Chapter 3

THE DOOMSDAY ARGUMENT

Introduction

We have seen several examples where SSA gives intuitively plausible results. However, when SSA is applied to our actual situation and the prospects of the human species, we get interesting consequences that we might not have anticipated. Coupled with a few seemingly quite weak empirical assumptions, SSA generates the Doomsday argument (DA), which purports to show that the life expectancy of the human species is less than one previously thought. This finding by itself might not be very startling. What makes DA shocking is, first, that this prediction is derived from premises which one might thought too weak to entail such a thing; and second, that – under certain not so implausible empirical assumptions – the reduction in our species’ life expectancy is quite dramatic. The majority of people who hear about DA at first think there must be something wrong with it. A small but significant minority think it is obviously right.
 What everybody must agree is that if the argument works then it is an extremely important result, because it would have major empirical consequences for an issue that we care a lot about: our survival.


Many attempts have been made to refute DA. As we shall see in the next chapter, however, such efforts have so far been unsuccessful. Here we will spell out the argument, identify its assumptions, and examine various related issues. Looking also at how the argument has been presented in the literature, we can distinguish two distinct forms of it, one due to Richard Gott and one to John Leslie (building on ideas by Brandon Carter). Gott’s version is incorrect. Leslie’s version, while a great improvement on Gott’s, also falls short on several points, I shall argue. Correcting these shortcomings does not, however, change the basic idea of the argument.


DA has been independently discovered several times. Brandon Carter was first, but he has not published on the issue. The credit for being the first person to clearly enunciate it in print belongs to John Leslie ([Leslie, 1989 #7]) who had heard rumors of Carter's discovery from Frank Tipler. Leslie has been by far the most prolific writer on the topic with one monograph and over dozen academic papers. Richard Gott III independently discovered and published a version of DA in 1993([Gott, 1993 #13]).
 The argument also appears to have been conceived by H.B. Nielsen ([Nielsen, 1981 #64] (though Nielsen might have been influenced by Tipler), and again more recently by Stephen Barr.

Although Leslie has the philosophically most sophisticated exposition of DA, it will be instructive to first take a look at the version enunciated by Gott.

Doomsday à la Gott

Gott’s version of DA is set forth in a Nature article of 1993 ([Gott, 1993 #13]) (see also the responses [Buch, 1994 #16], [Goodman, 1994 #20], [Mackay, 1994 #23], and Gott’s replies [Gott, 1994 #12]). A popularized exposition by Gott appeared in New Scientist in [Gott, 1997 #169]. In the thought-provoking Nature-paper he not only sets forth a version of the DA but he also pursues its implications for the search of extraterrestrial life project (SETI) and for the prospects of space travel. Here we will focus on what he has to say about the DA itself. Gott’s version is based on a more general argument type that he calls the “delta t argument”. Despite being extremely simple, Gott reckons it can be used to make predictions about most everything in heaven and on earth. It goes as follows:


Suppose we want to estimate how long some series of observations (measurements) is going to last. Then,

Assuming that whatever we are measuring can be observed only in the interval between times tbegin and tend, if there is nothing special about tnow we expect tnow to be randomly located in this interval. ([Gott, 1993 #13], p. 315)

Using this randomness assumption, we can make the estimate
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tfuture is the estimated value of how much longer the series will last. This means that we make the estimate that the series will continue for as long as it has already lasted when we make the random observation. This estimate will overestimate the true value half of the time and underestimate it half of the time. It also follows that a 50% confidence interval is given by
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and a 95% confidence interval is given by
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Gott gives some illustrations of how this reasoning can be applied in the real world:

[In] 1969 I saw for the first time Stonehenge (
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). Assuming that I am a random observer of the Wall, I expect to be located randomly in the time between tbegin and tend (tend occurs when the Wall is destroyed or there are no visitors left to observe it, whichever comes first). ([Gott, 1993 #13], p. 315)

At least in these two cases, the delta t argument seems to have worked! The New Scientist article also features an inset inviting the reader to use the arrival date of that issue of the magazine to predict how long their current relationship will last. You can presumably use my dissertation for the same purpose. How long has your present relationship lasted? Use that value for tpast and you get your prediction from the expressions above, complete with precisely specified confidence intervals.


Wacky? Yes, but all this does indeed follow from the assumption that tnow is randomly sampled from the interval tbegin to tend. Gott admits that this imposes some restrictions on the applicability of the delta t argument:

[At] a friend’s wedding, you couldn’t use the formula to forecast the marriage’s future. You are at the wedding precisely to witness its beginning. Neither can you use it to predict the future of the Universe itself – for intelligent observers emerged only long after the Big Bang, and so witness only a subset of its timeline. ([Gott, 1997 #169], p. 39)

Unfortunately, Gott does not discuss in any more detail the all-important question of when, in practice, the delta t argument is applicable. Yet it is clear from his examples that he thinks it should be applied in a very broad range of real-world situations.

In order to apply the delta t argument to estimate the life-expectancy of the human species, we must measure time on a “population clock” where one unit of time corresponds to the birth of one human. This modification is necessary because the human population is not constant. Due to population growth, most humans that have been born so far find themselves later rather than earlier in the history of our species. According to SSA, we should consequently assign a higher prior probability to finding ourselves at these later times. By measuring time as the number of births, we obtain a scale where you can assign a uniform sampling density to all points of time.


There have been about 70 billion humans so far. Using this value as tpast, the delta t argument gives the 95% confidence interval
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The units here are human beings. In order to convert this to years, we would have to estimate what the future population figures will be given that a total of N humans will have existed. In the absence of such an estimate, DA leaves room for alternative interpretations. If the world population levels out at 12 billion then disaster is likely to put an end to our species fairly soon (within 1400 years with 75% probability). If population figures rise higher, the prognosis is even worse. But if population decreases drastically, the delta t argument would be compatible with survival for many millions of years. However, such a population collapse could perhaps itself be characterized as “doomsday”.


The probability of space colonization looks abysmal in the light of the Gott’s version of DA. Reasoning via the delta t argument, Gott concludes that the probability that we will colonize the galaxy is of order p ( 10-9, because if we did manage such a feat we would expect there to be at least a billion times more humans in the future than have been born to date.

The incorrectness of Gott’s argument

A crucial flaw in Gott’s argument is that it fails to take into account our empirical prior probability of the hypothesis under consideration. Even granting that SSA is applicable to all the situations and in the manner that Gott suggests (and we shall argue in a later chapter that that is not generally the case, because a condition we shall call the “no outsider requirement” is not satisfied), the conclusion would not necessarily be the one intended by Gott once this omission is rectified.


And it is quite clear, once we focus our attention on it, that our prior probabilities must be taken into account. It would be foolish when estimating the future duration of Stonehenge or the Berlin wall not to take into account any other information you might have. Say you are part of a terrorist organization who plans to destroy Stonehenge for publicity. Everything has been carefully plotted: the explosives are in the truck; the detonators are in your suitcase; tonight at 11 p.m. your two co-conspirators will to pick you up from King’s Cross St. Pancras… Knowing this, surely the odds of Stonehenge lasting another year are different from and lower than what a straightforward application of the delta t argument would suggest. In order to save the delta t argument, Gott would have to restrict its applicability to situations where we in fact lack other relevant information. But then the argument cannot be used to estimate the future longevity of the human species, because we certainly have a lot of extraneous information that is relevant to that. So Gott’s version of DA fails.


That leaves open the question whether the delta t argument might not perhaps provide interesting guidance in some other estimation problems. Suppose we are tying to guess the future duration of some phenomenon and that we have a “prior” probability distribution (after taking into account all other empirical information available) that is uniform for total durations T in the interval 
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Suppose you make an observation at a time t0 and find that the phenomenon at that time has lasted for (t0 - 0) (and is still going on). Let us assume further, that there is nothing “special” about the time you choose to make the observation. That is, we assume that the case is not like using the delta t argument to forecast the prospects of a friend’s marriage at his wedding. We have made quite a few assumptions here, but if the argument could be shown to work under these conditions it might still find considerable practical use in real-world cases that would at least approximate this ideal setting.


Even under these ideal conditions, however, the argument is inconclusive. It neglects an important observational selection effect. The probability that your observation should occur at a time when the phenomenon is still ongoing is greater the longer the phenomenon lasts. Imagine that your observation occurs in two steps. First, you discover that the phenomenon is still in progress. Second, you discover that it has lasted for (t0 - 0). After the first step, you may conclude that the phenomenon probably lasts longer than your prior probability led you to expect; for it is more likely that you should observe it still in progress if it covers a greater time interval. This is true if we assume that your observation was made at a random point in a time interval that is longer than the expected duration of the phenomenon. The longer the time interval from which the observation point is sampled is compared to the prior expected duration of the phenomenon, the stronger influence this observational selection effect will have on the posterior probability. In particular, it will tend to compensate for the “Doomsday-effect” – the tendency that finding that the phenomenon has lasted only a short time when you make the observation has to make you think that the duration of the phenomenon is relatively short. We will later examine more detail how this compensation plays our mathematically, when we study the related issue of the no outsider requirement in a later chapter. For now, it suffices to note that if your observation is sampled from a time interval that is longer than the minimum guaranteed duration of the phenomenon – so that you could have made your observation before the phenomenon has started or after it had ended – then finding that the phenomenon is still in progress when you make your observation gives you some reason to think that the phenomenon probably lasts for a relatively long time. The delta t argument fails to take account of this effect. The argument is hence flawed, unless we make the additional assumption (not made by Gott) that your observation point is sampled from a time interval that does not exceed the duration of the phenomenon. And this entails that in order to apply Gott’s method, you must be convinced that your observation point’s sampling interval co-varies with durations of the phenomenon. That is to say, you must be convinced that given the phenomenon from ta to tb, then your observation point is sampled from the interval [ta, tb]; and that given that the phenomenon lasts from ta’ to tb’, then your observation point is sampled from the interval [ta’, tb’]; and similarly for any other start- and end-points that you assign a non-zero prior probability. This imposes a strong additional constraint on the situations where the delta t argument is applicable.

Doomsday à la Leslie

Leslie’s presentation of the DA differs in several respects from Gott’s. On a stylistic level, Leslie makes less use of mathematics, his writing is informal and his arguments often take the form of analogies and thought experiment. Leslie is much more explicit than Gott about the philosophical underpinnings. He places the argument in a Bayesian framework and devotes considerable attention to the empirical considerations that determine what the priors are as well as to the ethical issues related to seeking to minimize the risk of human extinction.


Leslie presents DA through a loosely arranged series of gedanken and analogies. A large part of the argumentation consists in refuting various objections that could be advanced against the proposed line of reasoning. This makes it somewhat difficult to briefly summarize Leslie’s version of DA, but a characteristic passage runs as follows:

One might at first expect the human race to survive, no doubt in evolutionary much modified form, for millions or even billions of years, perhaps just on Earth but, more plausibly, in huge colonies scattered through the galaxy and maybe even through many galaxies. Contemplating the entire history of the race – future as well as past history – I should in that case see myself as a very unusually early human. I might well be among the first 0.00001 per cent to live their lives. But what if the race is instead about to die out? I am then a fairly typical human. Recent population growth has been so rapid that, of all human lives lived to far, anything up to about 30 per cent ... are lives which are being lived at this very moment. Now, whenever lacking evidence to the contrary one should prefer to think of one’s own position as fairly typical rather than highly untypical. To promote the reasonable aim of making it quite ordinary that I exist where I do in human history, let me therefore assume that the human race will rapidly die out. ([Leslie, 1990 #167], pp. 65f; emphasis in original.
)


Leslie emphasizes the point that DA does not show that Doom will strike soon. It only argues for a probability shift. If we started out being extremely certain that the humans species will survive for a long time, we might still be fairly certain after having taken DA into account – though less certain than before. Also, it is possible for us to improve our prospects. Leslie hopes that if DA convinces us that the risks are greater than was previously thought then we should become more willing to take steps to diminish the dangers – perhaps through protecting the ozone layer, pushing for nuclear disarmament, setting up a meteor early warning system, or being careful with future very-high-energy particle physics experiments (which could conceivably knock our cosmic region out of a metaunstable vacuum state and destroy the world). So Leslie does not see DA as a reason for despair, but rather as a call for greater caution and concern about potential species-annihilating disasters.

A major advantage of Leslie’s version compared to Gott’s is that Leslie explicitly stresses that the empirical priors must be taken into account. Bayes’ theorem tells us how to do that. Suppose we are entertaining two hypotheses about how many humans there will have been in total:

H1: There will have been a total of 200 billion humans.

H2: There will have been a total of 200 trillion humans.

For simplicity, let’s assume that these are the only possibilities. The next step is to assign prior probabilities to these hypotheses based on the empirical information available (but ignoring, for the moment, information about your birth rank). For example, you might think that:

P(H1) = 5%

P(H2) = 95%

All that remains now is to factor in the information about your birth rank, which, as it happens, is somewhere in the neighborhood of 70 billion (R) if you are alive in the beginning of the 21st century.
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In this illustration, the prior probability of Doom soon (H1) of 5% is increased to about 98% when you take into account your birth rank according to DA. This is how Leslie envisions that calculations based on his version of the argument are to be made. Note however that the calculation is not the argument. Rather, the calculation is a derivation of a specific prediction from assumptions which DA seeks to justify. Let’s look in more detail at what these assumptions are and whether they can be justified.

The assumptions used in DA and the Old evidence problem

Leslie talks of the principle that, lacking evidence to the contrary, one should think of one’s position as “fairly typical rather than highly untypical”. In chapter 1, we have proposed to tidy up this rather imprecise anthropic principle by explicating it as SSA. In chapter 2, we provided grounds for adopting SSA in a range of cases. The crucial question is, can SSA be applied in the context of DA in the way the above calculation presupposes?


Let’s suppose for a moment that it can. What other assumptions does the argument use? Well, an assumption was made about the prior probabilities of H1 and H2. This assumption is no doubt incorrect, since there are certainly other hypotheses that we would want to assign non-zero probability. However, it is clear that choosing different values of the prior will not change the fact that hypotheses which postulate fewer observers will gain probability relative to hypotheses which postulate more observers.
 The absolute posterior probabilities depend on the precise empirical prior, but the fact that there is this probability shift does not. Further, (#) is merely a formulation of Bayes’ theorem. So once we have the empirical priors and the conditional probabilities, then the prediction follows mathematically.


The premiss that carries the weight and bears the responsibility for the surprising conclusion is the idea that SSA can be applied to justify these conditional probabilities. Can it?


Recall that we argued for Model 2 in the first version (G1) of God’s Coin Toss of chapter 2. If DA could be assimilated to this case, it would be justified. There are a number of differences between the two cases, but the question is whether they are relevant.

One argument that was used to justify Model 2 for G1 was that if you had been at first ignorant of the color of your beard, and you had assigned probabilities to all the hypotheses in this state of ignorance, and you then received information about your beard color and updated your beliefs in accordance with Bayes’ theorem, then you would end up with the probability assignments that Model 2 prescribes. This line of reasoning does not presuppose that you actually were, at some point in time, ignorant of your beard color. Rather, considering what you would have thought if you were ignorant of the beard color is merely a way of clarifying your current conditional probabilities (namely, of being in a certain room given a certain outcome of God’s coin toss).

I hasten to say that I am not suggesting a counterfactual analysis as a general account of conditional degrees of belief. That is, I am not saying that P(e|h) should in general be defined as the probability you would have assigned to e if you didn’t know e but knew h. A solution of the so-called problem of old evidence requires much more than that. However, thinking in terms of such counterfactuals can in some cases be a useful way getting clearer about what your subjective probabilities are. Take the following case:

Two indistinguishable urns are put in front of Mr. Jonas. He is credibly informed that that one of them contains ten balls and the other a million, but he is ignorant as to which is which. He knows the balls in each urn are numbered 1, 2, 3, 4 ... etc. Jonas flips a coin which he is convinced is fair, and based on the outcome of that toss he selects one of the urns - the left one as it happens. Now he takes a ball at random from the left urn, and it is number 7. Clearly, this is a strong indication that that urn contains only ten balls. If originally the odds were fifty-fifty (which is reasonable given that the urn was selected randomly), a swift application of Bayes’ theorem gives the posterior probability that the left urn is the one with only ten balls: P(Left urn contains 10 balls | Sample ball is #7) = 99.999%.

Mr. Jonas, however, has never had much of a proclivity for intellectual exercises. So when he picks the ball with number 7 on it, and is asked to give his odds for that urn being the one with only ten balls, he says “Umm, fifty-fifty.”

Before Mr. Jonas stakes his wife’s car at these inclement odds, what can we say to him to help him come to his senses? When we start explaining about conditional probabilities, Jonas decides to stick to his guns rather than admit that his initial response was incorrect. He accepts Bayes’ theorem, and he accepts that the probability that the ten-ball urn would be selected by the coin toss was 50%. What he refuses to accept is that the conditional probability of selecting ball number 7 is one in ten (one in a million), given that the urn contains ten (one million) balls. Instead he thinks that there was a 50% probability of selecting ball number 7 on each hypothesis about the total number of balls in the urn. Either that, or he simply declares that he doesn’t have any such conditional credence.

One way to proceed from here is to ask Jonas, “What would you have believed was the probability that the sample just drawn would be number 7 if you hadn’t yet looked at it but you knew that it had been picked from the urn with 10 balls?” Suppose Jonas say, “One in ten.” We may then appropriately ask, “So why then does not your conditional probability of picking number seven given that the urn contains ten balls equal this?”.

There are two kinds of reasons that one could give in order to justify a divergence of one’s conditional probabilities from what one thinks one would have believed in a corresponding counterfactual situation. First, one may think that one would have been irrational in the situation in question. What I think I would believe in a counterfactual situation where I was drugged into a state of irrationality can usually be rightly ignored for the sake of determining my current conditional probabilities.
 In the case of Jonas this response is not available, because Jonas does not believe he would have been irrational in the counterfactual situation where he hadn’t yet observed the number on the selected ball.


A second reason for divergence is if the counterfactual situation doesn’t exactly “match” the conditional probability that is being assessed. The corresponding counterfactual situation might contain features – other than one’s not knowing e – that would rationally influence one’s degree of belief in h. For instance, suppose we add the following feature to the example: Mr. Jonas has been credibly informed at the beginning of the experiment that if there is a gap in time (“Delay”) between the selection of the ball and his observing what number it is (so that he has the opportunity to be for a while in a state of ignorance as to the number of the selected ball) then the experiment has been rigged in such a way that he was bound to have selected either ball number 6 or 7. Then in the counterfactual situation where Jonas is ignorant of the number on the selected ball, Delay would be true; and Jonas would have know that. In the counterfactual situation he would thus have had the additional information that the experiment was rigged (an event which, we can assume, he assigned a low prior probability). Clearly, what he would have thought in that counterfactual situation does not determine the value that he should in the actual case assign to the conditional probability, since in the actual case (where Delay is false) he does not have that extra piece of information.


This proviso suggests a more general limitation of the validity of the counterfactual-test of what your current conditional probabilities should be. In many cases, there is no clearly defined unique situation that would have obtained if you had not known some data that you in fact know. There are many ways of not knowing something. Take the counterfactual situation, for example, where I don’t know whether clouds ever exist: Is that a situation where I don’t know that there is a sky and a sun (so that I don’t know whether clouds ever exist because I have never been outdoors and looked upwards)? Is it a situation where I don’t know how water in the air behaves when it is cooled down? Or is it perhaps a situation where I am ignorant as to whether the fluffy things I see up there are really clouds rather than, say, fluffy cotton-gods? Is this counterfactual situation one where I have never been up in an airplane, and thus never seen clouds up close; or is it one where I have flown but have forgotten about some parts of that experience? – It seems clear that in this example, we have not specified the hypothetical state of “me not knowing whether clouds have ever existed” sufficiently to get an unambiguous answer to what else I would or would not believe, if I were in that situation.

In some cases, however, the counterfactual situation is sufficiently specified. Take the original case with Mr. Jonas again (where there is no extra factor such as the selection potentially being rigged). Is there a counterfactual situation that we can point to as the counterfactual situation that Jonas would be in if he didn’t know the number on the selected ball? It seems there is. Suppose that in the actual course of the experiment there was a one minute gap between Jonas’ selecting a ball and his looking to see what number it was. Suppose that during this minute Jonas contemplated his probability assignments to the various hypotheses, and reached a reflective equilibrium. Then one can plausibly maintain that, at the later stage when Jonas have looked at the ball and knows its number, that what he would have rationally believed if he didn’t know its number is what he did in fact believe a moment earlier before he learnt what the number is. Moreover, even if in fact there never were any such gap when Jonas reflected on the probabilities, it can still make sense to ask what he would have thought if there had been. At least in this kind of example, in the absence of complicating circumstances (such as the potentially rigged selection in the variant mentioned above) there can be a suitably definite counterfactual from which we can read off Jonas’ present conditional probabilities, even if there never was a time when Jones was ignorant about the “antecedent” (e).

If this is right, then there are at least some cases where the conditional credence P(h|e) can be meaningfully assigned a non-trivial probability even if there never in fact was any time when e was not known. The old evidence problem may retain its force in the general case, but in some special cases it can be solved. This is indeed what one would have expected, since otherwise the Bayesian method could never be applied except in cases where one had in advance considered and assigned probabilities to all the relevant hypotheses and possible evidence. This would fly in the face of the fact that we seem often to be able to plausibly model the evidential bearing of old evidence on new hypotheses within a Bayesian framework.

Recall that in the God’s Coin Toss (G1) gedanken, it was not assumed that there actually was a point in time when the people created in the rooms were ignorant about the color of their beards. They popped into existence, we could suppose
, right in front of the mirror, and gradually came to form a system of beliefs as they reflected on their circumstances. Nonetheless we could use the consideration about the counterfactual situation where they were ignorant about their beard color to motivate a particular choice of conditional probability. Before we examine whether a similar trick can be used to justify the conditional probabilities which DA presupposes, let us first consider more explicitly what the form of the argument is that allows us to extract the conditional probabilities in God’s Coin Toss.

I suggest that the following is the right way to think about this. Let I be the set of all information that you have received up to the present time. I can be decomposed in various ways. For example, if I is logically equivalent to I1&I2 then I can be decomposed into I1 and I2. You currently have some credence function which specifies your current degree of belief in various hypotheses (conditional or otherwise), and this credence is conditionalized on I. Call this credence function CI. However, although this is the credence function you have, it may not be the credence function you ought to have. You may have failed to understand all the probabilistic connections between the facts that you have learnt. Let CI* be a rival credence function, conditionalized on the same information I. The task is now to try to determine whether on reflection you ought to switch to CI* or whether you should stick with CI.

|

The relation to DA should be clear. CI can be thought of as your credence function before you heard about the DA, and CI* the credence function that the proponent of DA (the “doomsayer” for short) seeks to persuade you to adopt. Both these functions are based on the same background information I, which includes everything you have learnt up until now. What the doomsayer argues is not that she can teach you some new piece of relevant information that you didn’t have before, but rather that she can point out a probabilistic implication of information you already have that you have hitherto failed to fully realize or take into account – that you have been in error in assessing the probabilistic bearing of your evidence on hypotheses about how long the human species will last. How can she go about that? Since presumably you haven’t made any explicit calculations to arrive at your estimate of the credence you attach to these probabilities, she cannot point to any error you have made in some mathematical derivation. But I want to suggest one method she can use:

She can specify some decomposition of your evidence into I1 and I2. She can then ask you what you think you ought to have rationally believed if all the information you had were I1 (and you didn’t know I2). (This thought operation involves reference to a counterfactual situation as discussed above, and as we saw, whether this procedure is legitimate depends on the particulars; sometimes it works, sometimes it doesn’t. Let’s assume for the moment that it works in the present case.) What she is asking for, thus, is what credence function CI1 you think you ought to have had if your total information were I1. In particular, CI1 will assign values to certain conditional probabilities of the form CI1(*|I2). This means we can then use Bayes’ theorem to conditionalize on I2 and update the credence function. If the result of this updating is CI*, then she will have shown that you are committed to revising your present credence function CI and replace it by CI*. For CI and CI* are based on the same information, and you have just acknowledged that you think that if you were ignorant of I2 you should set your credence equal to CI1, which results in CI* when conditionalize on I2. One may say, roughly, that the order in which you choose to consider the evidence should not make any difference to the probability assignment you end up with.

This method can be applied to the case of Mr. Jonas. I1 will be all the information he would have had up to the time when the ball was selected from the urn. I2 is then the information that this ball is number 7. If Mr. Jonas thinks that what would have been rational for him to believe had he not know the number of the selected ball (i.e. if his information were I1) is that the conditional probability of the selected ball being number 7 given that the selected urn contains ten balls (a million balls) is one in ten (one in a million), then we can show that his present credence function ought to assign a 99.999% credence to the hypothesis that the left urn (the urn from which the sample was taken) contains only ten balls.

In order for the doomsayer to use the same method to convince somebody who resists DA on the purported grounds that the conditional probabilities used in DA does not represent his actual conditional probabilities, she would have to define some counterfactual situation S such that the following holds:

(1) In S he does not know his birth rank.

(2) The probabilities assumed in DA are the probabilities he now thinks that it would be rational for him to have in S.

(3) His present information is logically equivalent to the information he would have in S conjoined with information about his birth rank, modulo information which he thinks is irrelevant to the case at hand. 

The probabilities referred to in (2) are of two sorts. There are the “empirical” probabilities that DA uses – the ordinary kind of estimates of the risks of germ warfare, asteroid impacts, abuse of military nanotechnology etc. And then there are the conditional probabilities of having a particular birth rank given a particular hypothesis about the total number of humans that will have lived. The values of these conditional probabilities presupposed by DA are the values given by applying SSA to that situation. S should therefore ideally be a situation where he possesses all the evidence he actually has which is relevant to establishing the empirical prior probabilities, but where he lacks any indication as to what his birth rank is.

Can such a situation be conceived? I think we don’t have to stretch our imagination very far to see that it can. The scenario that might first suggest itself – some complicated story about how he might be given some amnesia-inducing drug and then brought to learn some facts anew might work, although it gets a bit cumbersome and farfetched.%%. Yet a more straightforward possibility is at hand. What if we in actual fact don’t know our birth ranks, even approximately? What if we actually are in this hypothetical state of partial ignorance which the argument for choosing the appropriate conditional probabilities presupposes? “But,” you may object, “didn’t you say that our birth ranks are about 60 billion? And if I know that this is (at least approximately) the truth, how can I be ignorant about my birth rank?”


Well, what I said was that your birth rank in the human species is about 60 billion. Yet that does not imply that your birth rank simpliciter is anything near 60 billion. There could be other intelligent species in the universe, extraterrestrials that count as observers, and I presume you would not assert with any confidence that your birth rank within this larger group is about 60 billion. You would presumably agree that you are highly uncertain about your temporal rank order in the set of all observers in the universe, if there are many extraterrestrial civilizations out there.


I maintain that if the appropriate reference class to which SSA is applied must include all observers that will ever have existed, and that intelligent extraterrestrials – at least if they were not too dissimilar to us in other respects – should count as observers. This is the version of SSA which I am concerned with in this dissertation. It is easy to modify the earlier arguments I provided in favor of adopting SSA work equally well if we include extraterrestrials in the reference class. Indeed, the arguments for SSA that were based on how it seems the most plausible way of deriving observational predictions from multiverse theories and of making sense of the objections against Boltzman’s attempted explanation of the arrow of time presuppose this! And the arguments that were based on the thought experiments can easily be adapted – just draw little antennas sticking out from the heads of some of the people in the illustrations and adjust the terminology accordingly, and these arguments go through as before. (John Leslie has a different view and thinks that the reference class can be restricted to contain only homo sapiens. On the grounds just given, I think he is wrong on this point. I will discuss his view on the reference class problem in more detail in a later section.)

We can consequently propose for Mr. Jonas’ consideration the following hypothetical situation S (which might be a counterfactual situation or a situation that will actually obtain occur in the future):

Scientists report that they have obtained evidence that strongly favors the disjunction 
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, where h1 is the hypothesis that our species is the only intelligent lifeform in the world, and h2 is the hypothesis that our species is one out of a total of one million intelligent species throughout spacetime, each of which is pretty much like our own in terms of constitution and membership numbers. (To avoid the complication that infinite population sizes introduces – which we will say something about in a later section – we may also assume that it is known that the total number of observers that will have existed in the world is bound by some large but finite number.) Mr. Jones knows what his birth rank would be given h1, namely about 60 billion, but he does not know even approximately what his birth rank would be given h2. By considering various strings of additional incoming evidence favoring either h1 or h2 we can thus probe how he does or does not take into account the information about his birth rank in evaluating hypotheses about how long the human species will last. Suppose first that evidence comes in strongly favoring h2. We then have a situation S satisfying the three criteria listed above. Mr. Jonas acknowledges that he is ignorant about his birth rank, and so he now thinks that in this situation it would be rational for him to apply SSA. This gives him the conditional probabilities required by DA. The empirical priors are, let us assume, not substantially affected by the information favoring h2; so his they are the same in S they in his actual situation. Suppose, finally, that scientists a while later and contrary to expectation obtain new evidence that very strongly favors h1. When Jonas learns about this, his information set becomes equivalent to the information set he has in the actual situation (where we have implicitly presumed that Jonas does not believe there are any extraterrestrials. The input that the DA-calculation above needed are thus all supplied in this case, and Bayes’ theorem implies what Jonas’ posterior probability (after conditionalizing on his birth rank) should be.

The weakness of scenario is that although Jonas doesn’t know even approximately what his birth rank is in S, he still knows in S his relative birth rank within the human species, that he is about the 60 billionth human. Thus he could maintain that when he applies SSA, he should assign probabilities that are invariant between various specifications of our species’ position among all the extraterrestrial species – since he is ignorant about that – but that the probabilities should not be uniform over various positions within the human species – since he is not ignorant about that. For example, if we suppose that the various species are temporally non-overlapping so that they exist one after another, then he might assign a probability close to one that his absolute birth rank is either about 60 billion, or about 120 billion, or about 180 billion, or… . Suppose this is what he now thinks it would be rational for him to do in S. Then the DA-calculation does not get the conditional probabilities it needs to give the intended conclusion, and DA fails. For after conditioning on the strong evidence for h1, the conditional probability of having a birth rank of roughly 60 billion will be the same given any of the hypotheses about the total size of the human species that he might entertain. 

It might be possible to construct some other hypothetical situation S that would really satisfy the there constraints listed above, and that could thus serve to compel a person like Mr. Jones to adopt the conditional probabilities that DA requires. But until such a situation is described (or some other argument provided for why he should accept those probabilities), this is a loose end that those whose intuitions to not oblige them to adopt the requisite probabilities without argument may happily cling to.

Suppose an appropriate situation S could be described. What would that show? Well, when the implications are pointed out, Mr. Jones could choose to revise his present opinion about what it would have been rational for him to believe in S, and thus claim that S does not after all satisfy the three conditions. But if Jonas does accept S as genuine, then he accepts the probabilities that the DA-calculation uses, he would thus have to accept its conclusion. Only on pain of probabilistic incoherence, it would seem, could he resist this consequence.

But what precisely, or even approximately, is the conclusion of DA is by no means a trivial matter and depends on various subtle empirical and philosophical considerations, as we shall see shortly. First we shall return to consider the problem of the reference class, for this is relevant both to the above discussion and to interpreting what DA would actually show if it’s assumptions are granted. The problem of the reference class, remember, was to determine what things should go into the class from which SSA says you should reason as if you were randomly sampled. I argued for a number of partial results on this in chapter 2 – various things that shouldn’t, or would have to, be included. A vague zone in the middle was left undetermined, a subject, perhaps, of future investigations. John Leslie, however, has a different view on the reference class problem, which we shall now examine.

Leslie on the problem with the reference class

How does Leslie answer the question of how the reference class should be determined? As a first remark, Leslie suggests that “perhaps nothing too much hangs on it.” ([Leslie, 1996 #9], p. 257):

[DA] can give us an important warning even if we confine our attention to the human race’s chances of surviving for the next few centuries. All the signs are that these centuries would be heavily populated if the race met with no disaster, and they are centuries during which there would presumably be little chance of transferring human thought-processes to machines in a way which would encourage people to call the machines ‘human’. ([Leslie, 1996 #9], p. 258)


This clearly not an entirely satisfying reply. First, the premise that there is little chance of creating machines with human-level and human-like thought processes within the next few centuries is something that many of those who have thought seriously about these things disagree with. Many thinkers in this field think that these developments will happen well within the first half of this century (e.g. Moravec [Moravec, 1989 #65], [Moravec, 1998 #66], [Moravec, 1999 #67], Drexler [Drexler, 1985 #81], Minsky [Minsky, 1994 #69], Bostrom [Bostrom, 1998 #87], [Bostrom, 1999 #105], Kurzweil %%). Second, the comment does nothing to soothe the suspicion that the difficulty of determining an appropriate reference class might be symptomatic of an underlying more fundamental difficulty with DA itself.


Leslie proceeds, however, to offer a positive proposal for how to settle the question of which reference class to choose.


The first part of this proposal is best understood by expanding the urn analogy in which we first made the acquaintance of Mr. Jonas. Suppose that the balls in the urns come in different colors. And suppose your task is to guess how many red balls there are in the left urn. Now, ‘red’ is clearly a vague concept – what shades of pink or purple count as red? This vagueness could be seen as corresponding to the vagueness about what to classify as an observer for the purposes of DA. So, if some vagueness like this is present in the urn example, does that mean that the Bayesian induction used in the original example can no longer be made to work at all? Clearly not.


The right response in this case is that you have a choice as to how you define the reference class. The choice depends on what hypothesis you are interested in testing. Suppose that what you are interested in finding out is how many balls there are in the urn of the color light-pink-to-dark-purple. Then all you have to do is to classify the random sample you select as being either light-pink-to-dark-purple or not light-pink-to-dark-purple. Once you have made this classification, the Bayesian calculation proceeds exactly as before. If instead you are interested in knowing how many light-pink-to-light-red balls there are, then you classify the sample according to whether it has that property, and proceed as before. The Bayesian apparatus is perfectly neutral as to how you define the hypotheses. There is not a right or wrong way here, just different questions you might be interested in asking.


Applying this reasoning to DA, Leslie writes:

The moral could seem to be that one’s reference class might be made more or less what one liked for doomsday argument purposes. What if one wanted to count our much-modified descendants, perhaps with three arms or with godlike intelligence, as ‘genuinely human’? There would be nothing wrong with this. Yet if we were instead interested in the future only of two-armed humans, or of humans with intelligence much like that of humans today, then there would be nothing wrong in refusing to count any others. ([Leslie, 1996 #9], p. 260)


This suggests that if we are interested in the survival-prospects of just a special kind of observers, we are entitled to apply DA to this subset of the reference class. Suppose you are Asian and you want to know how many Asian people there will have been. Answer: Count the number of Asian people that have existed before you, and use the DA-style calculation to update your prior probabilities (given by ordinary empirical considerations) to take account of the fact that this random sample from the set of all Asian – you – turned out to live when just so many Asian have yet lived.


How far can we push this mode of reasoning though, before we end up in absurdity? If the reference class is defined to consist of all those people who were born on the same day as I or later, then I should expect doom to strike quite soon. Worse still, let’s say I want to know how many people there will have been with the property of being born either on the tenth of March in 1973 or being born after the year 2002. Since 10/3/73 is the day I was born, I will quickly become “improbably early” in this “reference class” if humans continue to be sired after 2002. Should I therefore have to conclude that humankind is likely to go extinct in the first few weeks of 2003? That would be absurd!

How can the doomsayer avoid this absurd conclusion? According to Leslie, by adjusting the prior probabilities in a suitable way; a route which he says was suggested to him by Carter ([Leslie, 1996 #9], p. 262). Leslie thinks that defining the reference class as humans-born-as-late-as-you-or-later is fine and that ordinary inductive knowledge will make the priors so low that no absurd consequences will follow:

No inappropriately frightening doomsday argument will result from narrowing your reference class ... provided you adjust your prior probabilities accordingly. Imagine that you'd been born knowing all about Bayesian calculations and about human history. The prior probability of the human race ending in the very week you were born ought presumably to have struck you as extremely tiny. And that's quite enough to allow us to say the following: that although, if the human race had been going to last for another century, people born in the week in question would have been exceptionally early in the class of those-born-either-in-that-week-or-in-the-following-century, this would have been a poor reason for you to expect the race to end in that week, instead of lasting for another century. ([Leslie, 1996 #9], p. 262)

I disagree with the claim that the prior inductive improbability is enough to allow us to say this (given that DA is correct). This insufficiency of the inductive improbability to compensate for the phony reference class follows logically from the fact that the inductive evidence (for the hypothesis that humankind will end in a given time interval, say within a week from now) is constant no matter how we define the reference class, whereas the reference class can be defined in arbitrarily many ways, thereby varying the strength of the resulting probability shift. The inductive evidence could therefore “compensate” for at most one strength of the shift, while for all other choices of reference class, a different, incompatible, prediction about our future would result.

It is true that we can always choose the values we substitute for the variables representing the priors in the Bayesian formula in such a way that we reproduce the posterior probability resulting from the correct choice of reference class and priors; but these values which we substitute will then no longer be the prior probabilities but mere ad hoc numbers chosen because, inserted into Bayes' formula, they happen to give the output we had decided in advance we wanted to get. Instead of Bayes’ formula we could have used any function onto the unit interval. Or simply not bothered at all.

I conclude that the idea that it doesn’t matter how we define the reference class because we can compensate by adjusting the priors is misconceived. We saw in chapter two that the reference class must not be too wide – so as to include rocks, for example. Now we have just seen that it must not be too narrow either – for instance, by excluding all persons born earlier than yourself. Between the limits established so far, there is still plenty of room for divergent definitions. Does this mean that there are many correct choices of reference class, and that context and what we are interested in predicting may determine which choice is appropriate in a given situation? Or should we assume that there is only one legitimate reference class, albeit it has not yet been determined what it is and it might even be quite vague a matter at the end of the day?

The example in which an Asian applies DA to predict how many Asians there will have been may at first sight appear to work quite well; it seems no less plausible than applying DA to predict the total number of observers. I think it would be a mistake to take this as a vindication that the reference class varies depending on what we are trying to predict. If the Asian-example works, it is only because one thinks there is no systematic relationship between Asians and observers in general. But suppose one thought otherwise. For example, suppose you were convinced that a racist madman had engineered and was planning to release a virus that will sterilize all Asians while leaving other ethnic groups intact. Suppose you thought on ordinary empirical grounds that the madman had a fifty percent chance of succeeding. Let’s also suppose that you were convinced that his success or failure would not have any significant effect on the total number of observers that will ever have lived (other races would breed more to compensate for the loss of Asian fertility). Applying DA to this situation would not increase your probability that the madman would succeed, since his deed makes no difference to the total number of observers. If as an Asian you defined a reference class consisting of all Asians, and applied a DA to that, you would get the result that the madman’s success was somewhat more likely than fifty percent. This prediction conflicts with the predictions from a straightforward application of DA, so at least one of them has to be wrong. The definition of the reference class, even omitting extreme measures such as including rocks or defining it with reference to the day you were born, cannot be arbitrary; for if DA is correct, it does not make incompatible predictions.


The problem of the reference class is central to anthropic reasoning. It is a deep problem. We shall leave it for the time being but will return to it once more in a later chapter. I want to emphasis here that even if one accepts the basic validity of DA, the conclusion need not be that doom will probably strike soon. There are a variety of alternative interpretations of what DA shows. It is better to postpone discussion of these until we have had another go at the reference class problem, because the solution to that has decisive relevance for interpreting what DA establishes.


So bearing in mind that we are regarding DA here as the general form of reasoning described above, but not necessarily leading to the prediction that doomsday will likely strike soon, let us consider some objections that have been raised against it in the literature.

� People who support DA include among others J.J.C. Smart, Anthony Flew, Michael Lookwood, John Leslie, Alan Hayek (all distinguished philosophers); Werner Israel, Brandon Carter, Stephen Barr, Richard Gott, Paul Davis, Frank Tipler, H.B. Nielsen (all distinguished physicists); and Jean-Paul Delahaye (computer science). (According to John Leslie, personal communication.)


� Gott is an astrophysicist. About half of the people who have contributed to the literature on anthropic reasoning or DA are philosophers and about half are physicists. Although there has been a healthy interdisciplinary exchange, which is appropriate as the area does overlap, there are still some signs of the disciplinary divide, with some authors seemingly unaware of what is going on over on the opposite side. This divide is probably to blame for Gott having to reinvent DA. More recently, a physicist critic of DA, Carlton Caves (%%), criticizes Gott’s version but seems unaware of Leslie’s and other philosophers’ work. On the other hand, many philosophers’ objection against DA or other forms of anthropic reasoning seem insensitive to the methodological needs of cosmologists for some way of deriving probabilistic observational consequences from multiverse or big-universe theories.


� I made these two points – that Gott’s argument fails to take into account the empirical prior and that it fails to account for the selection effect just described – in a paper of 1997([Bostrom, 1996 #6]). More recently, Carlton Caves has independently rediscovered these two objections and exposed them elegantly in more mathematical detail than I have used here ([Caves, 2000 #189]).


� Provided, of course, that the prior probabilities are non-trivial, i.e. not equal to zero for all but one hypothesis. But that is surely a very reasonable assumption to make. The probabilities in questions are subjective probabilities, credences, and I for one am uncertain about how many humans there will have been in total; so my prior is smeared out – non-zero – over a wide range of possibilities.


� An obvious exception are when evaluating hypotheses about how I would behave if I were drugged etc.


� That this is possible is not entirely uncontroversial, since one could hold a view on which knowledge presupposes the right kind of causal origin of the knower and his faculties. But I suggest we set such scruples aside for the purposes of the present investigation.


� Subject to the obvious restriction that none of the hypotheses under consideration is about the order in which you consider the evidence. For instance, the probability you assign to the hypothesis “I have considered evidence e1 before I considered evidence e2.” will obviously not be independent on the order in which you consider the evidence! 





�PAGE \# "'Page: '#'�'"  �� Maybe I should choose a quote that better brings out the Bayesian structure.


�PAGE \# "'Page: '#'�'"  �� This is a bit like Gott.
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