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In the mid-1980s, David Lewis, the grea champion of Humean supervenience (henceforth
HS), feaed that his beloved thesis might fall at the hands of chance This was becaise of very
strange phenomenathat have amme to be known as undermining futures (Lewis (1986, xiv-xv)).
The eistence of undermining futures appeasto be implied by any acount of chancethat is
consistent with HS. Lewis sfea wasthat the existence of undermining futures, together with the
Principal Principle -- athesis he took to be unassailable -- entailed a contradiction. This problem
was 9 troubling to Lewis that he dubbed it “the big bad bug” (Lewis(1986, xiv)).

There ae two strategies that may be eanployed in attempting to save HS from the bug.
The first strategy involves accepting the agument that derives a wntradiction from HS together
with the Principal Principle, and rejeding the latter. Since, as Lewis argues, the Principal
Principle seans to be intimately tied upwith our ordinary understanding of chance, such strategies
arguably must be somewhat conceptually revisionary. JohnHalpin (1994, Ned Hall (1994,
Michad Thau (1994, and Lewis (1994 himself have advocaed versions of this grategy. The
other strategy isto try to block the agument used to derive the contradiction. Peter Vranas
(1998 has used aversion of this grategy. Vranas's objedion to the derivation depends crucially
on the daim that HSis put forward by Lewis as a @mntingent truth rather than a necessary one.
Vranas' s argument succesgully rescues HS understood in this way, but it leaves the stronger
claim that HS is necessarily true in the dutches of the bug. This gronger version of HS, though,
is of interest as well, and many of us adually find it more plausible than Lewis' s own view: The
considerations that motivate HS in the first placeseem to many of us to motivate the daim that
HSisnecessrily true. Inthispaper | will argue that the derivation of the cntradiction can be
blocked without apped to the contingent status of HS. This grategy will require aslight
modification to Lewis' s formulation of the Principal Principle, but this modificaion will not
involve ay revisionism about our concept of chance. Indeed, | will argue that this modification is
motivated by the very reasons Lewis himself gives for accepting the Principal Principle in the first
place The upshot isthat even those who view HS as necessrily true, and who do not want to
engage in revisionism about the notion of chance, have nothing to fea from the bug.

1. Chanceand Humean Supervenience

Chance is understood here a a probabili ty distribution defined over a set of possble
events or a set of propositions. The chance distribution can vary from possble world to possble
world, and from time to time within a single possble world. Chanceis here taken to be objedive.
What is meant by the objedivity of chanceisaquestion that | can't trea here. But to afirst
approximation, the ideais that the dhance distribution at a particular world at a particular timeis
determined by feaures of that world that are objedive in the sense that they do not depend on the



knowledge, beliefs, interests, or preferences of epistemic subjeds.

But to say only that isto leave it wide open just what chanceis. There ae uncountably
many different probabili ty distributions that might be defined as functions of the objedive fedures
of apossble world at a given time. Only one of these is supposed to be singled out by the label
“chance” How isthis privileged probability distribution singled out? Lewis has famously
proposed a necessary condition on any distribution that deserves the name “chance”. The chance
distribution is one that is related to credencein away spedfied by the Principal Principle:

(PP Let P bethe dancedistribution for agiven world at a given time. Then at that world at
that time, for any reasonable initial credence function C, for any admissble evidence E
which spedfies the dhanceof A:
C(A/E) = P(A)

A “reasonable initial credence function” is a probabili ty distribution that represents the degrees of
belief of anidedly rational epistemic subjed, whose beliefs would remain reasonable dter
conditionalizing on new evidence &it camein. Evidenceis“admissble” only if it does not
contain any “intelli gence from the future” concerning how chancy future eventswill turn out. So
the basic ideaunderlying the PPis smply that the chance distribution is one with the following
property: when a amgnizer like one of us gets admissble information about this distribution, she
ought to set her degrees of belief acrdingly. If | know that the dance of my winning the lottery
is1 over 10 hilli on, and | have no crystal ball which allows me reliably to predict the future, then |
ought, rationally, to set my degreeof belief that | will winat 1 over 10 billion. To set it any
higher or lower would be irrational on my part. According to Lewis, PPis areasonable principle
becaise it “seams... to cgoture dl we know about chance” (Lewis (1986, 86)). I'll return to the
issue of why we should accept PPlater in this paper.

(Sincethe supposed problem of undermining futures presupposes the PP, which is phrased
in terms of reasonable aedence functions, the whole discusson is stuated within a broadly
Bayesian framework. | will continue working within this framework in this paper. It may well be
that Bayesianism is wrong-headed; if so, then much of what follows will be wrong-headed as well,
but then so will be the very statement of the problem that I’m trying to solve. If the statement of
the problem is adually based on a wnfusion, then my battle here is already won.)

Humean supervenience dout chanceisthe thesis that the fads about chance ae dl fixed
by a cetain range of the world’'sfeaures. Call thisrange “the Humean base.” More predsely,
the thesis might be formulated as follows:

No two possble worlds agreewith resped to their Humean bases but differ with resped

to chance
Thisis the way some philosophers define “Humean supervenience”? If that thesisis true, then it
isnecessarily true. But Lewis maintains that Humean supervenienceis only a contingent truth,
true of our world and of all possble worldsin the “inner sphere” of worlds most similar to ours,
but not of all possble worlds whatsoever (Lewis (1986, x)). So Lewis sversion of the thesisis
not the one aove, but rather this one:

No two possble worlds within the “inner sphere” agreewith resped to their Humean

bases but differ with resped to chance



If my argument in this paper is corred, then nothing important to the supposed problem of
undermining futures depends on the doice between these two definitions of Humean
supervenience?

The “Humean base” referred to is usualy defined as the arangement of loca qualitiesin
spacdime. These “locd qualities’ are supposed to be particular, occurrent feaures of the world.
Such things as massdensity, charge density, the presence of hard atoms, the presence of nothing
but vaauum, etc. count as loca qudlities; what is forbidden is uch things as global fegures of the
world, dispositions, modal properties, or irreducibly probabili stic properties.

One analysis of objedive chancethat is consistent with Humean supervenienceis the naive
frequentist view, acwrding to which the dnancethat any given event of type T having an outcome
Oisjust the long-run relative frequency with which events of type T have outcome O. A more
sophisticated view of chance onsistent with Humean supervenienceis implied by Lewis's best-
system analysis, the detail s of which | won't go into here (Lewis (1994 480-2)). On this acount,
while the dhances nead not equal the acual long-run frequencies, they cannot vary in away
completely independent of the frequencies. Roughly spe&king: frequencies will guide dances, in
such away that other things being equal, a significant differencein frequencies will make for a
differencein chances. It isplausible that this kind of connedion between frequencies and chances
will be implied by any reasonable view of chance onsistent with Humean supervenience. For big
differences in frequencies are big dfferencesin the Humean base, and dfferencesin the Humean
base can make for differences in chances, acording to Humean supervenience

2. Undermining Futures:

The phenomenon of undermining futures arises in the following way. The dance
distribution at a given world at a given time supervenes not just on its past and present, but on its
entire history -- more spedficdly, on the entire history of its Humean base.* It followsthat at a
typicd time, there ae multiple possble futures, and some of these possble futures would result in
different present chance distributions than the one that acually obtains. An undermining futureis
apossble future that (i) would result in a different present chance distribution than the one that
acdually obtains, and (ii) currently has a non-zero chance of transpiring.

For example: consider a possble world w, and atypicd moment t in the history of w.
Suppose that there is akind of event that occurs agrea many timesinw -- cdl it a*“coin toss”
Coin tosses have two possble outcomes, “heads’ and “tails,” and suppose that in w, the dance
that any particular coin-tosswill give the result “heads’ is%2. Further suppose that in w there will
only ever be finitely many coin-tosses. But the number of coin tosses there will be is astronomicd
-- say, on the order of Avogadro’s number. Finaly, suppose that at moment t, only atiny fradion
of all the win tossesthere will ever be have taken placeso far.

In world w at moment t, there is atiny but non-zero chancethat every future win tosswill
turn up “heads.” Consider a posshble world whose Humean base perfedly matches that of w up
to moment t, but in which this surprising long run of heals comesto pass It seamsthat on any
decent acount of chancethat is consistent with Humean supervenience, the dhancein such a
world of getting “heads’ on any given coin tossis not %2, but is rather somewhat closer to 1. This
is because of the dorementioned way in which chances must tend to follow frequencies if
Humean supervenienceis corred. So such along run of heads constitutes an undermining future



for world w at moment t. Inw at t, the following is true: Such an astounding future run of heads
has a non-zero chance of coming about, but if it were to come @out, then the present chance of
getting heads on any given tosswould be different from what it acdually, currently, is. Sucha
future would undermine the present, adual chance distribution.

The phenomenon of undermining futures is palpably weird. 1ts weirdnesscan be brought
out in thisway: thereis currently a non-zero chancethat something will happen such that, if it
were to happen, then the present chances would have different values from the ones they in fad
have. AsLewiswrites: “It’snot that if thisfuture cane aout, the truth about the present would
change retrospedively. Rather, it would never have been what it actually is, and would always
have been something dfferent” (Lewis (1994 482-3)). So thereis currently a non-zero chance
that the present chances have values other than the ones they in fad do have. That smells pretty
pealliar. And its pealiarity seamsto refled badly on Humean supervenience dout chance

Lewis himself isn’'t bothered by views with merely peauliar consequences, as his readers
are well aware. Heis bothered by contradictions, though. And when you pu the existence of
undermining futures together with PP, a contradiction can be derived. Here' sthe derivation: Let
E be a1 admissble evidence statement that spedfies the present chance of the truth of a
proposition F concerning the future; i.e., E entailsthat the dhance of F has sme particular value,
X. Let F be an undermining future, so that x isnot zero, but in any possble world in which Fis
true, the present chance of F is omething other than x. Since E entails that the danceof FisX,
and F entail s that the dnance of Fisnot x, E and F are inconsistent. So for any reasonable initial
credencefunction C, C(F/E) is zero. But by PP, C(F/E) = x, which isnot equal to zero. That’'sa
contradiction.

The gparent upshot isthat the existence of chance, Humean supervenience dout chance,
and PPform an inconsistent triad. Thisiswhat has invited the various rescue maneuvers
mentioned ealier. | will argue here hat no such rescue maneuver is needed. We nedl, instead, to
reagnizethat the derivation of the antradiction just reheased depends on an inappropriate use
of the Principal Principle. The inappropriatenessof this use is reveded by a proper understanding
of the motivation of this principle.

3. Dissolving the Problem:

Let’sreturn to the question of why PPseaned like agood ideain the first place Rational
credences and chances are two totally different kinds of probabili ty; why should we exped there
to be awy link between them at all? The answer to this question, | think, isthe following: even if
meaning isn't the same thing as use, our use of chancethe notion of chance must place onstraints
on what can qualify as the referent of our word “chance” Further, it seamsthat the primary
function of the notion of chancein our epistemic pradiceisthis: we let our best estimations of the
chances of chancy events guide our degrees of belief about those events. PPisjust an attempt to
expressthe way in which we do this.

But it is not an attempt to describe merely our adtual applications of the notion of chance
Rather, this attempt involves a cetain degreeof idedizaion: chanceis related by PPto
reasonabl e credence functions, which surely introduce a onsiderable anount of idedizaion into
the study of our adual epistemic pradices. It seems perfedly legitimate to introduce some kind
of idedization here. What we refer to by “chance” has to be @nstrained by our use of the notion



of chance. However, aliberal understanding of our use of the notion of chance can allow that this
use includes not just how we acually set our degrees of belief in the light of our best estimates
about chances, but aso how we take it that we ought, rationaly, to set our degrees of belief in the
light of these estimates.

The motivation for PP, then, seems to be the plausible ideathat we ought to let our best
estimate of the dhance of a future event guide our degreeof belief that that event will occur. But
as Lewis himsalf notes, the formulation of PP given above, which is used in the derivation of the
contradiction, expresses only one very spedal case of the way this guiding takes place® For it
applies only to evidence which specifies the dhance of some event or proposition. Unfortunately,
we generally have to make do with evidencethat is lessinformative, evidence which provides
some information about the dhance of some future event, but that does not entail that this chance
has any one particular value.

For example, suppose that | have good evidencethat tells me that a cetain coin is either
fair, or elseisrigged so that it will always turn up heads. Further, suppose that my evidence
makes both of these possbilities ssem equally likely. To what degreeshould | believe that the
next tossof this coin will turn up heads? Inthe drcumstances described, | ought to believe to
degreez that the winisfair, in which case it has a%2 chance of turning upheads; | ought to
believe to degree¥% that the min isrigged, in which caseit has a dnance of 1 of turning upheads.
So my degreeof belief that the cin will turn up heads sould be:

YaxVa+Y2x1=3/4.

The general principle & work here is the following: to figure out the degreeto which | ought to
believe that a cetain chancy future outcome will occur, | should take aweighted average of all
the epistemicaly possble values of the dance of that outcome, where the weight for a particular
valueisjust my rational degreeof belief that the chance has that value. Reaognizing all this,
Lewiswrites that the most general form of the Principal Principle is the following:

(GPP C(A/E) =Y ,C(X,/E)X

where X, isthe proposition that the dnanceof A isx (Lewis (1986, 87)).

So the equation I’ ve labeled “PP’ isredly just avery spedal limiting case of the true
principle relating chance and credencethat, as Lewis writes, “seams .. to cgpture d we know
about chance” (Lewis (1986, 86)). The true principle, which applies most generally, iswhat I've
labeled “GPP.” Furthermore, PPis a spedal case of GPPthat applies only to cases that are
impossble in principle. Recdl that PPappliesto the evidence E only if E specifies the objedive
chance of the proposition A. That meansthat E does ssmething that red evidence never does:
namely, entail that the dhanceof A has sme particular value. In casesin which we reason about
chances, we typicdly posessevidencethat gives sme degreeof confirmation to clams about the
chances of various kinds of events occurring under various circumstances, and this kind of
evidence can indedl rationally constrain our credences concerning future events. But red
evidence never constrains these aedences by specifying the objedive thances of such events.
Indedd, if Humean supervenienceis corred, there muld be such evidenceonly if there were no
problem of induction. Thisis becaise, on a Humean supervenientist acount of chance, the
chances supervene on the antire history of the world, including the future. Thus, in order to fall



within the domain of PP, a pieceof evidence E would have to entail (and not merely probabili fy)
contingent information about the distant future, something that no evidencein principle available
to credures like us could ever do.

The reason why we ought to believe GPPis this: if rational epistemic pradices are to be
modeled using probabili ty distributions, then GPP expresses the way in which we ought to make
use of our evidence dout chanceto guide our beliefs about the future. This same reason also
motivate the aldition of a dause to GPP. GPPappliesto evidence E only if E is an evidence
proposition that empiricd cognizers like ourselves could, in principle, encounter as evidence
Thisis because GPPis supposed to be anormative principle regulating the rational maintenance
of expedations for the future by subjeds like us, whose epistemic accasto the world is empiricd.
Such a normative principle should only be expeded to apply to situations that such subjeds could,
in principle, face It shouldn't be expeded to give any answer at all to the question of what such
subjeds sould do in situations that they could not possbly find themselves in.

But if werestrict GPPso that it applies only to cases where the evidenceE is evidence
that is possble for finite enpiricd cognizersto adbtain, then the reductio concerning undermining
futuresis blocked. Thisreductio works by deriving both that C(F/E) = 0 and that C(F/E) > 0.
But with the restriction just proposed, there is no way to derive that C(F/E) = 0. For that
equation was derived by appeding to the inconsistency of the evidence E with the proposition F.
Without this logicd inconsistency, the agument doesn’t go through. F is a proposition about the
future that is supposed to be logicdly consistent with the ad¢ual occurrent history of the world up
to the present. Trivially, no empiricd evidence derived from past and present observations could
be logicadly inconsistent with any proposition about the future that islogicdly consistent with the
occurrent history up through the present. So, if E is a pieceof evidencethat empiricd cognizers
like ourselves could encounter, or even one that idedly rational empirica cognizers could
encounter, then it could not be inconsistent with the proposition F.

The problem here is not simply that the reductio makes a smplifying assumption that is
dispensable in a more rigorous analysis: without the requirement of inconsistency between the
evidence E and the possble future F, the cntradiction cannot be derived; it isn't enough for E
smply to make F extremely unlikely. Perhaps there is sme other way of deriving a cntradiction
from the existence of undermining futures together with GPPsubjed to the restriction I’ ve
recommended, but there does not appea to be one that worksin besicdly the same way as
Lewis'sargument. Some totally new argument would be required.

4. 1sThere Another problem with GPP-cum-HS?

How might such anew argument go? Inthis sdion | will explore one way of trying to
generate aproblem for GPPand HS analogous to Lewis's reductio, and argue that it won't work.
The GPPsaysthat, for any possble enpiricd evidence E, and any reasonable initial

credence function C, the following relation holds:

(GPP C(A/E) =Y ,C(X,/E)X

By probability theory, C must satisfy:



(1) CA/E)=) C(XJE)C(AIX,)
Hence C will satisfy GPPIff:
(2 Y .LXJEx=Y ,CXJE)CAIX).

Suppose that A is an undermining future for a chance distribution that assgns A the non-zero
chance z Then, C(A/X,) =0, but z isnonzero. So the term in the summation on the right-hand
side of (2) corresponding to the value x = zis lower than the @rresponding term on the left-hand
side. In order for the equality to hold, then, there must be a least some values of x for which the
term on the right-hand side is greder than the corresponding term on the left-hand side, that is:

C(AIX,) > X

So GPP, together with the existence of undermining futures, entails that for some propositions A,
and for some values of x, C(A/X,) > X, and for other values of x, C(A/X,) < X. Perhapsthis
consequence can be exploited to derive a ontradiction, or perhapsthisfad alone, while not
contradictory, isimplausible enough that the essumptionsthat lead to it must be rejeded.

But it’s far from clea that thisis 9, and in fad thereisreason to think that this
consequenceis plausibly true, given HS about chance Consider first that the inequalities just
derived can only be derived when A is a proposition that could be an undermining future for some
present chancedistribution. In order for that to be the cae, A must be extremely informative.
For it must entail that the fadsin the Humean base ae inconsistent with a cetain present chance
distribution. (Recdl the paradigm case of an undermining future discussed ealier: the proposition
that the astronomicaly many coin-tosses yet to come will all turn up heals.) Since acording to
HS, chance supervenes on the entire Humean base, any proposition that entailed such athing
would have to cary atremendous amount of information about the fads in the Humean bese.
This information would have to be sufficient to rule out many chance distributions that would
assgn alow chanceto A itself.

Now, consider arational agent, whose epistemic pradices are to be modeled by a
reasonable aedence function. The conditional probabili ties of such a function, C(B/D), can be
thought of as modeling how much confidence the agent would be willi ng to grant B, ina
hypotheticd case in which she accetsD. If the agent were to accept, hypotheticdly, the
proposition X,, where x isarather high value, thiswould gve her grounds for high confidencein
the truth of A deriving from two different sources. Thefirst is sSmply that X, assgns arather high
chanceto A. Admittedly, it is hard to seewhy this ground gives her reason to assgn confidence
to A to adegree ay higher than xitself. But thereisaseond ground for confidencein A: X,
dedaresthat the present chance of A israther high -- spedficdly, x -- and A is assumed to be
informative enough to rule out, definitively, many present chance distributions that would assgn
lower valuesto the chanceof A. From the agent’s point of view, then X, and A are positively
correlated. Thisisan additional ground for confidencein A. Together with the first ground, it
provides the agent with areason to be confident to a degreegreaer than xitself that A istrue,
given the hypothesis that X,. This makesit plausible that for areasonable aedencefunction C, a



proposition A that isinformative enough to be an underminer, and arelatively high value of x, it
can bethe caethat C(A/X,) > X. So thefad that some of the terms on the right-hand side of (2)
are zeo while the mrresponding terms on the right-hand side ae not does not show that the
equality asserted by (2) cannot hold. For these zeo terms are those @rresponding to values of x
that are very low, and the deficit they introduce ca be made up for by some terms of the left-
hand side @rresponding to higher values of x.

On the other hand, consider the cae in which A is not informative enough to be an
underminer. In this case, there doesn’t appea to be any reason why C(A/X,) could not be equal
to x. Indedd, if it istrue that:

(@) For any reasonable initial credence function C, and any proposition A that is not
informative enough to be an underminer, that C(A/X,) = X,

then (2) will automaticdly be satisfied. It istempting to say that (4) states anecessary
requirement on initial credencefunctions. Doing so would vindicate Lewis s original PPfor
propositions that are not informative enough to be undermining futures, and surely this includes
the propositions whose aedences we have to evaluate in the curse of everyday life and the
pradiceof science So this requirement would be consistent with GPP, restricted to posshble
empiricd evidence It would also explain why rational credence functions stisfy the requirement
(2), which is entailed by GPP. Furthermore, it would cgpture our intuitions that in “normal” cases
the original PPisjust fine -- and it would cgpture these intuitions in the most straightforward way
possble, by implying that PPis exactly true in such cases.

5. The Comparative Virtues of This Solution:

Lewis's own way of beaing the bug involves rgeding the PPin favor of a different
principle cdled NP. For Lewisthisinvolves aprice since PPis, for Lewis, “the key to our
concept of chance” (Lewis (1994 489). Giving upsuch a fundamental principle feds like giving
up the notion of chanceitself! But the priceis not too high to bea, in Lewis' s estimation,
becaise in “normal” cases, PPis approximately true. NP appeasto diverge from PPonly in very
unusual cases, such as cases of undermining futures, which are not the cases our intuitions about
chance ae honed on, or the standard cases of usage to which any decent semantics for our term
“chance” must be faithful. “[N]ea enough is good enough,” writes Lewis (1994 489). But
surely even neaer is even better.

I’ve agued that the original motivation for the PP motivates only the more general GPP
with the qualification that it is only to be goplied to evidence statements that could redly be
empiricd evidence That principle, | submit, isthe red key to our concept of chance |’ ve shown
that that principle, together with HS, are not threaened by the existence of undermining futures,
and so we can uphold HS and simultaneously maintain that the key principle @mncerning our
concept of chanceis exactly true. Furthermore, asthe last sedion showed, this view is consistent
with the daim that Lewis s original PPitself is exactly true for all cases except those involving
propositions informative enough to undermine dhancedistributions. Even if the price Lewis pays
IS not excessve, we can get a better bargain; so we should. The availability of a better bargain



has arealy been demonstrated by Vranas (1988, but his bargain is avail able only to those who
defend HS as a contingent truth. What 1’ ve shown here is that defenders of HS as a necessry
truth reedn’t be denied the same benefit.



Notes:

1.1 would like to thank Joe Camp, John Earman, and Brie Gertler for helpful comments on ealier
versions of this paper.

2.E.g., Carroll (1994. Earman’s (1984 “Empiricist loyalty test” thesisis esentialy Humean
supervenience @nstrued in the way just presented in the text.

3.Vranas's (1998 proposed solution to the undermining problem depends crucialy on Humean
supervenience being construed in Lewis sway. Thisiswhat | find troubling about his lution: It
seamsto me that Humean supervenience onstrued as a necessary truth is an interesting thesis
that should be kept alive option if possble.

4.Lewis explains why this must be so in his (1994 483-4).

5.Lewis (198@, 87).
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