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ABSTRACT

Recently Carolyn Brighouse and Jeremy Butterfield have argued that David
Lewis's counterpart theory makes it possible both to believe in the reality of
spacetime points and to consider general relativity to be a deterministic theory,
thus avoiding the 'hole argument' of John Earman and John Norton. Butterfield's
argument relies on Lewis's own counterpart-theoretic analysis of determinism. In
this paper, I argue that this analysis is inadequate. This leaves a gap in the
Butterfield-Brighouse defence against the hole argument.
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1 Introduction
I believe that determinism is an irreducibly modal notion: our world is
deterministic if there is only one physically possible future compatible with
our past; a physical theory is deterministic under some interpretation if the
worlds which it correctly describes under that interpretation are determin-
istic.1 How can we make this precise?

David Lewis's counterpart theory (Lewis [1986] and elsewhere) seems
like a promising framework in which to carry out an analysis of determin-
ism. The idea will be roughly as follows. Our analysandum will be
'deterministic world'. Our intuitive idea is that the possible world W is
deterministic iff there is only one physically possible future for any initial
segment of S of W. A very rough first try at translating this into the
language of counterpart theory yields definition 0: a world W is determin-
istic if, whenever S is an initial segment of W and W' is a world which is

1 This claim is not altogether uncontroversial. During the era of logical empiricism it became
standard to view determinism as a formal property of uninterpreted theories. I argue in my
[1995] that this older view is incorrect: you cannot decide whether or not a theory is
deterministic without knowing something about its interpretation.



186 Gordon Belot

physically possible with respect to W with an initial segment S' which is a
counterpart of S, then W' is a counterpart of W.2

This is not a very good explication of our common-sense notion of
determinism. One of the virtues of Lewis's counterpart theory is that it
makes the truth values of counterfactual statements depend radically on
their context: in different contexts, different counterpart relations are
appropriate for evaluating a given counterfactual statement. But our
judgments about whether or not a theory or a world are deterministic do
not exhibit this sort of radical context dependence. A theory is simply
deterministic or not. So, as it stands, the definition is hopeless: in one
context a given W' and S' may be counterparts of W and S respectively; in
another context, perhaps S' is a counterpart of S but W' is not a counter-
part of W. Then according to our definition, W will be deterministic with
respect to the first counterpart relation, and indeterministic with respect to
the second. So the definition is unacceptable because it makes determinism
into a context-dependent feature of worlds.

If we are going to have an acceptable counterpart-theoretic analysis of
determinism along the lines of definition 0, then we need some way of
giving a context independent specification of which counterpart relations
count when we are checking to see whether or not a world is deterministic.
Lewis offers such a specification (Lewis [1983], pp. 360-1). It depends on
accepting that there are certain distinguished properties and relations that
Lewis calls 'perfectly natural': and then declaring that it is exactly those
counterpart relations which preserve these perfectly natural properties and
relations that matter when we are checking to see if a world is deterministic
or not. Since the distinction between perfectly natural properties and
relations and others is not context-dependent, this gives us a context-
independent definition of determinism.

In general, Lewis's definition may be difficult to apply, since it requires
that we know which properties and relations are perfectly natural. There is,
however, one very impressive application of the definition: general rela-
tivity. John Earman and John Norton [1987] have an argument which they
call the 'hole argument' (because it is closely related to an argument of
Einstein's of the same name) whose conclusion is that if we believe in the
existence of physical spacetime points, then we must believe that any world
correctly described by general relativity is indeterministic, because any
initial segment of such a world will have many possible futures in which the
spacetime points of the world stand in different spatiotemporal relations to
each other. Carolyn Brighouse [1994] and Jeremy Butterfield [1989] claim

2 Here W' is physically possible with respect to W if they share the same laws of physics. Here
we can (but need not) use Lewis's analysis of laws of nature: the laws of a world W are the
theorems of an ideal scientific theory of W (Lewis [1983], pp. 365-8).
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that the hole argument is not valid if we adopt a counterpart theoretic
approach to modality. Butterfield justifies this claim by appealing to
Lewis's definition: according to Lewis, spatiotemporal relations are clear
examples of perfectly natural relations; hence only counterpart relations
which preserve spatiotemporal relations will count when we check to see
whether or not general relativity is deterministic; therefore the hole argu-
ment fails, since Earman's and Norton's claim that a given initial segment
has multiple possible futures depends on using counterpart relations which
do not preserve spatiotemporal relations.

In this paper, I will argue that Lewis's definition of determinism is
unacceptable: it counts as deterministic worlds which are indetermin-
istic. In Section 2 below, I will discuss some points of methodology; in
Section 3 I will present Lewis's definition. In Section 4 I will present three
counterexamples. The first shows that Lewis's definition is too lenient; the
second and the third that the obvious modifications of it are likewise
unacceptable. I conclude that the program of making definition 0 context-
independent by restricting attention to those counterpart relations which
preserve perfectly natural properties and relations is hopeless. This means
that a large gap opens up in Brighouse and Butterfield's response to the
hole argument: they owe us a defense of a counterpart-theoretic definition
of determinism which blocks the hole argument.

2 Method
A few notes about methodology before I begin.

(i) Here I am interested in the problem of giving a counterpart-theoretic
definition of determinism. I assume that we accept the rest of Lewis's
account as true and concentrate my criticism on his definition of
determinism. Perhaps his definition could be saved from my counter-
examples by tinkering with the rest of his theory? Perhaps, but I
doubt it. In any case, I will not discuss this question in this paper.

(ii) Some readers may be tempted to dismiss my counterexamples as
involving bizarre worlds very far removed from our own. For such
readers, I would like to point out two reasons for taking the examples
seriously. (1) The laws of nature of my worlds are not so very
different from our own. In fact, it is only their simplicity which
makes them seem bizarre. (2) I follow Lewis in thinking that an
analysis of a modal notion should hold at every possible world.
Lewis's book [1986] is full of bizarre examples which he expects us
to take seriously.

(iii) The examples work as follows. We have a proposed definition of
determinism on the table. Then I bring out the hammer: a possible
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world which is deterministic according to the proposed definition but
which I claim is indeterministic. In the first example, the hammer is
easy to wield: I have a world which is clearly indeterministic. But in
the second and third examples, I need a more delicate tool, since it
will not be obvious that the worlds involved are indeterministic. My
claim that they are will be based on my belief that the following is a
necessary condition for a world W to be deterministic: (*) for every
initial segment S of W, there is at least some context in which the
statement 'S has more than physically possible future' is false.
Otherwise, the statement is true in every context, and we seem to
have a clear violation of our intuition that a world is deterministic iff
every initial segment has only one physically possible future. In
examples 2 and 3 below I will argue that (*) is violated, and hence
that the definitions on the table are unacceptable,

(iv) These arguments will depend on using counterpart relations under
which things have counterparts other than themselves in their own
worlds. For this reason, some readers may think that my arguments
are essentially haecceitistic (i.e. that they appeal to some kind of
Kripkean primitive 'thisness'), and that haecceitism is incompatible
with the spirit of Lewis's approach to modality. My defence is that
Lewis himself introduces sameworldly counterparts ([1986], pp. 227-
35) as a way of doing justice to certain strong haecceitistic intuitions,
without admitting a notion of primitive thisness into his theory. My
arguments are no more (or less) haecceitistic than Lewis's.

3 Materials
In order to state Lewis's definition, I remind you of some relatively
specialized features of his account of modality.

Recall that for Lewis a property is just the set of all its instances, both
actual and possible; and that any set of possibilia is a property in this sense
([1983], p. 343). Properties of this sort are abundant. They carve nature at
the joints—but that is because they carve it everywhere, and in every way.
Almost all of them are inconceivable for finite beings, and of the few that
we could possibly grasp, only a minute proportion will ever play a role in
our discourse. Grue and suchlike are utterly tame in the hierarchy of
gerrymandered properties. Lewis claims that this is a useful explication
of one of our intuitive notions of what a property is. But he notes that there
are other intuitive notions which are just as important for philosophical
purposes. In particular, we also have a notion of properties as being sparse.
Lewis call such properties perfectly natural. The perfectly natural proper-
ties carve nature at the joints, and only at the joints. Perfectly natural
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properties give us a way of making sense of resemblance: two things which
resemble each other if they share some perfectly natural properties. The
abundant sort of property is no good for this sort of work (p. 346): 'Any
two things share infinitely many properties, and fail to share infinitely
many others. That is so whether the things are perfect duplicates or utterly
dissimilar. Thus properties do nothing to capture the notion of resem-
blance.' Lewis's [1983] is a catalogue of the work that can be done by
perfectly natural properties, but not by ordinary properties. Lewis takes
this as a good reason to admit a distinction (which need not be sharp)
between those properties which are perfectly natural, and those which are
just plain old properties.3 How can we know what the perfectly natural
properties are? 'Physics is relevant because it aspires to give an inventory of
natural properties—not a complete inventory, perhaps, but a complete
enough inventory to account for duplication among actual things. If
physics succeeds in this, then duplication within our world amounts to
sameness of physical description' (pp. 356-7). In our world there may be a
relatively short list of perfectly natural properties; the properties which we
use to classify elementary particles; in other worlds there may be very
different sorts of perfectly natural properties ([1986], p. 60).

All of this is also true for relations: for Lewis a dyadic relation is just an
arbitrary set of ordered pairs of possible things; this notion is of limited
utility, so we introduce alongside it the notion of a perfectly natural
relation. Paradigm examples of perfectly natural relations are the part-
whole relation and spatiotemporal relations.4 These relations are perfectly
natural for every possible world.5

Now we can define 'duplication' ([1986], p. 61): 'two things are dupli-
cates iff (1) they have exactly the same perfectly natural properties, and (2)
their parts can be put into correspondence in such a way that correspond-
ing parts have exactly the same perfectly natural properties, and stand in
the same perfectly natural relations.' So (setting aside other perfectly
natural relations, if there are any) if X is a duplicate of Y, and A is a
duplicate of B, then the object composed of X and A is a duplicate of the
object composed of Y an B iff the spatiotemporal relations between X an
A are the same as those between Y an B.

Let W be a possible world. We can identify the initial segment of W up to
time t with W, the set of all things which exist in W up until time t.6 Now let
3 The distinction could have several origins: a primitive notion of a natural property; a

primitive notion of resemblance; universals; tropes (see Lewis [1983], pp. 347-8; [1986], pp.
63-9).

4 Indeed, as Lewis notes ([1986], p. 67), these may be the only perfectly natural relations.
5 In fact, Lewis uses spatiotemporal relations to delimit possible worlds ([1986], §1.6).
6 When Lewis speaks of a world W, or of one of its initial segments, he means some kind of

mereological sum ([1986], p. 69 fn. 51) rather than a set. For my purposes, it is more
convenient to work with sets, but I don't think that anything depends on this.
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W't/ be an initial segment of some other possible world W' and let
f: Wt —> Wj- be a bijection. Then call f a duplication if f(x) is a duplicate
of x for all x in Wt and f preserves all perfectly natural relations between
components of compound objects.

The worlds that we will be interested in are ones in which very strong
physicalist theses hold. So we may take Wt to include only spacetime
points and temporal stages of particles—everything else will supervene
on these. So for our purposes, a bijection f: W, —» Wj- will be a duplication
iff it preserves spatiotemporal relations and perfectly natural properties of
spacetime points and temporal stages of particles.

Now we are ready for Lewis's definition: 'I shall say that two worlds
diverge iff they are not duplicates but they do have duplicate initial
temporal segments' ([1983], p. 359); and, finally, determinism: 'First a
system of laws of nature is Deterministic iff no two divergent worlds both
conform perfectly to the laws of that system. Second, a world is Deter-
ministic iff its laws comprise a Deterministic system' (p. 360).

So we have Definition 1: W is deterministic if, whenever W' is physically
possible with respect to W and t, t', and f: Wt —> W^ are such that f is a
duplication, there is some duplication g : W - » W ' .

4 Results

Example 1: Collapse of columns.7

Imagine placing an object on top of a perfectly cylindrical metal column. If
the object is not too heavy, the column will achieve an internal equilibrium.
But if the weight of the object exceeds a certain critical weight then the
column will collapse. The standard mathematical treatment of this phe-
nomenon (see Bleich [1982], pp. 4-8) tells us to expect the column to
collapse by buckling in a particular direction. This is true even if the
column is 'centrally loaded'—that is, even if we treat the object as a
point placed exactly on the axis of symmetry of the column. One may
well doubt that this is a good description of what would happen to a
centrally loaded column in our own world.8 But I think that everyone will
agree that there are possible worlds where perfectly symmetrical columns
do collapse by buckling, even when centrally loaded. And I think that
everyone will agree that such worlds should count as indeterministic,
since the direction in which a given column will buckle is necessarily
undetermined.
7 This example is taken from Wilson [1993], pp. 215-16, who uses it for a similar purpose.
8 Especially since, as an anonymous referee pointed out to me, the result is derived by

rigorously treating the case of a column which is subject to a lateral force (which naturally
buckles in a direction determined by the direction of the lateral force); and then letting the
magnitude of the disturbing force go to zero. But there is no guarantee that this limiting
process will give the same result as a rigorous treatment of the unperturbed system.
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But now consider a world W, in which centrally loaded columns collapse
by buckling, which contains nothing but: (i) a large, homogeneous,
perfectly spherical planet; (ii) a relatively small perfectly cylindrical
column resting on the planet so that its axis of symmetry is normal to
the planet at the point of contact; (iii) and a cone, which is moving through
space in such a way that at time t = 0 its apex will impact the column at the
exact center of its top surface, with sufficient force to cause the column to
buckle. We also assume that W has a Newtonian spacetime structure; that
the laws concerning motion are completely deterministic; and that the law
governing column collapse fully determines the shape that the column
assumes upon collapse.

It is easy to see that W counts as deterministic under definition 1. Let
t, W and t' be such that there is a duplication f: Wt -> W[,.9 Then f tells
us that there are identical complete physical descriptions of Wt and W't<.
So there must be identical complete physical descriptions of W and W :
because the laws have been chosen so that the only ambiguity in the
evolution of the worlds is in the direction of collapse; but because of the
symmetries of the worlds, it is always possible to give identical descrip-
tions for them. So there is a duplication g : W —> W', and W counts as
deterministic under definition 1. I take this as proof that there is some-
thing wrong with the Lewis's definition.

The problem is clear: we want to be able to say that W and W' may differ
in that the column may collapse in different directions in the two worlds; so
we need some way of referring to directions in W and W'. The duplication
f: Wt —> W't< gives us this. Say that the column in W collapses into an
elbow shape, and say that a is the particle on the outside of the elbow, if
t < 0 and a is the temporal stage of a at time t, then we can look at f(a) and
the particle a of which it is a stage in W , and see whether or not a' ends up
on the outside of the elbow in W'. The fact that there exist f for which a is
not on the outside of the elbow licenses us to say that the column could have
collapsed in another direction. Notice that given such an f, there is no
duplication g : W —> W' which extends f. I claim that it is this fact which is
characteristic of the type of indeterminism which we see in this example.

This leads us to Definition 2: W is deterministic if, whenever W' is
physically possible with respect to W, and t, t', and f: W( —* Wj/ are
such that f is a duplication, there is some duplication g: W —> W' whose
restriction to Wt is f.

Example 2: Particle decay without spacetime points.

9 If no such t, t', W and f exist, then the definition will be satisfied vacuously, and W will
count as deterministic. Here and elsewhere it is assumed that W is physically possible with
respect to W.
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My second example involves a very simple possible kind of particle decay.
There are some obvious ways in which particle decay can be an indeter-
ministic process: (i) the time of decay could be undetermined; (ii) the
products of decay could be undetermined; (iii) the directions that the
products move in could be undetermined. Here I am not interested in
any of these kinds of indeterminacy. To eliminate them, we postulate the
following situation. A law which decrees that when the universe comes into
existence, its only material contents will be particles of type a, which, after
exactly thirteen years, will each decay (this takes care of (i)). Every decay
will produce two particles of type f3 (this takes care of (ii)). The initial
velocities of the /? particles will be equal in magnitude and separated by 80°
in direction, and the center of mass of the two /? particles will have the same
velocity as the a particle which produced them; and our world W will
initially contain a single particle of type a, and no spacetime points—
spatiotemporal relations in W are properties of temporal stages of material
objects which are not parasitic on relations among a substratum of
spacetime points (these jointly take care of (iii)).

Let t, t', W' and f be such that f: Wt —> W',/ is a duplication. The case of
interest to us is when t < 13. Label the particles a{, (3\, /32 and a{', 0{', /32'
in the obvious way. There is an extension of f to duplication gj from W to
W' which carries /3, onto /?,-' (i = 1 > 2)- But there is also an extension of f to
a duplication g2 from W to W' which carries (3\ onto (32' and p2

 o n t o P\ '•
According to definition 2, W is a deterministic world: the fact that for

every such f there is a g which extends f is sufficient—the fact that for each
there are actually two such g's is irrelevant. But is this right?

If W is distinct from W, I don't think that we can make much of the
ambiguity. But if W' = W, and /?,• = /?,', then g2 seems to license us to say
that fix could have been /?2. If we were somehow observing W, we could say
that although as it turns out, f3\ is this particle, and /32 that one, it could
have been the other way round. I would say that W is indeterministic:
before the decay, there are two possibilities for its future.

Perhaps this seems far-fetched. Consider Lewis's of a sameworldly
counterpart relation in a slightly less extreme context ([1986], pp. 231-
2).10 'Here I am, there goes poor Fred; there but for the grace of God go I;
how lucky I am to be me, not him.' How can we make sense of this idea?
Lewis claims that we should view Fred as being a counterpart of Lewis:

10 I do not suggest that Lewis would endorse what I am about to say. On p. 232 of his [1986]
he emphasizes the distinction between a possibility and a possible world. He might well
take a line advocated by Jeremy Butterfield and Joseph Melia (in correspondence) and
argue that although we have two possibilities in my case, we have only one possible world,
and so no indeterminism. This amounts to insisting that a violation of (*) by a counter-
factual which is made true only by counterpart relations involving sameworldly counter-
parts does not count against the claim that a given world is deterministic.
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Fred . . . is a possible way for a person to be. And in a sense he is even a
possible way for me to be. He is my counterpart under an extraor-
dinarily generous counterpart relation, one which demands nothing
more of counterparts than that they be things of the same kind. Any
property that one of my counterparts does have is a property that I
might have; being Fred—being literally identical with him—is such a
property; and so there is a sense in which I might have been him.

It is a generous counterpart relation indeed that makes Lewis the counter-
part of an arbitary Fred, simply by virtue of their shared humanity. Such a
counterpart relation would be used only in fairly special conversational
contexts—usually, the assertion that Lewis might have been Fred would
be met with a blank stare. The assertion is true as true can be in certain
contexts, but in most it is not. In that sense it is a tenuous possibility, and
one that we should not be too concerned about.

Things are different in our world W. If you agree with Lewis's treatment
of the Fred example, you will agree that there are some contexts in which it
is true to say that (5X could have been /?2. But now ask yourself in which
contexts would this not be true? Counterpart relations follow qualitative
similarity, and our example has been arranged so that f}x and (32 share all
their qualitative properties. So there can be no context in which it is false
that (3\ could have been (32- This is as robust a truth as any that there are. So
W violates my condition (*) of Section 2, and so we must conclude that it is
an indeterministic world.

The natural way to deal with example 2 would be to adopt Definition 3: a
world W is deterministic if, whenever W' is physically possible with respect
to W, and t, t', W' and f: W, —* W't/ are such that f is a duplication, then
there is exactly one duplication g : W —> W' which extends f.

Example 3: Spherical particle decay with spacetime points.
In this example, W is a world with spacetime points and Newtonian
spacetime structure. It initially contains a single a particle. The laws of
nature decree that thirteen years later, at t = 0, the a particle decays into
continuum many (3 particles ; arranged so that at time t, the /? particles
form a spherical shell of radius t; with each (3 particle moving away from
the center of the sphere along its radius.

Of course, we are owed an explanation of why it is only some possibilities that matter when
it comes time to decide whether or not a world is deterministic. I expect that this would be a
difficult task, even for a hardcore modal realist like Lewis, who might be able to come up
with such an explanation by leaning heavily on (what is for him) the metaphysically real
distinction between possibilities and possible worlds. But for Brighouse and Butterfield,
who want to insist that their solutions to the hole argument do not depend on an espousal
of modal realism, the task will presumably be even more difficult—since to someone who
does not accept modal realism, both possibilities and possible worlds will be mere fictions
for doing modal semantics, so that the possibility/possible world distinction will not look
very important.
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W counts as deterministic under our latest definition. Let W', t, t', and
f: W, —• W't- be such that f is a duplication. It is easy to convince yourself
that every such f is extendable to a duplication g : W —> W'. To see that the
extension is unique, we may work with the special case W' = W and t' = t,
since there will be multiple extensions there iff there are multiple extensions
in other cases (just compose with g or g"1). Now, what does f do to the
material contents of spacetime? Let c be some temporal stage of a particle,
and let p be the spacetime point that it occupies in W. So the distance
between c and p is zero; distance is a spatiotemporal relation, and
duplications respect such relations; so the distance between f(c) and f(p)
is zero; so f(c) occupies f(p). In particular, if a is the temporal stage of the a
particle at time t and occupies spacetime point p; then f(a) must occupy f(p)
at time t; the only occupied point at time t is p; so f fixes a and p. Since f
preserves all spatiotemporal relations, it must restrict to a spacetime
symmetry on the set St of spacetime points of Wt. Since W has Newtonian
spacetime structure, this means that f will restrict to the same rotation
about the center of mass of the system on each hyperplane of simultaneity
on which it is defined.

But any duplication g which extends f must be a symmetry on S, the set
of spacetime points of W. But of course, there is only one such g. The
action of g on material particles is determined by the requirement that it
preserve the relation of occupation between temporal stages of particles
and spacetime points. So W is deterministic according to definition 3.

But isn't W indeterministic in the same way as the world of example 2?
Fix /?, and /?2, any two (3 particles. And let s be a symmetry of the spacetime
structure if W that carries the worldline of /?i onto the worldline of fi2-
Define g': W —> W as follows: g' restricted to S is the identity; for any
particle stage c, g(c) = s(c). g' is not a duplication because it separates
particle stages from the points they occupy. As in example 2, g' is a
counterpart relation that tells us that (3X could have been (32 etc. g and g'
license us to say that there are two possible futures for Wt: the one which
actually obtains, and the one in which all the worldlines of the /? particles
are shifted by a rotation, while the spacetime points are fixed. And as in
example 2, the two possibilities are qualitatively identical, so that there is
no context in which it is false to say that the second future is a genuine
possibility. So by principle (*), W is indeterministic, and definition 3 is
inadequate.

5 Conclusions

Definitions 1 -3 are the only ways that I can think of to restrict the scope of
definition 0 to duplications. I think that the preceding examples show that
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none of these definitions is adequate as a counterpart-theoretic explication
of determinism. So counterpart theorists interested in determinism have a
choice: to forsake the form of definition 0 with its close relationship to our
intuitive notion of determinism; or to forsake their claim that it is
duplications that matter when it comes to deciding whether or not a
world is deterministic. Either way there is a lot of work to do—to
defend a new form for a definition, or to attempt to single out another
class of counterpart relations to do the work that duplications were
supposed to do. Until this work is done, counterpart theory can not
rescue us from the threat of the hole argument.
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