w is x̆, given the laws and state of any world that has the
same statet , and conforms to the same laws, as w′. So, the full analysis is:

(wt)[P(A) = x̆] = {w′ : C((w)A|(w′t)S,N) = x̆}, (6.19)

which says that what is expressed by ‘The objective chance of A is x̆.’ at w and
t, is a proposition that is true at w′ exactly if the initial reasonable credence to
have in what is expressed by A at w is x̆, given the laws and state of any world
that has the same statet , and conforms to the same laws, as w′.

To summarise: P(A) = x̆ means C(A|S,N) = x̆, where S,N is a sentence like
‘This (pointing) is the state now, and these (pointing) are the natural laws.’.
This is an analysis of objective chancet not in terms of objective/objectified
credence, but rather in terms of the egocentrically conditioned credence of an
ideal reasonable agent: the chance of A at this world now is the degree of belief
that is initially reasonable to have in A, given that this (agent points) is the state
now and these (agent points) are the laws. In answer to the question posed
as the title of this section: the analysans need not be objectively conditioned,
instead it can be conditioned upon an indexical sentence. In pursuing De Dicto
objective chances we have secured an analysis of objective chance that avoids
the pitfalls of employing “objectified/objective” subjective credences as the
analysans. I find this a very satisfying and serendipitous result. If one lets
Ptw be the chance at t and w function, and Ctw be the credence function of a
reasonable agent inhabiting w at t, then it trivially follows that

ARRPP MkII: Ptw(A) =Ctw(A|S,N).

This is the Principle that I would propose as a direct replacement to the AR-
RPP. It says that the objective chance at t and w of A is the initially reasonable
credence to have in A at w and t, given the state and laws of that world then.
This is the principle that supports the analysis given above.

Now consider the special case where P(A) = 1. By the analysis offered in
this section this means C(A|S,N) = 1. It follows that physical determinacy
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can be reconstrued in terms of reasonable certainty given prevailing laws and
initial conditions.

Physical Determinacy MkII: PDet.A means C(A|S,N) = 1.

Using the notation developed above this analysis can be reformulated as:

(wt)[PDet.A] = (wt)[C(A|S,N) = 1], (6.20)

which, following van Fraassen’s lead, may be construed as:

(wt)[PDet.A] = {w′ : C((w)A|(w′t)S,N) = 1}, (6.21)

which says that what is expressed by ‘A is physically determinate.’ at w and
t, is a proposition that is true at w′ exactly if it is initially reasonable to be
certain in what is expressed by A at w, given the laws and state of any world
that has the same statet , and conforms to the same laws, as w′.

We can go further. With Λ as the semantic predicate always, then, as to be
physically necessary is just to be always physically determined,

Physical Necessity MkII: PNec.A means ΛC(A|S,N) = 1.

The obvious way to cash this out roughly13 is:

(w)[PNec.A] = {w′ : ∀t(C((w)A|(w′t)S,N) = 1)}, (6.22)

which says that what is expressed by ‘A is physically necessary.’ at w, is a
proposition that is true at w′ exactly if it is always initially reasonable to be
certain in what is expressed by A at w, given the laws and state of any world
that has the same statet , and conforms to the same laws, as w′.

All of the above suggests, but no more than suggests, an analysis of nomic
necessity in terms of reasonable certainty given prevailing laws alone.

Nomic Necessity: NNec.A means C(A|N) = 1.

13There are a couple of issues that should be brought to the attention of the reader surround-
ing this definition of physical necessity. Firstly, one must be careful to make sure that if A is
indexical with respect to time, that the time index attaching to A is a constant, not a variable
like the t attaching to S,N. Secondly—and this is why the thesis is only rough—this thesis
requires quantification into a referentially opaque context. Strictly speaking this is not on, for
reasons given in section 3.1.6. To represent what I wish to say here I should strictly write
∀t(C((w)A|(w′t)S,N) = 1) as an exhaustive conjunction with a conjunct for each time in the
intended domain of variable t. There are a continuum of such times; so, to write that conjunc-
tion I would have to resort to giving an incomplete expression of the thesis in natural English,
using ellipsis to mark what I omit. Quite simply, in this instance the reward for such care and
consideration is not worth the effort, rather I shall just use the universal quantifier in a rather
lax, rough and ready fashion to get over the gist of what I am trying to say. Shortly hereafter,
I intend to establish that physical necessity conceived in this manner implies, and may even be
equivalent to, a proposition wherein universal quantification over times is unproblematic.
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As chance is synonymous with credence conditional on prevailing laws and
conditions, nomic necessity is not a kind of trivial objective chance, though
understood in the way suggested here, they are plainly closely related con-
cepts. One might even define a nomic probability function N(·) such that
N(A) = x̆ means C(A|N) = x̆, but here I speculate far outside the topic of ob-
jective chance, for such nomic probabilities would not be objective chances.
To complete the analysis of nomic necessity we construe the credence in the
manner established.

(w)[NNec.A] = {w′ : C((w)A|(w′)N) = 1}, (6.23)

which says that what is expressed by ‘A is nomically necessary.’ at w, is a
proposition that is true at w′ exactly if it is initially reasonable to be certain
in what is expressed by A at w, given the laws of any world nomologically
possible relative to w′.

Noting that C is regular—that C(A|B) = 1 only if B |= A—we have the
following implications;

(w)[PDet.A] ` {w′ : (w′t)S,N ⊆ (w)A}, (6.24)

(w)[PNec.A] ` {w′ : ∀t((w′t)S,N ⊆ (w)A)}14, (6.25)

(w)[NNec.A] ` {w′ : (w′)N ⊆ (w)A}. (6.26)

From (6.26) one can see that my notion of nomic necessity implies van
Fraassen’s.

Finally, if we idealise further so that our reasonable agent is completely
opinionated (see section4.5), then C(A|B) = 1 iff B |= A, and all of the above
implications become equivalences. In such an idealised framework, my notion
of nomic necessity is extensionally equivalent to van Fraassen’s.

Finally, C(A|S,N) = x̆ is amenable to Lowe’s thesis, so the analysis of ob-
jective chance I propose—P(A) = x̆ means C(A|S,N) = x̆—could be written
as:

P(A) = x̆ means C(S,N) = 1→C(A) = x̆ (6.27)

(wt)[P(A) = x̆] = (wt)[C(S,N) = 1→C(A) = x̆]
= {w′ : C((w′t)S,N) = 1→C((w)A) = x̆].

This can be taken to say that what is expressed by ‘The objective chance at t
of A is x̆.’ at w, is a proposition true at w′ exactly if, if certainty in the laws and
state that prevail at w′ and t is initially reasonable, then the initially reasonable
credence in the proposition expressed by A at w is x̆. Just what sort of condi-
tional this should be is left as an open question. This route opens up further

14Note that here the use of the universal quantifier is unproblematic. Also, note that again, if A
is indexical to times, then the time index that attaches to A must be a constant.
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possibilities for the analysis of objective chance, but exploring them takes us
way beyond the bounds of ‘a study of objective chance in the Lewisian tradi-
tion’ and so I leave this as a prospect for future research.
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7. Conclusion

There are several different types of determinism and much confusion is
avoided if one is clear of the distinctions. The following is not the most
general statement of these distinctions, but rather assumes the conceptual
framework developed herein. They are also somewhat circular, and so are not
meant to be explicit. Moreover, the list is not meant to be exhaustive.

Value Determinism: The statet of a system determines a unique value for
every determinable (quantitative property types, in quantum mechanics
these are often called observables) of the system at t.

Physical Determinism: The statet of a system, together with the dynamic
natural laws determines a unique state for the system for all t.

Laplacian Determinism: Knowledge of the statet of a system and the dy-
namical natural laws is sufficient to know the state of that system at all
other times.

Logical Determinism: Every well formed proposition is atemporally, and
exclusively, either true or false.

There are interesting connections between the types of determinism, for in-
stance Laplacian determinism implies physical determinism, but not the other
way around (consider the three body problem in classical mechanics), and
value determinism is compatible with all the other types of determinism, but
then so is value indeterminism. Most interesting of all, however, is that the
work of Lewis shows that logical determinism is compatible with value, phys-
ical, and Laplacian indeterminism. This is the greatest strength of this view
of chance, in my opinion. Others, however, will no doubt claim it to be its
greatest weakness (see section 7.3).

Objective chance is the measure of physical (in)determinacy. A world is
indeterminate if there are worlds that diverge from it conformingto its laws,
each of these worlds being a standard 4D Humean mosaic to a first approxi-
mation. The objective chance distribution at some world and time is a metric
over those worlds. My analysis of the measures of those metrics is that they
are the credence that is initially reasonable for agents of the world in question
that they inhabit, e.g., an A-world, where the laws and statet of their world are
supposed. The supposition is irreducibly indexical and always expresses the
laws and state of the reasonable agent’s world.
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The upshot of all this is that objective(irreducible) chances do not dif-
fer very much from their subjective(reducible) brethren. Classically it is as-
sumed that there are facts of the matter—e.g. whether or not A—and physi-
cal probabilities merely quantify our ignorance of these facts given what is
known/believed of the obtaining laws and initial conditions. More or less,
the same holds for objective chances on the Lewisian analysis. Where there
is a difference is in the reducibility of the ignorance measures. Classically,
it is normally assumed that conditioning on the laws and initial conditions
that actually hold reduces physical probabilities to 1 or 0. Lewisian objective
chances, on the other hand, measure the ignorance left over after on the actu-
ally prevailing laws and initial conditions have been conditioned upon1. This,
however, is the only real difference.

7.1 Concrete Applications
It might help the reader to see this analysis applied to certain key examples
from the sciences. Quantum mechanics being our only current stochastic the-
ory, the examples I take shall come from there. That I do so should not be
taken as a sign that I think quantum mechanics to be the only indeterminate
system of laws. Many, Earman [13] chief among them, have argued that in-
determinism is rife in both classical Newtonian mechanics and General Rel-
ativity. Only special relativity stands as a possible exception as a truely de-
terministic theory. That having been said, however, only quantum mechanics
prescribes metrics over the many nomologically possible evolutions of a sys-
tem given some sensible and sufficient set of initial/boundary condition; and
so, it stands as our only example of a truely stochastic physical theory.

7.1.1 Radioactive Decay
For a radioactive source comprised of a large number of atoms of some partic-
ular radioactive isotope the rate of decay to some other isotope is exponential
with a characteristic half life. For instance, Barium 133 decays by electron
capture (where one of the protons of the nucleus becomes a neutron by ab-
sorption of one of the atom’s electrons) to Caesium 133. The rate of decay
is such that given a sample of some large number of Barium 133 atoms at
time t = 0, half of those atoms will have decayed by time t = 10.7years. One
can extrapolate from this that for any given atom of Barium 133 the objective
chance that it will decay to an atom of Ceasium 133 within a period of 10.7
years is one half. The Lewisian take on this is as follows:

1Anyone with some familiarity with the density matrices of quantum mechanics should find
this account rather pleasing. Such matrices combine a measure of classical uncertainty in the
initial conditions with quantum probabilities representing true indeterminacy.
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At t = 0 the set of worlds that are nomologically possible given the state of
the world at that time can be further partitioned into those worlds where the
particular atom of Barium concerned decays before t = 10.7years and those
where it fails to do so. The actual world belongs to one of these divergent
sets; so, there is a fact of the matter at our world whether the atom decays
within this period or not. The objective chancet=0 that ours is a world where
the decay occurs within that period is 0.5. This is that degree of belief that is
initially reasonable for our world being one of those where the decay occurs
prior to t = 10.7 years, given the laws and state of our world at t = 0. It is no
more complicated than this.

7.1.2 Electron Spin Measurements
One of the properties of an electron is its characteristic intrinsic spin of one
half. Spin is rather analogous to angular momentum and as the electron is
charged this means that the electron has an intrinsic magnetic moment. Be-
cause of this intrinsic magnetic moment the path of an electron will be curved
in the presence of a magnetic field. One can use this effect to measure the
spin of electrons. The full specification of an electron’s statet will include a
component that gives the orientation of its spin. By a procedure of selection
electrons with a certain spin orientation can be prepared.

Let us define a coordinate system such that all the prepared electrons are
orientated with their spin axes pointing in the positive z-direction: i.e. let the
initial state of all the electrons be such that they are z-spin up. By suppress-
ing the other components of the state of these electrons we can represent their
statet ψ as ψ = | ↑z〉. Let us consider just one of these electrons propagating
along the y-axis in the positive direction. Upon this electron we shall con-
duct a measurement of its spin in the x-direction by passing it through an (in-
homogeneous) magnetic field orientated in the x-direction. To represent this
measurement one defines a mathematical operator Ŝx and have it act upon the
original state. Determinables, such as x-spin—the measurement of which such
operators represent—are typically refered to as observables. The operators of
quantum mechanics are such that there are certain states upon which they act
such that the resultant state is the same as the original save being multiplied
by a constant. For instance,

Ŝzψ = Ŝz| ↑z〉=
h̄
2
| ↑z〉

Such states are call eigenstates to the operator, and such constants are called
the eigenvalues to the operator. It is a basic postulate of quantum mechanics
that the outcome of a measurement is always one, and only one, of the eigen-
values of the operator representing the measurement, and that the state of the
system once the measurement has taken place is the associated eigenstate (ig-
noring degeneracy). To ensure sensible results the eigenvalues must be real,

157



which can be guaranteed by making all quantum operators Hermitian. The
eigenstates of the operator Ŝx that represents our spin measurement has only
two eigenstates and associated eigenvalues: | ↑x〉with eigenvalue + h̄

2 , and | ↓x〉
with eigenvalue − h̄

2 . It is a feature of the quantum mechanical calculus that
the state of a system can always be represented as a linear superposition of the
eigenstates of the measurement operator of concern, and that there are rules
for the transformation from the state as a linear superposition of eigenstates of
one operator to those of another. ψ as originally represented is an eigenstate of
the Ŝz operator. Represented as a linear superposition of the eigenstates of the
Ŝx operator ψ = 1√

2
| ↑x〉+ 1√

2
| ↓x〉. The mod square of the coefficient in front

of each eigenstate in the expansion gives the objective chance that the ob-
served value will be the eigenvalue of that eigenstate. So, the objective chance
that the result of the spin measurement in the x-direction on our electron in
initial state ψ is + h̄

2 (AKA x-spin up), is | 1√
2
|2 = 0.5.

The Lewisian tells a similar story as that told about the decay of Barium
133 atom. The set of worlds that are intrinsically identical at t and nomologi-
cally possible can be further partitioned into those worlds where the particular
electron spin measurement results in x-spin up and those where the result is
x-spin down. The actual world belongs to one of these divergent sets; so, there
is a fact of the matter at our world as regards the measurement result. The
objective chance that ours is a world where the electron is measured to have
x-spin up is 0.5. This is the measure of that degree of belief that is initially
reasonable that ours is a world in which the electron is measured to have x-
spin up, given the laws and state of our world at t. Again, in the first instance,
it is no more complicated than this.

Now consider that after being measured to have x-spin up the electron is
subsequently measured for its z-spin. After the x-spin measurement the state
of the electron is ψ = | ↑x〉. The operator representing the z-spin measurement
is Ŝz and has eigenstates | ↑z〉 and | ↓z〉. Again we express the state of the
system prior to measurement as a linear superposition of the eigenstates of the
measurement operator2.

ψ = | ↑x〉=
1√
2
(| ↑z〉+ | ↓z〉)

It follows that there is an objective chance, after the first measurement but
prior to the second, of 0.5 that the second measurement result will be z-spin
down. Again this is no mystery on the Lewisian view. First the system is in a z-
spin eigenstate, then it is in a superposition of z-spin eigenstates, then finally
it returns to a z-spin eigenstate. There is no reason why it should necessar-

2Because [Ŝx, Ŝz] 6= 0 there are no states that are eigenstates to both operators. If the state of a
system is an eigenstate to one of the operators, it must be a superposition of the eigenstates of
the other. It is this feature of the quantum mechanical calculus that makes that system of laws
incompatible with value indeterminism.

158



ily return to its original z-spin eigenstate in such circumstances. Again, the
Lewisian finds little peculiar here.

7.1.3 EPR Phenomena
Einstein, Podolsky and Rosen were the first to discuss the weird quantum phe-
nomena of entangled systems. Though they originally presented an example
based on an entangled system where the momentum of component parts sum
to zero—so that the determination of one of the subsystems momentum served
to determine the other—the phenomenon has now become synonymous with
the correlation of spins in singlet states. One considers a hypothetical system
of zero net spin that decays into two electrons. As spin is a conserved quantity
the net spin of the decayed system must also be zero. To measure the net spin
of the combined decayed system one needs to measure the spin of each of the
electrons in some direction, say in the z-direction. Let Ŝz1 be the operator rep-
resenting the z-spin measurement on the first electron, and Ŝz2 play the same
role for the second. The eigenstates for these operators are then | ↑z1〉, | ↓z1〉,
and | ↑z2〉, | ↓z2〉 respectively. The operator for the z-spin measurement of the
combined system is then the product of the operators for the subsystems: i.e.
Ŝz = Ŝz1⊗ Ŝz2. This operator also satisfies the commutator relation [Ŝ2Ŝz] = 0,
where Ŝ2 is the square of the operator for the measurement of the net spin
of the decayed system. It follows that these two operators must share their
eigenstates. The four states that can serve as eigenstates for both operators
are:

| ↑z1〉| ↑z2〉,

1√
2
(| ↑z1〉| ↓z2〉+ | ↓z1〉| ↑z2〉,

| ↓z1〉| ↓z1〉,

1√
2
(| ↑z1〉| ↓z2〉− | ↓z1〉| ↑z2〉.

The first three eigenstates all have 2h̄2 as their eigenvalue for the square
of the net spin, so none of these can be the state of the decayed system with
zero net spin. Only the last state is consistent with zero net spin as its eigen-
value. Physically the first three states represent systems where the spins of the
component electrons are aligned parallel, the fourth is where they are aligned
anti-parallel. Such states are called singlet states. So the state of the decayed
system is a singlet state where the z-spins of the electrons are diametrically
opposed. There are then two possible outcomes to measurements of both of
the electron spins, that corresponding to the eigenstate | ↑z1〉| ↓z2〉, and that
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corresponding to the eigenstate | ↓z1〉| ↑z2〉: i.e. the first electron will be mea-
sured spin up and the second spin down, or vice versa. Again the objective
chances for these outcomes are given by the mod square of their coefficients
in the superposition which is again 0.5.

Why are these singlet states of particular interest? Imagine that the measure-
ments represented by Ŝz1 and Ŝz2 are spacelike separated, so that no signal as
to the result of the first measurement has time to reach the second electron be-
fore its spin is measured. Let z-spin of the first electron be measured first in our
chosen inertial frame. There is a 0.5 chance that the result of this measurement
will correspond to z-spin up. Let that be the actual result, then the decayed sys-
tem immediately after measurement will be in the state ψ = | ↑z1〉| ↓z2〉. Now
the z-spin of the second electron is measured, which is represented mathemat-
ically as Ŝz2 acting on ψ . As the operator treats the state of the first electron
as a constant and acts only upon the state of the second electron, which is an
eigenstate of this operator, the result is spin down with objective chance of 1.

Einstein et al argued that the only explanation for this perfect
anti-correlation of spins is that the electrons possessed the values for these
observables prior to measurement. Their argument to this conclusion tacitly
appeals to the intuition—given voice in Reichenbach’s principle—of no
correlation without causation. Here we have perfect correlation; so, there
must be causation. But the two events are spacelike separated; hence, we
have ruled out that the first measurement causes the result of the second3.
This leaves a common cause as the only explanation for the correlation. The
decay of the original net zero spin system is the obvious common cause, but
for the common cause explanation to hold water the measured values of these
observables, or else some other indicator for these values, must be propagated
with the electron sub systems: i.e., there must be hidden variables.

Countering this argument is the empirical falsification of Bell’s inequalities,
which are typically derived on the assumption that the results of measurements
are determined locally by attributes of the system concerned. The locality con-
dition only needs to be strong enough to rule out faster than light transmission
of any influence from the first measurement result to the second, as the two are
space-like separated. There are, however, derivations—for example Earman’s
[13, p214]—of these inequalities that assume only value determinism. Hence,
most take the falsification of Bell’s inequalities to be a falsification of the hid-
den variables hypothesis. But this leaves us in want of a causal explanation of
the correlation witnessed in EPR phenomena.

For the Lewisian the only mystery here is that our standard way of making
sense of such correlations doesn’t seem to work. On our account the set of
those worlds that are nomologically accessible from, and intrinsically identi-
cal to, our own can be further partitioned into those where the first electron
and second electrons are measured as having z-spin up and z-spin down re-

3The tacit assumption here is that no causal influence can propagate faster than the speed of
light, which is supported by present day physics and in special relativistic quantum mechanics.
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spectively, or those where the first electron and second electrons are measured
and having z-spin down and z-spin up respectively. There are no other nomo-
logical possibilities given the initial conditions! There is a fact of the matter as
to which of these sets of worlds our world belongs to. The initially reasonable
credence that ours is a world where the first electron is measured as z-spin
up and the second as z-spin down, given the laws and initial conditions at our
world, is the chance of this result and is 0.5 in this instance. The result of the
first measurement locates us in logical space as inhabiting one of the 1st elec-
tron z-spin up, second electron z-spin down worlds. At all such worlds, the
second electron’s spin is down; hence, the reasonable initial credence to have
that this is so, after the first spin measurement but prior to the second (the state
of the world after the first measurement and prior to the second includes the
state of the state of the decayed system being ψ = | ↑z1〉| ↓z2〉), is 1.

But surely, the correlation still needs to be explained. Perhaps, but for the
Humean/Lewisian Reichenbach’s principle is at most a heuristic principle.
We hold modality to be something that is projected onto the world, and that
includes the modality of those ‘necessary connexions’, or ‘INUS conditions’
that are the causes posited to explain correlations, and such constant
conjunctions as those in Bell’s example of an EPR phenomenon. For the
Lewisian/Humean, these correlations are simply regularities in the Humean
mosaic, much like other regularities. They are brute, and primitive facts.
Whatever necessity we see in the anti-correlation of spins in such phenomena
is projected onto them by us. That such necessity does not fit with our usual
causal discourse is just another nail in the coffin of such discourse in the
physical sciences. It is already shunned for good reason in much of physics.
For the Humean, the case of EPR phenomena just adds grist to this mill.
With nomic necessity divorced from causation, there is no greater problem
in saying that by our natural laws, two electrons in a singlet state must be
measured as having opposite z-spins, than in saying that by our natural laws,
objects released close to the surface of the earth must accelerate toward that
surface at 9.8ms−2. In both cases, there is a regularity that is a brute fact of
our world, and in both cases we read necessity into this brute fact. The only
difference is that in the latter case it makes sense to speak of the dropping as
a/the cause of the falling, whereas in the former case it does not make sense
to speak of causes. This suffices as an explanation of EPR correlations as far
as I am concerned.

7.2 Unanswered Questions on Quantum Mechanics
What has been achieved in this text is a general philosophical analysis of ob-
jective chance. In so far as a physical theory is a theory of such chances, the
analysis here offered will be applicable to it. Quantum mechanics is such a
theory, but it has its own peculiarities which ensures that what I have offered
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here can only form the beginnings of a full interpretation of that theory. Most
of these peculiarities relate to the concept of measurement.

The traditional problem of measurement is easily answered in this frame-
work. That ‘problem’ is that a contradiction can be derived from three of Neu-
mann quantum mechanics postulates. The three postulates that together cause
the trouble are:
1. that the Schrödinger equation is universally valid,
2. that the result of a measurement is always a unique eigenvalue to the mea-

surement operator,
3. that the system upon measurement is in an eigenstate to the measurement

operator that has the result of that measurement as its eigenvalue.
Take the example of the measurement of x-spin of an electron in a z-spin
eigenstate. By the first postulate, the measured electron will remain in the
superposition of x-spin states it started in. But by the second postulate the
result of the measurement can only be exclusively either x-spin-up, or x-spin-
down. But by the third, if the result is x-spin-up then, the measured system
must be in the x-spin-up eigenstate, and likewise for if the result is x-spin-
down. The contradiction follows as no system can be in two distinct states at
the same time, and a superposition of x-spin eigenstates is certainly distinct
from any one of its component eigenstates.

To get around this discrepency quantum mechanics is often augmented with
a collapse postulate to the effect (ignoring degeneracy) that on measurements
of the first kind (those where the initial state of the system is in a superposi-
tion of eigenstates to the measurement operator) the state of the system goes
from a superposition to that eigenstate whose eigenvalue is the result of the
measurement. Hence, the contradiction is avoided by relaxing the universal
validity of the Schrödinger equation. In collapse quantum mechanics there are
two types of evolution: that governed by the Schrödinger equation, and that
governed by the collapse postulate. This explains why repeated measurements
return the same result without fail. The worry has been that this collapse pos-
tulate appears to be an ad hoc fix. Some, such as those who favour GRW
theory—where every quantum system has a characteristic rate of spontaneous
random collapse—have posited a kind of mechanism for the collapse. Others,
such as those who favour branching ontologies, favour what is loosely de-
scribed as collapse for all practical purposes justified by Omnès’ [60, p199-
206] decoherence argument. Both schools have sought to identify some kind
of “process” by which the “collapse” occurs to explain the lack of macroscopic
interference phenomena and thereby solve the measurement problem.

This, on the Lewisian view (but strangely not on Lewis’s view [48]), is
completely wrong headed: collapse is not something that requires explana-
tion. All the world is, is a foliation4 of states through time, one state after
another. At indeterminate worlds the temporally ordered states are such that

4As the Lewisian assumes a block spacetime, the foliation of states is decided by convention,
all foliations by spacelike surfaces are equally good.
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there is no one-to-one function from states at earlier times to all states at later
times. There may, however, be one-to-many functions that describe metrics
over the many. It is important to keep in mind that the many do not describe
what is, rather only what could be: only one of the many outcomes being ac-
tual. Metaphysically, “collapse” to that actual outcome is nothing more than
our indeterminate world occupying one state at one time, and another state at
another time: the former being a state that is a superposition of the various
outcomes, the latter being a state that is one of those outcomes. Epistemically,
our initial reasonable credence for that outcome at t ′, given the laws and state
of our world at t < t ′ (AKA the objective chancet for that outcome at t ′), lies
between 0 and 1, whilst our initial reasonable credence for that outcome at
t ′, given the laws and state of our world at t ′ (AKA the objective chancet ′ for
that outcome at t ′), is 1. Epistemic “collapse” is nothing more than the dis-
continuous/abrupt change in what is initially reasonable as credence in some
outcome that occurs as what we indexically refer to as “now” traverses an
indeterministic event. Neither metaphysically, nor epistemically, is there any
role for some kind of mechanism or process by which collapse occurs. Col-
lapse is just one thing at one time followed by another at another time in an
indeterminate world.

This bares repeating, as it is certainly a rather unusual view. The Lewisian
view is that there is collapse during measurements of the first kind in the very
minimal sense that when a indeterministic event occurs the world “evolves”—
in the sense of occupying one state at one time and a distinct state at another
time, from a state that is a superposition of various outcomes—to one that is
just one of those outcomes. A consequence of this is that what is initially rea-
sonable as credence in those outcomes given the laws and state of our world
now, changes as the “now” goes from indexing the superposition, to index-
ing the outcome. As these are the objective chances at those times for that
outcome, so the objective chances discontinuously/abruptly change. There is,
however, nothing more behind this than our indeterminate world’s evolution
through time. All there is is one thing after another. Where there is constant
conjunction we see (physical/nomic) necessity, where there is correlation we
see objective chance. This is all that there is to collapse.

In this way, the Lewisian—as a Humean—is immune to the traditional
problem of measurement, but they do suffer from related problems of mea-
surement. One such problem is to give an account of measurement whereby
observer participation is not an essential feature. For quantum mechanics to
be an acceptable physical theory of our universe it must account for stochastic
events beyond those that are observed, so observation cannot play an essential
role in such indeterministic events. But on the standard view of collapse-QM,
collapse occurs only on measurement, and measurement is typically conceived
so as the human act of observation is essential to it. For any interpretation of
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QM to be acceptable, the human involvement in measurement must be inci-
dental5.

A second problem, which is closely tied to the first, is to decide when a
measurement has, actually, occurred. If we take the example of the x-spin mea-
surement of an electron in a z-spin eigenstate, it is possible, once the electron
has passed through the magnetic field, to recover the original z-spin eigenstate
with 100% certainty. From this we can conclude that passing through such a
field in not a sufficient condition for x-spin measurement, and that something
more is needed6. There are also questions of ontology for quantum mechan-
ics. Are bosons individuals? For that matter, are fermions in entangled states
individuals? And finally, there is the issue of the dual role of measurement in
creating, as well as recording, outcomes that arises for non-hidden variable
interpretations.

It should be plain to the reader that there is a lot left to do in order to achieve
a full interpretation of quantum mechanics from the foundations I have laid
here. Moreover, the foundations I have laid here are heavily dependent upon a
theory of natural laws that I have yet to develop; consequently, not only does
the house remain to be built, but the foundations themselves require additional
underpinning. Both these tasks will have to wait on future research.

7.3 Fatalism

I, at any rate, am convinced that He does not throw dice.
[16, Albert Einstien, Often paraphrased as “God does not play dice with the

universe”]

Traditionally, fatalism was the ancient thesis of antiquity that all that hap-
pens, necessarily happens in the sense that all that occurs is preordained and
inevitable. Consequently, ‘fatalistic’ is a good adjective for any thesis that has
as a consequence that the history of our world follows an inevitable course.
On first blush diverging world accounts of physical indeterminacy would seem
to commit one to fatalism due to their being logically determinate. If ‘There
will be a sea battle tomorrow.’ is now true, then, irrespective of the objec-
tive chance of this occurring, it is now inevitable—in the sense of being
unpreventable—that tomorrow the battle will take place. This seems a valid

5Here I am inclined to something like Johansson’s [34] view that a measurement is an irre-
versible interaction between two systems (I think the irreversibility probably has to be of the
‘for all practical purposes’ variety justified by something like a decoherence argument, but
perhaps that is sufficient.). I am not prepared to defend this position here however.
6Again I think that Johansson’s approach to measurement offers the best solution here also, but
again I am not here prepared to devote the effort needed to defend this claim.
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inference, but I charge that it is so only so long as we do not look too closely
at what it means for something to be inevitable.

To be inevitable is to be unavoidable or unpreventable, i.e. impossible to
avoid or prevent. But surely the question of the ability to avoid or prevent
something is circumscribed by what is logically, metaphysically, nomologi-
cally, physically, and technologically possible for us. The weakest sense in
which something can be inevitable is where it is beyond our technical/practical
abilities to prevent. This is surely too weak a sense of inevitability: the in-
evitability of the future at logically determinate worlds is not something that is
supposed to change through time with the vagaries of history and our technical
competence. However, inevitability must be weaker than logical, or metaphys-
ical, necessity. It is generally accepted that from that P does not follow P’s
logical necessity. It is also generally accepted that for most P, from P neither
follows the inconceivability of ¬P, nor ¬P’s impossibility under every coher-
ent system of laws; hence, for most P, P’s metaphysical necessity typically is
not thought to follow from P’s obtaining. In brief, a future contingent is surely
only future contingent if its negation is logically and metaphysically possible.
But then what can P’s inevitability be other than¬P’s physical/nomic impossi-
bility, or equivalently P’s physical/nomological necessity? But, if that is what
inevitability amounts too, then the whole notion of a physically indeterminate,
fatalistic world risks incoherence.

Basically, it seems to me that on any sensible characterisation of what one
could mean by ‘inevitable’ one comes perilously close to whatever one means
by ‘physically determinate’ . If that is right, then fatalism is just another name
for determinism, and the whole notion of fatalistic worlds where there are
non-trivial measures of determinacy becomes incoherent.

This having been said, there is a much looser sense in which logically de-
terminate worlds could be said to be fatalistic. At such worlds there is a sense
in which the future is now “out there” waiting to be discovered. But all this
really means is that for every future contingent there is some fact of the matter
lying in the future in virtue of which it is atemporally and exclusively, either
true or false. In this very weak sense logically determinate worlds are fatalistic
by definition, but there is no necessity/inevitability to such fatalism. Except in
the tautological sense of if A, then A, there is no sense in which if it is true
that something will happen, then it must happen. All this rather trivial form
of fatalism says is that if something is going to happen, then at the appointed
time it happens: che serà serà.

Fatalism is often refered to the thesis that our future is “closed”, its
opposite being the thesis that our future is “open”. Many in front line physics,
such as Ulf Danielsson[12, p32-33], have argued that quantum mechanics,
more or less, requires us to accept that our future is open. Lewis and I argue
that this is not the case: we argue that the future can be closed even at
physically indeterminate worlds, such as those where quantum mechanics
holds. I see this as a key advantage of our view of objective chance as a
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measure over diverging possibilities: it allows one to retain the principle of
bivalence for propositions about the future at physically indeterminate worlds
whilst allowing chance to be the measure of such indeterminacy. Others
fear that such worlds would have no place in them for free wills, and they
balk at the notion that all that will be is fated to be. I have little succour
to offer such unfortunates. All I can do is ask them to look deeply within
themselves for why they feel so enamoured of open futures. Is there anything
beyond a desire to save the free will at work? If not, then I would first point
them to the work of the compatibilists—whose arguments that free wills are
compatible with physical determinism can be generalised toward the same
conclusion for physically indeterminate, but (weakly) fatalistic, worlds—and
then to the work of people such as Earman [13, p245-246] that shows that
the thesis that there are free wills is just as incompatible with stochasticism
and indeterminism, as it is with determinism. But such arguments are hardly
original and have been so thoroughly rehearsed that I, for one, begin to be
sceptical about whether any who truly wish for an open future will ever be
convinced by them. I feel sorry for their plight, but all that I can do is to ask
them to think again, and hope that they will this time come to accept the
beauty of our world as a logically determinate, 4D block space-time.

But why the quote of Einstein at the beginning of this section?
Einstein’s statement that God does not play dice was clearly meant to be
the claim that ours is a physically determinate world. He famously argued
that there must be matters of fact in the initial conditions—of which we
are perhaps irredeemably ignorant—which would reduce the quantum
mechanical probabilities to trivial values, were they to be conditioned upon.
In this sense, from an omniscient God’s perspective there are no objective
chances. Clearly I do not agree. The analysis I have offered does not assume
that there are factst unbeknown to us that if conditioned upon would reduce
all chancest to trivial values. Indeed, I take seriously evidence—such as the
empirical falsification of Bell’s inequalities—that there are no such facts.
Moreover, I even hold that from an omniscient God’s perspective there would
still be objective chancest in the sense that there would be initially reasonable
credences, given the laws and statet of God’s world.

Yet still there is a sense in which I can agree with Einstein. An omniscient
God knows all that is true at His world, and—as every proposition is exclu-
sively either true or false on the Lewisian view—this means that an omniscient
God is certain about the holding, or not, of every proposition. Hence, if I were
to play a game of truly stochastic craps with God, I could not win. This is
because God knows not only the laws and initial conditions, but also the out-
comes. It is in this sense that I can agree that God does not play dice with
the universe. Playing dice would be utterly pointless for God: he knows the
outcome of every toss of every die before it is tossed, even though by His laws
more than that one outcome is possible given the initial conditions of the toss.
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If we assume that God does not engage in pointless activity, then we can safely
assume that, in the sense I mean, ‘He does not throw dice’. So, while He plays
dice with the universe in the sense that Einstein meant, there is another sense
in which He does not.

7.4 Chance as Ultimate Belief?
The analysis of chance herein is in terms of initially reasonable credence on
some suitable (tacitly indexical) supposition. It is plainly Bayesian, so the
natural question poses itself: Does this analysis belong to those that have been
traditionally pursued by Bayesians?

Bayesian interpretations of single case probabilities come in broadly two
flavours. On the Subjectivist view the single case probability is determined by
a combination of the whim of the reasonable agent—which is what determines
prior credence—and their available evidence—which by Bayes Theorem de-
termines their posterior credence from their prior credence on the supposition
of the evidence. On the objectivist view single case probabilities are deter-
mined solely by the available evidence. The objectivist argues that where the
whims of the agent creep into the determination of credence, there irrationality
creeps in also.

Given these distinct starting points, the two schools tackle the problem of
giving a Bayesian account of objective chances in distinct ways. The subjec-
tivists argue that given sufficient evidence there will be convergence toward
a single reasonable credence irrespective of the prior credences of the agents
concerned (excepting only that there is intersubjective agreement as to what
is to receive 0 credence). The objectivists, on the other hand, posit that there
maybe some ‘all-encompassing evidence’[86, p11] that fixes every reasonable
agent’s credence in precisely the same fashion. Williamson refers to the latter
as the Chance as Ultimate Belief thesis.

By considering some ultimate evidence E one can define fully objective prob-
ability [P(·) = P(·|E)] in terms of the degrees of belief one ought to adopt if
one were to have this ultimate evidence. This is the ultimate belief notion of
chance. What should be included in E? Clearly it should include all informa-
tion relevant to the domain at time t. To be on the safe side we can take E to
include all facts about the universe that are determined by time t—the entire
history of the universe up to and including time t. [86, p26]

It is clear—at least it is to me—that Lewis’ analysis does fit within the
objectivist, rather than the subjectivist, program. The PP is nothing other
than a constraint on reasonable priors, that fixes them given suppositions
about chances. Moreover, that Lewis favours ob jecti f ied credences in the
analysans—credences arrived at by conditioning some reasonable prior upon
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what could easily be described as the ultimate evidence available at some
time t—speaks to his analysis belonging to the chance as ultimate belief
family.

Here, I stand in disagreement with Williamson [86, p26] who cites the fol-
lowing quote as evidence for Lewis not holding a chance as ultimate belief
thesis.

...chance is [not] the credence warranted by our total available evidence . . .
if our total evidence came from misleadingly unrepresentative samples, that
wouldn’t affect chance in any way [46, My emphasis, p475]

I emphasise the two occurrences or the word ‘our’ because they are central to
Williamson’s misreading of Lewis here. There are at least two distinct refer-
ents for ‘our total evidence’: ‘our total evidence’ could denote the sum total of
all the evidence actually possessed by us at some particular time, or it could
denote all the evidence possessible by us, at that time. For Willamson’s read-
ing of Lewis to be justified Lewis would have to be referring to the latter in
the above quote. This I seriously doubt. I think he had the former in mind.

It is easy to confirm that the analysis offered herein is in the chance as ulti-
mate belief tradition. Let the ultimate evidencet be the laws and historyt /statet .
Then one could write the analysis of chances at our world offered herein as,

The Analysis Restated: The objective chance of A is the degree of belief that
is initially reasonable in A, given our ultimate evidence.

where again ‘our ultimate evidence’ refers to all the evidence that could be
possessed by us now, not all the evidence that is so possessed.

7.5 Projected Objective Chances?
The analysis of objective chance herein is Humean, in the main, because the
author holds to a projectivist thesis on the modalities in general and the phys-
ical modalities in particular, including objective chance. I agree completely
with Hume when he says that ‘the mind has a great propensity to spread it-
self on external objects, and to conjoin with them any internal impressions,
which they occasion...’[29, I. iii. XIV], I just extend his conclusions to those
qualifications of those necessary connexions that are the objective chances.

In general, projectivism is the thesis that certain prima facie “objective”
predications—e.g. beauty, goodness, necessity, etc—are in fact not “objec-
tive”, but rather true or false in virtue of some fact about ourselves. So the
proposition that the statue is beautiful, for all that it has the syntax of a pred-
ication of the property of beauty to an external object in the world, in fact is
an ellipse for the ascription of a disposition to ourselves to feel pleasure on
seeing the statue. “The statue is beautiful.” is true iff, if a “typical” person
were to see it, they would experience pleasure. In this way we “project” onto
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an object of the external world a property that it does not have, the ascription
of which is made true by the way we are. Truly, beauty is in the eye of the
beholder, not in what is beheld.

As one might expect from the first sentence in the paragraph above, projec-
tivism is often seen as an opposite pole to objectivism. In general, objectivism
is the thesis that certain predications—e.g. beauty, goodness, necessity, etc—
are true or false in virtue of some fact that obtains entirely independently of
ourselves. Clearly one need not be a projectivist about everything, nor an ob-
jectivist about everything. Indeed, for example it is perfectly consistent to be
an objectivist about aesthetics, whilst being a projectivist about modality, but
it is often thought that one cannot be an objectivist and projectivist about the
same thing. One cannot hold simultaneously that a statue is beautiful both in
virtue of matters of fact that are entirely independent of us, and in virtue of
some fact about ourselves.

If this were correct, then any projectivist account of objective chance would
be doomed to be a contradiction in terms. Indeed, many will judge it so. Such
a position holds that the objective chances are projections onto the world,
ascriptions of which are made true by the way we are. What makes it true that
A has a chancet of 0.5 is that the degree of belief we should, CP, have in A,
given the laws and statet of our world, is 0.5. In this way, chance ascriptions
hold, or not, at our world at least partly in virtue of the way we are as prudent
(moral?) agents. But if chances are projected onto the world by us like this,
how can they be objective? This is the key question that I cannot answer in
this text. All that I can do is reduce it to another. As the objective chancest
conform to the natural laws—such that they are implied by the conjunction
of those laws with the statet—they will be as objective as those laws and that
statet . The states of a system can be defined in such a way as to be entirely
objective, but what of the natural laws? As I hold all modality, and particularly
the physical modalities, to be projected onto the world, it will not surprise
the reader to learn that the same problem as I have highlighted above for the
account of objective chances simply resurfaces in the case of natural laws.
If nomic necessity is projected onto the world, how can nomic necessities—
among them natural laws—be objective? Unfortunately, I cannot answer that
question here, all I can do is simply note that if it is answered successfully,
then projected objective chances cease to be contradictions in terms.
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A. Derivation of Miller’s Conditional
Principle

The derivation of the Comditional form of Miller’s Principle (MCP) from the
unconditional, coopts an argument originally given by Skyrms [72] and is
briefly rehearsed in van Fraassen [82, p202].

Consider the following expansions:

C(AB) = ∑
i

C(Pt(AB) = xi)C(AB|Pt(AB) = xi) = ∑
i

α
ixi (A.1)

C(B) = ∑
j

C(Pt(B) = y j)C(B|Pt(B) = y j) = ∑
j

β
jy j (A.2)

The betas and alphas are our degrees of reasonable credence in the respec-
tive marginal chances, and the x’s and the y’s are those marginal chances over
which our credence is distributed. The latter appear to the right by dint of
Miller’s Principle working its magic on each term of the two expansions. We
can then use these results to expand our reasonable credence in A given B as
follows:

C(A|B) = C(AB)
C(B)

=
∑i α ixi

∑ j β jy j . (A.3)

But this can also be expanded as

C(A|B) = ∑
k

C(Pt(A|B) = zk|B)C(A|B,Pt(A|B) = zk). (A.4)

Hence,

∑
k

C(Pt(A|B) = zk|B)C(A|B,Pt(A|B) = zk) =
∑i α ixi

∑ j β jy j . (A.5)

Now let us take the special case where C(Pt(A|B) = z1) = 1: that is, let us
focus on a particular special case to see what must hold in order to allow for
that case. As C(Pt(A|B) = z1|B) = 1 where C(Pt(A|B) = z1) = 1, we have,
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C(A|B,Pt(A|B) = z1) =
∑i α ixi

∑ j β jy j (A.6)

As C(Pt(A|B) = z1) = 1, then C(Pt(A,B) = z1Pt(B)) = 1. Now, noting that
P(A,B) = P(A) where P(B) = 1, if follows that for every β j in the expansion
of (A.6), a unique α i is implied, and vice versa, such that β j = α i, and z1y j =
xi.

Proof:
β j =C(Pt(B) = y j)

=C(Pt(B) = y j,Pt(A,B) = z1Pt(B))
=C(Pt(A,B) = z1y j,Pt(A,B) = z1Pt(B))
=C(Pt(A,B) = z1y j).

Let z1y j = xi, then β j =C(Pt(A,B) = xi) = α i.

This proves that where C(Pt(A|B) = z1) = 1, then for every β j of
(A.6) a unique α i is implied such that β j = α i, and z1y j = xi. The
complementary result is achieved simply by performing a similar proof
starting with α i.

From here it follows that for the j-th term of the expansion in the denumer-
ator of (A.6) there is one, and only one, i-th term of the numerator of (A.6)
such that β j = α i and xi/y j = z1, and vice versa. It then follows by the arith-
metic of mixtures (where (x1/y1) = (x2/y2) = · · · = e, then (c1x1 + c2x2 +
· · ·)/(c1y1 + c2y2 + · · ·) = e) that in this particular case,

∑i α ixi

∑ j β jy j = z1. (A.7)

Hence, in order to allow for such cases the following identity, which is
Miller’s conditional principle, must hold

C(A|B,Pt(A|B) = z1) = z1. (A.8)
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B. Lewis’ Proof of his First Triviality
Result

Here I shall only reproduce Lewis’ proof for his first result. I do so merely
for the sake of completeness. Later I shall prefer Milne’s [56] much more
elegant proof and shall follow his far simpler proofs of Lewis’ second and
third results.

Lewis’ 1st Triviality Proof: The thesis that conditional cre-
dences/probailities are credences/probabilities in conditionals is called
Adam’s Thesis, and is given formally as

P(A→ D) = P(D|A), provided P(A)> 0

From Adam’s thesis and closure under conditionalisation we have;

P(A→ D|B) = P(D|A,B), provided P(A,B)> 0.

Hence, provided P(A,D) and P(A,¬D)> 0

P(A→ D|D) = P(D|A,D) = 1 and P(A→ D|¬D) = P(D|A,¬D) = 0.

But by the expansion theorem, P(E) = P(E|D)P(D) + P(E|¬D)P(¬D) for
any two propositions E and D. Substituting A→ D for E we have

P(A→ D) = P(A→ D|D)P(D)+P(A→ D|¬D)P(¬D)

= 1 ·P(D)+0 ·P(¬D)

= P(D).
Applying Adam’s Thesis one last time to the far Left Hand Side (LHS) we

have P(D|A) = P(D) provided P(A,D) and P(A,¬D)> 0. There are plenty of
examples where P(A,D) and P(A,¬D)> 0 yet where A and D are not statisti-
cally independent, so Adam’s Thesis cannot hold for any form of probability
that respects closure under conditionalisation. In fact, this result holds where
ever the stock of sentences available in which degrees of belief may be held
is rich enough to allow the counter examples. All instances satisfying this re-
quirement Lewis tacitly classifies to as non-trivial. Hence Lewis proved that
in all non-trivial instances Adam’s Thesis fails. Lewis used this result to prove
two further triviality results, but the first is sufficiently damaging on its own.
The appeal of Adam’s thesis has been such that Lewis’ triviality proof has led
some, e.g. Edgington among others, to the opinion that conditional probabili-
ties are not probabilities of truth, and that conditionals are not truth valued.
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C. Milne’s Proof of his Basic Triviality
Result

The proof has four stages. At the end of each stage Milne proves a new result
that is then used in the next stage to prove the next result, which culminates in
the BTR at the end of the fourth stage.

1st Result: For all A and D, when P(A,D)> 0:

P(A→ D|A⊃ D) = 1.

Proof: By closure under conditionalisation and AT: when P(A,D)> 0,

P(A→ D|A⊃ D) = P(D|A,(A⊃ D))

= P(D|A,D)

= 1.

2nd Result: For all A and D, when P(A,D)> 0:

P(A→ D)≥ P(A⊃ D).

Proof: By expansion and result 1: when P(A∧D)> 0,

P(A→ D) = P((A→ D),(A⊃ D))+ · · ·
≥ P((A→ D),(A⊃ D))

≥ P(A→ D|A⊃ D)P(A⊃ D)

≥ P(A⊃ D).

3rd Result: For all A and D, when P(A∧D)> 0:

P(A) = 1 or P(D|A) = 1.

Proof: By AT, Popper result (P(D|A) ≤ P(A ⊃ D)) and Milne’s 2nd result,
when P(A,D)> 0:

P(D|A) ≤ P(A⊃ D)≤ P(A→ D)

≤ P(A⊃ D)≤ P(D|A)
= P(A⊃ D).
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But by Popper’s result this can be so iff, when P(A,D)> 0:

P(A) = 1 or P(D|A) = 1.

BTR: For all A, the function P(·|A) takes only the values 0 and 1, when
0 < P(A)< 1:

Proof: The 3rd result can be reformulated as:

P(A,D)> 0⊃ (P(A) = 1∨P(D|A) = 1)

P(A,D)> 0⊃ (P(A) 6= 1⊃ P(D|A) = 1)

P(A,D)> 0⊃ (0 < P(A)< 1⊃ P(D|A) = 1)

(P(A,D)> 0, 0 < P(A)< 1)⊃ P(D|A) = 1).

Milne’s BTR follows as, if P(A)> 0 and P(A,D) = 0, then P(D|A) = 0.
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D. Milne’s Proofs of Lewis’ Triviality
Results

Each of these proof’s assume Milne’s BTR.

Lewis’ 1st Result: When P(A,D)> 0 and P(A,¬D)> 0,

P(D|A) = P(D)

Milne’s Proof: If P(A,D)> 0 and P(A,¬D)> 0, then P(A)> 0 and

0 < P(D|A) = P(A,D)/[P(A,D)+P(A,¬D)]< 1.

As P(·|A) is not two-valued and P(A) > 0, then by BTR P(A) = 1 and
P(D|A) = P(D).

Lewis’ 2nd Result: When P(A)> 0, P(B)> 0 and {A,B,D} is pairwise in-
consistent,

P(D) = 0.

Milne’s Proof: If P(A)> 0 and P(B)> 0, and A and B are inconsistent, then
P(A∨B) = P(A)+P(B)> 0 and

0 < P(A|A∨B) = P(A)/[P(A)+P(B)]< 1.

As P(·|A∨B) is not two-valued, and P(A∨B)> 0, then by BTR P(A∨
B) = 1. P(D) = 0 follows from the assumption that D is inconsistent
with both A and B, and so is inconsistent with A∨B.

Lewis’ 3rd Result: When 0 < P(A)< 1,

P(B) ∈ {0,P(A),P(¬A),1} .

Milne’s Proof: If, for some A, 0 < P(A) < 1, then P(·|A) and P(·|¬A) are
both two-valued. But then, for any B, as

P(B) = P(B|A)P(A)+P(B|¬A)P(¬A).

P(B) ∈ {0,P(A),P(¬A),1} .
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E. Proof of the Referential Opacity of
Lowe’s Probabilities

The following is a proof of Edgington’s triviality result for Lowe’s thesis. The
proof proceeds by proving an initial triviality result (ITR) very much in the
style of Milne’s basic triviality result, a proof that would be impossible were
Lowe to stipulate that the contexts within the quotation marks in his thesis
referentially opaque.

ITR:

P(B|A) = 1, when P(B)> 0 and P(A)> 0.

Only four premises are required for the proof of the ITR;

P1: Lowe’s thesis that

“P(A|B) = x̆” means “P(B) = 1→ P(A) = x̆”,

P2: P is a probability function,

P3: his thesis is referentially transparent so that the substitution of rigid des-
ignator x̆ by non-rigid designators of the same real number is valid,

P4: where B `C, the inference to A→C from A→ B is valid.

The first two premises are assumed for the sake of the proof, the third is
the one that Lowe would do well in rejecting for the probabiilties to which his
thesis applies. The fourth is unproblematic for all conditionals. Were the im-
plication to be replaced by a conditional the fourth premise would be suspect,
but as it is, it is almost trivial.

Proof of the ITR:

1. Lowe’s Thesis:

“P(A|B) = x̆” means “P(B) = 1→ P(A) = x̆”. (E.1)

2. Substituting P(B|A)P(A)
P(B) for x̆ in Lowe thesis gives:

“P(A|B) = P(B|A)P(A)
P(B)

” means “P(B) = 1→ P(A) =
P(B|A)P(A)

P(B)
”.

(E.2)
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3. The left hand side of (E.2) is just Bayes Theorem, and so is a tautology of
probability theory. Hence, the right hand side must also be true whereever
probability theory holds, and as P(A) = P(B|A)P(A)/P(B) implies P(B) =
P(B|A)1 (when P(A)> 0),

P(B) = 1→ P(B) = P(B|A), whenP(A)> 0. (E.3)

4. By Lowe’s thesis, (E.3) means:

P(B|B) = P(B|A), when P(B)> 0 & P(A)> 0. (E.4)

5. The ITR follows from (E.4) as (P(B|B) = 1).
It should be obvious that this proof of the ITR is insensitive to which ever

proposition we choose to substitute for P(B) = 1 in Lowe’s thesis; hence, this
result can also be proved for Nute’s thesis—substitute B for P(B)= 1—among
others. Edgington’s Triviality Result follows directly from the ITR . B may be
any proposition; hence, the ITR must hold where B = ¬A. Where this is the
case the ITR can be written as,

P(¬A|A) = 1 when 1 > P(A)> 0. (E.5)

But by SPT, P(¬A|A) = 0; hence, ¬(1 > P(A)> 0) by modus tollens. In other
words, it follows that P may only take the extreme values of 0 or 1. This
is precisely Edgington’s result. To avoid this result—and others such as that
P(A|B) = P(A) by substitution of P(A) for x̆ in Lowe’s thesis2—it is sufficient
that Lowe takes his thesis to be referentially opaque.

1P(A), P(B) and P(B|A) are all real numbers when P(A)> 0; so, by substitution and cancella-
tion, when P(A)> 0,

P(A) =
P(B|A)P(A)

P(B)
` P(B) = P(B|A).

2I am indebted to an anonymous reviewer both for this example and for pointing out to me how
Lowe could respond to all such proofs.
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F. Dutch Book Coherence Arguments

Dutch book arguments work by showing that only dispositions to bet, AKA
credences, that meet certain criteria guard against scenarios where the holder
of the credence is guaranteed to make a loss on what they will deem to be a fair
bet. On the understanding that credence distributions that ensure sub-optimal
outcomes for the holder of the credence are irrational, dutch book arguments
demonstrate a criterions fitness as a reasonability criterion for credence.

F.1 Simple Dutch Book for Additivity
For an agent whose credence is modeled by C, a Dutch book will be
acceptable unless C obeys additivity.

Proof by demonstration:
Let {A,B,C} be a partition, and let additivity be violated such that
C(A)+C(B)+C(C)> 1.

Dutch Book for additivity
Ticket number 1 2 3

Payout Worth £1 Worth £1 Worth £1
instructions if A. if B. if C.

Price £C(A) £C(B) £C(C)

This book has the following gains table:

Gains table
Case Gain 1 Gain 2 Gain 3 Net Gain

A £(1−C(A)) -£C(B) -£C(C) < 0
B -£C(A) £(1−C(B)) -£C(C) < 0
C -£C(A) -£C(B) £(1−C(C)) < 0

In all cases there is a net loss, hence the book is dutch. Together
with rather obvious conventions this forms a prudential justification for
reasonable credences being probabilities.
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F.2 Synchronic Dutch Book for the Relation Between
Conditional and Marginal Probability
For an agent whose credence is modeled by C, a Dutch book will be
acceptable unless C(A|D) = C(A,D)

C(D) , when C(D)> 0.

Proof by demonstration:

Dutch book for the the definition of conditional probability
Ticket number 1 2 3

Payout Worth £1 or £0 or £C(A|D) Worth £C(A|D) Worth £1
instructions accordingly as if ¬D. if A,D.

A,D or ¬A,D or ¬D.
Price £C(A|D) £C(A|D)C(¬D) £C(A,D)

We note the worths of the tickets under different scenarios and the
difference between the worth of the first ticket and the sum of the worths of
the other two tickets under all those scenarios.

Worths table
Case Worth 1 Worth 2 Worth 3 Worth 1-(2+3)
A,D £1 £0 £1 £0
¬A,D £0 £0 £0 £0
A,¬D £C(A|D) £C(A|D) £0 £0
¬A,¬D £C(A|D) £C(A|D) £0 £0

In all cases the worth of ticket 1 is equal to the sum of the worths
of the other two tickets. Therefore, the price of the first ticket should equal
the sum of the prices of the other two tickets:

C(A|D) =C(A|D)C(¬D)+C(A,D).

Solving for C(A|D) gives:

C(A|D) =
C(A,D)

C(D)
.

The above presentation follows Jeffrey’s[33, p223], who attributes this
version to Skryms ((1980), Higher-order degrees of belief in Mellor’s (ed)
Prospects for pragmatism). The original synchronic dutch book argument
for conditional probability’s definition was given by de Finetti ((1937), La
prévision: ses lois logiques, ses sources subjectives, Annalesde l’institut
Henri Poincaré).
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F.3 Lewis’ Diachronic Dutch Book for
Conditionalisation
For an agent whose credence in A is modeled by C(A) before D becomes
evident, and C′(A) after D becomes evident, a Dutch book will be acceptable
unless C′(A) =C(A|D), when C(D)> 0.

Proof by demonstration:
Assume C′(A) > C(A|D) such that C′(A)−C(A|D) = a > 0, then the

following is a dutch book strategy.

Diachronic Dutch book program for the principle of conditionalisation
Ticket number 1 2 3

Payout Worth £1 or £0 or £C(A|D) Worth £C′(A) Worth £1
instructions accordingly as if D. if A.

A,D or ¬A,D or ¬D,
Price £C(A|D) £aC(D) £C′(A)

Purchase SELL NOW BUY NOW BUY IF
agreement AND WHEN

D BECOMES
EVIDENT

The above book strategy has the following gains table (Note:
C′(A) =C(A|D)+a)

Gains table
Case Gain 1 Gain 2 Gain 3 Net Gain
A,D £(C(A|D)−1) £a(1−C(D)) £(1− (C(A|D)+a)) -£aC(D)

¬A,D £C(A|D) £a(1−C(D)) -£(C(A|D)+a) -£aC(D)

A,¬D £0 -£aC(D) £0 -£aC(D)

¬A,¬D £0 -£aC(D) £0 -£aC(D)

The book strategy is dutch. To construct a dutch book strategy for
when a < 0 just reverse the purchase agreements so that one agrees to buy
1 and sell 2 before D becomes evident and sell 3 if and when D becomes
evident.

The presentation here follows Jeffery’s[33, p225] which he attributes to
Teller’s ((1976) Conditionalisation, observation and change of preference,
in Harper and Hooker (eds), Foundations of Probability Theory, Statistical
Inference, and Statisitical Theories of Science.) rendition of Lewis’ original
diachronic dutch book argument.
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F.4 van Fraassen’s Diachronic Dutch Book for
Reflection
For an agent whose credence in A at t is modeled by Ct(A), and whose
credence in A at t ′(> t) is modeled by Ct ′(A), a Dutch book strategy will be
acceptable to that agent unless Ct(A|Ct ′(A) = x̆) = x̆, when Ct(Ct ′(A) = x̆)> 0.

Proof by demonstration:

Take Lewis’ dutch book argument for the principle of condition-
alisation (see Appendix F.3) with the following substitutions. Let
D stand for Ct ′(A) = x̆, and set a = x̆−Ct(A|Ct ′(A) = x̆) > 0. This generates
the following Dutch strategy:

Dutch Book for the reflection principle
Ticket number 1 2 3

Payout Worth £1 or £0 or £Ct(A|D) Worth £a Worth £1
instructions accrodingly as if D. if A.

A,D or ¬A,D or ¬D,
Price £Ct(A|D) £aCt(D) £x̆

Purchase SELL NOW BUY NOW BUY IF
agreement AND WHEN

D BECOMES
EVIDENT

This book program has precisely the gains table of Lewis’ original di-
achronic dutch book (Note: x̆ =Ct(A|Ct ′(A) = x̆)+a =Ct(A|D)+a). Hence,
if D is not the case, that is if D does not express the credence of the expert,
then we loose £aCt(D), as tickets 1 and 3 are void and we loose on 2. But if
D is the case, then we also loose by £aCt(D) one way or another (see gains
table in Appendix F.3); hence, the strategy is dutch. The proof is completed
by producing a dutch book strategy where a = x̆−Ct(A|Ct ′(A) = x̆) < 0. To
do this simply reverse the buying and selling instructions.
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G. Branching Attempts to Answer the
Bivalence Problem

Herein I have tended to present the Branching World accounts of indetermi-
nacy as if the only variation in that family is between those who prefer branch-
ing within a world, and those who prefer the branching of worlds. The reason
I have done so is because my main concern is to present a positive case for
diverging worlds, rather than to attack the countervailing view. It would, how-
ever, be neglegent not to at least hear how the Branching world proponents
try to answer their problem with bivalence. This problem stems from the ex-
istence of multiple, incompatible, futures that are all mine.

One route of escape is to deny that any of the possible futures are mine.
What populates the branches is not my future self, but rather near duplicates
of my present self, commonly referred to as my successors. As I am expressly
not identical with any of my successors, so none of the futures are mine and
hence co-existing actualities fail to arise. We can then make sense of the prob-
abilities assigned to such branches (the objective chances) as the degree of
ignorance each successor has in the outcome of the chance event immediately
after that event has occurred—there then being a fact of the matter of which to
be properly ignorant. My big problem with this position (I do have other prob-
lems with it also) is that it is only serviceable given very implausible views on
the identity of individuals. Personally, it take it to be a reductio of any meta-
physical position if it has the consequence that I do not survive such common
place happenings as, e.g. atomic decay events.

Another position that avoids all futures being mine is that which takes me
to be identical with only one of my successors. This has the relative virtue
of branching no longer being terminal, but now the problem is to settle the
question of which successor I am to be identified with. To my mind the only
reasonable suggestion is the limit relative frequency approach. E.g. if the ob-
jective chance of my head being blown off on each iteration of the game of
Russian roulette is 20%, then in the hypothetical limit that I play the game
an infinite number of times I will be identical with my surviving successor on
average 4 times out of every 5. My problem with this approach is that one is
left wondering why the proponent didn’t just adopt a limit relative frequency
interpretation of the irreducible probabilities of our physics in the first place.
Why the detour into the obscure metaphysics of branching worlds and ob-
jective chances, when at the end of the day the irreducible probability of my
survival is the limit relative frequency of occasions where I am the survivor.
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Moreover, what of irrational chances and all the other problems that plague
relative frequency accounts of objective probability? See Cirkovic’s [10] for
an interesting study of how these options are each compatible with the Princi-
pal Principle.

On the topic of interpreting objective probability in branching worlds I
should perhaps mention that on the many actual futures variant of branching
worlds there are very difficult problems with respect to justifying the Principal
Principle. If both the sea-battle-tomorrow, and the no-sea-battle-tomorrow, fu-
tures are mine, then should I not be certain that I shall both face and not face
such a battle tomorrow irrespective of probabilities assigned to these futures?
To my mind no good answer has been given to that question in the literature.
The nearest any have come are those who propound that objective chances
are measures of the relative degree of existence/intensity of the various future
branches. Why credence should track degree of existence/intensity, and how
to make any sense of such degrees, are mysteries that I fear have no answer.
To claim that they just primitively do so—a la Papineau [61], etc—is to fail
to answer Lewis’ injunction (see section 5.5.2).

Saunders et al[70] originally offer a different approach based on how Lewis
[38] treated of branching individuals within a world. The key is to hold that
prior to an iteration of the Russian Roulette game there is not one ‘I’ but at
least two, one who will survive and one who will not. The objective chance for
survival is then a measure of my uncertainty about which of these overlapping
individuals I am. My main problem with this is that here we have partially
indistinguishable individuals that are not being held to be identical over the
period where they are indistinguishable. If one is prepared to do this for in-
dividuals such as myself, then why not for big individuals such as worlds?
Basically, given Saunders’ et al approach one may as well become a diverger,
for they have conceded the basis for this position in any case. Moreover, there
is the thorny question of how to tie diverging individuals to their respective
branches. Without such a tie it will be possible for a world to branch so that
some of its branches fail to be occupied by any of the diverging individuals,
which is plainly absurd. Yet why it is that the diverging individuals must di-
verge so as to full up all of the available modal space is deeply mysterious1.
Finally, why do we diverge when others, such as cats and tables, do not? For
these reasons, I find diverging worlds more satisfying than the notion of di-
verging individuals in a world, or worlds, that branch. From what I understand
Saunders has since moved toward the same conclusion.

1Some—e.g. A. Wilson at the BIRTHA workshop in Bristol on branching and indeterminacy—
have complained that the notion of personal identity needed here is objectionable to common
sense. I do not agree, as diverging individuals in a branching spacetime can be characterised
as spatio-temporal worms diverging from each other to occpy the various branches. Lewis and
others have argued for our being identical to such worms on other grounds and I find these
arguments cogent for the most part.
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