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1  Introduction
An increasingly popular interpretation of quantum mechanics holds that in any genuinely chancy situation, all possible outcomes occur.
  For example, if the spin of a normal electron is measured in a given direction, then both "up" and "down" results will be registered. 

This kind of "many worlds" or "many minds" interpretation of quantum mechanics has advantages and disadvantages.  The main advantage is that it avoids any "collapse of the wave function" and so avoids the measurement problem, mysterious non-local interactions, and the like.  The main disadvantage is that its burgeoning world of duplicate histories seems repugnant to common sense.

Some commentators think that there is another disadvantage.  They argue that this interpretation undermines itself by destroying any notion of objective probability.  Quantum mechanics is, if anything, a theory which specifies the objective probabilities of certain results.  But in what sense is there an objective probability for "up" and "down" in a spin measurement, if both results always happen?

This looks like a good objection.  But I shall show in this note that it is not.  The proposed interpretation does leave objective probability as a rather mysterious notion.  But it is no more mysterious on the proposed interpretation than on the conventional view of the world.  

This is not the place to go into details about the "many minds" interpretation of quantum mechanics, but one point may help readers.  (I prefer the terminology of "many minds" to that of "many worlds", even though there is some dispute about this name, as I shall explain in the final section.)  If both the "up" and "down" results both occur, why do we experience only one?  Well, on the proposed interpretation, when an indeterminate quantum system, like a spinning electron, undergoes a measurement, the measuring apparatus comes to share the original indeterminacy, by itself becoming a "superposition" of an "up" reading and a "down" reading.  The same applies if the measuring apparatus is a human brain.  When a human brain interacts with a device that has measured the spin of an electron, it too will register both "up" and "down".  However, from the subjective point of view, this won't feel like being a single person who somehow experiences both results.  Rather it will feel, so to speak, like being two separate people, each of whom experiences a single result.  A brain which becomes a "superposition" of registering "up" and "registering "down" will at that point come to underpin two separate centres of consciousness.  These will share common memories, but will cease to gain any information about each other once the split has occurred.  (Why should it feel like that to have a superposed brain?  A short answer would be -- why should anything physical feel like anything?  A longer answer would explain why natural selection has given rise to systems of psychological organization in which memories are restricted to "decoherent" histories.)

2  Single Results and Probabilities
The issue at hand is whether the many minds interpretation destroys the notion of probability.  (I shall take it as read that "probability" means "objective probability" from now on.)  

The worry can be put like this.  Surely the probability of a given result means the probability of that result happening?  But on the proposed interpretation "up" always happens.  And so does "down".  This seems to leave no room for the idea that the probability of "up" might be 0.6, say.

However, consider the conventional account of what happens when we measure an electron's spin.  The "up" result might occur.  Alternatively, the "down" result might.  But not both.

Does this make things any better for probability?  On the conventional account, when we do the experiment, just one result occurs.  Thus, we might get "up".  However, this does not yet explain why the probability of "up" is 0.6.  After all, on the conventional view, we might also get "up" when its probability is 0.4.  So on the conventional view, just as on the many minds view, we still need some account of where the 0.6 comes from.

On the many minds view, both results happen in a given experiment.  On the conventional view, just one does.  So on both views the fact that "up" has a 0.6 probability is additional to the non-probabilistic facts about which results actually occur.  And on neither view is at all clear how this extra probabilistic fact relates to the non-probabilistic facts.

3  Sequences of Results
What if we consider a sequence of N experiments, for large finite N, rather than a single experiment?  Not surprisingly, the same point applies, since a finite sequence of experiments can always be viewed as a single drawn-out experiment.

If all the experiments in the sequence are independent and identical, with a probability p of "up" on each, then this imposes the binomial probability distribution on the 2N possible sequences of results.  Those sequences in which the frequency of "up" is close to p will be the most probable, and those in which this frequency diverges from p will be the least probable.

On the many minds view, all 2N possible sequences of results will occur when the experiment is repeated N times.  On the conventional view, only one such sequence of results will occur.  But, as far as the probabilities go, the situation is still symmetrical.  For on both views, the probabilities are still additional to the non-probabilistic facts of occurrence.  This is obvious on the many minds view, since all the different possible sequences actually occur.  But, even on the conventional view, we cannot equate the probability p with the frequency in the single actual sequence, for this frequency can perfectly well be different from p.  So again both views are in the same boat, with neither having the probabilistic facts fixed by what actually happens.   

4  Statistical Inferences  
If we allow infinite sequences the situation is a bit more complicated.  But let me postpone discussing this issue for a moment.  For the last section may have suggested a more immediate respect in which the many minds theory will have difficulty in accommodating probabilities, namely, in explaining how we find out about probabilities.  After all, we find out about probabilities on the basis of observed frequencies.  But surely this requires that only one such frequency actually occur.  If all possible frequencies occur, as the many minds view maintains, then what possibility is there of inferring the true probability from the observed frequency?

But many minds theorists can respond that the logic of statistical inference is just the same on their view as on the conventional view.  True, on their view in any repeated trial all the different possible sequences of results can be observed, and so some attempts to infer the probability from the observed frequency will get it wrong.  Still, any particular mind observing any one of these sequences will reason just as the conventional view would recommend:  note the frequency, infer that the probability is close to the frequency, and hope that you are not the unlucky victim of an improbable sample.  Of course the logic of this kind of statistical inference is itself a matter of active philosophical controversy.  But it will be just the same inference on both the many minds and the conventional view.

The only way in which the two views differ on statistical inference is that where the conventional view has one observer trying to infer the probability from the single observed sequence, the many minds view allows that there may be many different minds trying to infer the probability from many different sequences.  But this is simply a special case of the original difference:  where the conventional view holds that just one of the possible outcomes occurs in any chancy situation, the many minds view holds that all outcomes occur.  And there is no obvious reason why this general difference should stop any particular mind making statistical inferences in the normal way.

5  Infinite Sequences

Let me now consider infinitely sequences of independent and identical trials in which the probability is p.  Of course no human being ever observes any such infinite sequence, so the epistemological points about statistical inference made in the last section will still apply.  But it is arguable that, from a metaphysical rather than epistemological perspective, the true probablities themselves are limiting frequencies in infinite sequences.

However, this thought is clearly only available on the conventional view, and not on the many minds view.  For only on the conventional view can there be a single infinite sequence of outcomes to fix the probability p.  On the many minds view, by contrast, any infinitely repreated trial will generate all possible sequences of results displaying every limiting frequency between 0 and 1.

The significance of this prima facie asymmetry hinges on whether or not probability is defined as limiting frequency in an infinite sequence, in the way made familiar by von Mises' frequency interpretation of probability.

Suppose first that we do not adopt the frequency definition of probability.  Then the points made earlier about finite sequences will apply to infinite sequences as well:  on both the conventional and the many minds view the probabilistic facts will be additional to the facts about which infinite sequences occur.  This is again obvious on the many minds view, since the many minds view has all sequences of results occurring with all possible limiting frequencies.  On the convenional view, by contrast, only one sequence of results occurs.  Nevertheless, even on the conventional view the limiting frequency in the unique sequence of results does not fix the probability p, unless we make this a matter of definition.  For "rogue" infinite sequences with limiting frequencies different from p, though very unlikely (they "almost never" occur, in the technical sense), are still possible.  So, if the probability is p, this is still an extra fact, over and above the fact that the infinite sequence of results displays a certain limiting frequency.

On the other hand, if we do define the probability p as the limiting frequency in the infinite sequence of results, as argued by von Mises, then the conventional view can equate the probability with this limiting frequency.  And of course the many minds view cannot do this, since the many minds view holds that all the different sequences of results occur, including those where the limiting frequency is different from p.  So here at last we seem to have an asymmetry which suggests that the many minds view cannot accommodate probability as well as the conventional view.

However, this asymmetry is only as good as the frequency interpretation of probability, and there are good reasons to reject this interpretation.  The most obvious objection relates to types of trials which are not infinitely repeated
 (which will be all types, if the universe is finite).  Since the results in such trials have probabilities too, the frequency theory needs to cover them as well infinitely repreated trials.  The standard ploy here is to invoke the hypothetical infinite sequence of results which would occur if the type of trial were infinitely repeated.  But it seems doubtful that this possibile is sufficently well-defined to bear the necessary  theoretical weight.  Not only do we have to assume, without any obvious motivation, that this hypothetical infinite repetition will avoid the rogue sequences in which the limiting frequency differs from p, but we also need to assume it will produce results in a definite succession (since any sequence with an infinite number of "up"s and "down"s, say, can be made to give any limiting frequency by re-ordering).  I can just about swallow the set of all results which would be generated if some finite type of trial were infinitely repeated.  But it is difficult to accept that these non-existent results come with a definite order attached.

6  Probability and Action
Suppose we allow, following the dicussion in section 3, that both the conventional and the many minds theories can account for our ability to find out about probabilities.  We can still ask about the importance of these probabilities.  Why does it matter to us that they have the values they do?

Here it might seem that the conventional view has an advantage again.  For the obvious answer to these questions is that these probabilities matter because they inform our best choice of actions.  In any chancy situation, agents are best advised to consider the objective probabilities of their alternative actions producing the various results they desire.  But surely, it might be said, such deliberations only make sense on the conventional view.  If every action is sure to be followed by all its possible results, then doesn't the conventional probabilistic reasoning becomes otiose?  If you are sure both to win and to lose whenever you bet on some chancy outcome, then what does the probability of winning matter?

But once more this asymmetry is more apparent than real.  The many minds view has just as much room as the conventional view (if not more room) for the principle that rational agents ought to weight future possibilities according to known objective probabilities in making decisions. 

It is worth observing that, on the conventional view, what agents want from their choices are the desired results, rather than that these results be objectively probable (a choice that makes the results objectively probable, but unluckily doesn't produce them, doesn't give you what you want).  Given this, there is room to raise the question:  why are rational agents well-advised to choose actions that make their desired results objectively probable?  Rather surprisingly, is no good answer to this question.  (After all, you can't assume you will get what you want if you so choose.)  From Pierce on, philosophers have been forced to conclude that it is simply a primitive fact about rational choice that you ought to weight future possibilities according to known objective probabilities in making decisions.

The many minds view simply says the same thing.  Rational agents ought to choose those actions which will maximize the known objective probability of desired results.  As to why they ought to do this, there is no further explanation.  This is simply a basic truth about rational choice.

6  Albert and Loewer
The terminology of "many minds" is originally due to David Albert and Barry Loewer.  But their theory is somewhat different from the one I have been assuming in this paper.  I have taken it, following Michael Lockwood (1989), that when an intelligent being observes a chancy result, there will in effect be one mind before the observation, and many descendants after.  (Derek Parfit's account of personal survival after bodily dupication provides a useful analogy.)  Albert and Loewer, by contrast, posit that there are as many minds before the observation as after.  What is more, they take there to be a fact of the matter about which of these earlier minds is identical with which of the later minds.

Albert and Loewer admit that this requires a form of mind-body dualism, since at the physical level there is simply an unsuperposed brain before the observation, and a superposed brain after.  But they argue that, unless we take their option, the probabilities will disappear from quantum theory, since at the physical level every chancy situation will manifest all possible outcomes.  This is why they posit their extra facts of mental identity over time.  The point is that, on their view, any given mind before the observation will observe just one of the possible results after the observation:  so at this mental level they can retain the assumption that the quantum mechanical probabilities are to do with which one of all the possible outcomes will occur for any given mind.

I have argued in this paper that probabilities do not require that single outcomes occur.  Probabilities make just as much sense if all possible results occur as if just one does.  So there is no need for the many minds interpretation of quantum mechanics to burden itself with Albert's and Loewer's extra non-physical minds.
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�  The original version of this interpretation is Everett (1957).  An excellent introduction is Lockwood (1989) chs 11-13.


   


�  See Albert and Loewer (1988, 1991), Squires (1990, 1992).





�  Haven't we already got an objection, even for infinitely repreated trials, namely, that the frequency theory seems to simultaneously to allow and disallow rogue sequences in which the limiting frequency is not the true probability?  For doesn't the frequency theory imply that such sequences are (a) possible, since it follows from the probability calculus that they are as likely as any other sequences and (b) impossible, since by definition the true probability is the limiting frequency?  But frequency theorists can deny the latter implication, by insisting that "the true probability" is the limiting frequency in this world.  It is consistent with this that there are other possible worlds in which the limiting frequency is different, that is, different from the (our) probability.  This frequency theory does, it is true, rule out other worlds in which "their" probability is different from "their" limiting frequency, and some may find this theoretically unattractive.  But it is not inconsistent.





�  I supect that this basic truth actually makes more sense on the many minds view than on the conventional view.  For on the conventional view there is a puzzle about the relation between this truth and the further thought that ultimate success in action depends on desired results actually occurring.  On the many minds view, by contrast, there is no such further thought, since all possible results occur, desired and undesired, and so no puzzle:  in effect there is only one criterion of success in action, namely, maximizing the known objective probability of desired results.  However, this is really the subject for another paper, not least because the idea that agents ought to maximize the known objective probability of desired results itself hides a number of complexities which I have been skating over here.





