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ABSTRACT

In this paper I respond to recent objections to the bare theory of
quantum mechanics then explain what I take to be wrong with
the theory. The main problem is that the bare theory's empir-
ical predictions are too weak. RAther than predicting ordinary
measurement results, the bare theory predicts that an observer
would typically end up with what one might call disjunctive
results, measurement results that fail to have any specific phe-
nomenal content. Modal and hidden-variable theories can be
thought of as alternative ways of fixing the bare theory. But
they only succeed to the extent that they provide a satisfactory
account of the actual experiences and beliefs of observers. I will
discuss some of the problems faced by such theories.

THE BARE THEORY'S ACCOUNT OF EXPERIENCE

The bare theory is the standard von Neumann-Dirac formulation of quantum
mechanics without the collapse postulate but with the eigenvalue-eigenstate
link. Albert (1992, 116-125) presented the bare theory as one way of under-
standing Everett's relative-state interpretation. At first glance, it looks as
if the bare theory cannot possibly account for our experience. After all, at
the end of a measurement an observer will typically be in a superposition of
having recorded mutually incompatible results, which on the standard inter-
pretation of states (the interpretation provided by the eigenvalue-eigenstate
link) is a state where the observer fails to have any determinate measurement
record whatsoever.

Because of its simplicity, however, the bare theory is inherently interesting
to anyone interested in no-collapse formulations of quantum mechanics. But
further, it is surprising how far the bare theory can go in accounting for our
experience; or, more precisely, how far the bare theory can go in explaining
why we falsely believe that we have determinate measurement results. Rather
than explain our determinate experience, one might say that the bare theory
seeks to explain it away as a sort of illusion. The bare theory does this by
telling us what a good observer would be disposed to believe about her own
experience in various measurement situations if the theory were true (in the
context of the bare theory it is crucial that one carefully distinguish between
one's experiences and beliefs and one's beliefs about the determinateness of
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those experiences and beliefs). In this section I will describe just one of
the bare theory's suggestive properties and explain how the theory uses this
property in its account of experience. I believe that this account is ultimately
unsatisfactory, but it is important to understand exactly what goes wrong in
order to know how to fix the bare theory.l

Suppose that M is a perfect x-spin measuring device in the following
sense: it is constructed so that the position of its pointer becomes perfectly
correlated with the x-spin of a spin-l/2 system S without disturbing it. That
is, M has the following two dispositions: ( 1) if S is initially in an x-spin up
eigenstate and M begins in a ready-to-make-a-measurement state, then M
will record that the result of its measurement is x-spin up and will leave S in
the x-spin up state

Ir)Mlt) .. It)Allf)s (1

and (2) if S is initially in an x-spin down eigenstate and M begins in a
ready-to-make-a-measurement state, then M will record that the result of its
measurement is x-spin down and will leave S in the x-spin down state

(2)Ir)Mll )5 -'1.1)JiI!)s

This is preswnably precisely how one would want to construct a good x-spin
measuring device.

According to the bare theory, the time-evolution of every physical system
is always correctly described by the time-dependent Schrooinger equation.
The dynamics then is both deterministic and linear. It follows from the lin-
earity of the dynamics and from the two dispositions described above that if
M begins in a rcady-to-make-a-measurement state and S begins in a super-
position of x-spin up and x-spin down

5 +fJl!}s) :3)Ir)M(a

then the state of M + S after M's x-spin measurement will be

(4Mlf)s+.8I!)MI!)s

since the result of applying the linear dynamics to a linear superposition is
the linear superposition of applying the dynamics to each term. If Q and (J are
non-zero, then (4) is not an eigenstate of M recording any determinate x-spin
result; rather, it is a state where M is entangled with S and in a superposition
of recording mutually contradictory results. But while M would not be in an
eigenstate of reporting any particular determinate result, one can argue that
M would nonetheless report that it had recorded some determinate x-spin
result, either x-spin up or x-spin down.

~
The d~iption of the detenninate ~ult property in this ~tion follows Barrett (1997)
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Suppose that the measuring device has other dispositions - dispositions
concerning how it makes reports about the determinateness of its own mea-
surement records. Suppose that M is constructed in such a way that it has
the disposition to answer the question "Did you get some determinate result
to your x-spin measurement, either x-spin up or x-spin down?" with "Yes"
if it recorded x-spin up (if M + S ended up in the state Ii) M Ii) 5) and with
"Yes" if it recorded x-spin down (if M + S ended up in the state I!)MI! )5).
It follows immediately from the linearity of the dynamics that if M in fact
recorded a superposition of the two possible x-spin results (if M + S were in
the state described by (4) above), then M would (incorrectly) respond to the
question "Did you get some determinate result to your x-spin measurement,
either x-spin up or x-spin down?" with "Yes." Moreover, M would report
that its result was a "perfectly ordinary x-spin result" because this is what
it would report in each of the two determinate record eigenstates Ii) M Ii) 5
and I!) M I ! ) 5. That is, given the way it is constructed, the linear dynamics
requires that M would (falsely) report that it recorded a perfectly ordinaryand determinate x-spin result. -

Suppose then that the bare theory is true and that an observer begins a
measurement in a situation like that described by (3) above. If the observer is
competent at reporting her beliefs when she sees a pointer in an eigenstate of
pointing at x-spin up and when she sees a pointer in an eigenstate of pointing
at x-spin down, then, by the argument above, even when she ends up in
a superposition of believing that she sees x-spin up and believing that she
sees x-spin down, she will, like M, report that she got a determinate x-spin
result; that is, she will answer the question "Did you get a perfectly ordinary
determinate result of either x-spin up or x-spin down?" with "Yes," and,
presumably, this is also what she would believe. This meta-belief would be
false in the sense that the observer has not determinately recorded x-spin up
and has not determinately recorded x-spin down (the state is not one like
Ii) M Ii) 5 or I!) M I ! ) 5), but she would nonetheless believe that she just got
a perfectly ordinary result to her measurement and that she knows what it is
(if she would believe that she knew what her determinate result was in each of
the two determinate beliefeigenstates). That is, the observer would be under
the illusion that she had recorded a determinate x-spin result when there was
no such record anywhere. A proponent of the bare theory would argue that a
significant portion of the experience of real observers might be explained by
illusions of just this sort - situations where an observer (falsely) believes that

she has ordinary determinate experiences and beliefs about those experiences.
In order to be clear about the way in which the bare theory seeks to

account for experiences and beliefs, it is useful to distinguish between ordinary
and disjunctive experiences, records, and beliefs. Supp~ that an observer M
measures the x-spin of a system in an eigenstate of z-spin and thus ends up in a
superposition of recording x-spin up and x-spin down. It follows immediately
from the standard eigenvalue-eigenstate link (and the assumption that we

--
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can talk about an observer having a belief the same way that we talk about
a measuring device having a physical record) that in this state M does not
believe x-spin up, does not believe x-spin down, does not believe both, and
does not believe neither. Thus, a proponent of the bare theory cannot say
that either M would believe x-spin up or that M would believe x-spin down
after the measurement. U one insists that exactly one of these two ordinary
beliefs is what M would in fact believe based on M's experience, then the
bare theory cannot account for M's experience. A proponent of the bare
theory, however, would deny that M would end up with either of these two
ordinary determinate beliefs. A proponent of the bare theory would not
say that M would believe that she recorded x-spin up or that she would
believe that she recorded x-spin down, but rather that she would believe
that she recorded x-spin up or x-spin down. One might call the experience
leading to this disjunctive belief a disjunctive experience. This disjunctive
experience would be phenomenally indistinguishable from either getting x-
spin up or getting x-spin down (because this is precisely what M would
be disposed to report). But it would be wrong to say that it would be
phenomenally indistinguishable from getting x-spin up and it would be wrong
to say that it would be phenomenally indistinguishable from getting x-spin
down since the observer would not be in an eigenstate of making either of
these reports. And, for the same reason, it would also be wrong to say that the
disjunctive'experience would be phenomenally distinguishable from getting x-
spin up or that it would be phenomenally distinguishable from getting x-spin
down. Again, the right thing to say is that the observer would be unable to
distinguish the disjunctive result from x-spin up or x-spin down. The upshot
is that if what one takes as standing in need of an explanation is the belief
that one's experiences are perfectly ordinary and determinate, then the bare
theory provides one in this sort of experimental situation.

It is important to note that the bare theory does not seek to account for
the ordinary determinate experiences that we (naively) suppose ourselves to
have. Rather, the bare theory denies that there typically are any such expe-
riences, then seeks to explain why one might nonetheless believe that there
were such experiences - why one would mistake disjunctive experiences for
generic determinate experiences (generic because one would find a particu-
lar disjunctive experience neither distinguishable nor indistinguishable from
a given specific associated determinate experience).

Perhaps the following experiment will help to make this distinction be-
tween ordinary and disjunctive experiences, records, and beliefs clearer. Sup-
pose that an observer measures the x-spin of three object systems: the first
is in an x-spin up eigenstate, the second is in an x-spin down eigenstate,
and the third is in a superposition of x-spin up and x-spin down. The ob-
server will believe that she has a determinate phenomenal result in all three
cases. Moreover, she will believe that the result of her last measurement
was phenomenally indistinguishable from the result of exactly one of her first
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two measurements. But the observer's disjunctive result will be neither dis-
tinguishable nor indistinguishable from getting x-spin up (the observer will
not have a determinate belief concerning whether her first and third results
agree) and it will be neither distinguishable nor indistinguishable from get-
ting x-spin down (she will not have a determinate belief concerning whether
her second and third results agree); rather, the disjunctive experience will
be indistinguishable from either x-spin up or x-spin down (the observer will
determinately believe that the result of the third measurement is indistin-
guishable from exactly one of the first two measurement results, but she will
not have any determinate belief regarding which of the first two results it is
indistinguishable from).

So if an observer can correctly identify those experiences that are per-
fectly ordinary and specific when she has them, then, by the linearity of the
dynamics, she will report (and believe) that her disjunctive experiences are
perfectly ordinary and specific. But what a disjunctive experience lacks is
ordinary specific content. It is as if it were the shell of an ordinary experience
but with nothing inside. It is, however, precisely this lack of ordinary specific
content that an observer would be unable to detect through introspection.

The moral of all this is that if the bare theory were true, then an observer
with dispositions like M's who started in a ready-to-make-a-measurement
state would end up reporting and believing that her result was perfectly
determinate, ordinary, and specific when it would typically be disjunctive and
thus lacking any ordinary specific content. If the bare theory were true, then
first-person authority concerning whether particular experiences and beliefs
had ordinary specific content would be routinely violated in a striking way
- an observer would typically believe that she had an ordinary determinate

experience when there would in fact be no such experience that she believed
that she had.

One can tell other stories in the context of the bare theory to show that
ideal observers would believe that their determinate results agree (when they
in fact had a no determinate results) and that each observer would, as she con-
tinues to make observations, approach a state where she would report that her
determinate measurement results were randomly distributed with the usual
quantum relative frequencies (when there were in fact no such determinate
results. 2

2Such results are suggested by Everett (1957). There have been several subsequent
attempts to clarify and extend Everett's results and to determine their significance for
various formulations of quantum mechanics: see Hartle (1968), DeWitt (1971), Everett
(1973), Graham (1973), Albert and Loewer (1988), Albert (1992), and Barrett (1995) and
(1996). The last four references are each concerned with the bare theory in one way or
another.
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OBJECTIONS TO THE BARE THEORY2

Objection 1 (Weinstein 1996): The operator that is supposed to correspond
to the question "Did you get some determinate result to your x-spin mea-
surement?" in the standard sort of story one tells in the bare theory is the
identity operator, but such a trivial operator cannot possibly represent asking
such an interesting question.

It seems to me that this type of objection misses the point. The point of
the determinate-result stories like that described in the last section is that an
observer constructed like M would have the disposition to report that she got
a determinate x-spin result when it was actually in an entangled superposi-
tion of recording mutually incompatible x-spin results. How one represents
the observable corresponding to asking M whether she got a determinate re-
sult is irrelevant. What matters are the actual physical dispositions of the
systems involved - what matters is what observers would in fact report and
believe in experiments like that described in the last section if the bare the-
ory were true. That an observer like M would report and believe that she
got a determinate x-spin result follows directly from the dispositions that M
would have on the bare theory if she were wired to report and believe that
she recorded a determinate result in those situations where she did in fact
record a determinate x-spin result.

The problem is that M is not wired in such a way that she can reliably
tell us whether she got a determinate result when she is in fact in a superpo-
sition of having recorded mutually incompatible results. One might naturally
wonder whether there is some way to rewire M so that she would always
make reliable reports concerning the determinateness of her records of past
measurements. It turns out that the answer is no. Indeed, the bare theorr
places a very strong constraint on the reliability of an observer: U an observ, .
must answer a question the same way in two orthogonal states but different y
in an superposition of the orthogonal states in order to answer the question
correctly, then no observer can answer the question correctly in general since,
by the linearity of the dynamics, she will always answer the question the same
way in the superposition as she does in the orthogonal states.

Objection 2 (Bub, Clifton, and Monton 1996): Since one cannot design a
universally reliable measuring device, the bare theory requires one to choose
a preferred basis (the basis that tells us when a good measuring device or
observer will be able to reliably answer a particular question about its own
state), and this undermines one of the most compelling arguments for the
bare theory, its simplicity.

There is clearly something right about this objection. In order to tell a
measurement story in the bare theory, one must first decide what questions
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the measuring device or observer will be able to answer correctly (since it
cannot answer every question correctly), and this, in effect, requires one to
choose a preferred basis. But while Bub, Clifton, and Monton are right to
insist that the mathematical formalism of quantum mechanics fails to tell us
how to model observers and that it is conceivable that an observer might
be wired differently than M (wired, for example, to reliably tell us only
whether it ended up in a specific superposition of recording up and down),
one should not suppose that the choice of how to model human observers is
arbitrary. We tend to believe that if human observers are wired to answer
any question correctly, then they are wired to answer the question "Did you
get a determinate result to you measurement?" correctly when they either
determinately did or determinately did not record a result. And we tend to
believe that humans are not wired to perform the exotic sort of measurement
that would reliably determine whether they are in a specific superposition of
having recorded mutually incompatible results. That is, we tend to believe
that real observers are wired like M and not in one of the subtle ways that
they would have to be wired in order to reliably detect whether their brains
were in a particular superposition of different belief eigenstates.

It also seems to me that the role played by the preferred basis in the
bare theory is relatively modest. In other versions of quantum mechanics the
preferred basis typically picks out one physical observable as ontologically
privileged, the one and only physical property that, as a basic matter of
how the physical world is put together, is always determinate. In the bare
theory, however, the choice of a preferred basis has nothing to do with the
fundamental nature of the physical world, but rather just represents a choice
about how to correctly model observers.

Objection 3 (Bub, Clifton, and Monton 1996): Even granting the usual way
that observers are modeled, the bare theory cannot account for our actual
experience - we not only know that we get determinate measurement results,
but we typica.lly know what those results are, and the bare theory is flatly
incompatible with this fact. That is, the bare theory simply fails to be empiri-
cally adequate since we know from our experience and direct introspection on
the nature of that experience that observers typica.lly do in fact get ordinary
determinate results, not the disjunctive results predicted by the bare theory.

One might distinguish here between two possible objections: (i) the bare
theory cannot account for my belief that I get determinate, perfectly ordi-
nary results to my measurements and (ii) the bare theory cannot account for
the fact that I do get determinate, perfectly ordinary results to my measure-
ments. While I believe that objection (i) is serious in general, I think that
there is good reason to suppose that it is simply false of the sort of idealized
experiment considered in the last section. Objection (ii), on the other hand,
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is true of even the idealized experiment considered above, but I believe that a
stalwart proponent of the bare theory would be undaunted by this objection.
Let's first consider what a bare theory proponent would say about objection
(ii) and then return to objection (i) at the end of the section.

The idea behind objection (ii) is that the bare theory's account of expe-
rience fails because it predicts that our experience typically has no ordinary
specific content when we know by direct introspection that our experience
does in fact have ordinary specific content - I do not just believe that I got
a determinate result of either up or down but I believe that I got up and not
down (or the other way around). The problem with this objection, from the
perspective of a bare theory proponent, is that one can never know that an
experience has ordinary specific content by introspection because introspec-
tion is typically an unreliable way of determining one's own mental state in
the theory. While an observer might claim that she knows that her result is
determinate by consideration of the determinate result itself, the bare theory
proponent would deny that there is any determinate result to be considered
and thus conclude that the observer's report of determinateness is based solely
on her meta-belief that her experience is determinate, which he would take as
unreliable evidence for the determinateness of the observer's result. And, of
course, the bare theory proponent would deny that the o~rver ever reported
to him a specific determinate result; rather, he would take both himself and
the observer to be subject to a similar illusion: not an illusion that the ob-
server reported up, but an illusion that the o~rver made some determinate
x-spin report. The bare theory does not seek to explain the specific content
of an experience as an illusion - the illusion is that the experience has specific
content.

Let me put this another way. If what one takes as standing in need
of an explanation is the ordinary specific content of one's experience, then
the bare theory simply fails to provide a satisfactory account of experience;
indeed, as we have discussed, it denies that there typically is any ordinary
specific content to an o~rver's measurement record, belief, or experience.
In some situations the bare theory can explain why one would mistakenly
believe that there was detenninate content, but that is all it can do. If one
is firmly convinced that one's own experience actually does have ordinary
specific content, then one will not like the bare theory; but one cannot argue
that experience typically has ordinary specific content by appealing to direct
introspection and expect to convince someone who takes the bare theory
seriously to abandon it - if one allows for the possibility of a basic failure of
first-person authority concerning whether or not an experience is disjunctive,
which is something any serious proponent of the bare theory must allow, then
the bare theory can go some way in explaining why an o~rver might falsely
believe that her experience was typically ordinary and specific. Again, while
a proponent of the bare theory can explain why an observer believes that
she got a determinate result in an experiment like that described above, he
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typically cannot explain why she knows what the result is; rather, he will
believe that the observer is mistaken - not mistaken because she believes
that she got up when she did not (because she does not determinately believe
this) but mistaken because she believes that she has got some determinate
result with ordinary specific content when she did not. Again, if one wants
an explanation for the specific content of experiences and beliefs, then the
bare theory is inadequate, but a stalwart proponent does not require such an
explanation.

While a proponent might be UDSwayed by objection (ii), there are, I be-
lieve, good reasons for one not taking the bare theory too seriously. In order
to take the bare theory seriously, one must suppose that an observer might
be mistaken concerning the basic nature of occurrent phenomenal experience
(that she might believe that her experience had ordinary specific content when
it did not); but if one is willing to allow for this extreme sort of skepticism
(more extreme than Descartes' First Mediation doubt), then it is difficult
to say how one could have any empirical knowledge whatsoever. So what
grounds would one have for accepting the bare theory in the first place?3

A further problem, one that is at least as serious, is that the bare theory
fails to predict even disjunctive results in typical situations (this, I believe,
is the right way to put objection (i»). Suggestive stories like that told above
only work if one assumes that the observer begins in an eigenstate of being
sentient and ready to make a measurement on a system with a determinate
quantum-mechanical state. If the bare theory were true, however, such just-
right conditions would virtually never be met; rather, if the usual linear
dynamics always correctly described the timc-evolution of the global quantum
state, then an observer would presumably almost always be in a complicated
entangled superposition of being asleep, unconscious, part of a geranium,
etc., and the observer (insofar as this expression even icks out a determinate
entity) would almost never determinately have any be iefs or experiences, not
even disjunctive ones.

3 How TO FIX THE BARE THEORY

The obvious strategy for fixing the bare theory is to drop the standard
eigenvalue-eigenstate link, supplement the usual quantum-mechanical state
description with something that would provide observers with determinate
measurement results with specific content, then provide a dynamics for this
cxtra part of the state. The most direct way to do this would be, as Albert
and Loewer (1988) have suggested, to add the mental states of observers to
the usual quantum-mechanical state then provide a dynamics for the mental
states given the time-evolution of the wave function. There is, however, a

3See Barrett (1996) for a di8CU88ion of the problem of reliable empirical evidence in the
bare theory and other formulations of quantum mechanics.
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long tradition of trying to get by without including minds as entities in our
physical theories. In this spirit, we will suppose here that what one wants to
add to the bare theory is extra state information of a purely physical sort.

Modal and hidden-variable theories seek to guarantee determinate mea-
surement results by supplementing the usual quantum state description with
a determinate physical quantity at each time. There are essentially two ways
of doing this: ( 1) one might stipulate a single preferred physical quantity
as always detenninate (like particle configuration in Bobm's theory) or (2)
one might stipulate a rule (as in various modal theories) that picks out a
determinate property for each physical system at each time given the current
quantum-mechanical state (like the rules provided by some modal theories).
In either case, the complete description of the physical state at a time is
given only by the usual quantum-mechanical state together with the value 01
the determinate physical quantities (Bacciagaluppi and Dickson provide one
example of how strategy (2) might work - see Bacciagaluppi (1998». What
the determinate quantities are and how their values change over time is sup-
posed to explain why wc get determinate results to our measurements and
why we get the specific results that we do. In order for a modal or hidden-
variable theory to account for our experience and belicf, then one must be
convinced that it is precisely those physical quantities that the particular
theory makes determinate that determines our experiences and beliefs.

On Bobm's theory, perhaps the best known hidden-variable theory, thc
particle configuration is always detenninate. The quantum-mechanical state
1JI evolves in the usual linear I deterministic way, but particles always have
determinate ~itions and move along continuous trajectories described by
an auxiliary dynamics. It is this information about the positions of particles
that is added to the usual quantum-mechanical state to complete the physical
state. The velocity of particle Pis pven in Bobm's theory by the expression

- 1m t/J.~c, t)(8j&xp )1/J(x, t)
(5)Vp - mpl1/J(x, t)f I

where mp is the mass of the particle and xp represents the three coordinates
of configuration space that determine its ~ition. In order to calculate the
velocity of P at some time tl, one must evaluate the right-hand side of this
expre&'5ion for each component of Vp using 1/J(x, tl), then su~titute the p0-
sitions of every particle at time tll into the resulting expressions (see Bell
(1987,97, 112-114, 127-128) for more details concerning how the dynamics
works).

Following Bell (1987,176-177), Vink (1993) has described a natural way to
extend Bohm's theory to physical quantities other than position. On Vink's
formulation of quantum mechanics the quantum-mechanical state 1JI evolves
in the usual linear, deterministic way and the Bell-Vink dynamics (which
is simply an extension of Bobm's dynamics to discrete quantities generally)
describes the time-evolution of the determinate physical quantities. Suppose
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that the current value of some physical quantity is Om. The probability that
the value jumps to On in the time interval dt is T mndt, where T nm is an element
in a transition matrix that is completely determined by the evolution of the
wave function. More specifically, the wave function evolves according to the

time-dependent SchrOdinger equation

(6)i1i8tI'l/1(t) = HI'I/1(t)

where H is the global Hamiltonian. The probability density Pn is defined by

Pn(t) = l(onlt/J(t»f ('r\

and the source matrix Jmn is defined by

Jmn = 2 1m «t/J(t) IOn} (On IHlom} (OmIt/J(t)}). (3)

Finally, if Jnm ?; 0, then for n # m

(9)Tnm = Jnm/hPm;

and if Jnm < 0, then Tnm = O.
Bub's (1997) formulation of quantum mechanics uses this auxiliary dy-

namics (see also Bub (1998) in this volume). On Bub's theory one chooses a
privileged observable R, which is always determinate and evolves according
to the Bell-Vink dynamics. Bub shows how, given the wave function t/;(t), to
construct a set of other physical quantities that can also be taken to be deter-
minate at time t. According to the Kochen-Specker theorem (1967) this set of
determinate physical properties cannot include everything and still preserve
functional relationships (see also Mermin 1990). The set described by Bub
then is meant to be as large as possible while preserving functional relation-
ships. As t/;( t) changes, so does the set of determinate quantities (R is always
in the set), and while determinate, they evolve according to the Bell-Vink

dynamics.
For each different choice of the determinate physical quantity R, one ends

up with a theory that describes a very different sort of physical world. So
what is the right choice for R? The lesson we learned from the bare theory
is that we ultimately need a formulation of quantum mechanics that allows
us to account for the fact that we have determinate experiences and beliefs.
We want to make determinate an R then that will guarantee determinate
experiences and beliefs, but what physical quantity is this? Presumably what
physical quantity would provide determinate experiences and beliefs depends
on such things as brain physiology and the relationship between physical and
mental states.

One might immediately object that it is crazy to worry about such things
as brain physiology and the relationship between physical and mental states
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in the context of one's most basis physical theory, but in trying to find a sat-
isfactory hidden-variable theory, the Kochen-Specker theorem seems to force
us into such considerations. If one cannot make everything one is tempted to
take as a genuine physical property determinate and if one nonetheless wants
an account of determinate experiences and beliefs, then one must choose the
right physical property to make determinate, one that makes experiences and
beliefs determinate, and what physical property does this depends on such
things as how we in fact record our experiences - not just any determinate

physical property will work.
In Bohm's theory, for example, one must assume that determinate posi-

tions (together with the quantum-mechanical state) is sufficient to account
for all our determinate experiences and beliefs. If this is wrong, then Bohm's
theory is no better off than the bare theory in providing an adequate account
of our experiences and beliefs. And similarly, in order for Bub's theory to pro-
vide an adequate account of our experiences and beliefs, one must choose R
so that its being determinate (together with the quantum-mechanical state)
is sufficient to make all our experiences and beliefs determinate. And more
generally (and perhaps more obviously), we cannot be satisfied that any the-
ory accounts for our experiences and beliefs if we are unconvinced that the
set of facts that the theory makes determinate includes the experiences and
beliefs we in fact take ourselves to have.

One stra!-egy would be to simply postulate the existence of a physical
quantity that would account for our experiences and beliefs, then stipulate
that that quantity is in fact always determinate. Suppose that there is some
quantity, call it Q, that, together with the quantum mechanical state, de-
termines the experiences and beliefs of all sentient beings. By hypothesis,
taking Q as always determinate would make determinate our experiences and
beliefs, and if the quantum-mechanical state 1/1 evolves in its usual linear, de-
terministic way, and if Q evolves according to the BeIl-Vink dynamics, then
the experiences and beliefs of observers would exhibit the standard quantum-
mechanical statistics, and the Q-theory would be empirically adequate. The
main problem with this strategy, setting aside the fact that we do not know
what Q is, is that choosing a single just-right physical property as the only
always determinate physical quantity is clearly ad hoc.

Vink's own proposal was to make all the physical quantities that can
be represented in the quantum formalism simultaneously determinate. This
would avoid the problem of having to choose a single just-right physical quan-
tity to make determinate. But if one makes all the physical quantities simul-
taneously determinate, then the values of these quantities must violate the
usual functional relationships, and one might argue that nothing is gained by
making such bizarre quantities determinate (they certainly aren't the sort of
physical quantities that we set out to rescue). On the other hand, if one only
had epistemic access to one of these bizarre quantities at a time, then one
would never notice the lack of functional relationships.
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Vink's theory might thought of as a richer version (perhaps too rich since
functional relationships between the values of physical quantities are lost)
of Bub's theory, and if R is chosen to make experiences and beliefs always
determinate, then Bub's theory is a richer (perhaps too rich since the extra
determinate properties would, by hypothesis, be unnecessary to account for
our experience) version of the Q-theory, and the Q-theory is just Bohm's
theory if it turns out that making positions determinate suffices to make the
experiences and beliefs of all sentient beings determinate. In contrast, Al-
bert and Loewer's single-mind and many-minds theories avoid the problem of
trying to guess what physical quantities would guarantee determinate expe-
riences and beliefs by directly postulating determinate mental states, which,
while being a sure-fire solution, is in some sense the most directly ad hoc
solution possible.

One might take the problems one encounters in stipulating a single, always
determinate physical quantity for a hidden-variable theory as a good reason
for instead stipulating a rule that picks out a determinate physical property
for each physical system at each time given the current quantum-mechanical
state (see Bacciagaluppi (1998) for a particularly nice example of such a
theory that appeals to a Bohm-Bell-Vink-like auxiliary dynamics). It seems
to me, however, that this strategy encounters similarly difficult problems. One
must still, for example, make a choice and justify it: while one avoids having
to justify choosing a particular just-right always determinate quantity, one
must justify choosing a particular just-right rule for determining the currently
determinate quantity for each system. This rule must (even in imperfect
measurements), make deternlinate at the right time a physical quantity that
by dint of its being determinate and having the value that it does accounts
for our determinate experience and beliefs. Choosing such a rule and arguing
that it does precisely what we want it to do has proven to be difficult.4 And
I doubt that it will ever be obvious that a particular rule does precisel} "hat
it needs to in order to account for our determinate experiences and beliefs.

There is another problem for any formulation of quantum mechanics that
appeals to a Bohm-Bell- Vink-like auxiliary dynamics. Not only do we want

4There is much to say about this. Some rules that might initially look like they would
work may not even get one close to the right observable in realistic experimental situations.
See Albert (1992, 191-197) and Albert and Loewer (1990) and (1991) and the continuing
debate described by Vermaas (1998) in this volume. Also, it is unclear, to me at least,
that even if a given rule typically makes a physical quantity determinate that is close to a
quantity that would provide an observer with a determinate mental state that this would
explain why the observer has a determinate belief concerning what her result was. Yet
another worry results from the fact that some rules pick out a determinate quantity that
depends on which physical system one specifies. On such a rule, I might have a determinate
brain record when my broin is the specified system but not have a determinate brain record
when the solar system (which includes my brain) is the specified system. In such a situation
would I have determinate beliefs? If so, then why? Since I would have a determinate belief
state from some perspectives but not from others, why would those perspectives where I
did end up as privileged? Etc.
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to make determinate physical quantities that would explain our determinate
experiences and beliefs but, if possible, we would like the determinate quan-
tities to evolve in a Lorentz-covariant way so that quantum mechanics ends
up being consistent with relativity (indeed, most physicists would presumably
insist on this). While it is relatively easy to write the usual linear, determinis-
tic quantum dynamics in a covariant form, the auxiliary dynamics in BobIn's
theory is not covariant and neither is the Bell- Vink stochastic dynamics. In
the case of Bohm's theory, the violation of covariance is fairly straightfor-
ward since the outcomes of EPR-type experiments typically depend on the
tempoml order in which space-like separate observations are made. Indeed,
if one knew the precise positions of the two particles in an EPR experiment,
then one could send superluminal signals (but unless one starts with such
knowledge, the theory prevents one from ever getting it). We will take it
to be a necessary condition for a modal or hidden-variable theory being dy-
namically covariant that there be no EPR-type experiment where, given the
complete physical state (the usual quantum-mechanical state plus the current
values of the determinate quantities), the measurement results depend (from
a god's-eye view) on the order in which the measurements are preformed.

Consider an EPR-type experiment on two spin-l/2 particles where the
initial quantum-mechanical state is

V2(1 t>.ttn-~! )111 )2)IR1)1r~)2 (10)

where Ii) and I !) are eigenstates of x-spin and IR1)1 and IR2)2 are sym-
metric wave packets in spherically shaped regions R1 (close to measuring
device 1) and R2 (close to measuring device 2), respectively, and zero else-
where. Suppose that particle 1 is in the top half of region Rl and particle 2
is in the top half of region R2 (See Albert (1992, 159) for a picture of such
an experiment and an explanation of how one could use such experiments to
send superluminal signals with the right sort of prior information).

If a Stern-Gerlach device measures the x-spin of particle 1 first, the device
will separate the wave function into a Ii) II !)2 part, which will be deflected
up (in particle 1 coordinates), and a I ! ) II i)2 part, which will be deflected
down (in particle 1 coordinates), and particle 1 will be deflected up since it
started in the top half of RI (in Bohm's theory one can think of the two-
particle configuration as being carried around by the quantum probability
current in configuration space). The two-particle configuration will then be
influenced only by the I i )11 !)2 component of the wave function since the
configuration will now be in a region of configuration space where I! )11 i)2
is zero. A subsequent measurement of particle 2 (by a Stem-Gerlach device
whose field is oriented the same way as the first) will, therefore, surely deflect
particle 2 down (just as one would expect with particles whose x-spins are
anticorrelated). But if particle 2 is measured first, then it will be deflected
up (because it is initially in the top half of R2) and the particle configuration
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will then be influenced only by the I !} 11 i}2 component, so a subsequent
measurement of particle 1 will surely deflect it down. That is, if particle 1
is measured first, then particle 1 goes up and particle 2 goes down; and if
particle 2 is measured first, then particle 1 goes down and particle 2 goes
up. If the two measurements are space-like separate, then there is an inertial
frame where measurement 1 occurs first and another inertial frame where
measurement 2 occurs first. Since there is no absolute matter of fact about
the temporal order of the measurements, there can be no absolute matter of
fact, like what the results of the measurements are, that depends on their
temporal order. But since the measurement results in Bohm's theory do in
fact depend on the temporal order of the measurements, the dynamical laws
that govern the motions of the particles must fail to be covariant.

It is important to note that this failure of covariance is not because Bohm's
theory is deterministic. If we keep particle configuration as the privileged
physical quantity, then we have precisely the same problem when we move
to the stochastic Bell- Vink dynamics. Indeed, if we consider the above ex-
periments in discrete configuration space and use the Bell- Vink dynamics to
describe the motions of the particles, then the relevant details of the story
are very similar.

Suppose that both particles begin in the top half of their respective wave
packets. If particle 1 is measured first, then it does not move in the x-direction
while the two wave packets are separating in configuration space until the
transition probabilities for the x-position of particle 1 are determined by only
one of the two components of the wave function (before then the probability
currents associated with the two wave packets will precisely cancel each other
in the x-direction, which on the Bell- Vink dynamics means zero transition
probabilities). So if particle 1 is measured first and if it is initially in the top
half of the wave packet, then the Ii }11!}2 component will ultimately deter-
mine all transition probabilities for the two-particle configuration. Since the
probability current associated with this component will be in the up direction
for particle 1 and zero outside the wave packet, particle 1 will be deflected
up. Since the transition probabilities for the positions of both particles would
now be determined solely by the Ii} 11 !}2 component of the wave function, a
subsequent measurement of particle 2 would surely deflect it down. But for
the same reason that particle 1 would be deflected up if measured first (it is
initially in the top half of its wave packet), particle 2 would be deflected up
if it were measured first, so again the results of the measurements depend on
the order in which they are performed, and we have a failure of covariance.

One might imagine more complicated (and realistic) situations where the
wave packets are neither symmetric nor confined to specific regions of con-
figuration space so that there is a nonzero probability of particle 1 being
deflected down even when it begins in the top half of the wave packet and is
measured first. But if the probabilities for the outcomes of the two measure-
ments depend on the temporal order of the measurements, which is what the
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Bell- Vink dynamics would predict for a sufficiently fine-grained partition of
configuration space, then we still get a violation of dynamical covariance. One
might try to change the dynamics to avoid this problem, but~y dynamics
whose statistical predictions depend on the temporal order of the EPR mea-
surements will fail to be covariant; and if it is the determinate property of the
first measured particle that is supposed to explain the result of the second
measurement and if we determine the property of the first particle by how we
choose to measure it, then I cannot see how any such theory could be both
empirically adequate and have a covariant auxiliary dynamics.s

Because of the difficulty in finding a Lorentz-covariant hidden-variable
theory Bell (1987), Bohm and Hiley (1993), and others have suggested that
it is perhaps not so bad giving up dynamical covariance if we can still have
empirical covariance, where, as in Lorentz's own formulation of relativity,
there would be a dynamically preferred inertial frame, but one would never
be able to perform experiments that would determine what is was (see Bell
(1987,67-79) and Maudlin (1994». It turns out that we can have empirical
covariance on even Bohm's theory if the positions of particles are statistical
distributed in the way that we believe that they are (see Diirr. Goldstein, and
Zanghi 1992, for example). If we opt for a Bohm-like theory, then we may
have to settle for this.

4 CONCLUSIONS






