CHAPTER 2

Why accept the self-Sampling Assumption?

SSA does the trick in cosmology and thermodynamics

We need a rule for how to derive observational consequences from the multiverse theories. Such theories are popular in contemporary cosmology. But without some idea of what such a theory predicts that we should observe, we would have no way of testing it empirically. It would be scientifically unfruitful to construe multiverse theories in such a manner that they yielded no observational implications. It would go against scientific practice; for cosmologists discussing multiverse theories are constantly evaluating those theories in light of new data, and occasionally modifying them accordingly. So there is some observational connection. The question is, what is this connection and how can it be analyzed? I shall assume that the connection is probabilistic in nature, for astronomic evidence typically counts more or less strongly in favor or against some multiverse theory, but does not usually falsify or refute it conclusively. What is needed is thus some methodological principle or account of how probabilistic observational consequences are to be derived from a multiverse theory.


One such principle that has been proposed is SAP (as understood by Leslie). A multiverse theory combined with SAP yields observational consequences. SAP has gained quite widespread implicit or explicit acceptance among those trying to frame anthropic explanations for the apparent fine-tuning of our universe. However, I argued in Chapter 1 that SAP is wrong and gives an implausible account of anthropic reasoning. In particular, SAP fails to take into account that different universes may contain vastly different numbers of observers, and that a multiverse theory should not be thought to imply that we should probably observe that we are, say, black hole phenomena, at least not if the theory implies that the vast majority of all observers do not observe that they are black hole phenomena (even if the majority of universes only have observers that do observe that). SAP therefore does not provide the methodological rule we are looking for.


Instead, we formulated another principle, SSA, and suggested that it provides a more plausible account. SSA gives what seems like the right result in the freak-observers-from-black-holes example, namely that if such a multiverse theory is true then we should not expect to be black hole phenomena, although it says that there is some very small (perhaps astronomically small) probability that we would observer that. If, according to some hypothetical multiverse theory T, almost all observers are in one particular type K of universe, then according to SSA, T predicts that we probably observe a type-K universe. Observing that we are not in a type-K universe would be evidence against T, whilst observing that we are in a type-K universe would tend to confirm T at least slightly (how much depends on what plausible rival theories to T would say about the matter).


SSA also works to our advantage in single-universe cosmologies. If we live in a sufficiently large universe, then there are lots of freak-observers-from-black-holes in our universe. But this obviously does not entail that it is anything other than extremely unlikely that we are such observers, because only a tiny minority
 of all observers would be freak observers. WAP only says that a theory should be taken to assign zero probability to us making observations which would only be made by observers existing in regions where the theory says there are no observers. But that is not enough to explain why we shouldn’t expect to be freak observers. Maybe most regions of the universe only contain freak observers. However, SSA still says the theory that implies this predicts that we should find ourselves in a more densely populated region, if that is where the theory says most observers are. So in this instance too, SSA seems to give the right answer.


Recall the standard objection against Boltzmann’s explanation
 of why entropy is decreasing in the forward time direction: that although we should perhaps not be surprised to find that we are in a low-entropy region (even if the universe as a whole is in equilibrium), we should definitely be surprised to find that we are in so large a low-entropy region. This reasonable objection can be fleshed out in terms of SSA. The idea then is that we have a sufficiently large universe in equilibrium, and local fluctuations of great size (arbitrarily great size, if the universe is infinite) are almost certain to occur at many places. And let us suppose that observers can only exist in such locations. Let T be the theory that asserts all this. Then, according to the SSA, what T predicts we should observe depends on where T says that the bulk of observers tend to be. In the case of a T being a theory of thermodynamic fluctuations, it will say that smaller fluctuations are vastly more frequent than larger fluctuations, and hence that most observers will find themselves in rather small fluctuations, that is, areas where entropy is considerably lower than in the universe as a whole. (The infrequency of larger fluctuations increases rapidly enough to make sure that even though a given large fluctuation will typically contain more observers than a given small fluctuations, the previous sentence will still hold true.) T would assign a probability to us observing what we actually observe that is proportionate to the fraction of all observers it says would make that kind of observations. Since an extremely small fraction of all observers will observe a low entropy region as large as ours if T is true, it follows that T gives an extremely small probability to the hypothesis that we should observe such a large low-entropy region. Hence T is heavily disfavored by our empirical evidence, and should be rejected, unless it’s a priori probability was so extremely high as to compensate for its empirical implausibility. For instance, if we compare T with a rival theory T*, which asserts that the average entropy in the universe as a whole is about the same as the entropy of the region we observer, then in light of the preceding argument we have to acknowledge that T* is much more likely to be true, unless our prior probability function was extremely heavily biased toward T. (The bias would have to be truly extreme; if would not suffice, for example, if one’s prior probabilities where Pr(T) = 99.999999% and Pr(T*) = 0.000001%.) The objection against Boltzmann is therefore vindicated, and Boltzmann’s account needs to be seriously modified or given up in favor of some other explanation.


Lawrence Sklar writes of Boltzmann’s account of the direction of time that it “has been credited by many as one of the most ingenious proposals in the history of science, and disparaged by others as the last, patently desperate, ad hoc attempt to save an obviously failed theory” ([Sklar, 1993 #193], p. 44) While I fully grant the ingenuity of Boltzmann’s proposal (which was more than half a century ahead of its time!) I think that SSA shows that it must be rejected, at least in its original form. Sklar thinks that the Boltzmannian has a “reasonable reply” (p.299), namely that there will be some large regions where entropy is low, so our observations are not really incompatible with the Boltzmann’s proposal. However, while there is no logical incompatibility, there is a probabilistic incompatibility of the highest degree, and this can for all practical purposes be just as decisive as a logical deduction of a falsified empirical consequence, making it totally unreasonable to use this reply.


Sklar goes on to state what he seems to see as the real problem for Boltzmannians:

The major contemporary objection to Boltzmann’s account is its apparent failure to do justice to the observational facts. … as far as we can tell, the parallel direction of entropic increase of systems toward what we intuitively take to be the future time direction that we encounter in our local world seems to hold throughout the universe.” (p. 300)

But it is easy to see that this is just a veiled reformulation of the objection discussed above. If there were a “reasonable reply” against the former objection, the same reply would work equally well against this reformulated version. The Boltzmannian could simply respond by saying “Hey, even on my theory there will be some regions and some observers in those regions for whom, as far as they can tell, entropy seems to be on the increase throughout the universe – since they can only see their local region of the universe. Hence our observations are compatible with my theory!”. If we are not impressed with that kind of reply, it is because we are willing to take probabilistic entailments seriously. And failing to do so would spell methodological disaster for any theory that postulates a sufficiently big cosmos – since according to such theories there will always be some observer somewhere who observers what we are observing, so they would be logically compatible with any observation we could make.
 But that is clearly not how such theories work.


SSA seems to give us exactly what we need in these cases from cosmology and thermodynamics. Dissenters should consider the accepting the challenge of coming up with a different rule that is more plausible and fares better than SSA, both in these practical applications and the examples which we shall consider in the following sections. Until such a counterproposal is forthcoming, we may at least tentatively adopt SSA as our working assumption.

Hundred Cubicles

We shall now consider SSA in the context of three thought experiments. If the arguments in the previous section can be likened to field observations, then the thought experiments are more like controlled laboratory research where we have full control over all relevant variables so that we can stipulate away inessential complications and hopefully get a clearer measurement of our intuitions and epistemic convictions regarding SSA.

The first gedanken is Hundred Cubicles: 

Imagine a world that consists of one hundred cubicles. In each cubicle there is one person. Ninety of the cubicles are painted blue on the outside and the other ten are painted red. Each person is asked to guess whether she is in a blue or a red cubicle. (And everybody knows all this.) Suppose you find yourself in one of these cubicles. What color should you think it has? – Answer: You should think that with 90% probability it is blue.


Since 90% of all people are in blue cubicles, and as you don’t have any other relevant information, it seems you should think, in agreement with SSA, that with 90% probability you are in a blue cubicle. Most people I have talked to agree that this is the intuitively correct answer. Since the example clearly does not depend on the exact numbers involved, we thus have a large class of cases where SSA provides plausible guidance for what to believe. Some of our subsequent investigations in this chapter will consider arguments for ways in which this class can be extended. It may nonetheless be worth reflecting on whether it is possible to push the argument further to try to convince a hypothetical being who is not immediately persuaded to set her credence equal to 90% in Hundred Cubicles.


Consider the following argument. Suppose everyone accepts SSA and everyone has to bet on whether they are in a blue or a red cubicle. Then 90% of all persons will win their bets and 10% will lose. Suppose, on the other hand, that SSA is rejected and people think that one is no more likely to be in a blue cubicle; so they bet by flipping a coin. Then, on average, 50% of the people will win and 50% will lose. It seems better to accept SSA.


This argument is incomplete as it stands. Just because one pattern A of betting leads more people to win their bets than another pattern B, does not imply that it is rational for anybody to bet in accordance with pattern A rather than B. In Hundred Cubicles, consider the betting pattern A which specifies that “If you are Harry Smith, bet you are in a red cubicle; if you are Helena Singh, bet that you are in a blue cubicle; …” – so that for each person in the experiment it gives the advice that will lead him or her to be right. Adopting rule A will lead to more people winning their bets (100%) than any other rule. In particular, it outperforms SSA which has a mere 90% success rate.


Intuitively, it is clear that rules like A are cheating. This is maybe best seen if we put A in the context of its rival permutations A’, A’’, A’’’ etc., which connect the participants’ names to recommendations about betting red or blue in other ways than A. Most of these permutations will do rather badly, and on average they will give no better advice than flipping a coin, which we saw was inferior to accepting SSA. Only if the people in the cubicles could pick the right A-permutation would they benefit. In Hundred Cubicles they don’t have any information that allows them to do this. If they picked A and consequently benefited, it would be pure luck.


What allows the people in Hundred Cubicles to do better than chance is that they have a relevant piece of empirical information regarding the distribution of observers over the two types of cubicles. They have been informed that 90% of them are in blue cubicles, and it would be irrational of them not to take this information into account. We can imagine a series of thought experiment where an increasingly large fraction of observers are in blue cubicles – 91%, 92%, …, 99%. The situation gradually degenerates into the 100%-case where they are told “You are all in blue cubicles.”, from which each can deductively infer that she is in a blue cubicle. As the situation gradually approaches this limiting case, it is plausible to require that the strength of participants’ beliefs about being in a blue cubicle should gradually approach probability 1. SSA has this property.


One may notice that in Hundred cubicles, if the participants adopt SSA then 90% of them win their bets. Yet, there are even simpler methods that produce the same result: “Set your probability of being in a blue cubicle equal to 1 if most people are in blue cubicles; and to 0 otherwise.” Using this epistemic rule will also result in 90% of the people winning their bets. Such a rule would, however, not be attractive. First, when the participants step out of their cubicles, some of them will find that they were in red cubicles; but if their prior probability of that were zero, they could never learn that by Bayesian belief updating. The second and more generic point is that when we consider rational betting quotients, then rules like this are revealed to be inferior. A person whose probability for finding herself in a blue cubicle was 1, would be willing to bet on that hypothesis at any odds
. The people following this simplified rule would thus risk loosing arbitrarily great sums of money for an arbitrarily small and uncertain gain. Not an inviting strategy. Moreover, collectively, they would be guaranteed to loose an arbitrarily large sum.


Suppose we agree that all the participants should assign the same probability to being in a blue cubicle (which is quite plausible since the evidence they have does not differ in any relevant way). It is then easy to show that out of all possible probabilities they could assign finding themselves in blue cubicles, a 90% probability is the only one which would make it impossible to bet against them in such a way that they were collectively guaranteed to loose money. And in general, if we vary the numbers of the example, their degree of belief would in each case have to be what SSA prescribes, in order to save them from being a collective sucker.


On an individual level, if we imagine the experiment repeated many times, the only way a given participant could avoid having a negative expected outcome when betting repeatedly against a shrewd outsider would be by fixing her subjective degrees of beliefs in accordance with SSA.


All these considerations support what seems to be most peoples’ initial intuition about Hundred Cubicles: that it is a situation where one should adopt SSA. Any plausible principle of the epistemology of information with an indexical component would have to agree with SSA’s verdicts in this particular case.


Clearly, it makes no essential difference what the exact numbers are in Hundred Cubicles. We thus have a class of cases where SSA can be applied. The next step of the investigation will be to examine in what ways this class can be extended. Further thought experiments is an appropriate way of doing that.


An important thing to notice in the Hundred Cubicles is that it was not specified how the hundred participants came to be in the cubicles they are in. And it doesn’t matter, as long as the participants don’t know anything about it which would give them evidence about color cubicle they are in. Thus, they may have been assigned to their respective cubicles through some objectively random mechanism such as drawing tickets from a lottery urn, and then blindfolded and guided to their places. Or they may have been allowed to choose cubicles for themselves, and a random mechanism then activated to determine which cubicles should be painted. But the thought experiment does not hinge on there being well-defined randomization mechanism involved. One may just as well imagine that participants have been in their cubicles since their birth, or since the beginning of the universe. If there is a possible world where the laws of nature directly specify which individuals are to appear in which cubicles, without any appeal to initial conditions, the persons in the experiment would still be rational to follow SSA, provided that they did not have any knowledge of the laws or were incapable of deducing what the laws implied about their own situation. Objective chance is thus not a necessary ingredient in the gedanken; what fuels it is subjective uncertainty.

Emeralds

We shall now look at an argument for expanding the range of cases where SSA should be applied. We shall see that the synchronous nature of Hundred Cubicles is an inessential feature: you can in some contexts legitimately reason as if you were a random sample from a reference class that includes observers that exist at different times. Also, we shall see that one and the same reference class can contain observers that differ in many respects, including their genes and gender. To this effect, consider an example due to John Leslie:

Imagine an experiment planned as follows. At some point in time, three humans would each be given an emerald. Several centuries afterwards, when a completely different set of humans was alive, five thousand humans would each be given an emerald. Imagine next that you have yourself been given an emerald in the experiment. You have no knowledge, however, of whether your century is the earlier century in which just three people were to be in this situation, or in the later century in which five thousand were to be in it. ...

Suppose you in fact betted that you lived [in the earlier century]. If every emerald-getter in the experiment betted in this way, there would be five thousand losers and only three winners. The sensible bet, therefore, is that yours is instead the later century of the two. ([Leslie, 1996 #9], p. 20)

For reasons which need not concern us here (but will be discussed in a later chapter), it will be convenient focus on a slightly modified version of Leslie’s example, one where the two batches of people are the only observers ever to exist. One could invent a fairy tale about how the intervening generations had their brains sucked out and replaced with clever clockworks by an evil mollusk. But we skip the fluff.


The same arguments that were made for SSA in Hundred Cubicles can be made for SSA in Emeralds. (Leslie makes the point about more people being right if everyone bets that they are in the later of the two centuries. As we saw in the previous section, this point needs to be supplemented by additional arguments before it yields support for SSA. Leslie gives the emeralds example as a response to one objection against the Doomsday argument. He never formulates SSA, but parts of his arguments for the Doomsday argument and parts of his account of anthropic reasoning in cosmology are directly relevant for evaluating SSA.)

Two Batches

As Leslie notes, we can draw a second lesson if we consider a variant of the emeralds example:

A firm plan was formed to rear humans in two batches: the first batch to be of three humans of one sex, the second of five thousand of the other sex. The plan called for rearing the first batch in one century. Many centuries later, the five thousand humans of the other sex would be reared. Imagine that you learn you’re one of the humans in question. You don’t know which centuries the plan specified, but you are aware of being female. You very reasonably conclude that the large batch was to be female, almost certainly. If adopted by every human in the experiment, the policy of betting that the large batch was of the same sex as oneself would yield only three failures and five thousand successes. ... [Y]ou mustn’t say: ‘My genes are female, so I have to observe myself to be female, no matter whether the female batch was to be small or large. Hence I can have no special reason for believing it was to be large.’ (pp. 222-3)

If we accept this, we can conclude that members of both genders can be in the same reference class. In a similar fashion, one can argue the same for the non-relevancy of short or tall, black or white, rich or poor, famous or obscure, fierce or meak etc. If analogous arguments with two batches of people with any of those property pairs are accepted, then we have quite a broad reference class already. We shall return in a moment to consider what limits there might be to how wide the reference class can be, but first we want to look at another dimension in which the applicability of SSA can be extended beyond what’s suggested by the gedanken discussed so far.

God’s Coin Toss

All the examples so far have been of situations where all the competing hypotheses entail the same number of observers in existence. A very important new element is introduced in cases where the total number of observers is different depending on which hypothesis is true. Let’s consider a simple gedanken where that is so.

God’s Coin Toss, version one (G1). God
 starts by tossing a fair coin. If the coin falls tails then He creates one room and a man with a black beard inside it. If the coin falls heads then He creates two rooms, one with a man with a black beard and one with a man with a red beard. Apart from this, the world is empty, and everyone knows all the above. You find yourself in a room and you know that you have back beard. Question: What should your credence be that the coin fell heads?

Consider the following three models of what probability you should rationally assign to the proposition that the coin fell heads:

Model 1 (Naïve). There are two possibilities, Heads or Tails; the coin is known to be fair; both possibilities are perfectly compatible with what you know.

P(Heads) = P(¬Heads) = ½.

Therefore, your credence of Heads should be ½.

Model 2 (SSA). If you had had red beard, you could have inferred that there were two rooms, which entails Heads. Knowing that you have black beard does not allow you to rule out either possibility, but it is still relevant information. This can be seen by the following argument. The prior probability of Heads is one half (since the coin was fair). If the coin fell Heads, then the only observer in existence has a black beard; hence by SSA the conditional probability of having a black beard given Heads is one. If the coin fell Tails, then one out of two observers has a black beard; hence, also by SSA, the conditional probability of black beard given Tails is one half. That is, we have that

P(Heads) = P(¬Heads) = ½

P(Black | Heads) = ½

P(Black | ¬Heads) = 1

By Bayes’ theorem, the posterior probability of Heads, after conditionalizing on Black, is
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Therefore, your credence of Heads should be 1/3.

Model 3 (SSA+SIA). It is twice as likely that you should exist if two observers exist than if only one observer exists. (This follows if we make the self-indication assumption (SIA), to be explained shortly.) The prior probability of Heads should therefore be 2/3, and of Tails 1/3. As in Model 2, the conditional probability of black beard given Heads is 1, and the conditional probability of black beard given Tails is ½. 

P(Heads) = 2/3
P(¬Heads) = 1/3

P(Black | Heads) = ½

P(Black | ¬Heads) = 1

By Bayes’ theorem, we get
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Therefore, your credence of Heads should be ½.

The last model uses something that we can dub the Self-indication assumption, according to which you should conclude from the fact that you came into existence that probably quite a few observers did:

(SIA) Given the fact that you exist, you should (other things equal) favor hypotheses according to which many observers exist over hypotheses on which few observers exist.

SIA may seem prima facie implausible, and I shall argue in a later chapter that it is no less implausible ultimo facie. Yet we shall see that many of the more profound criticisms of specific anthropic inferences implicitly rely on SIA. In particular, adopting SIA annihilates the so-called Doomsday argument. It is therefore good to put it on the table so we can consider what reasons there are for accepting or rejecting it. To give SIA the best chance it can get, we postpone this evaluation until we have discussed the Doomsday argument and have seen why a range of more straightforward objections to the Doomsday argument fail. The fact that SIA might be the only way coherent way of resisting the Doomsday argument is possibly the strongest argument that can be made in its favor.


For the time being, we put SIA to one side (i.e. we assume that it is false) and focus on comparing Model 1 and Model 2. The difference between these models is that Model 2 uses SSA and Model 1 doesn’t. By analyzing God’s coin toss and determining which of these models is correct, we get a test of whether SSA should be applied in epistemic situations where hypotheses implying different numbers of observers are entertained. It we find that Model 2 (or, for that matter, Model 3) is correct, we have extended the applicability of SSA beyond what was established in the previous sections, where the number of observers did not vary between the hypotheses under consideration.


In Model 1 we are told to consider the fact of an objective chance of 50% of the coin falling heads. Since you know about this fact, you should according to Model 1 set your subjective credence equal to this objective chance.


The step from knowing about the objective chance to setting your credence equal to it follows the so-called Principal Principle
. We shall ponder the Principal Principle and the nature of objective chance in much more detail in the second part of this dissertation. Suffice it to point out here that the Principal Principle does not say that you should always set your credence equal to the corresponding objective chance if you know it. Instead, it says that you should do this unless you have any other relevant information that should be taken into account. There is some disagreement in the literature on precisely how to specify what such other relevant information could be, and exactly how it should be taken into account. (I will put forward a theory of that in Part II.) But there is general agreement that the proviso is needed. For example, no matter how objectively chancy a process is, and no matter how well you know about the chance, if you have actually seen what the outcome was then your credence in that observed outcome should of course be one (or extremely close to one) and your credence in any other outcome the process could have had should be (very close to) zero; and this is so quite independent of what the objective chance was. None of this is controversial.


Now the point is in God’s coin toss you have such extra relevant information that you need to take into account, and Model 1 fails to do that. The extra information is that you have black beard. This information is relevant because it bears probabilistically on whether the coin fell heads or tails. We can see this as follows. Suppose you are in a room but you don’t know what color your beard is. You are just about to look in the mirror. If the information that you have black beard were not probabilistically relevant to how the coin fell, then there would not be any need for you to change your credence about the outcome of the toss after looking in the mirror. But this is an incoherent position. For there are two things you may find when looking in the mirror: that you have black beard or that you have red beard. Before you look in the mirror, you know that if you find that you have red beard then you will have conclusively refuted the hypothesis that the coin fell tails. So the mirror might give you information that would increase your credence of Heads (to 1). But that entails that making the other possible finding (that you have black beard) must decrease your credence in Heads. In other words, your conditional credence of Heads given Black beard must be less than your unconditional credence of Heads.


If you thought that the new piece of evidence you get when you look in the mirror could raise but never lower the probability of Heads, then you would be incoherent, as is easily shown by a standard Dutch book argument – or more simply by the following little calculation:

Write h for the hypothesis that the coin fell heads, and e for the evidence that you have black beard. We can assume that 
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Dividing these two equations and using 
[image: image6.wmf]Pr(

|

)

e

h

Ø

=

1

, we get


[image: image7.wmf]Pr(

|

)

Pr(

|

)

Pr(

|

)

Pr(

)

Pr(

)

Pr(

)

Pr(

)

h

e

h

e

e

h

h

h

h

h

Ø

=

Ø

<

Ø

.

So the quotients between the probabilities of h and ¬h is less after e is known than before. In other words, learning e decreases the probability of h and increases the probability of ¬h.

So the observation that you have black beard gives you relevant information that you need to take into account and it should lower your credence of Tails to below your unconditional credence of Tails, which (provided we reject SIA) is 50%. Model 1, which fails to do this, is therefore wrong.


Model 2 does take the information about your beard color into account and puts your posterior credence of Heads to 1/3, lower than it would have been had you seen your beard. This is a consequence of SSA. The exact figure depends on the assumption that your conditional probability of Black beard equals that of Red beard, given Heads. If you knew that the coin fell heads but you hadn’t yet looked in the mirror, you would know that there was one man with red beard and one with black, and provided these men were sufficiently similar in other respects (so that from your present position of ignorance about your beard color you don’t have any evidence as to which one of them you are) these conditional credences should both be 50% according to SSA.


If we agree that Model 2 is the correct one for God’s coin toss then we have seen how SSA can be applied to problems where the total number of observers in existence is not known. If we combine this with the lessons of the previous thought experiments, we now have a very wide class of problems where SSA can be applied. In particular, we can apply it to reference classes that contain observers that live at different times; that are different in many substantial ways including genes and gender; and that may be of different sizes depending on which hypothesis under consideration is true.

One may wonder if there are any limits at all to how much we can include in the reference class. There are. We shall now see why.

The reference class problem

The reference class, remember, was preliminarily defined to consist of all observers that will ever have existed. But what, precisely, counts as an observer? ‘Observer’ was introduced as a technical term and its exact meaning still needs be determined. We have seen examples of things that must be included in the reference class. In order to close the definition, we also have to specify what things must be excluded. The problem of the reference class is to define what counts as an observer for the purposes of applying SSA.

So long as we are considering only applications where the total number of observers is the same on any of the hypotheses assigned non-zero probability, the problem of the reference class does not seem to be relevant. For instance, take Hundred Cubicles and suppose that in ten of the blue cubicles there is a polar bear instead of a human observer. Now, whether the polar bears count as observers makes no difference. Whether they do or not, you know you are not one of them. And you therefore know that you are not in one of the ten cubicles they occupy. You therefore recalculate the probability of being in a blue cubicle to be 80/90, since 80 out of the 90 observers that you – for all you know – might be, are in blue cubicles. Here you have simply eliminated the ten ice-bear cubicles from the calculation. But this does not rely on the assumption that ice bears don’t count as observers. The calculation would go exactly the same way if the ice bears where replaced by human observers who were very much like yourself, provided you knew you were not one of them. Maybe you are told that ten people who have a birth mark on their right calves are in blue cubicles. After verifying that you yourself don’t have such a birth mark, you adjust your probability of being in a blue cubicle to 80/90. This is in agreement with SSA. According to SSA, Pr(Blue cubicle | Setup) = 90/100. But also by SSA, Pr(Blue cubicle | Setup & Ten of the people in blue cubicles have birth marks of a type you don’t have) = 80/90.


Where the reference class problem becomes crucial is where the total number of observers is unknown. Consider the following variant of God’s coin tosses: There are two cubicles. Whatever way the coin falls, a person with a black beard is created in cubicle one. If and only if it falls heads, then one other thing x is created in cubicle two. You find yourself in one of the cubicles and you are informed that it is cubicle number one. We can now ask, for various choices of x, what your credence should be that the coin fell heads.


The original version (G1) was one where x is a man with red beard:


As we saw above, on Model 2 (SSA and not SIA), your credence of Heads in this case is 1/3. But now consider a second case (G2) where we let x be a stone:


In G2, when you find that you are the man in room one, it seems clear that your credence of heads should be ½. The conditional probability of you observing what you are observing (i.e. your being the man in room one) is 1 on both Heads and Tails in this case, because you couldn’t possibly have found yourself observing being in room two. (We are assuming that the stone does not have a soul or a mind, of course.) Notice that the arguments used earlier to argue for SSA in the previous examples cannot be used in G2. A stone cannot bet, or be wrong, so the fraction of observers who is right or would win their bets here is not improved by adopting SSA. Moreover, it seems impossible to conceive of a situation where you would be ignorant as to whether you were the man in room one or the stone in room two.


If this is right then the probability you should assign to Heads depends on what you know would be in room two if the coin fell heads, even though you know that you are in room one. The reference class problem can be relevant in cases like this, where the total number of observers vary depending on which hypothesis is true, because what you should believe depends on whether the object x that would be in room two would be in the reference class or not. It makes a difference to your rational credence whether x is stone or an observer like yourself.


Stones, consequently, are not in the reference class. In a similar vein we can rule out tables, planets, books, plants, bacteria and other such non-observer entities from the reference class. It gets trickier when we consider possible borderline cases such as a gifted chimpanzee, a Neanderthal or a mentally handicapped human. It is not immediately obvious whether the earlier arguments for including things in the reference class could be used to argue that these entities should be allowed in. Can a severely mentally handicapped person bet? Could you have found yourself as such a person? (Although anybody could of course in one sense become severely mentally disabled, for example as a result of a neurodegenerative disease, it could be argued that the being that results from such a process would not in any real sense still be “you”, if the damage were sufficiently severe.)


Intellectual insufficiency is not the only prima facie source of vagueness or indeterminacy of the reference class. Here is a list of possible bordelines:

· Insufficient intellectual abilities (e.g. chimpanzees; mentally handicapped persons; Neanderthals; persons who can’t understand SSA and the probabilistic reasoning involved in using it in the application in question)

· Insufficient information (e.g. persons who don’t know about the experimental setup)

· Lack of some occurrent thoughts (e.g. persons who, as it happens, don’t think of applying SSA to the situation in question)

· Exotic mentality (e.g. angels; superintelligent computers; posthumans)

I do not at this point wish to make any claim as to whether the reference class should be delimited in such a way that vagueness can arise in all of these four zones. For instance, maybe it is not possible to disqualify an intellect for being too intelligent. I only want to note that the exact way of delimiting the reference class has not yet been settled; and in order to do so one will have to address these four points. We will return to the reference class problem in the next section, and in particular I will show that an attempt by John Leslie to solve it fails.

The sampling density

Closely related to the reference class problem is the problem of selecting the sampling density that you should reason as if you had been sampled with from the reference class. (The reference class problem can be seen as a special case of this: the problem of which objects should be assigned zero sampling density.) We have seen examples where all observers are similar in all respects that could plausibly be thought to make a difference to their sampling density and where consequently a uniform sampling density over all the objects in the reference class is justified, in accordance with expression D (see chapter 1). In most real-world applications, however, observers differ in many respects including ones which may be thought to be relevant to their sampling density.


To begin with, we can consider some easy cases which are covered by what has already been said. Modify God’s Coin Toss so that now there are two observers in room one (independently of how the coin fell):


This changes the odds as follows:

P(Heads) = P(¬Heads) = ½

P(Black | Heads) = 2/3

P(Black | ¬Heads) = 1,

which gives

P(Heads | Black) = 2/5.
The result is of course the same if the two persons in room one are Siamese twins and share the same body. So long as it is only a matter of the number of observers changing, and it is therefore covered by what we have explained above. But what happens if we keep the number of observers constant while varying their nature? Can different choices of x (the potential content of room two) lead to different values of the credence you should assign to Heads, even when x ranges only over different types of observers?


We can take a first step towards specifying the sampling density by substituting ‘observer-moments’ for ‘observers’. Different observers may live differently long lives, be awake different amounts of time, spend different amounts of time engaging in anthropic reasoning etc. If we chop up the stretch of time an observer exists into discrete observer-moments then we have a natural way of weighing in these differences. We can redefine the reference class to consist of all observer-moments that will ever have existed. That is, we can upgrade SSA to something we can call the Strong self-sampling assumption:

(SSSA) Every observer at every moment should reason as if her present observer-moment were randomly sampled from the set of all observer-moments.

Just as we previously could assume a uniform sampling density from the set of all observers in case they were identical in every relevant respect, as expressed by D, we can now formulate a stronger version of D by adding that the sampling density should be uniform over all observer-moments provided they are identical in all relevant respects:

(SD)
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where N now is the total number of observer-moments and R is the rank of your present observer-moment.


SSSA is a strengthening of SSA (and SD is a strengthening of D). In the special case where all observers in existence each consists of an equal number of observer-moments, SSSA (and SD) can be derived from SSA (and D). But in the more general case where the number of observer-moments is not equal for all observers then the SSSA may yield a definite sampling density (provided only that the observer-moments are relevantly similar) whereas SSA would not specify that (since the observers would not be relevantly similar).


It could be thought that there is some arbitrariness as to how long a period of an observer we count as an observer-moment. As long as the observer-moments are short compared to the typical duration of an observer, however, that does not matter, provided we partition all observers into pieces of equal length. For example, consider this gedanken:

Only one observer exists. This observer is first in room one for two hours; then she is given a drug that causes retrograde amnesia (so she forgets that she has been in room one) and is transported into room two where she spends one hour, whereafter she is annihilated. (In each room she is informed about the general setup of the experiment so she always knows that.)


If we adopt SSSA then at each point in time this observer should believe with probability 2/3 that she is currently in Room 1 and with probability 1/3 that she is currently in Room 2. This is so because she knows that two thirds of all observer-moments are in Room 1 and only one third in Room 2, and she does not have any means of determining which of these observer-moments is her present one. And it is easy to see that this holds whether we stipulate that an observer-moment is one second or five minutes long.


The calculation is exactly the same if instead of one observer being transported from one room to the other, we have two different observers that each exist in one of the room for two hours and one hour, respectively:


In this case too, by the same reasoning, both observers should at each time set:

P(I am currently in Room 1) = 2/3, and

P(I am currently in Room 2) = 1/3.

Cases where the total number of observer-moments may differ depending on which hypothesis is true (such as in a temporal version of God’s Coin Toss) are handled in similar manner as before – just replace ‘observer’ with ‘observer-moments’.


When using SSSA, it may be appropriate to segment observers into segments of equal subjective time. If one observer thinks twice as many thoughts and has twice the number of experiences in a given time interval as another observer, it seems quite plausible to associate twice as many observer-moments to the former observer as to the latter observer during the interval. Thus, for instance, if two similar observers are implemented on two distinct pieces of silicon hardware, and we run one of the computer at a faster clock rate then on this line of reasoning that should result in more observer-moments being produced per second in the faster computer.


The fact that subjective time seems the appropriate measure of the duration of observer-moments may indicate that the still more fundamental entity in the reference class should be (some types of) thoughts, or occurrent ideas. Just as longer-lived observers get a higher sampling density because they contain more observer-moments, so also may observer-periods of equal objective duration get a higher sampling density by containing a greater number of occurrent thoughts.


We shall leave this discussion without having tied up all the ends.
 The various strengthening of SSA will not be assumed in what follows. These are intriguing issues however, which may be further explored to develop a more complete theory of how to reason in epistemic situations involving observational selection effects or indexical uncertainty. Seeking to develop such a more complete theory if important for three reasons. First, it may potentially increase the range of practical applications. Second, it may affect radically the results in applications where we use SSA on a reference class of observers that are not quite equal in all relevant ways. And third, it would increase our confidence in the methodological soundness of anthropic reasoning if we had a neat and plausible solution to the problem of the reference class. (And conversely, it would somewhat undermine our confidence if it turned out that there were no such solution but instead vast areas of indeterminacy and arbitrariness.)

Summary

The task was to find a methodological principle for assigning credence in contexts which involve observational selection effects. SSA was proposed as such a principle. It was shown that SSA does the work we want done in terms of deriving observational consequences from multiverse models in cosmology, and from universe models where the universe postulated is so vast that most any kind of observation is expected to take place somewhere or another. I challenge those who would reject SSA to propose a more plausible method of deriving observational consequences from such models. Something is clearly needed, since such models are so central in contemporary science.


We then set forth a more direct argument for SSA using gedanken to isolate what seems to be the essential features of the problem. Any proposed rival to SSA would also have to be checked in these thought experiments to see if it correctly updates beliefs in light of information with an indexical component. In the examples we have considered, SSA does seem to do that.


Finally, ways of strengthening SSA to cover a wider range of cases were suggested. Some open ends remain and no claim is made that SSSA represents the strongest possible correct rule for anthropic reasoning.


Yet, already SSA by itself is quite a lot. As we shall now see SSA is a very powerful principle that carries many unexpected consequences up its sleeve. For example, by making just a few seemingly quite weak additional assumptions, SSA leads directly to the disturbing Doomsday argument…
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� There is a complication if we consider infinite universes with infinitely many observers, for then the usual sense of more or less (as different cardinalities of different classes of observers) cannot be used to distinguish between the freak observers and the normal observers. We shall set this difficulty aside for the time being, and return to it in a later chapter.


� Boltzmann attributes the idea to his assistant, Dr. Schuetz. Thank heaven for postdocs!


� The only observational consequence such theories would have on that view is that we don’t make observations that are logically incompatible with the laws of nature which that theory postulates. But that is much too weak to be of any use. Any finite string of sensory stimulation we could have seems to be logically compatible with the laws of nature, both in the classical mechanics framework of Boltzmann’s time and in a contemporary quantum mechanical framework.


� Setting aside, as is common in contexts like this, any risk aversion or aversion against gambling, or computational limitations that the person might have.


� God is not supposed to count as an observer here; we may imagine an automaton instead of God in this and subsequent examples.


� David Lewis [Lewis, 1986 #96], [Lewis, 1994 #95]; a similar principle had earlier been formulated by Hugh Mellor [Mellor, 1971 #94])


� Of course, if there are mirrors in the rooms so that the observers can see what color beard they have, they get extra information which, when factored in, changes their credence to 1: they can then deduce which room their present observer-moment is in.


� That is what I mean by “subjective time” – not how long the observer thinks the interval is, but how much cognition takes place in it.


� Even using occurrent thoughts (of suitable type) as the basic entity of the reference class does not seem to go all the way to determining the sampling density. For example, occurrent thoughts come in different degrees of clarity, intensity and focus. Should these be assigned different weights? Correspondingly, assuming SSA, should we say that if there are equally many deep, clear as there are muddled, superficial thinkers about anthropic reasoning (which is certainly not the case!) then one should, other things equal, expect to find oneself as one of the clear thinkers? Should highly intense observer-moments be given more weight than torpid half-conscious ones? (… And if one thinks one spends a lot more time thinking about these issue than the average observer, could one perhaps use that as an ad hominem argument for thinking that it is observer-moments spent thinking this kind of thoughts that count? This definition of the reference class would entail a higher probability of observing what I am observing than if I take the reference class to consist of all observer-moments.)
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