Observational Selection Effects and Probability

Nick Bostrom

Department of Philosophy, Logic and Scientific Method

London School of Economics

Doctoral dissertation

15 June, 2000

Copyri ght

Em ail: n.bostrom @lse.ac.uk

Personal hom epage: hedweb.com / nick b

T his work is available at: anthropic-principle.com

A B S T R A C T

This thesis develops a theor yof how to reason when our evidence has been subjected to observational selection effects. It has applications in cosmology, evolutionary biology, thermodynamics and the probl em of time´s arrow, game theoretic problems with imperfect recall, the philosophical evaluation of the man y-worlds and m an y-minds interpretations of quantum mechanics and David Lewis´ modal realism, and even for traffic planning.

Aft er refuting several popular doctrines about the implications of cosmological fine-tuning, we present an informal model of the observational selection effects involved.

Next, we evaluate attempts that have been made to codif ythe correct wa yof reasoning about such effects ˘ in the form of so-called ^ anthropic principles~ ˘ and find them wanting. A new principle is proposed to replace them, the Self-Sampling Assumption

( SSA).

A series of thought experiments are presented showing that SSA should be used in a wide range of contexts. We also show that SSA gives better methodologi cal guidance than rival principles in a number of scientific fields. We then explain how SSA can lead to the infamous Doomsda yargument. Identif ying what additional assumptions are required to derive this consequence, we suggest alternative conclusions. We refute several objections against the Doomsda yargument and show that SSA does not give rise to paradoxical ^observer-relative chances~ as has been alleged. However, we discover new consequences of SSA that are more counterintuitive than the Doomsda yargument.

Using these results, we construct a version of SSA that avoids the paradoxes and does not lead to the Doomsda yargument but caters to legitimate methodological needs.

This modified principle is used as the basis for a mathematicall yprecise theor yof reasoning under observational selection effects. This ^observation theor y~ resolves the range of conundrums associ ated with anthropic reasoning and provides a general framework for evaluating theori es about the large-scale structure of the world and the distribution of observers within it.

C O N T E N T

ABSTRACT ................................ ................................ ................................ ........................ 2

CONTENT ................................ ................................ ................................ ........................... 3

ACKNOW LEDGEMENTS ................................ ................................ ................................ . 6

CHAPTER 1: INTRODUCT ION ................................ ................................ ........................ 8

CHAPTER 2: FINE-TUN ING ARGUMENTS IN COSMOLOGY ................................ . 15

Does fine-tuning need explaining? ................................ ................................ ............ 17

Ian Hacking and the Inverse Gambler´s Fallac y ................................ ........................ 20

Robert White and Phil Dowe´s anal ysis ................................ ................................ .... 22

Surprising vs. unsurprising improbable events ................................ .......................... 27

Observational selection effects ................................ ................................ .................. 38

Conclusions ................................ ................................ ................................ ............... 45

CHAPTER 3: OBSERVATIONAL SELECTION EFFECTS AND THE ANTHROP IC

PR INC IP LE ................................ ................................ ................................ ....................... 48

The anthropic principle as expressing an observational selection effect ................... 48

Anthropic hodgepodge ................................ ................................ .............................. 52

Inadequac yof earlier formulations ................................ ................................ ............ 57

The Self-Sampling Assumption ................................ ................................ ................. 61

CHAPTER 4: WHY ACCEPT THE SELF-SAMPLING ASSUMPTION? ..................... 64

Prison ................................ ................................ ................................ ......................... 64

Emeralds ................................ ................................ ................................ .................... 67

Two Bat ches ................................ ................................ ................................ .............. 68

God´s Coin Toss ................................ ................................ ................................ ........ 69

The reference class problem ................................ ................................ ...................... 74

The sampling densit y ................................ ................................ ................................ . 78

SSA in cosmology ................................ ................................ ................................ ..... 82

SSA in thermodynamics, and time´s arrow ................................ ............................... 84

SSA in evolutionarybiology ................................ ................................ ..................... 87

Traffi c planning ................................ ................................ ................................ ......... 92

Summary ................................ ................................ ................................ .................... 93

CHAPTER 5: THE DOOMSDAY ARGUMENT ................................ ............................ 96

Introduction ................................ ................................ ................................ ............... 96

Doomsdayà la Gott ................................ ................................ ................................ ... 97

The incorrectness of Gott´s argument ................................ ................................ ..... 100

Doomsdayà la Leslie ................................ ................................ .............................. 102

The assumptions used in DA, and the Old evidence problem ................................ . 105

Leslie on the problem with the reference class ................................ ........................ 114

Alternative conclusions of the Doomsda yargument ................................ ............... 118

CHAPTER 6: SOME ATTEmPTED REFUTATIONS OF THE DOOMSDAY

ARGUMENT ................................ ................................ ................................ ................... 120

Objection One ................................ ................................ ................................ .......... 120

Objection Two ................................ ................................ ................................ ......... 122

Objection Three ................................ ................................ ................................ ....... 126

Objection Four ................................ ................................ ................................ ......... 127

Objection Five ................................ ................................ ................................ ......... 130

The Self-Indication Assumption ................................ ................................ .............. 131

CHAPTER 7: OBSERVER-RELAT IVE CHANCES IN ANTHROP IC REASONING?

................................ ................................ ................................ ................................ ......... 135

Leslie´s argument and wh yit fails ................................ ................................ ........... 135

Observer-relative chances: another tr y ................................ ................................ .... 140

Discussion ................................ ................................ ................................ ................ 141

Conclusion ................................ ................................ ................................ ............... 145

Appendix ................................ ................................ ................................ ................. 146

CHAPTER 8: PARADOXES OF THE SELF-SAMP LING ASSUMPTION ................ 151

Four gedanken wherein SSA yi elds counterintuitive results ................................ ... 151

Discussion of Experiment #2 ................................ ................................ ................... 154

Discussion of Experiment #4 ................................ ................................ ................... 162

Conclusion ................................ ................................ ................................ ............... 165

Appendix: A SuperNewcomb problem ................................ ................................ ... 166

CHAPTER 9: A THEORY OF OBSERVATIONAL SELECTION EFFECTS ............. 168

Criteria ................................ ................................ ................................ ..................... 169

The outlines of a solution ................................ ................................ ........................ 170

Formalizing the theor y: Equation SSSA-R ................................ ............................. 176

Non-trivialit yof the reference class ................................ ................................ ........ 178

SSA and SSSA as special cases of SSSA-R ................................ ............................ 184

SSSA-R applied to cosmological fine-tuning ................................ .......................... 185

How the observation theor ybased on SSSA-R measures up against desiderata ..... 193

REFERENCES ................................ ................................ ................................ ................ 195

A C K N O W L E D G E M E N T S

I am indebted to more people than I can nam e. I am grateful to what I think must be literall yhundreds of persons, for discussing these issues with me or emailing m e thoughtful comments, questions and criticisms. Iwant to apologize to those who have asked me questions that I have not alwa ys had time to give the detailed answers the y deserved. Ma ybe this text will provide a few answers ˘ and hopefull yprovoke man ynew questions. Thank you all ( you know who you are) for your constant stimulus and feedback!

There are some people that I want to mention explicitl ythough. First, I would like to cordiall ythank m ysupervisors, Colin Howson and Crai g Callender, for thei r continuous trust and support, and for guiding me through the process.

The following people deserve m ysincerest gratitude for their invaluable input in the project: Dennis Dieks, Jacques Mallah, William Eckhardt, Adam El ga, Roger White,

Kevin Korb, Jonathan Oliver, Pierre Cruse, Mark Greenberg, Saar Wilf, Wei Dai, Robin

Hanson, Paul Franceschi, Hal Finne y, Max Tegmark, Jerem y Butterfield, Jean-Michelle

Delhotel, Richard Swinburne, J-P Delaha ye, and to Daniel Hill (who showed how easil y breakfasts can extend into lunches when the ri ght qualit yof philosophical conversation is on the table). I am grateful to m ydear friend David Pearce for persuading me to go online from the beginning and for helping me in many practical wa ys. (I will continue to make m yworking-papers on this subject and other rel evant resources available at anthropic-principle.com .) Special thanks are due to Nanc yCartwright, who went out her wa yto help get me a viva in time to meet a nearl yimpossible deadline. Thank you,

Nanc y!

I am grateful in a superlative wa yto John Leslie for being helpful and encouraging, for his patience in explaining his views to me when I was new to the field, and for convincing m e that I was wrong on a crucial point three years ago.

Mywarm thanks also go to m yfriend Milan Cirkovic, who steadfastl y collaborated with me on an article (on which two paragraphs of chapter 3 are based) from

Bel grade while under bombardm ent during the war between NATO and Serbia.

I am grateful to several anon ymous referees of Mind and Erkenntnis for helpful comments that improved the articles that underlie chapters 6 and 7. I am grateful for audience comments following various presentations of parts of this thesis, particul arly from participants at the London School of Advanced Study conference on the Doomsda y argument (London, Nov. 6, 1998), which led to improvements of chapter 8. I thank the

John Templeton Foundation for a research grant.

Finall y, I would like to thank m yf riends and family who have supported me. I thank Vassiliki Kambourelli for her unique inspiration and kind assistance during the late stages.

I dedicate this work to my father ˘ med ett varmt, varmt, varmt tack!

C H A P T E R 1 : I N T R O D U C T I O N

Anthropic reasoning is a philosophical gold mine. Few philosophical subject matters are as rich in important empirical implications, touch on as man yfascinating scientific questions, or contain such generous quantities of conceptual and methodological confusion that needs to be sort ed out.

Anthropic principles are used b ycontemporar ycosmologists to derive observational predi ctions from theories like stochastic inflation which entail the existence of an ensemble of universes. Anthropic coincidences are used b ysome theists to argue for the existence of a Creator. Others point to anthropic reasoning as providing a counterargument to the cosmologi cal argum ent for God´s existence. Anthropic constraints have been used to predi ct how man ycritical steps there were in the evolution of intelligent life on Earth. The Doomsda yargument, using a form of anthropic reasoning, purports to show that the risk that the human species will go extinct fairl ysoon has been greatl yunderestimated. One main objection against the man y-worlds interpret ation of quantum physics draws its force from an implicit appeal to an anthropic principle, as does a common objection against Boltzmann’s attempt to explain time´s arrow. There are also applications to gam e theoretic problems involving imperfect recall and even to traffic planning.

The anthropic principle has to do with observational selection effects. A simple example of a selection effect is if you tr yto catch fish with a net that doesn´t catch fish shorter than 20 cm. If you use such a net to cat ch a hundred fish and the yall turn out to be

20 cm or longer, then obviousl y you are not entitled to take this as evidence that the minimum length of fish in the lake is about 20 cm.

In 1936, The Literary Digest took a phone poll to predict the outcome of the presidential election. Alf Landon was found to be the most popular candidate among those consulted, and so it was predicted that he would win. The predi ction, however, failed to take account of an important selection effect owing to the fact that man ypeople did not have telephones at that time. Especiall ythe poor tended to lack telephones and this group also tended to support the rival candidate, Franklin Del ano Roosevelt.

Roosevelt won a landslide victor y. A methodologicall ymore sophisticated approach would either have interviewed a more representative sample set from the population or at least factored in known selection effects.

Or to take yet another example, suppose you´re a venture capitalist wanting to know what is the average growth rat e for companies in the first year after the ywere founded. You wouldn´t get a ver yreliable estimate byextrapolating from the data about a hundred companies selected randoml yfrom the Yellow pages in the phone book. It is not uncommon for new companies to fold within a few years, and those who do are much less likel yto be listed in the Yellow pages. The companies you find there are t ypicall yseveral years old and can be expected to have performed substantiall yabove average in their first year.

In these three examples, a selection effect is introduced b ythe fact that the instrument you use to collect data (a fishing net, a phone poll, the Yellow pages) samples onl yfrom a proper subset of the cl ass of entities you are interest ed in. No different in principle are selection effects introduced not b ylimitations of some measurem ent device but bythe fact that all observations require the existence of an appropri atel ypositioned observer. The data we have are filtered not onl yb ylimitations in our instrumentation but also bythe prerequisite that somebodyis there to ^have~ the data yielded b ythe instruments (and to build the instruments in the first place).

For instance, we find that intelligent life evolved on Earth. It would be a mistake to infer from this that life is likel yto evolve on most Earth-like planets. For however small the proportion of all planets that evolved intelligent life, we will find ourselves on a planet that did. (Or we will trace our ori gin to a planet where intelli gent life evolved, in case we are born in a space colon y.) The data point ˘ that intelligent life evolved on our planet ˘ is predicted equall yb ythe h ypothesis that intelligent life is ver yimprobable even on Earth-like planets and b ythe h ypothesis that intelligent life is probabl e on Earth-like planets. This data point therefore does not distinguish between the two h ypotheses, provided that on both hypotheses intelligent life would have evolved somewhere. (On the other hand, if the ^intelligent-life-is-improbable~ hypothesis asserted that intelligent life was so improbable that is was unlikel yto have evolved anywhere in the whole of cosmos, then the datum that intelligent life evolved on Earth would count against it. For this hypothesis would not have predicted our observation. In fact, it would have predicted that there would have been no observations at all.)

We don´t have to travel for long on the even path of common sense before entering a territor ywhere observational selection effects give rise to diffi cult and controversial issues. Alread yin the preceding paragraph we came across a point which is contested. We understood the explanandum ˘ that intelligent life evolved on our pl anet ˘ in a non-ri gid sense. Some authors, however, argue that the explanandum should be, wh y did intelligent life evolve on this planet (where ^this planet~ is used as a ri gid desi gnator), and that the h ypothesis that intelligent life is quite probabl e on Earth-like planets would indeed give a hi gher probabilit yto this explanandum ( White 1999 , Hacking 1987 , Dowe

1998 ). I will show in chapter 2 that this is not the right wa yto understand the problem.

Notice also that the impermissibilit yof inferring from the fact that intelligent life evolved on Earth that intelligent life probabl yevolved on a l arge fraction of all Earth-like planets does not hinge on the evidence in this example consistings of onl yone data point.

Imagine that we had telepathic abilities and could communicate directl ywith all other intelligent life that exists in cosmos. Suppose we ask all the aliens, did intelligent life evolve on their planets too? Obviousl ythe ywould all sa y: Yes, it did. But equall y obvious, this would still not give us an yreason to think that intelligent life develops easil y. We onl yasked about the planets where life did in fact evolve (since those planets would be the onl yones which would be ^theirs~ to some alien), and we get no information whatever b yhearing the aliens confirming that life evolved on those planets.

An observational selection effect vitiates an yattempt to gain information bythis procedure about how unlikel yintelligent life is to evolve. Other considerations would have to be brought to bear if we want to estimate that. ( If all the aliens also report ed that theirs was some Earth-like planet, this would suggest that intelligent life is unlikel y to develop on planets that are not Earth-like ˘ for otherwise some aliens would likel yhave developed on non-Earth like planets. But it does not tell us whether the evolution of intelligent life on an Earth-like planet is likel yor not.)

One important application and perhaps the earliest one, of anthropi c reasoning is to provide a possible (not necessaril ythe onl y) explanation of whythe universe appears fine-tuned for intelligent life in the sense that if any of various ph ysical constants or initial conditions had been even ver ysli ghtl ydi fferent then life as we know it would not have existed. The basic idea behind the possible explanation which uses anthropic reasoning is that the totalit yof spacetime might be ver yhuge and ma ycont ain regions in which the values of fundamental constants and other conditions differ in manywa ys. (We mi ght also have independent grounds for thinking that that is true.) If this is the case, then we should not be amazed to find that in our own region ph ysical constants and conditions appear ^fine-tuned~. Owing to an obvious observational sel ection effect, only such finetuned regions are observed. Observing a fine-tuned region is precisel ywhat we should expect if this theoryis true, and so it can potentially account for available data in a ver y neat and simple wa y, without having to assume that conditions just happened to be

^right ~ through some immensel yluck y˘ and arguabl ya priori extremel yimprobable ˘ cosmic coincidence. It also provides an alternative to the h ypothesis that our universe was deliberatel ydesi gned with the intention that it be life-containing.

Some skeptics doubt the meaningfulness of or need f or an explanation of the apparent fine-tuning of our universe. We examine the skeptical arguments in chapt er 2 and consider the counterarguments offered b yproponents of anthropic explanations of fine-tuning. This leads us into a discussion of the distinction between surprising and unsurprising improbable events, and of what makes a fact cr yout for explanation. We find that the anthropic theorizers´ replies fail to meet the skeptics´ challenge. However the intuitions of the former are often correct, and b ydigging deeper we vindicate those intuitions. This involves constructing an informal model of how observational selection effects operate in the context of cosmological fine-tuning. This model is used to draw a number of additional conclusions about the relative strength of support that various kinds of cosmological theories get from fine-tuning.

While the term ^ anthropic principle~ is less than three decades old, the basic idea of observational sel ection effects as an important methodologi cal constraint goes back much further. For example, some of the core elements in Kant ´s philosophyabout how the world of our experience is conditioned on the forms of our sensor yand intellectual faculties are not completel yunrelated to modern ideas of observational selection effects, although there are fundamental differences. Cert ainl yin Hume´s Dialogues Concerning

Natural Religion , one can find earl yexpressions of some ideas of anthropic selection effects. However, it is onl yquite recentl y, starting with the works of Brandon Carter (and with some earlier intimations byR. H. Di cke) that the more sophisticated and intricate applications of anthropic reasoning are beginning to be discovered. Man yof the most important ideas in this field date back onl yabout a decade or l ess, philosophers and physicists deserving about equal shares of the credit.

Chapter 3 discusses some of the m an yattempts that have been made to codify the modus operandi of anthropi c reasoning, often in the form of an ^ anthropic principle~. All of them are to various degrees flawed or inadequate.

In this area confusion reigns supreme. Over twent y anthropic principles have been formulated and man yof them have been defined several times over ˘ in nonequivalent wa ys ˘ b ydifferent authors. Some reject anthropic reasoning out of hand as representing an obsolete and irrational form of anthropocentrism. Some hold that anthropic inferences rest on elementar ymistakes in probabilit ycalculus. Some maintain that at least some of the anthropic principles are tautological and therefore indisputable. Tautological principles have been dismissed bysom e as empt yand thus of no interest or abilit yto do explanatorywork. Others have insisted that like some results in mathematics, though anal yti call yt rue, anthropi c principles can nonetheless be interesting and illuminating.

Others still purport to derive empirical predictions from these same principles and regard them as testable h ypotheses.

One meta-level reason for thinking that there is something to anthropic reasoning is that it is used and taken seriousl yb ya range of leading ph ysi cists and cosmologists. It would be surprising i f this bunch of hardheaded scientists were just blowing so much hot air. I hope show that if one peels awa yextraneous principles, misconceptions, various fallacies and misdescriptions, one can indeed find at the core a set of interesting and useful insights.

It is interesting that so man ydifferent and opposing things have been m arshaled under the ` anthropic´ banner. Partl ythis is due to the philosophical opaqueness of its earl y formulations and to unfortunate terminological choices. Partl yit is due to muddled thinking combined with the well-known capacit yof probabilit ytheor yto generate results that are count erintuitive to some people. But in part it is also due to genuine difficulties intrinsic to this kind of reasoning, some of which are still unresolved. One advantage of having a theor yof anthropic reasoning is that we shall be able identif ywhich of its applications uses problematic assumptions and to explicitl ystate what those assumptions are. But although much useful philosophical anal ysis of anthropic reasoning has alread y been done, constructing a theor yof observational selection effects cannot be done b y merel yassembling what is alread ythere. Man yof the argum ents and principles needed do not yet exist and will have to be invented here as we go along. Also, a number of erroneous doctrines found in the literature need be refuted and corrected.

Chapter 3 ends b yproposing what I dub the ^Self-Sampling Assumption~ as a preliminar yformulation (to be revised in chapter 9) of what I t ake to be the correct basic principle for anthropic reasoning. The cont ent of the Self-Sampling Assumption is unpacked and graduall ycl arified throughout subsequent chapt ers.

Chapter 4 gives reasons for accepting the Self-Sampling Assumption. The arguments are of two t ypes. The first t ype takes the form of thought experiments desi gned to establish, for a wide range of situations, that it is rational to reason in accordance with the Self-Sampling Assumption. The second t ype argues that a methodological principle is needed to enable us to derive probabilistic observational consequences from current cosmological theories. I show that while it current rivals fail do this, the Self-Sampling

Assumption provides a simple and plausible methodologywhi ch coincides with sci entific practice and intuitive judgem ents of what counts as evidence for or against cosmological theories. Support for the Self-S ampling Assumption is also garnered from its useful application in a number of other fields, including evolutionar ybiology, thermod ynamics and even such a mundane activit yas traffic planning.

Chapter 5 shows how the Self-Sampling Assumption, when combined with certain other premises, leads to the notorious Doomsda yargument. Two different versions of this argument are identified, one of which (the one ori ginated b yRichard Gott) is showed to be flawed. The other version, which is due to Brandon Carter and John Leslie, is stronger but nonetheless inconclusive. We identif ythe critical assumptions that are needed, in addition to the Self-Sampling Assumption, to derive the intended conclusion.

Chapter 6 refutes six recent objections against the Doomsda yargument and in the process of doing so throws li ght on some rel ated issues. Whether the Doomsda yargument is sound or not, it shouldn´t be dismissed for the wrong reasons. This is especiall y important because when the force of the Doomsday argument is appreciat ed, it gives us valuable clues as to a more satisfactor ytheor yof observational selection effects.

Chapter 7 starts b yexamining a claim byJohn Leslie that anthropic reasoning leads to paradoxical observer-relative chances in some t ypes of situations. I show that

Leslie´s argument is fallacious. A different t ype of situation in then described where anthropic reasoning does lead to chances that are observer-relative in an interesting but not paradoxical sense.

While chapters 5-7 to some extent give reassuring messages about the Self-

Sampling Assumption as originall yformulated, chapter 8 discovers some trul y paradoxical apparent consequences of an unrestricted use of that assumption. Among these apparent consequences are that it gives us reason to believe in backward causation, paranorm al causation (e.g. ps ychokinesis) and that it gives advice whi ch seems radicall y foolish. A careful anal ysis reveals that the worst of these prima faci e consequences are merel yapparent. Nonetheless, the fact rem ains that in some thought experiments the unrestricted use of the Self-Sampling Assumption gives counterintuitive results.

Chapter 9 reexamines the arguments for the Self-Sampling Assumption given in chapter 5 and argues for a modified and relativized version that performs the same useful functions as the ori ginal formulation while avoiding the counterintuitive consequences discussed in chapter 8. Taken together with the results from the preceding chapters, this establishes a general framework for modeling reasoning in situations involving conditionalization on information having an indexical component or when our evidence has been subjected to observational selection effects. The rel evant probabilistic rel ation between such evidence and arbitrar yh ypotheses is given a formal expression in an equation ( SSSA-R) and constraints are put in place on a ke yparamet er.

Manyvaluable specific results and ideas relating to anthropic reasoning have been obtained byvarious investigators and are used as building blocks here together with man y novel ones. This thesis, however, is the first system atic attempt to construct a general and formall yexplicit theoryof reasoning under observational selection effects. It is hoped that it will advance our understanding of the foundational issues in this field and that it will move us closer to being able to tackle those ^ anthropic probl ems~ ˘ both scientific and philosophical ˘ that still remain m ysterious.

C H A P T E R 2 : F I N E - T U N I N G A R G U M E N T S I N

C O S M O L O G Y

The aspect of anthropic reasoning that has received most attention from philosophers is the application in cosmologyto explain the apparent fine-tuning of our universe. ^Finetuning~ refers to the supposed fact that there is a set of cosmological param eters or fundamental ph ysical constants which are such that had the ybeen ver ysli ghtl ydifferent then the universe would have been void of intelligent life. For example, in the classical big bang model, the earl yexpansion speed seems fine-tuned. Had it been very sli ghtl y greater, the universe would have expanded too rapidl yand no gal axies would have formed; there would onl yhave been a ver ylow densit yh ydrogen gas getting more and more dispersed over time. In such a universe, presumabl y, life could not evolve. Had the earl yexpansion speed been ver yslightl yless, then the universe would have recollapsed within a fraction of a second, and again there would have been no life. Our universe, having just the ri ght conditions for life, appears to be balancing on a knife´s edge ( Lesl ie

1989 ). A number of other parameters seem fine-tuned in the same sense ˘ e.g. the ratio of the electron mass to the proton mass, the magnitudes of force strengths, the smoothness of the earl yuniverse, the neut ron-proton mass difference, even the metri c signature of spacetime ( Tegmark 1997 ).

Some philosophers and physicists take fine-tuning to be an explanandum that cries out for an explanans. Two possible explanations are usuall yenvisioned: the desi gn hypothesis and the ensemble h ypothesis. Although these explanations are compatible, theytend to be viewed as competing: if we knew that one of them were correct, there would be less temptation to think that the other obtained.

The desi gn h ypothesis is that our universe is the result of purposeful design. The

^agent~ doing the designing need not be a theistic ^God~, although of course that is one of the archet ypal version of the desi gn h ypothesis. Other universe-designers have been considered in this context. For example, John Leslie ( Le slie 1972 , Le slie 1979 , Lesl ie

1989 ) discusses the case for a neoplatonist ^causally efficacious ethical principle~, which he thinks might have been responsible for creating the world and giving ph ysical constants and cosmological parameters the numerical values the yhave. Derek Parfit

( Parfit 1998 ) considers various ^universe sel ection principles~, which although the yare ver ydifferent from what people have traditionall ythought of as ^God~ or a ^Desi gner~ can nevertheless suitabl ybe grouped under the heading of desi gn h ypotheses for present purposes. We can take ^purposeful desi gner~ in a ver ybroad sense to refer to an ybeing, principle or mechanism external to our universe responsible for selecting its properties, or responsible for making it in some sense probable that our universe should be fine-tuned for intelligent life. Needless to sa y, it is possible to doubt the meaningfulness of m an yof these desi gn h ypotheses. Even if one agrees that a given design h ypothesis represents a coherent possibilit y, one m a ystill think that it should be assigned an extremel ylow degree of credence. For peopl e who are alread yconvinced that there is a God, however, the design h ypothesis is apt to be an attractive explanation of wh your universe is finetuned. And if one is not alread yconvinced about the existence of a Desi gner, but thinks that it is a coherent possibilit y, one ma ybe tempted to regard fine-tuning as reason for increasing one´s credence in that h ypothesis. One prominent champion of the fine-tuning argument for God´s existence is Richard Swinburne ( Swinburne 1991 ). Several other theologians and philosophers also support this position (see e.g. Crai g 1997 , Craig 1988 ,

Ross 1992 , Polkinghorne 1986 , Manson 1989 ).

The main rival explanation of fine-tuning is the ensemble h ypothesis, which states that the universe we observe is onl ya sm all part of the totalit yof ph ysical existence. This totalit yitself needs not be fine-tuned; if it is sufficientl ybi g and variegated, so that it was likel yto contain as a proper part the sort of fine-tuned universe we observe, then an observational selection effect can be invoked to explain wh ywe see a fine-tuned universe.

The usual form of the ensemble h ypothesis is that our universe is but one in a vast ensemble of actuall yexisting universes, the totalityof which we can call ^the multiverse~, adopting recent terminology. What counts as a universe in such a multiverse is a somewhat vague matter, but ^a large, causall yfairlydisconnected spacetime region~ is sufficientl yprecise for our aims. If the world consists of a sufficientl yhuge number of such universes, and the values of ph ysi cal constants var ybetween these universes according to some suitabl ybroad probabilit ydistribution, then it ma ywell be the case that it was quite probable that a fine-tuned universe like ours would come into existence. The actual existence of such a multiverse ˘ an ensemble of ^possible universes~ would not do

˘ provides the basis on which the observational selection effect operates. The argum ent then goes like this: Even though the vast majorit yof the universes are not suitable for intelligent life, it is no wonder that we should observe one of the exceptional universes which are fine-tuned; for the other universes contain no observers and hence are not observed. To observers in such a multiverse, the world will look as if it were fine-tuned.

But that is because the ysee onl ya small and unrepresent ative part of the whole.

Observers ma ymarvel at the fact that the universe the yfind themselves in is so exquisitel ybalanced, but once the ysee the bi gger pi cture the ycan realize that there is reall ynothing to be astonished b y. On the ensemble theor y, there had to be such a universe (or at least, it was not so improbable that there would be), and since the other universes have no observers in them, a fine-tuned universe is precisel ywhat the observers should expect to observe given the existence of the ensemble. The multiverse itself need not be fine-tuned. It can be robust in the sense that a small change in its basic parameters would not change the fact that it contains regions where intelligent life exists.

In contrast to some versions of the desi gn h ypothesis, the meaningfulness of the ensemble h ypothesis is not much in question. Onl ythose subscribing to a ver ystrict verificationist theor yof meaning would den ythat it is possible that the world might contain a large set of causall yfairl ydisconnected spacetime regions with var ying ph ysical parameters. (And even the most hardcore verificationist would be willing to consider at least those ensemble theori es according to which other universes are in principle physicall yaccessible from our own universe. Such ensemble theori es have been proposed, although the yrepresent onl ya special case of the general idea.) But there are other philosophical perplexities that arise in this context. One can wonder, for example, in what sense the suggested anthropic explanation of fine-tuning (it is ^ anthropic~ because it involves the idea of an observational sel ection effect) is reall yexplanator yand how it would relate to a more directl ycausal account of how our universe cam e to be. Another important issue is whether fine-tuning provides some evidence for a multiverse. The first question we shall consider, however, is whether fine-tuning stands in an yneed of explanation at all.

Does f ine-tuning need explaining?

First a few words about the supposition that our universe is in fact fine-tuned. This is an empirical assumption which is not entirel ytrivial. It is certainl ytrue that our current best physical theories, in particular the Grand Unified Theor yof the strong, weak, and electromagnetic forces and the bi g bang theor yin cosmologyhave a number (twent yor so) of free parameters. There is quite strong reason to think at least some of these parameters are fine-tuned ˘ the universe would have been inhospitable to life if thei r values had been slightl ydifferent. (A good overview of the case for fine-tuning is chapter

2 of John Leslie´s ( Leslie 1989 ).) While it is true that our knowledge of exotic life forms possible under a different ph ysics than the actual one is ver ylimited ( Wilson 1991 , Smith

1985 , Feinberg and Shapiro 1980 ), it does seem quite reasonable to think, for instance, that life would not have evolved i f the universe had contained onlya hi ghl ydiluted hydrogen gas or if it had recollapsed within a fraction of a second after bi g bang

(referring to the seeming fine-tuning in the earl yexpansion speed) ( Le slie 1985 ). What little direct evidence we have supports this suggestion. Life does not seem to evolve easil yeven in a universe like our own, which presumabl yhas rather favorabl e conditions

˘ complex chemistry, relativel ystabl e environments, large entrop ygradients et c. ( Hanson

1998 , Simpson 1964 , Carter 1983 , Mayr 1985 , Raup 1985 , Hart 1982 , Papagiannis 1978 ).

There are as yet no signs that life has evolved in the observabl e universe an ywhere outside our own planet ( Tipler 1982 , Brin 1983 ).

One should not jump from this to the conclusion that our universe is fine-tuned.

For it is possible that some future ph ysical theor ywill be developed that uses fewer free parameters or uses onl yparameters on which life does not sensitivel ydepend. However, since the empirical case for fine-tuning is separat e from the philosophical probl em of how to react if our universe reall yis fine-tuned, we can set these scruples to one side. 1 Let´s assume the most favorable case for fine-tuning enthusiasts: that the ph ysi cs of our

1 If we knew that our univer se were not fine-tuned, the issue of what fine-tuning wo uld have implied could still be philosophicallyinteresting. But in fact, the case for fine-tuning is quite strong. Given what we kno w, it seems reasonable to doubt that that there is a plausible physical theor yo n which our universe is not finetuned. Inflatio n theor y, which was originallymotivated largelyb y a desire to avoid the fine-tuning required bythe ordinar ybig bang theory regarding the flatness and smoothness of the universe, seems to require so me fine-tuning of its o wn to get the inflation potential right. More recent inflation theories may overco me this problem, at least partly; but theydo so b yintroducing a multiverse and an observatio nal selectio n effect

˘ in other words b ydoing exactlythe sort of thing that this chapter will scrutinize. T he present best candidate for a single-universe theor ythat could reduce the number of free parameter s may be superstring theories, but theytoo seem to require at least so me fine-tuning (because there are many possible compactification schemes and vacuum states). T he theories that currently seem mo st likelyto be able to do away with fine-tuned free parameters all imp lythe existence of a multiver se. On these theories, our universe might still be fine-tuned although the multiverse as a whole might not be, or might be fine-tuned onlyto a less degree.

universe has several independent free parameters which are fine-tuned to an extremel y high degree. If that is so, is it something that cries out for explanation or should we be happyto accept it as one of those brute facts that just happen to obtain?

I suggest that there are two parts to the answer to this question, one of which is fairl yunproblematic. This easier part of the answer is as follows: In general, simplicit yis one desideratum on plausible scientific theories. Other things equal, we prefer theories which make a small number of simple assumptions to ones that involve a large number of ad hoc stipulations. Isee no reason not to appl ythis methodological principle in cosmology. It is used successfull yin the rest of science and indeed has a strong t rack record within cosmologytoo. 2 Thus, Ithink one can admit that there is something dissatisfactor yabout a cosmological theor ywhich t ells us that the universe cont ains a large number of fine-tuned constants. Such a theory might be true, but we should not be keen to believe that until we have convinced ourselves that there is no simpler theor ythat can account for the data we have. So if the universe looks fine-tuned, this can be an indication that we should look harder to see if we cannot find a theor ywhi ch reduces the number of independent assumptions needed. This is one reason for wh ya universe whi ch looks fine-tuned (whether or not it actuall y is fine-tuned) is cr ying out for explanation.

We should note two things about this eas ypart of the answer. First, there might not be an explanation even if the universe is ^cr ying out~ for one in this sense. There is no guarantee that there is a simpler theor yusing fewer free parameters which can account for the data. At most, there is a prima facie case for looking for one, and for preferring the simpler theoryi f one can be found.

Second, the connection to fine-tuning is merel yincidental. In this part of the answer, it is not fine-tuning per se , onl yfine-tuning to the extent that it is coupled to having a wide range of free parameters, that is instigating the search for a better explanation. Fine-tuning is neither necessar ynor sufficient for this. It is not suffici ent, because in order for a theor yto be fine-tuned for intelligent life, it needs to have but a single free param eter. If a theor yhas a single ph ysical constant on which the existence of

2 For example, think of the replacement of the co mplicated Ptolomeian theor yof planetar ymotion b ythe far simp ler Keplerian theor y. So me people might regard Einstein´s relativity theor yas more co mplicated than Newton´s theor yof gravitation (although ^mo re difficult~ seems a more accurate description in this case than ^more co mplicated~). But note that the ceteris paribus includes the presupposition that the two intelligent life ver ysensitivel ydepends, then the theor yis fine-tuned. Yet a theor ywith onl yone free parameter could be eminentl ysimple. If a universe cries out for explanation even though such a theory accounts for all available evidence, it must clearly be on some other basis than that of a general preference for simpler theories. Also, fine-tuning is not necessar yfor there to be a cr yfor explanation. One can imagine a cosmological theor y which contains a large number of free paramet ers but is not fine-tuned because life does not sensitivel ydepend on the values assi gned to these parameters.

The eas ypart of the answer is therefore: Yes, fine-tuning cri es out for explanation to the extent to which it is correlated with an excess of free parameters and a resultant lack of simplicit y. This part of the answer has been overlooked in discussions of finetuning, yet it is important to separate out this aspect in order to ri ghtl ygrasp the more problematic part to which we shall now turn. The problematic part is to address the question of whether fine-tuning especially cries out for explanation, be yond the general appeal to avoid unnecessar ycomplications and ad hoc assumptions. In other words, is the fact that the universe would have been lifeless if the values of fundamental constants had been ver ysli ghtl ydifferent (assuming this is a fact) rel evant in assessing whether an explanation is called for of wh ythe constants have the values the yhave? And does it give support to the multiverse hypothesis? Or alternativel yto the desi gn h ypothesis? The rest of this chapter will focus on these questions (though the desi gn h ypothesis will be discussed onl yas it touches on the other two questions).

Ian Hacking and the Inverse Gambler´s Fallacy

Can an anthropic argument based on an observational selection effect together with the assumption that an ensemble of universes exists explain the apparent fine-tuning of our universe? Ian Hacking has argued that this depends on the nature of the ensemble. If the ensemble consists of all possible big-bang universes (a position he ascribes to Brandon

Carter) then, sa ys Hacking, the anthropic explanation works:

Whydo we exist? Because we are a possible universe [sic], and all possible ones exist. Whyare we in an orderl yuniverse? Because the onl yuniverses that we could observe are orderl yones that support our form of life. �nothing is left to theories predict kno wn data equallywell, so this would not be a counterexample. Newton´s theor ydoes not fit the evidence.

chance. Ever ything in this reasoning is deductive. ( Hacking 1987 , p. 337)

Hacking contrasts this with a seemingl yanalogous explanation which seeks to explain fine-tuning b ysupposing that a Wheeler-t ype multiverse exists. In the Wheeler cosmology, there is a never-ending sequence of universes each of which begins with a bi g bang and ends with a bi g crunch whi ch bounces back in a new bi g bang, and so forth. The values of ph ysical const ants are reset in a random fashion in each bounce, so that we have a vast ensemble of universes with var ying properties. The purport ed anthropic explanation of fine-tuning based on such a Wheeler ensemble notes that given that the ensemble is large enough then it could be expected to contain at least one fine-tuned universe like ours. An observational selection effect can be invoked to explain whywe observe a fine-tuned universe rather than one of the non-tuned ones. On the face of it, this line of reasoning looks ver ysimilar to the anthropic reasoning based on the Carter multiverse, of which Hacking approves. But according to Hacking, there is a crucial difference. He thinks that the version using the Wheeler multiverse commits what he dubs the ^Inverse Gambler´s Fallac y~. This is the fallacy of a dim-witted gambler who thinks that the apparentl yimprobabl e outcome he currentl yobserves is made more probable if there have been m an ytrials preceding the present one.

[A gambler] enters the room as a roll is about to be made. The kibitzer asks, ` Is this the first role of the dice, do you think, or have we made man ya one earlier tonight? � sl yl y, he sa ys `Can I wait until Isee how this roll comes out, before I laym ybet with you on the number of past plays made tonight? ´ The kibitzer� agrees. The roll is a double six. The gambler foolishl ysa ys, `Ha, that makes a difference ˘ I think there have been quite a few rolls.´ ( Hacking 1987 , p. 333)

The gambler in this example is clearl ymaking a mistake. But it is almost equall yclear that Hacking is making a mistake in thinking that the situation is analogous to the one regarding fine-tuning. As was pointed out b ythree independent authors ( Whitaker 1988 ,

McGrath 1988 , Leslie 1988 ) repl ying to Hacking´s paper, there is no observational selection effect in his example ˘ an essential ingredient in the purported anthropic explanation of fine-tuning.

One wa yof introducing an observational selectio n effect in Hacking´s example is bysupposing that the gambler has to wait outside the room until a double six is rolled.

Knowing that this is the setup, the gambler does obtain some reason upon ent ering the room and seeing the double six for thinking that there have probabl ybeen quite a few rolls alread y. This is a closer analogyto the fine-tuning case. The gambler can onl y observe certain outcomes ˘ we can think of these as the ^fine-tuned~ ones ˘ and upon observing a fine-tuned outcome he obtains reason to think that there have been several trials. Observing a double six would be surprising on the h ypothesis that there were onl y one roll, but it would be expected on the h ypothesis that there were ver yman y. Moreover, a kind of explanation of wh ythe gambler is seeing a double six is provided bypointing out that there were man yrolls and the gambler would be let in to observe the outcome onl yupon rolling a double six. When we make the example more similar to the finetuning situation, we find that it supports, rather than refutes, the analogous reasoning based on the Wheeler cosmology.

What makes Hacking´s position especi all ypeculiar is that he thinks that the anthropic reasoning works with a Carter multiverse but not in a Wheeler universe. Ever y author I am aware of who has written about this thinks that Hacking is wrong on this point. Manythink the anthropic reasoning works in both cases, some think it doesn´t work in either case, but Hacking is probabl yalone in thinking it works in one but not the other. The onl ypertinent difference between the two cases seems to be that in the Carter case one deduces the existence of a universe like ours, whereas in the Wheeler case one infers it probabilisticall y. The Wheeler case can be made to approximate the Carter case byhaving the probabilit ythat a universe like ours should be generated in some c ycle be close to 1. (This is in fact the case in the Wheeler scenario if there are infinitel ym an y cycles and there is a fixed finite probabilit yin each c ycl e of a universe like ours resulting). It is hard to see the appeal of a doctrine that drives a methodological wedge between the two cases, asserting that the anthropic explanation works perfectl yin one and works not at all in the other.

RobertW hite and Phil Dowe´s analysis

A more challenging criticism of the anthropic explanation of fine-tuning has been suggested b yRobert White ( White 1999 ) and Phil Dowe ( Dowe 1998 ). They eschew

Hacking´s doct rine that there is an essential difference between the Wheeler and the

Carter multiverse as regards the correctness of corresponding anthropic fine-tuning explanation. But theytake up another idea of Hacking´s, namel ythat what goes wrong in the Inverse Gambler´s Fallac yis that the gambler fails to regard the most specific version he knows of the explanandum when m aking his inference to the best explanation. If all the gambler had known were that a double six had been rolled, then it need not have been a fallac yto infer that there probabl ywere quite a few rolls (since that would have made it more probable that there would be at least one doubl e six). However, the gambler knows that this roll ˘ the latest one ˘ was a double six, and this gives him no reason to believe there were man yrolls (since the probabilit ythat that roll would be a double six is one in thirt y-six independentl yof how man ytimes the dice have been rolled). And, argues

Hacking, we have to use the most specific explanandum that we have knowledge of:

If F is known, and E is the best explanation of F, then we are supposed to infer E.

However, we cannot give this rule carte blanche . If F is known, then FvG is known, but E* might be the best explanation of FvG, and yet knowledge of F gives not the sli ghtest reason to believe E*. (John, an excellent swimmer, drowns in Lake Ontario. Therefore he drowns in either Lake Ontario or the Gulf of

Mexico. At the time of his death, a hurricane is ravaging the Gulf. So the best explanation of whyhe drowned is that he was overtaken b ya hurricane, which is absurd.) We must insist that F, the fact to be explained, is the most specific version of what is known and not a disjunctive consequence of what is known.

( Hacking 1987 , p. 335)

Appl ying this to fine-tuning, Hacking, White and Dowe charge that the purported anthropic explanation of fine-tuning fails to explain the most specific version of what is known. We know not onlythat some universe is fine-tuned; we know that this universe is fine-tuned. Now, i f our explanandum is, Whyis this universe fine-tuned? ˘ where ^this universe~ is understood rigidl y˘, it would seem that postulating man yuniverses would not go an ywhere towards explaining this; nor would it make the explanandum more probable. For how could the existence of man yother universes make it more likel ythat this universe would be fine-tuned?

It is useful at this stage to introduce some abbreviations. In order to focus on the point that White and Dowe are making, we can make some simplif ying assumptions. 3 Let us suppose that there are n possible configurations of a bi g bang universe { T

1

, T

2

, �, T n

} and that the yare equall y^probable~, P( T i

) = 1/ n . We assume that T

1

is the onl y

3 I will adopt White´s for malism to facilitate co mpariso n. T he simplifying assumptio ns are also made b y

White, on whose analysis we focus since it is more detailed than Do we´s.

configuration that permits life to evolve. Let the vari able ^ x ~ range over the set of act ual universes. We assume that each universe instantiates a unique T i

, so that " $ x i T x i

! ( ) . Let m n £ be the number of actually existing universes, and let ^

a ~ rigidlydenote our

universe. We define

E := T

1 a (^ a is life-permitting.~)

E´ := $ x T x ( )

1

(^Some universe is life-permitting.~)

M := m >>0 (^There are man yuniverses.~ ˘ the multiverse h ypothesis)

White claims that while there being many universes increases the probabilitythat

there is a life-permitting universe, P( E´|M) > P( E´|¬M), it is not the case that there being

manyuniverses increases the probabilitythat our universe is life-permitting. That is,

P( E|M) = P( E|¬M) = 1/ n . The argument White gives for this is that

the probabilityof [E, i.e. the claim that a instantiates T

1

] is just 1/ n , regardless of

how manyother universes there are, since a ´s initial conditions and constants are

selected randomlyfrom a set of n equall yprobable alternatives, a selection which

is independent of the existence of other universes. The events which give rise to

universes are not causallyrelated in such a wa ythat the outcome of one renders

the outcome of another more or less probable. They are like independent rolls of a

die. ( White 1999 , p. 4)

Since we should conditionalize on the most specific information we have when evaluating

the support for the multiverse h ypothesis, and since E´ is more specific than E, White

concludes that the our knowledge that our universe permits life to evolve gives us no

reason to think there are man yuniverses.

This argument has some initial plausibility. Nonetheless, I think it is fallacious.

We get a hint that something has gone wrong if we pa yattention to a certain s ymmetr yof

the situation. Let a , b

1

, �, b

n - 1 be the actuall yexisting universes, and for i = a , b

1

,

�, b

n - 1

, let E

i be the proposition that if some universe is life-permitting then i is life-

permitting. Thus, E is equivalent to the conjunction of E´ and E

a

. According to White,

P( M|E´) > P(M) and P( M|E´ E

a

) = P( M|E) = P(M), which implies P( M|E´ E

a

) < P( M|E´).

Because of the s ymmetr yof the b

j

:s, P( M|E´ E

j b

) = c , for ever y b

j

. This entails that

P( M|E´ E

j b

) < P( M|E´) for ever y b

j

. In other words, White is committed to the view that,

given that some universe is life-permitting, then conditionalizing on a being life-

permitting decreases the probabilityof M, while conditionalizing on anyof b

1

, �, b

n - 1

increases the probabilit yof M. But this seems wrong. Given that some universe is life-

permitting, wh yshould the fact it is this universe that is life-permitting, rather than an yof

the others, lower the probabilitythat there are many universes? If it had been some other

universe instead of this one that had been life-permitting, wh yshould that have made the

multiverse hypothesis any more likel y? Clearly, such discrimination could be justified

onlyif there were something special that we knew about this universe that would make

the fact that it is this universe rather than some other that is life-permitting significant. I

can´t see what sort of knowledge that would be. It is true that we are in this universe and

not in anyother ˘ but that fact presupposes that it is life-permitting. It is not as if there is

a remarkable coincidence between our universe being life-permitting and us being in it.

So it´s hard to see how the fact that we are in this universe could justifytreating its being

life-permitting as giving a lower probabilityto the multiverse h ypothesis than an yother

universe´s being life-permitting would have.

So what, precisel y, is wrong in White´s argu ment? His basic intuition for why

P(M|E) = P(E) seems to be that ^The events which give rise to universes are not causall y

related in such a wa ythat the outcome of one renders the outcome of another more or less

probable.~. But a little reflection reveals that this statement it is highlyproblematic for

several reasons.

First, there is no current warrant for making the assertion. Ver ylittle is still known

about the events which give rise to universes. There are models on which the outcomes of

some such events causally influence the outcome of others. To illustrate, in Lee Smolin´s

(admittedlyhighl yspeculative) evolutionar ycosmological model ( Smolin 1997 ),

universes create ^bab y-universes~ whenever a black hole is formed, and these bab y-

universes inherit some of the properties of their parents. The outcomes of chance events

in one such conception can thus influence the outcomes of chance events in the births of

other universes. Variations of the Wheeler oscillating universe model have also been

suggested where some properties are inherited from one c ycle to the next. Andrei Linde

has speculated about the possibilitythat advanced civilizations mayhave the abilit yto

create ^basement-universes~ and transfer some information into them.

Ev en if the events which give rise to universes are not causallyrelated in the sense

that the outcome of one event causallyinfluences the outcome of another (as in the above

examples), that does not mean that one universe ma ynot carr yinformation about another.

For instance, two universes can have a partial cause in common. This is the case in the

multiverse models associated with inflation theor y(arguablythe best current candidates

for a multiverse cosmology). In a nutshell, the idea is that universes arise from inflating

fluctuations in some background space. The existence of this background space and the

parameters of the chance mechanism which lead to the creation of inflating bubbles are at

least partial causes of the universes that are produced. The properties of the produced

universes could thus carry information about this background space and the mechanism of

bubble creation, and hence indirectl yalso about other universes that have been produced

bythe same mechanism. The majorityof multiverse models that have actuallybeen

proposed, including arguabl ythe most plausible one, thus negate White´s categorical

statement.

Second, we can consider the h ypothetical case of a multiverse model where the

universes bear no causal relations to one another. But even there, it is not clear that that

P(M|E) = P(E). We need to make a distinction between objective chance and epistemic

probability. If there is no causal connection (whether direct or indirect) between the

universes, then there is no correlation in the ph ysical chances of the outcomes of the

events in which these universes are created. It doesn´t follow that the outcomes of those

events are uncorrelated in one´s epistemic probabilityassignment. Consider this toy

example:

Suppose you have some background knowledge K and that your prior subjective

probabilityfunction P, conditionalized on K, assigns non-negligible probabilit yto

onlythree possible worlds and assigns an equal probabilityto these: P(w

1

|K) =

P(w

2

|K) = P(w

3

|K) » 1 3 / . In w

1 there is one big universe, a , and one small

universe, d ; in w

2 there is one big, b , and one small, e ; and in w

3 there is one big,

c , and one small, e . Now suppose you learn that you are in universe e . This rules

out w

1

. It thus gives you information about the big universe ˘ it is now more likel y

to be either b or c than it was before you learnt that the little universe is e . That is,

P(^The big universe is b or c ~|K&^The little universe is e ~) > P(^The big universe

is b or c ~|K).

No assumption is made here about the universes being causallyrelated. White presupposes that there is no such subjective probabilityfunction P, or that such a

probabilityfunction must be irrational or unreasonable (independentlyof the exact nature

of the various possible worlds under consideration). But that seems an implausible

assumption, and no argument is provided for it.

Third, White´s view that P(M|E´) > P(M) seems to commit him to denying this

assumption. For how could E´ (which sa ys that some universe is life-permitting) be

probabilisticallyrelevant to M unless the outcome of one universe-creating event x

(namel ythat event, or one of those events, that created the life-permitting universe(s)) can

be probabilisticallyrelevant to the outcome of another y (namel yone of those events that

created the universes other than x )? If x gives absolutelyno information about y , then

there is no reason to think that because x resulted in a life-permitting universe, so did

quite probably y too. So on this reasoning, we would have P(M|E´) = P(M). (This point

connects back with the initial observation regarding the s ymmetr yand the implausibility

of thinking that because it is our universe that is life-permitting this gives less support for

the multiverse hypothesis than if it had been some other universe instead that were life-

permitting.)

I conclude that White´s argument against the view that fine-tuning lends some

support to the multiverse hypothesis fails, and so do consequentlyPhil Dowe´s and Ian

Hacking´s (the latter failing on additional grounds as well, as described in the preceding

section).

Surprising vs. unsurprising improbable events

If, then, the fact that our universe is life-permitting does give support to the multiverse

hypothesis, i.e. P(M|E) > P(M), it follows from Bayes´ theorem that P(E|M) > P(E). How

can the existence of a multiverse make it more probable that this universe should be life-

permitting? One maybe tempted to sa y: B ymaking it more likel ythat this universe

should exist. The problem with this replyis that it would seem to equall yvalidate the

inference to man yuniverses from an ysort of universe whatever. For instance, let E* be

the proposition that a is a universe that contains nothing but chaotic light ra ys. It seems

wrong to think that P(M|E*) > P(M). Yet, if the onl yreason that P(E|M) > P(E) is that a

is more likelyto exist if M is true, then an exactlyanalogous reason would support

P(E*|M) > P(E*), and hence P(M|E*) > P(M). This presents the anthropic theorizer with a

puzzle.

Several prominent supporters of the anthropic argument for the multiverse

hypothesis have sought to ground their argument in a distinction between events (or facts)

that are surprising and those that are improbable but not surprising (e.g. John Leslie

( Leslie 1989 ) and Peter van Inwagen ( van Inwagen 1993 )). 4 Suppose you toss a coin one

hundred times and write down the results. An yparticular sequence s is highly improbable

(P( s ) = 2

-100 ), yet most sequences are not surprising. If s contains roughlyequall yman y

heads and tails, and no clear pattern, then s is improbable and unsurprising. B ycontrast, if

s consists of 100 heads, or of alternating heads and tails, or some other highly patterned

outcome, then s is surprising. Or to take another example, if x wins a lotter ywith one

billion tickets, this is said to be unsurprising (^someone had to win, it could just as well

be x as an ybod yelse. shrug.~); whereas if there are three lotteries with a thousand tickets

each, and x wins all three of them, this is surprising. We evidentlyhave some intuitive

concept of what it is for an outcome to be surprising in cases like these.

The idea, then, is that a fine-tuned universe is surprising in a sense in which a

particular universe filled with onl ychaotic electromagnetic radiation would not have

been. And that´s wh ywe need to look for an explanation of fine-tuning but would not

have had an yreason to suppose there were an explanation for a light-filled universe. The

two potential explanations for fine-tuning that typicallyare considered are the design

hypothesis and the multiple universe h ypothesis. An inference is then made that at least

one of these h ypotheses is quite likelytrue in light of available data, or at least more

likelytrue than would have been the case if this universe had been a ^boring~ one

containing onl ychaotic light. This is similar to the 100 coin flips example: an

unsurprising outcome does not lead us to search for an explanation, while a run of 100

4 So me authors who are skeptical about the claimthat fine-tuning is evidence for a multiverse still see a

potential role of an anthropic explanation using the multiver se hypothesis as a way of reducing the

surprisingness or amazingness of the observed fine-tuning. A good example of this tack is John Ear man´s

paper on the anthropic principle ( Ear man 1987 ), in which he criticizes a number of illegitimate claims made

on behalf o f the anthropic principle byvarious authors (especiallyconcer ning those misnamed ^anthropic

principles~ that don´t involve any observatio nal selection effects ˘ more on this in the next chapter). But in

the conclusio n he writes: ^T here remains a potentially legitimate use of anthropic reasoning to alleviate the

state of puzzlement into which so me people have managed to work themselves o ver various features of the

observable portion of our universe. � But to be legitimate, the anthropic reasoning must be backed b y

substantive reasons for believing in the required [ multiverse] str ucture.~ (p. 316). Similar views are

espoused b y Ernan McMullin ( McM ullin 1993 ), Bernulf Karnitscheider ( Kanitscheider 1993 ), and (less

explicitly) b yGeorge Gale ( Gale 1996 ). I agree that anthropic reasoning reduces puzzlement onlygiven the

existence of a suitable multiverse, but I disagree with the claim that the potential reduction of p uzzlement is

no ground whatever for thinking that the multiverse hypothesis is true. M y reasons for this will beco me

clear as we proceed.

heads does cr yout for explanation and gives at least some support to potential

explanations such as the hypothesis that the coin flipping process was biased. Likewise in

the lotteryexample. The same person winning the all three lotteries could make us

suspect that the lotter yhad been rigged in the winner´s favor, especiall yif there were

some independent evidence for this.

A ke yassumption in this argument is that fine-tuning is indeed surprising. Is it?

Some dismiss the possibilityout of hand. For example, Stephen JayGould writes:

Anycomplex historical outcome ˘ intelligent life on earth, for example ˘

represents a summation of improbabilities and becomes therefore absurdl y

unlikely. But something has to happen, even if an yparticular ^something~ must

stun us byits improbability. We could look at an youtcome and sa y, ^Ain´t it

amazing. If the laws of nature had been set up a tad differentl y, we wouldn´t have

this kind of universe at all.~ ( Gould 1990 , p. 183)

Peter van Inwagen mocks that wa yof thinking:

Some philosophers have argued that there is nothing in the fact that the universe is

fine-tuned that should be the occasion for an ysurprise. After all (the objection

runs), if a machine has dials, the dials have to be set some wa y, and an yparticular

setting is as unlikelyas an yother. Since an ysetting of the dial is as unlikelyas

anyother, there can be nothing more surprising about the actual setting of the

dials, whatever it ma ybe, than there would be about an ypossible setting of the

dials if that possible setting were the actual setting. � This reasoning is

sometimes combined with the point that if ^our~ numbers hadn´t been set into the

cosmic dials, the equall yimprobable setting that did occur would have differed

from the actual setting mainl yin that there would have been no one there to

wonder at its improbability. ( van Inwagen 1993 , pp. 134-5)

Opining that this ^must be one of the most anno yingl yobtuse arguments in the historyof

philosophy~, van Inwagen asks us to consider the following analogy. Suppose you have to

draw a straw from a bundle of 1,048,576 straws of different length. It has been decreed

that unless you draw the shortest straw you will be instantlykilled so that you don´t have

time to realize that you didn´t draw the shortest straw. ^Reluctantly˘ but you have no

alternative ˘ you draw a straw and are astonished to find yourself alive and holding the

shortest straw. What should you conclude? ~ According to van Inwagen, only one conclusion is reasonable: that you did not draw the straw at random but that instead the

situation was somehow rigged b yan unknown benefactor to ensure that you got the

shortest straw. The following argument to the contrar yis dismissed as ^silly~:

Look, you had to draw some straw or other. Drawing the shortest was no more

unlikelythan drawing the 256,057th-shortest: the probabilityin either case was

.000000954. But your drawing the 256,057th-shortest straw isn´t an outcome that

would suggest a `set-up´ or would suggest the need for an ysort of explanation,

and, therefore, drawing the shortest shouldn´t suggest the need for an explanation

either. The onl yreal difference between the two cases is that you wouldn´t have

been around to remark on the unlikelihood of drawing the 256,057th-shortest

straw. ( van Inwagen 1993 , p. 135)

Given that the rigging h ypothesis did not have too low a prior probabilityand given that

there was onl yone straw lotter y, it is hard to den ythat this argument would indeed be

silly. What we need to reflect about, though, is whether the example is analogous to our

epistemic situation regarding fine-tuning.

Erik Carlson and Erik Olsson ( Carlson and Olsson 1998 ), criticizing van

Inwagen´s argument, argue that there are three points of disanalogybetween van

Inwagen´s straw lotter yand fine-tuning. First, the ynote that whether we would be willing

to accept the ^unknown benefactor~ explanation after drawing the shortest straw depends

on our prior probabilit yof there being an unknown benefactor with the means to rig the

lottery. If the prior probabilityis sufficientlytin y˘ given certain background beliefs it

maybe ver yhard to see how the straw lotter y could be rigged ˘ we would not end up

believing in the unknown benefactor h ypothesis. Obviously, the same applies to the fine-

tuning argument: if the prior probabilit yof a multiverse is small enough then we won´t

accept that hypothesis even after discovering a high degree of fine-tuning in our universe.

I think the multiverse supporter can grant this and argue that the prior probabilit yof a

multiverse is not too small. Exactlyhow small it can be for us still to end up accepting the

multiverse hypothesis depends on both how extreme the fine-tuning is and what

alternative explanations are available. If there is plent yof fine-tuning, and the onl y

alternative explanation on the table is the design hypothesis, and if that hypothesis is

assigned a much lower prior probabilitythan the multiverse hypothesis, then the argument

for the multiverse h ypothesis would be vindicated. We don´t need to commit ourselves to

these assumptions; and in anycase, different people might have different prior probabilities. What we are primarilyconcerned with here is to determine whether fine-

tuning is in a relevant sense a surprising improbable event, and whether taking fine-

tuning into account should substantially increase our credence in the multiverse

hypothesis and/or the design h ypothesis, not what the absolute magnitude of our credence

in those hypotheses should be. C arlson and Olsson´s first point is granted but it doesn´t

have an ybite. van Inwagen never claimed that his straw lotter yexample could settle the

question of what the prior probabilities should be.

Carlson and Olsson second point would be more damaging for van Inwagen, if it

weren´t incorrect. The yclaim that there is a fundamental disanalogyin that we

understand at least roughlywhat the causal mechanisms are b ywhich intelligent life

evolved from inorganic matter whereas no such knowledge is assumed regarding the

causal chain of events that led you to draw the shortest straw. To make the lotter ymore

closelyanalogous to the fine-tuning, we should therefore add to the description of the

lotteryexample that at least the proximate causes of your drawing the shortest straw are

known. Carlson and Olsson then note that:

In such a straw lotter y, our intuitive reluctance to accept the single-drawing-plus-

chance h ypothesis is, we think, considerabl ydiminished. Suppose that we can

give a detailed causal explanation of wh y you drew the shortest straw, starting

from the state of the world twent y-four hours before the drawing. A crucial link in

this explanation is the fact that you had exactlytwo pints of Guinness on the night

before the lotter y. � Would you, in light of this explanation of your drawing the

shortest straw, conclude that, unless there have been a great man ystraw lotteries,

somebodyintentionall ycaused you to drink two pints of Guinness in order to

ensure that you draw the shortest straw? � To us, this conclusion does not seem

ver yreasonable. ( Carlson and Olsson 1998 , pp. 271-2)

The objection strikes me as unfair. Obviousl y, if you knew that your choosing the shortest

straw depended cruciall yand sensitivel yon your precise choice of beverage the night

before, you would feel disinclined to accept the rigging h ypothesis. That much is right.

But this disinclination is fullyaccounted for b ythe fact that it is tremendousl yhard to see,

under such circumstances, how an ybod y could have rigged the lotter y. If we knew that

successful rigging required predicting in detail such a long and tenuous causal chain of

events, we could well conclude that the prior probabilityof rigging was negligible. For

that reason, surviving the lotter ywould not make us believe the rigging h ypothesis. We can see that it is this ˘ rather than our understanding of the proximate causes per se ˘ that

defeats the argument for rigging, b yconsidering the following variant of van Inwagen´s

example. Suppose that the straws are scattered over a vast area. Each straw has one

railwa ytrack leading up to it, all the tracks starting from the same station. When you pick

the shortest straw, we now have a causal explanation that can stretch far back in time: you

picked it because it was at the destination point of a long journe yalong a track that did

not branch. How long the track was makes no difference to how willing we are to believe

in the rigging h ypothesis. What matters is onlywhether we think there is some

plausibilityto the idea that an unknown benefactor could have put us on the right track to

begin with. So contrar yto what Carlson and Olsson imply, what is relevant is not the

known backward length of the causal chain, but whether that chain would have been

sufficientlypredictable by the h ypothetical benefactor to give a sufficient prior

probabilityto the h ypothesis that she rigged the lotter y. Needless to sa y, the designer

referred to in the deign hypothesis is t ypicall yassumed to have superhuman epistemic

capacities. It is not at all farfetched to suppose that if there were a cosmic designer, she

would have been able to anticipate which boundary conditions of the universe were likel y

to lead to the evolution of life. We should therefore reject Carlson and Olsson´s second

objection against van Inwagen´s analogy.

The third alleged point of disanalogyis somewhat subtler. Carlson and Olsson

discuss it in the context of refuting certain claims by Arnold Zuboff ( Zuboff 1991 ) and it

is not clear how much weight the yplace on it as an objection against van Inwagen. It´s

nonetheless worth mentioning. The idea, so far as I can make it out, is that the reason wh y

your existing after the straw lotter yis surprising, is related to the fact that you existed

before the straw lotter y. You could have antecedentl ycontemplated your survival as one

of a varietyof possible outcomes. In the case of fine-tuning, b ycontrast, your existing (or

intelligent life existing) is not an outcome which could have been contemplated prior to

its obtaining.

For conceptual reasons, it is impossible that you know in advance that your

existence lotteryis going to take place. Likewise, it is conceptuall yimpossible

that you make an y ex ante specification of an ypossible outcome of this lotter y. �

The existence of a cosmos suitable for life does not seem to be a coincidence for

anybod y; nobod ywas ever able to specif ythis outcome of the cosmos lottery,

independentl yof its actuall ybeing the actual outcome. ( Carlson and Olsson 1998 , p. 268)

This might look like a token of the ^anno yinglyobtuse~ reasoning that van Inwagen

thought to refute through his straw lotter yexample. All the same, there is a disanalogy

between the two cases: nobod ycould have contemplated the existence of intelligent life

unless intelligent life existed, whereas someone (even the person immediately involved)

could have thought about drawing the shortest straw before drawing it. But the question is

whether this difference is relevant. Again it is useful to cook up a variant of van

Inwagen´s example:

Suppose that in an otherwise lifeless universe there is a big bunch of straws and a

simple (non-cognitive, non-conscious) automaton about to randoml yselect one of

the straws. There is also kind of ^incubator~ in which one person rests in an

unconscious state; we can suppose she has been unconscious since the beginning

of time. The automaton is set up in such a wa ythat the person in the incubator will

be woken if and onlyif the automaton picks the shortest straw. You wake up in

the incubator. After examining your surroundings and learning about how the

experiment was set up, you begin to wonder about whether there were an ything

surprising about the fact that the shortest straw was drawn.

This example shares with the fine-tuning case the feature that nobod ywould have been

there to contemplate an ything if the ^special~ outcome had failed to obtain. So what

should we sa yabout this case? In order for Carlson and Olsson´s criticism to work, we

would have to sa ythat the person waking up in the incubator should not think that there is

anything surprising at all about the shortest straw having been selected. van Inwagen

would most probablysimplyden ythat that would be the correct attitude. For what it´s

worth, myintuition in this instance sides with Inwagen, although this case is perhaps less

obvious than van Inwagen´s original straw lotter ywhere the subject had a life before the

lottery.

It would be nice to have an independent account of what makes an event or a fact

surprising. We could then applythe general account to the straw lotteries or directlyto

fine-tuning, and see what follows. Let us therefore review what efforts have been made to

develop such an account of surprisingness. To anticipate the upshot: I will argue that

these represent a dead end as far as anthropic reasoning is concerned. From this we will

learn that the strategyof some anthropic theorizers to base their case on an appeal to what is surprising is ultimatelyof ver ylimited utility: the strategyis grounded on intuitions that

are not an ymore obvious or secure than the thesis which the yare emplo yed to support.

This mayseem disappointing, but in fact it clears the path for a better understanding what

is required to support anthropic reasoning.

The following remark b yF. P. Ramse yis pertinent to the goal of determining

what distinguishes surprising improbable events from unsurprising improbable events:

What we mean b yan event not being a coincidence, or not being due to chance, is

that if we came to know it, it would make us no longer regard our system as

satisfactor y, although on our s ystem the event ma ybe no more improbable than

anyalternative. Thus 1,000 heads running would not be due to chance; i.e. if we

observed it we should change our s ystem of chances for that penn y. ( Ramsey

1990 , p. 106)

This looks like promising beginning. It seems to fit the other example considered near the

beginning of this section: one person winning three lotteries with a thousand tickets could

make us suspect foul play, whereas one person winning a billion-ticket lottery would not

in general have an ytendenc ydo so. Or ponder the case of a monke ytyping out the

sequence ^Give me a banana!~. This is surprising and it makes us change our belief that

the monkeyt ypes out a random sequence. We would think that maybe the monke yhad

been trained to t ype that specific sequence, or ma ybe that the t ypewriter was rigged; but

the chance h ypothesis is disconfirmed. B ycontrast, if the monke ytypes out

^r78o479024io; jl;~, this is unsurprising and does not challenge our assumptions about the

setup. So far so good.

What Ramsey´s suggestion does not tell us what it is about events such as the

monkey´s t yping a meaningful sentence or the run of 1000 heads that makes us change

our mind about the system of chances. We need to know that if the suggestion is to throw

anylight on the fine-tuning case. For the problem there is preciselythat it is not

immediatelyclear ˘ lest the question be begged ˘ whether we ought to change our s ystem

and find some alternative explanation or be satisfied with letting chance pa ythe bill, that

is, in Ramsey´s terminology, regarding fine-tuning as a coincidence. Ramsey´s suggestion

is thus insufficient for the present purpose.

Paul Horwich takes the anal ysis further. He proposes the following as a necessar y condition for the truth of a statement E being surprising:

[T]he truth of E is surprising onlyif the supposed circumstances C, which made E

seem improbable, are themselves substantiall ydiminished in probabilityb ythe

truth of E�and if there is some initiallyimplausible (but not widelyimplausible)

alternative view K about the circumstances, relative to which E would be highl y

probable. ( Horwich 1982 , p. 101)

If we combine this with the condition that ^our beliefs C are such as to give rise to

P E ( ) » 0 ~, we get what Horwich thinks is a necessar yand sufficient condition for the

truth of a statement being surprising. We can sum this up bysa ying that the truth of E is

surprising iff the following holds:

(i) P E( ) » 0

(ii) P C E P C

( | ) ( ) <<

(iii) P E K ( | ) » 1

(iv) P(K) is small but not too sma ll

Several authors who think that fine-tuning cries out for explanation endorse views

that are similar to Horwich´s ( Manson 1989 ). For instance, Peter van Inwagen writes:

Suppose there is a certain fact that has no known explanation; suppose that one

can think of a possible explanation of that fact, an explanation that (if onl yit were

true) would be a ver y good explanation; then it is wrong to sa ythat that event

stands in no more need of an explanation than an otherwise similar event for

which no such explanation is available. ( van Inwagen 1993 , p. 135)

And John Leslie:

A chief (or the onl y? ) reason for thinking that something stands in [special need

for explanation], i.e. for justifiable reluctance to dismiss it as how things just

happen to be, is that one in fact glimpses some tidywa yin which it might be

explained. ( Leslie 1989 , p. 10)

D.J. Bartholomew also appears to support a similar principle ( Bartholomew 1984 ).

Horwich´s anal ysis provides a reasonablygood explication of these ideas.

George Schlesinger ( Schlesinger 1991 ) has criticized Horwich´s anal ysis, arguing

that the availabilityof a tidyexplanation is not necessar yfor an event being surprising.

Schlesinger asks us to consider the case of a tornado that touches down in three different

places, destro ying one house in each place. We are surprised to learn that these houses

belonged to the same person and that the yare the onl ybuildings that this misfortunate

capitalist owned. Yet no neat explanation suggests itself. Indeed, it seems to be because

we can see no tid yexplanation (other than the chance h ypothesis) that this phenomenon

would be so surprising. So if we let E to be the event that the tornado destroys the onl y

three buildings that some person owns and destro ys nothing else, and C the chance

hypothesis, then (ii) - (iv) are not satisfied. According to Horwich´s anal ysis, E is not

surprising ˘ which is counterintuitive.

Surprise being ultimatelya ps ychological matter, we should perhaps not expect

anysimple definition to perfectl ycapture all the cases where we would feel surprised. But

maybe Horwich has provided at least a sufficient condition for when we ought to feel

surprised? Let´s run with this for a second and see what happens when we applyhis

anal ysis to fine-tuning. In order to do this we need to determine the probabilities referred

to in (i)-(iv). Let´s grant that the prior probabilityof fine-tuning (E) is ver ysmall,

P E ( ) » 0 . Further, anthropic theorizers maintain that E makes the chance h ypothesis

substantiallyless probable than it would have been without conditionalizing E, so let´s

suppose that P C E P C ( | ) ( ) << 5 . Let K be a multiverse h ypothesis. In order to have

P E K

( | ) » 1 , it might be necessar yto think of K as more specific than the proposition that

there is some multiverse; we ma yhave to define K as the proposition that there is a

^suitable~ multiverse (i.e. one such that P E K( | ) » 1 is satisfied). But let us suppose that

even such a strengthened multiverse h ypothesis has a prior probabilitythat is not ^too

small~. If we make these assumptions then Horwich´s four conditions are satisfied, and

the truth of E would consequentlybe surprising. This is the result that the anthropic

theorizer would like to see.

Unfortunatel y, we can construct a similar line of assumptions to show that any

5 T his follo ws fro m Bayes´ theoremif the probabilitythat C gives to E is so tiny that

P E C P E

( | ) ( ) << .

other possible universe would have been equall ysurprising. Let E # be the proposition that

a has some particular boring character. For instance, we can let E # sa ythat a is a

universe which consists of nothing but such-and-such a pattern of electromagnetic

radiation. We then have P E( ) # » 0 . We can let K be the same as before. Now, if we

suppose that P C E P C

( | ) ( )

# << and P E K

( | ) # » 1 then the truth of E # will be classified as

surprising. This is counterintuitive, and if it were true that ever ypossible universe would

be just as surprising as an yother then fine-tuning being surprising can surelynot be what

legitimizes the inference from fine-tuning to the multiverse h ypothesis. We must

therefore den yeither P C E P C

( | ) ( )

# << or P E K

( | ) # » 1 (or both). At the same time, if

the truth of E is to be surprising, we must maintain that P C E P C( | ) ( ) << and

P E K

( | ) » 1 . This means that the anthropic theorizer wishing to ground her argument in

an appeal to surprise must treat E # differentlyfrom E as regards these conditional

probabilities. It ma ybe indeed be correct to do that. But what is the justification?

Whatever is it, it cannot be that the truth of E is surprising whereas the truth of E # is not.

For although that might be true, to simplyassume that would be to make the argument

circular.

The appeal to the surprisingness of E is therefore quite ineffective. In order to give

the appeal an yforce, it needs to be backed up b ysome argument for the claim that:

P C E P C

( | ) ( ) << , P E K

( | ) » 1 but not both P C E P C

( | ) ( )

# << and P E K

( | ) # » 1 . But

suppose we had such an argument. We could then sidestep considerations about

surprisingness altogether. For it follows alread yfrom P E K( | ) » 1 , P E( ) » 0 , and P(K)

being ^not too small~, that P K E( | ) » 1 , i.e. that fine-tuning is strong evidence for the

multiverse hypothesis. (To see this, simplyplug the values into Ba yes´ formula,

P K E P E K P K P E

( | ) ( | ) ( ) / ( ) = .)

To make progress be yond this point, it is imperative to abandon vague talk of

what makes events surprising and focus explicitlyon the core issue, which is to determine

the conditional probabilityof the multiverse h ypothesis/chance h ypothesis/design

hypothesis given the evidence we have. If we figure out how to think about these

conditional probabilities then we can hopefull yuse this insight to sort out the quandar y

about whether fine-tuning should be regarded as surprising. At an yrate, that quandar y

becomes much less important if we have a direct route to assigning probabilities to the relevant h ypotheses that skips the detour through the dark netherworld of amazement and

surprise. This is what we shall now do.

Observational selection effects

I suggest that the onlywa yto get a plausible model of how to reason from fine-tuning is

to integrate it into a general theor ywhich takes explicit account of observational selection

effects. This section will outline parts of such a theor y. Later chapters will expand and

support themes that are merel yalluded to here. A theor yof observational selection effects

has applications in man ydomains. In this section we focus on applications in cosmology.

As before, let ^ a ~ rigidl ydenote our universe. We know some things K about a

(it´s life-permitting; it contains the Eiffel tower; it´s quite big etc.). Let h

M be the

multiverse hypothesis; let h

D be the design h ypothesis; and let h

C be the chance-

hypothesis. I suggest that in order to determine what values to assign to the conditional

probabilities P(h

M

|K), P(h

D

|K), and P(h

C

|K), we need to take account of the observational

selection effects through which our evidence about the world was filtered. Recall the

example from the introduction ˘ catching a 20 cm long fish with an apparatus that can

onlycatch fish of precisel ythat length ˘ this limitation of the sampling apparatus

obviouslyneeds to be taken into account when tr ying to guess the size-distribution of the

lake´s fish population. Similarlyfor the pollster who samples from an unrepresentative

subset of the electorate, or the economist who seeks to estimate the average growth rate of

startups in their first year b ylooking onl yat companies listed in the Yellow pages. The

data obtained through these methods is not necessaril yworthless, but we have to take care

to correct as best we can for the known selection effects that are involved. A moment´s

reflection reveals that analogous selection effects ma yhave biased the data we have about

the large scale structure of cosmos. These include observational selection effects: biases

that are due to the fact that onl ythose parts of the whole that have a certain ph ysical

proximityto parts where observers exist are observed.

We shall now consider how we can model thes e observational selection effects.

Suppose that you are an angel. So far nothing ph ysical exists, but six days ago God told

you that he was going awa yfor a weak to create a cosmos. He might create either a single

universe or a multiverse, and let´s sa y your prior probabilities for these two h ypotheses

are about 50%. Now a messenger arrives and informs you that God´s work is completed.

The messenger tells you that universe a exists but does not saywhether there are other universes in addition. Should you think that God created a multiverse or only a ? To

answer this, we need to know something more about the situation. Consider two possible

specifications of what happened:

Case 1 . The messenger decided to travel to realm of ph ysical existence and look at

the universe or one of the universes that God had created. This universe was a ,

and this is what he reports to you.

Case 2 . The messenger decided to find out whether God created a . So he travels

to the realm of ph ysical existence and looks until he finds a , and reports this back

to you.

In Case 1, the messenger´s tidings do not in general give you an yreason to believe

h

M

. He was bound to bring back news about some universe, and the fact that he tells you

about a rather than some other universe is not significant, unless a has some special

feature F. (More on this proviso shortly.)

In Case 2 on the other hand, the fact that the messenger tells you that a exists is

evidence for h

M

. If the messenger selected a randomlyfrom the class of all possible

universes, or from some sizeable subclass thereof (for example onl ybig bang universes

with the same laws of nature as in our universe, or onl yuniverses which contain more

good than evil), then the finding that God created a suggests that God created man y

universes.

Our actual epistemic situation is n ot analogous to the angel´s in Case 2. It is not as

if we first randomlyselected a from a class containing both actual and non-actual

possible universes and then discovered that ˘ loo and behold ˘ a actuallyexists. The fact

that we know whether a exists surelyhas ever ything to do with it actuall yexisting and

we being among its inhabitants. There is an observational selection effect amounting to

the following: direct observation occurs only of universes that actuallyexist. Case 1

comes closer to modeling our epistemic situation in this respect, since it mirrors this

selection effect.

However, Case 1 is still an inadequate model because it overlooks another

observational effect. The messenger could have retrieved information about an yof the

actual universes, and the angel could have found out about some universe b that doesn´t

contain an yobservers. If there are no angels, gods or heavenl ymessengers, however, then universes that don´t contain observers are not observed. Assuming the absence of

extramundane observers, the selection effect restricts what is observed not onlyto the

extent that non-actual universes are not observed but actual universes that don´t contain

anyobservers are also not observed. This needs to be reflected in our model. If we want

to continue to use the creation stor y, we therefore need to modifyit as follows:

Case 3 . The messenger decided to travel to the realm of ph ysical existence and

look for some universe that contains observers. He found a , and reports this back

to you.

Does this provide you with an yevidence for h

M

? It depends. If you knew (call this

Case 3a ) that God had set out to create at least one observer-containing universe, then the

tiding that a is actual does not give an ysupport to h

M

(unless you know that a has some

special feature). Because then you were guaranteed to learn about the existence of some

observer-containing universe or other and learning that it is a does not give an ymore

evidence for h

M than if you had learnt about some other universe instead. The

messenger´s tidings T contain no relevant new information; the probably you assign to h

M

remains unchanged. In Case 3a, therefore, P(h

M

|T) = P(h

M

).

But there is second wa yof specif ying Case 3. Suppose ( Case 3b ) that God did not

set out especiall yto create at least one observer-containing universe, and that for an y

universe that He created there was a onl ya fairl ysmall chance that it would be observer-

containing. In this case, when the messenger reports that God created the observer-

containing universe a , you get evidence that favors h

M

. For it is more probable on h

M

than it is on ¬ h

M that one or more observer-containing universes should exist (one of

which the messenger was then bound to bring you news about). Here, we therefore have

P(h

M

|T) > P(h

M

).

What is grounding T´s support for h

M

? Ithink it is best answered not b ysa ying

that T makes it more probable that a should exist, but rather that T makes it more

probable that at least one observer-containing universe should exist. It is nonetheless true

that h

M makes it more probable that a should exist. But this is not byitself the reason

whyh

M is to be preferred given our knowledge of the existence of a . If it were, then

since the same reason operates in Case 3a, we would have to have concluded that h

M were

favored in that case as well. For even though it was guaranteed in Case 3a that some observer-containing universe would exist, it was not guaranteed that it would be a . In

Case 3a as well as in Case 3b, the existence of a was made more likel yb yh

M than by¬

h

M

. If this should not lead us to favor h

M in Case 3a then the fact that the existence of a

is made more likel yb yh

M cannot be the whole stor yabout wh yh

M is to be preferred in

Case 3b.

So what is the whole storyabout this? This will become clearer as we proceed, but

we can give at least the outlines now. In subsequent chapters we shall fill in important

details and see some arguments for the claims we make here.

In a nutshell: although h

M makes it more probable that a should exist, h

M also

makes it more probable that there are other observer-containing universes. And the

greater the number of observer-containing universes, the smaller the probabilit ythat we

should observe an yparticular one of them. These two effects balance each other. We can

get some intuitive grasp of this if we consider a two-step procedure. Suppose the

messenger first tells you that some observer-containing universe x exists. This rules out

all hypotheses on which there would be no such universes; it counts against h ypotheses

on which it would be very unlikel ythat there were an yobserver-containing universes; and

it favors h ypotheses on which it would be ver ylikel yor certain that there were one or

more observer-containing universes. In the second step, the messenger tells you that x =

a . This would not change your beliefs as to how man yobserver-containing universes

there are (assuming you don´t think there is an ything special about a ). One might sa y

that if God were equall ylikel yto create an yuniverse, then the probabilit ythat a should

exist is proportional to the number of universes God created. True. But the full evidence

you have is not onlythat a exists but also that the messenger told you about a . If the

messenger selected the universe he reports randoml yfrom the class of all actual observer-

containing universes, then the probabilitythat he would select a , given that a is an

actual observer-containing universe, is inversely proportional to the number of actual

observer-containing universes. The messenger´s report therefore does not allow you to

discriminate between general h ypotheses 6 that implythat at least one observer-containing

6 By^general hypotheses~ we here mean: hypotheses which don´t entail anything preferentiallyabout a .

For example, a hypothesis which says ^T here is exactly one life-containing univer se and it´s not a .~ will

obviously be refuted b ythe messenger´s report. But the point is that there is nothing about the messenger ´s

report that gives reason to favor hypotheses o nlybecause they implya greater number of observer -

containing universes, assuming there is nothing special about a .

universe exists. In our actual situation our knowledge is not mediated b ya messenger; but

the suggestion is that the data we get about the world are subjected to observational

selection effects that mimic the reporting biases present in Case 3.

When stating that the finding that a exists does not give us reason to think that

there are man yrather than few observer-containing universes, we have kept inserting the

proviso that a not be ^special~. This is an essential qualification, for there clearl yare

some features such that if we know that a has them then finding that a exists would

give support to claim that there are a vast number of observer-containing universes. For

instance, if you know that a is a universe in which a message is inscribed in ever yrock,

in the distribution of fixed stars seen from an ylife-bearing planet, and in the

microstructure of common cr ystal lattices, spelling: ^God created this universe. He also

created man yother universes.~ ˘ then the fact that the messenger tells you that a exists

can obviouslygive you some reason to think that there are man yuniverses. In our actual

universe, if we were to find inscriptions that we were convinced could onlyhave been

created b ya divine being then this would count as support for whatever these inscriptions

asserted (the degree of support being qualified b ythe strength of our conviction that the

deitywas being honest). Leaving aside such theological scenarios, there are much more

humdrum features our universe might have that could make it special in the sense

intended here. It ma ybe, for example, that the ph ysics of our universe is such as to

suggest a ph ysical theor y(because it´s the simplest, most elegant theor ythat fits the facts)

which entails the existence of vast numbers of observer-containing universes.

Fine-tuning ma ywell be a ^special~ feature. This is so because fine-tuning seems

to indicate that there is no simple, elegant theor ywhich entails (or gives a high

probabilityto) the existence our universe alone but not the existence of other universes. If

it were to turn out, present appearances notwithstanding, that there is such a theor ythen

our universe is not special. But in that case there would not be an yreason to think that our

universe reallyis fine-tuned. For if a simple theor yentails that precisel ythis universe

should exist, then one could plausiblyassert that no other boundar yconditions than those

entailed b ythat theor yare ph ysicallypossible; and hence that ph ysical constants and

initial conditions could not have been different than the yare ˘ thus no fine-tuning.

However, assuming that ever ytheor yfitting the facts and entailing that there is onl yone

universe is a ver yad hoc one and involving man yfree parameters ˘ as fine-tuning

advocates argue ˘ then the fine-tuning of our universe is a special feature that gives support to the hypothesis that there are man yuniverses. There is nothing m ysterious

about this. Preferring simple theories that fit the facts to complicated ad hoc ones is just

standard scientific practice, and cosmologists that work with multiverse theories are

presumabl ypursuing that inquirybecause the ythink that multiverse theories represent a

promising route forward to neat theories that are empiricall yadequate.

We can now answer the quest ions asked at the beginning of this chapter: Does

fine-tuning cr yout for explanation? Does it give support to the multiverse hypothesis?

Beginning with the latter question, we should sa y: Yes, to the extent that multiverse

theories are simpler, more elegant (and therefore claming a higher prior probability) than

anyrival theories that are compatible with what we observe. In order to be more precise

about the magnitude of support, we need to determine the conditional probabilitythat a

multiverse theor ygives to the observations we make. We have said something about how

such conditional probabilities are determined: The conditional probabilityis greater ˘

ceteris paribus ˘ the greater the probabilitythat the multiverse theor ygives to the

existence of a universe exactlylike ours; it is smaller ˘ ceteris paribus ˘ the greater the

number of observer-containing universes it entails. These two factors balance each other

to the effect that if we are comparing various multiverse theories then what matters,

generall yspeaking, is the probabilitythe yassign to at least some observer-containing

universe existing; if two multiverse theories both do that, then there is no general reason

to favor or disfavor the one that entails the larger number of observer-containing

universes. All this will become clearer in subsequent chapters where the current hand-

waving will be replaced b ymathematicall yprecise models.

The answer to the question whether fine-tuning cries out for explanation follows

from this. If something´s ^cr ying out for explanation~ means that it would be

unsatisfactor yto leave it unexplained or to dismiss it as a chance event, then fine-tuning

cries out for explanation to the extent that we have reason to believe in some theor ythat

would explain it. At the present, multiverse theories ma ylook like reasonably promising

candidates. For the theologicallyinclined, the Creator-hypothesis is also a candidate. And

there remains the possibilitythat fine-tuning could turn out to be an illusion ˘ if some neat single-universe theor ythat fits the data is discovered in the future. 7

Finally, we ma yalso ask whether there is an ything surprising about our

observation of fine-tuning. Let´s assume, as the question presupposes, that the universe

reall yis fine-tuned, in the sense that there is no neat single-universe theor ythat fits the

data (but not in a sense that excludes our universe being one in an ensemble that is itself

not fine-tuned). Is such fine-tuning surprising on the chance-hypothesis? It is, per

assumption, a low-probabilityevent if the chance-hypothesis is true; and it would tend to

disconfirm the chance-h ypothesis if there is some other h ypothesis with reasonabl yhigh

prior probabilitythat assigns a high conditional probabilityto fine-tuning. For it to be a

surprising event then (using Horwich´s anal ysis) there has to be some alternative to the

chance-h ypothesis that meets conditions (iii) and (iv). Man ywould hold that the design

hypothesis satisfies these criteria. But if we rule out the design h ypothesis, does the

multiverse hypothesis fit the bill? We can suppose, for the sake of the argument at least,

that the prior probabilityof the multiverse h ypothesis is not too low, so that (iv) is

satisfied. The stick ypoint is condition (iii), which requires that P E h

M

( ’ | ) » 1 . According

to the discussion above, the conditional probabilityof us observing a fine-tuned universe

is greater given a suitable multiverse than given the existence of a single random

universe. If the multiverse h ypothesis is of a suitable kind ˘ such that it entails (or makes

it highlylikel y) that at least one observer-containing universe exists ˘ then the conditional

probability, given that h ypothesis, of us observing an observer-containing universe should

be set equal (or ver yclose) to one. It then comes down to whether on this h ypothesis

representative 8 observer-containing universes would be fine-tuned. 9 If the ywould, then it

7 If there is a sense o f ^explanation~ in which a multiverse theor ywo uld not explain wh ywe observe a fine-

tuned universe, then the prospect of a multiverse theor ywo uld not add to the need for explanatio n in that

sense.

8 T he meaning of ^representative~ is not equivalent here to ^mo st numerous type of universes in the

multiverse~ but rather ^the type of univer ses with the greatest expected fraction o f all observers~. T he

reason for this will be made clear b ythe discussio n in subsequent chapters.

9 One can easilyimagine multiverse theories on which this would not necessarilybe the case. A multiverse

theor ycould for example include a physics that allo wed for two distinct regions in the space of possible

boundar yconditions to be life-co ntaining. One of these regions co uld be ver ybroad so that universes in that

region would not be fine-tuned ˘ theywould still have contained life even if the values o f their physical

constants had been slightlydifferent. T he other region could be ver ynarro w. Universes in this region would

be fine-tuned: a slight perturbation of the boundar yconditions wo uld mo ve a universe out of the life-

containing regio n. If the univer ses in the two life-containing regions in parameter space are equivalent in

other respects, this cosmos would be an instance of a multiverse where representative observer-containing

universes wo uld not be fine-tuned. If a multiverse theor yassigns a high probabilityto the multiverse being follows that this multiverse hypothesis should be taken to give a ver yhigh probabilityto

our observing a fine-tuned universe; so Horwich´s condition (iii) would be satisfied, and

our observing fine-tuning would count as a surprising event. If, on the other hand,

representative observer-containing universes in the multiverse would not be fine-tuned,

then condition (iii) would not be satisfied, and the fine-tuning would not qualifyas

surprising. 10

Note that in answering the question whether fine-tuning was surprising, we

focused on E´ (the statement that there is a fine-tuned universe) rather than E (the

statement that a is fine-tuned). I suggest that what is primaril ysurprising is E´, and E is

surprising onl yin the indirect sense of impl ying E´. If E is independentl ysurprising, then

on Horwich´s anal ysis, it has to be so owing to some other alternative 11 to the chance-

hypothesis than the multiverse h ypothesis, since it´s not the case that P E h

M

( | ) » 1 . But I

find it quite intuitive that what would be surprising on the chance-hypothesis is not that

this universe (understood rigidl y) should be fine-tuned but rather that there should be a

fine-tuned universe at all if there is onlyone universe in total and fine-tuning was highl y

improbable.

Conclusions

It ma ybe useful to summarize the main findings of this chapter. We set out to investigate

whether fine-tuning needs explaining and whether it gives support to the multiverse

hypothesis. We found that:

· There is an eas ypart of the answer: Leaving fine-tuning unexplained is

epistemicallyunsatisfactor yto the extent that it involves accepting complicated,

of this kind, then on the hypothesis that that theor yis true, representative observer -containing universes

wo uld not be fine-tuned.

10 It may intuitivelyseemas if our observing a fine-tuned universe wo uld be even more surprising if the

onlymultiverse theor yo n the table implied that representative observer-containing universes were not fine-

tuned, because it wo uld then be even more improbable that we should live in a fine-tune universe. T his

intuition most likely derives fro mo ur not accepting the assumptions we made. For instance, the design

hypothesis ( which we ruled out b yfiat) might be able to fit the fo ur criteria and thus account for whywe

wo uld find the fine-tuning surprising even in this case. Alternatively, we might think it implausible that we

wo uld be sufficientlyconvinced that the only available multiverse hypotheses wo uld be ones in which

representative univer ses would not be fine-tuned. So this represents a rather artificial case where our

intuitions could easily go astray. I discuss it onlyin order to round out the argument and to more fully

illustrate ho w the reasoning wor ks. T he point is not important in itself.

11 It´s not clear whether there is an alternative that would work here. T here wo uld be if, for instance, one

assigned a high prior probabilityto a design hypothesis o n which the designer was highlylikely to create

only a and to make it fine-tuned.

inelegant theories with man yfree parameters. If a neater theor ycan account for

available data it is to be preferred. This is just an instance of the general

methodological principle that one should prefer simpler theories, and it has

nothing to do with fine-tuning as such (i.e. this point is unrelated to the fact that

observers would not have existed if boundar yconditions had been slightly

different).

· Ian Hacking´s argument that multiverse theories such as Wheeler´s oscillating

universe model cannot receive an ysupport from fine-tuning data, while multiverse

theories such as the one Hacking ascribes to Brandon Carter can receive such

support, is flawed. So are the more recent arguments b yRoger White and Phil

Dowe purporting to show that multiverse theories tout court would not be

supported byfine-tuning.

· Those who think fine-tuning gives some support to the multiverse h ypothesis have

typicall ytried to argue for this byappealing to the surprisingness of fine-tuning.

We examined van Inwagen´s straw lotter yexample, refuted some objections by

Carlson and Olsson, and suggested a variant of Inwagen´s example that is more

closelyanalogous to our epistemic situation regarding fine-tuning. In this variant

the verdict seems to favor the multiverse advocates, although there appears to be

room for opposing intuitions. In order to give the idea that an appeal to the

surprisingness of fine-tuning could settle the issue a full run for its money, we

considered Paul Horwich´s anal ysis of what makes the truth of a statement

surprising. This analysis seems to provide the best available explication of what

multiverse advocates mean when the ytalk about surprise. It was found, however,

that applying Horwich´s anal ysis to the fine-tuning situation did not suffice to

settle the issue of whether fine-tuning is surprising. We concluded that in order to

determine whether fine-tuning cries out for explanation or gives support for the

multiverse hypothesis, it is not enough to appeal to the surprisingness or

amazingness of fine-tuning. One must to drill deeper.

· What is needed is a wa yof determining the conditional probabilityP(E|h

M

). I

suggested that in order to get this right, it is essential to take into account

observational selection effects. We created an informal model of how to think

about such effects in the context of fine-tuning. Some of the preliminar y(not yet

conclusivelyargued for) results of this are as follows:

· Fine-tuning favors (other things equal) h ypotheses on which it is likelythat one or

more observer-containing universes exist over h ypotheses on which it is unlikely

that even one observer-containing universe should exist.

· If two competing general h ypotheses each implythat there is at least some

observer-containing universe, but one of them implies a greater number of

observer-containing universes, then fine-tuning is not typicallya reason to favor

the latter (other things equal). The number of observerless universes implied is

typicall yalso not relevant.

· Although P(E|h

M

) ma ybe much closer to zero than to one, this conditional

probabilitycould nonetheless well be large enough (after taking observational

selection effects into account) for E to favor the multiverse h ypothesis.

· The answer to the ^trick ypart~ of the question about whether fine-tuning needs

explanation or supports the multiverse hypothesis: Yes, there is something about fine-tuning as such that adds to the need for explanation and to the support for the

multiverse hypothesis over and above the general principle that simplicityis

epistemicallyattractive. The reason for this is twofold. First, the availabilityof a

potential rival explanation for wh ythe universe should be observer-containing.

The design h ypothesis, presumabl y, can more plausibl ybe invoked to explain a

world consisting of an observer-containing universe than to explain a world

consisting of a boring non-observer-containing universe. Second (theologyapart),

the capacityof the multiverse h ypothesis to give a high probabilityto E (and

thereb yin some sense to explain E), and to gain support from E, depends

essentiallyon observational selection effects. Fine-tuning is therefore not just like

anyother wa yin which a theor yma yrequire a delicate setting of various free

parameters to fit the data. The presumption that observers would not be so likel y

to exist if the universe were not fine-tuned is essential. For that means that if a

multiverse theor yimplies that there is an ensemble of universes, onl ya few of

which are fine-tuned, what the theory predicts that we should observe is still one

of those exceptional fine-tuned universes. The observational selection effect

enables the theor yto give our observing a fine-tuned universe a high conditional

probabilityeven though such a universe ma ybe very at ypical of the cosmos as a

whole. If there were no observational selection effect restricting our observation to

an at ypical proper part of cosmos then postulating a bigger cosmos would not in

general increase the conditional probabilityof us observing a particular feature. (It

maymake it more probable that that feature should be instantiated somewhere or

other, but it would also make it less probable that we should happen to be at an y

particular place where it was instantiated.) Fine-tuning, therefore, involves issues

additional to the ones common to all forms of scientific explanation and inference.

· On Horwich´s anal ysis of what makes the truth of a statement surprising, it would

be surprising against the background of the chance-hypothesis that onlyone

universe existed and it happened to be fine-tuned. B ycontrast, that this universe

should be fine-tuned would not contain an yadditional surprise factor (unless one

thought that the design hypothesis could furnish an explanation for this datum

satisfying Horwich´s condition (iii) and (iv)).

C H A P T E R 3 : O B S E R V A T I O N A L S E L E C T I O N E F F E C T S

A N D T H E A N T H R O P I C P R I N C I P L E

In chapter 2 we have seen how observational selection effects are relevant in assessing the

implications of cosmological fine-tuning. We outlined of a model for how such effects

modulate the conditional probabilityof us making certain observations given certain

hypotheses about the large-scale structure of cosmos. The general idea that observational

selection effects need to be taken into account in cosmological theorizing has been

recognized b yseveral authors, and there have been man yattempts to express this idea

under the rubric of ^the anthropic principle~. None of these attempts, however, quite hits

the mark ˘ some don´t even seem to know what the yare aiming for. The first section of

this chapter reviews some of the more helpful formulations of the anthropic principle

found in the literature, and considers how far these can take us. Section two briefl y

discusses a set of ver ydifferent ^anthropic principles~ and explains whythey are

misguided or at least irrelevant for present purposes. There is plentyof confusion about

what the anthropic principle is and about its epistemological status. It is essential to clear

this up and to distinguish the versions that Iam interested in. Since a main thrust of this

dissertation is that anthropic reasoning deserves serious attention, I want to be explicit

about some associated ideas that I´m not endorsing. The third section continues where the

first section left off. Arguing that formulations found in the literature are inadequate, I

propose a simple but (as later chapters will show) surprisingl ypowerful methodological

principle, which I dub the Self-Sampling Assumption.

The anthropic principle as expressing an observational selection effect

The term ^anthropic principle~ was coined b yBrandon Carter. In a paper of 1974, he

defined it as

� what we can expect to observe must be restricted b ythe conditions necessar y

for the our presence as observers. ( Carter 1974 , p. 126)

Carter´s concept of the anthropic principle, as evidenced b ythe uses to which he put it, is

appropriate and useful, but his definitions and explanations of it are rather vague. While

Carter himself was never in an ydoubt about how to understand and appl ythe principle,

he did not explain it in a philosophicallytransparent enough manner to enable all his

readers to do the same.

The trouble starts with the name. Anthropic reasoning has nothing in particular to

do with Homo sapiens. Calling the principle `anthropic´ is therefore misleading and has

indeed misled some authors (e.g. Gould 1985 , Worrall 1996 , Gale 1981 ). Carter regrets

not using a different name ( Carter 1983 ). He suggests that ma ybe ^the ps ychocentric

principle~, ^the cognizabilityprinciple~ or ^the observer self-selection principle~ would

have been better. It is probabl ytoo late for terminological reform, but emphasizing that

the anthropic principle concerns intelligent observers in general and not specificall y

human observers should be enough to prevent misunderstandings on this point.

Carter introduced two versions of the anthropic principle, a strong version (SAP)

and a weak (WAP). He defined the WAP thus:

� we must be prepared to take account of the fact that our location in the universe

is necessarily privileged to the extent of being compatible with our existence as

observers. (p. 127)

SAP states that:

� the Universe (and hence the fundamental parameters on which it depends) must

be such as to admit the creation of observers within it at some stage. (p. 129)

Carter´s formulations have been attacked for being mere tautologies (and therefore

incapable of doing an yinteresting explanator ywork whatever), and for being widel y

speculative (and lacking an yempirical support). Often WAP is accused of the former and

SAP of the latter. I think we have to admit that both these readings are possible, since

WAP and SAP as stated are ver yvague. WAP sa ys that we have to ^be prepared to take

into account~ the fact that our location is privileged, but it does not specif y how we are to

take account of that fact. SAP says that the universe ^must~ admit the creation of observers, but it does not specif ythe force of this ^must~. We get a ver ydifferent

meanings depending how we interpret the ^must~. Does it merel yserve to underline an

entailment of available data (^the universe must be life-admitting ˘ present evidence

about our existence implies that!~)? Or is the ^must~ instead to be understood in some

stronger sense, for example as alleging some kind of prior metaph ysical or theological

necessit y? On the former alternative, the principle is indisputablytrue; but then the

difficultyis to explain how this trivial statement can be useful or important. On the

second alternative, we can see how it could be contentful (provided we an make sense of

the intended notion of necessity), the difficult ybeing to provide some reason for wh ywe

should believe it.

John Leslie ( Leslie 1989 ) argues that AP, WAP and SAP can all be understood as

tautologies and that the difference between them is often purelyverbal. In Leslie´s

explication, AP simplysa ys that:

Any intelligent living beings that there are can find themselves only where

intelligent life is possible. ( Leslie 1989 , p. 128)

WAP then says that, within a universe, observers find themselves onl yat spatiotemporal

locations where observers are possible. SAP states that observers find themselves onl yin

universes that allow observers to exist. ^Universes~ means roughl y: huge spacetime

regions that might be more or less causall ydisconnected from other spacetime regions.

Since the definition of a universe is not sharp, nor is the distinction between WAP and

SAP. WAP talks about where within a life-permitting universe we should expect to find

ourselves, while SAP talks about in what kind of universe in an ensemble of universes we

should expect to find ourselves. On this interpretation the two principles are

fundamentall ysimilar, differing onl yin scope.

For completeness, we may also mention Leslie´s ( Le slie 1989 ) ^Superweak

Anthropic Principle~, which states that:

If intelligent life´s emergence, NO MATTER HOW HOSPITABLE THE

ENVIRONMENT, always involves very improbable happenings, then any

intelligent living beings that there are evolved where such improbable happenings

happened.~ ( Leslie 1989 , p. 132; emphasis and capitals as in the original).

The implication, as Michael Hart ( Hart 1982 ) has stressed, is that we shouldn´t assume

that the evolution of life on an earth-like planet might not well be ver yextremel y

improbable. Provided there are enough Earth-like planets, as there ma ywell be in an

infinite universe, then even a chance lower than 1 in 10

3,000 would be enough to ensure

(i.e. give an arbitraril ygreat probabilit yto the proposition) that life would evolve

somewhere 12 . Naturally, what we would observe would be one of the rare planets were

such an improbable chance-event had occurred. The Superweak Anthropic Principle can

be seen as one particular application of WAP. It doesn´t add an ything to what is alread y

contained in Carter´s principles.

The question that immediat elyarises is: hasn´t Leslie trivialized anthropic

reasoning with this definition of AP? ˘ Not necessaril y. Whereas the principles he defines

are tautologies, the invocation of them to do explanatorywork is dependent on nontrivial

assumptions about the world. Rather than the truth of AP being problematic, its

applicability is problematic. That is, it is problematic whether the world is such that AP

can pla ya part in interesting explanations and predictions. For example, the anthropic

explanation of fine-tuning requires the existence of an ensemble of universes differing in

a wide range of parameters and boundar yconditions. Without the assumption that such an

ensemble actuallyexists, the explanation doesn´t get off the ground. SAP, as Leslie

defines it, would be true even if there is no other universe than our own, but it would then

be unable to help explain the fine-tuning. Writes Leslie:

It is often complained that the anthropic principle is a tautology, so can explain

nothing. The answer to this is that while tautologies cannot b ythemselves explain

anything, the ycan enter into explanations. The tautologythat three fours make

twelve can help explaining wh yit is riskyto visit the wood when three sets of four

lions entered it and onl yeleven exited. ( Leslie 1996 , pp. 170-1)

12 T he figure 1 in 10

3,000 is Hart´s most optimistic estimate o f ho w likelyit is that the right molecules wo uld

just happen to bump into each other to for ma short DNA string capable of self-replication. As Hart himself

recognizes, it is possible that there exists so me as yet unknown abiotic process that co uld bridge the gap

between amino acids ( which we kno w can for mspontaneously in suitable environments) and DNA-based

self-replicating organisms. Such a bridging process could dramaticallyimprove the odds of life evolving.

T here are suggestions for what these processes could be ˘ for example, self-replicating clay structures, or

maybe so mething related to Stuart Kaufmann´s autocatalytic sets ˘ but we are still ver y much in the dark

about ho wlife got started on Earth or what the odds are of it happening on a rando mEarth-like planet.

I would add that there is a lot more to anthropic reasoning than the anthropic principle.

We discussed some of the non-trivial issues in anthropic reasoning in chapter 2, and in

subsequent chapters we shall encounter even greater conundrums. An yhow, I shall argue

shortlythat the above anthropic principles are too weak to do the job the yare supposed to

do. Theyare best seen as special cases of a more general principle, the Self-Sampling

Assumption, which itself seems to have a methodological or epistemological status

(somewhat resembling David Lewis´ Principal Principle) rather than that of a tautology

pure and simple.

Anthropic hodgepodge

I have counted over thirty different ^anthropic principles~ in the literature. The ycan be

divided into three categories: those that express a purported observational selection effect;

those that state some speculative empirical h ypothesis; and those that are too muddled or

ambiguous to make an yclear sense at all. The principles discussed in the previous section

are in the first categor y. Here we will brieflyreview some members of the other two

categories.

Among the better-known definitions are those of ph ysicists John Barrow and

Frank Tipler, whose influential 700-pages monograph of 1986 has served to introduce

anthropic reasoning to a wide audience. Their formulation of WAP is as follows:

(WAP

B&T

) The observed values of all physical and cosmological quantities are not

equallyprobable but the ytake on values restricted b ythe requirement that there

exist sites where carbon-based life can evolve and b ythe requirement that the

Universe be old enough for it to have alread ydone so. ( Barrow and Tipler 1986 ,

p. 16) 13

The reference to `carbon-based life´ does not appear in Carter´s original definition.

Indeed, Carter has explicitlystated that he intended the principle to be applicable ^not

onlyb your human civilization, but also byan yextraterrestrial (or non-human future-

13 A similar definition was given b y Barro win 1983:

[T he] observed values o f physical variables are not arbitrar ybut take values V( x, t) restricted b ythe

spatial requirement that x Î L , where L is the set of sites able to sustain life; and b ythe temporal

constraint that t is bound b ytime scales for biological and cosmological evolution of living

organisms and life-supporting environments. ( Barro w1983 , p. 147) terrestrial) civilization that mayexist.~ ( Carter 1989 , p. 18). It seems infelicitous to

introduce a restriction to carbon-based life, and misleading to give the resulting

formulation the same name as Carter´s.

Restricting the principle to carbon-based life forms is a bad idea f or another

reason as well: it robs the principle of its tautological status and renders Barrow and

Tipler´s position inconsistent, since theyclaim that WAP is a tautology. To see that WAP

as defined b yBarrow and Tipler is not a tautology, it is sufficient to note that it is not a

tautologythat all observers are carbon-based. It is no contradiction to suppose that there

are observers that are implemented on some other chemical elements, and thus that there

maybe observed values of ph ysical and cosmological constants that are not restricted b y

the requirement that carbon-based life evolves. 14

Realizing that the anthropic principle must not be restricted to carbon-based

creatures is not a mere logical nicet y. It is essential if we want to applyanthropic

reasoning to h ypotheses about other possible life forms that ma yexist or come to exist in

cosmos. For example, when considering the Doomsda yargument in chapter 5 this

becomes crucial.

Limiting the principle to carbon-based life has the side effect of encouraging a

common type of misunderstanding of what anthropic reasoning is all about. It makes it

look as if it were part of a project to restore Homo sapiens to its glorious role as the Pivot

of Creation. For example, Stephen JayGould´s 1985-criticism ( Gould 1985 ) of the

anthropic principle is based on this misconception. It is ironic that anthropic reasoning

should have been attacked from this angle. Anthropic reasoning is anti -theological and

anti -teleological. It holds up the prospect of an alternative explanation for the appearance

of fine-tuning ˘ the puzzlement that forms the basis for the modern version of the

teleological argument for the existence of a Creator. The presence of such radical

confusion is symptomatic of the primitive state of anthropic methodology, although there

has been progress since Gould made his remarks.

Barrow and Tipler also provide a new formulation of SAP:

(SAP

B&T

) The Universe must have those properties which allow life to develop

14 T here is also no contradiction involved in supposing that we might discover that we are not carbon-based.

within it at some stage in its history. ( Barrow and Tipler 1986 , p. 21)

On the face of it, this is rather similar to Carter´s SAP. The two definitions differ in one

obvious but minor respect. Barrow and Tipler´s formulation refers to the development of

life . Leslie´s version improves this to intelligent life . But Carter´s definition speaks of

observers . ^Observers~ and ^intelligent life~ are not the same concept. It seems possible

that there could be (and might come to be in the future) intelligent, conscious observers

that are not part of what we call life ˘ for example b ylacking such properties as being

self-replicating or having a metabolism etc. For reasons that will become clear later, I

think that Carter´s formulation is superior in this respect. Not being alive , but being an

(intelligent) observer is what matters for the purposes of anthropic reasoning.

Barrow and Tipler have each provided their own personal formulation of SAP.

Their definitions then turn out quite different:

Tipler: � intelligent life must evolve somewhere in an yph ysicallyrealistic

universe. ( Tipler 1982 , p. 37)

Barrow: The Universe must contain life. ( Barrow 1983 , p. 149)

These definitions state that life must exist, which implies that life exists. The other

formulations of SAP we looked at, b yCarter, Barrow & Tipler, and Leslie, all stated that

the universe must allow or admit the creation of life (or observers). This is most naturally

read as sa ying onlythat the laws and parameters of the universe must be compatible with

life ˘ which does not implythat life exists. The propositions are clearlyinequivalent.

We are also faced with the problem of how to understand the ^must~. What is its

modal force? Is it logical, metaph ysical, epistemological or nomological? Or even

theological or ethical? The definitions remain highl yambiguous until this is specified.

Barrow and Tipler list three possible interpretations of SAP

B&T in their

monograph:

(A) There exists one possible Universe `designed´ with the goal of generating and

sustaining `observers´.

(B) Observers are necessar yto bring the Universe into being.

(C) An ensemble of other different universes is necessar yfor the existence of our

Universe.

Since none of these are directl yrelated to Carter´s idea about observational selection

effects, I shall not discuss them further except for some brief remarks relegated to this

footnote. 15

A ^Final Anthropic Principle~ (FAP) has been defined b yTipler ( Tipler 1982 ),

Barrow ( Barrow 1983 ) and Barrow & Tipler ( Barrow and Tipler 1986 ) as follows:

15 (A) points to the teleological idea that the universe was designed with the goal of generating obser vers

(spiced up with the added requirement that the ^designed~ universe be the onlypossible one). Yet,

anthropic reasoning is counter-teleological in the sense described above; taking it into account diminishes

the probabilitythat a teleological explanation of the nature of the universe is correct. And it is hard to kno w

what to make of the requirement that the universe be the only possible one. T his is definitely not part of

anything that follo ws fro mCarter´s original expositio n.

(B) is identical to what John Wheeler had earlier branded the Participatory Anthropic Principle (PAP)

( Wheeler 1975; Wheeler 1977 ). It echoes Berkelian idealism, but Barro wand T ipler want to invest it with

physical significance b yco nsidering it in the co ntext of quantummechanics. Operating within the

framewor k of quantumcosmology and the many-wo rlds interpretation of q uantum physics, they state that,

at least in its ver sion (B), SAP imposes a boundar yconditio n on the univer sal wave function. For examp le,

all branches o f the universal wave functio n have zero amplitude if theyrepresent closed universes that

suffer a big crunch before life has had a chance to evolve. T hat is, such short-lived univer ses do not exist.

^SAP requires a universe branch which does not contain intelligent life to be non-existent; that is, branches

witho ut intelligent life cannot appear in the Universal wave functio n.~ ( Barrowand T ipler 1986 , p. 503). As

far as I can see, this speculation is totally unrelated to anything Carter had in mind when he introduced the

anthropic principle, and PAP is irrelevant to the issues we shall discuss in this dissertation. (For a critical

discussion o f PAP, see e.g. ( Ear man 1987 )).

Barrowand T ipler think that statement (C) receives support fro mthe many-wo rlds interpretation and

the sum-o ver-histories approach to quantum gravity ^because they must unavoidablyrecognize the

existence of a who le class o f real `other worlds´ fro mwhich o urs is selected b yan optimizing principle.~

( Barrowand T ipler 1986 , p. 22). (Notice, bythe way, that what Barro wand T ipler sayabout (B) and (C)

indicates that the necessity to which these for mulatio ns refer should be understood in the nomological

sense, as physical necessity.) Again, this seems to have little do to with observational selection effects. It is

true that there is a connection between SAP and the existence o f multiple worlds. Fro mthe standpoint of

Leslie´s explication, this connection can be stated as follo ws: SAP is applicable (non-vacuously) o nlyif

there is a suitable world ensemb le; only then can SAP be involved in doing explanator ywork. But in no

way does anthropic reasoning presuppose that o ur univer se could not have existed in the absence of

whatever other univer ses there might be.

Intelligent information-processing must come into existence in the universe, and,

once it comes into existence, it will never die out.

Martin Gardner charges that FAP is more accurately named CRAP, the Completely

Ridiculous Anthropic Principle . ( Gardner 1986 ). The spirit of FAP is antithetic to Carter´s

anthropic principle ( C arter 1989 , Leslie 1985 ). FAP can la yno claim to an yspecial

methodological status; it is pure speculation. The appearance to the contrar y, created b y

affording it the honorar ytitle of a ^Principle~, is presumabl ywhat prompts Gardner´s

mocker y.

It ma ybe possible to interpret FAP simplyas a scientific h ypothe sis, and that is

indeed what Barrow and Tipler set out to do. In a later book ( Tipler 1994 ), Tipler

considers the implications of FAP in more detail. He proposes what he calls the ^Omega

Point Theory~. This theor yassumes that our universe is closed, so that at some point in

the future it will recollapse in a big crunch. Tipler tries to show that it is physically

possible to perform an infinite number of computations during this big crunch b yusing

the shear energyof the collapsing universe, and that the speed of a computer in the final

moments can be made to diverge to infinity. Thus there could be an infinit yof subjective

time for beings that were running as simulations on such a computer. This idea can be

empiricallytested, and if present data suggesting that our universe is open are confirmed,

then the Omega Point Theor ywill indeed have been falsified (as Tipler himself

acknowledges). 16 The point Iwant to emphasize here is onlythat FAP is not in anywa y

an application or a consequence of anthropic reasoning. (This is not to den ythat anthropic

reasoning ma yhave a bearing on how evidence for speculations such as FAP should be

evaluated; for example via the Doomsda yargument.)

In order to treat FAP as an empirical h ypothesis, it helps if one charitablystrikes

out about the first part of the definition, the part which sa ys that intelligent information

processing must come into existence. I plead guiltyto having done m ybit to worsen

inflation of anthropic principles b yintroducing (with mypartner-in-crime, Milan C.

Cirkovic) this explication ˘ the ^Final Anthropic Hypothesis~ (FAH), which is the

16 For further critiq ue of T ipler´s theor y, see a paper byLawrence Sklar ( Sklar 1989 ).

proposition that intelligent information processing will never cease ( Cirkovic and

Bostrom 2000 ). There is no particular reason to think that this proposition is true, but it

maybe interesting to consider what evidence there is for or against it. We find, for

instance, that recent evidence for a large cosmological constant 17 ( Perlmutter, Aldering et

al. 1998 , Reiss, Filippenko et al. 1998 ) onl ymakes the situation worse for Tipler´s Omega

Point Theory. There are however some other possible wa ys in which FAH ma ybe true

which cannot be ruled out at the present, involving poorlyunderstood mechanisms in

quantum cosmology. There are also question marks regarding which of these possible

scenarios would be probabilisticallyacceptable in view of anthropic constraints. Studying

FAH is a legitimate research objective in myview, not because there is an yparticular a

priori or methodological reason to think that FAH is true, but because it just seems an

interesting question whether intelligent observers will in fact exist for an infinitelylong

time in the actual world.

Inadequacy of earlier formulations

For the purposes of this dissertation, the relevant anthropic principles are those describing

observational selection effects. All the formulations mentioned in this chapter´s first

section are in this category. Yet, theyare insufficient. The ycover onlya set of ver y

special cases and fail to give an adequate expression of the idea underlying man yof the

most important applications of anthropic reasoning.

One paradigmatic use of anthropic reasoning is in providing a potential

explanation of fine-tuning. A satisfactor yformulation of the anthropic principle should at

a minimum be able to cater at least for this application. I will argue that what we´ve got

so far cannot do that.

Let´s assume that the empirical precondition for the anthropic explanation of fine-

tuning is satisfied, that is, that there is an ensemble of actuall yexisting universes that

differ in suitable wa ys with respect to their boundar yconditions and physical constants.

What the anthropic theorizer would then like to say is that since observers exist onlyin

17 A non-zero cosmological constant has been considered desirable fromseveral points of view in recent

years, because it wo uld be capable of solving the cosmological age problemand because it wo uld arise

naturallyfro mquantumfield processes (see e. g. Klapdor and Grotz 1986 , Singh 1995 , Martel, Shapiro et

al. 1998 ). A universe with a cosmological density parameter W » 1 and a cosmolo gical constant of about

the suggested magnitude L » 0 7. would allo w the for mation o f galaxies ( Weinber g 1987 , Efstathiou 1995 )

and wo uld last long enough for life to have a chance to develop.

the subset of universes which are fine-tuned, the theor ythat there is this multiverse

predicts that we should expect to observe a fine-tuned universe; and thus that the theor yis

supported (to some extent) byavailable data. Chapter 2 argued that this line of reasoning

can be defended against various methodological objections. The argument still doesn´t

deliver the intended conclusion, however, for it rests on the claim that intelligent life

exists onlyin the subset of universes that are fine-tuned. But that need not be the case. In

a sufficientl yhuge multiverse, there will also be some observers in non-tuned universes.

For example, Hawking radiation from evaporating black holes is completel yrandom in

such a wa ythat there is a finite chance that an yobject ˘ such as an intelligent observer ˘

will pop into existence outside a black hole. This finite chance is astronomicall ysmall,

but never mind. If the multiverse contains a sufficient number of black holes then it is

highl ylikelythat some observers will come into existence in this manner. For such

multiverses, then, one crucial premiss is false and the suggested anthropic argument

consequentl yunsound.

If the onl yrelevant observational selection effect were the one expressed b ySAP

(much less the ones expressed b yWAP or the Super-weak Anthropic Principle) then such

a multiverse theor ycould not support an anthropic explanation of fine-tuning. It isn´t true

that we couldn´t have observed a universe that weren´t fine-tuned for life ˘ we could!

It is not farfetched that a multiverse should be sufficientl ylarge to make it

probable that intelligent observers are generated from Hawking radiation or other random

phenomena, such as thermal motion. Since thermal motion, Hawking radiation and other

quantum fluctuations can occur also in non-tuned universes (ones, sa y, where constants

don´t generallyfavor formation of stars or complex chemistryetc.), observers will be

generated also within non-tuned universes in the multiverse. Almost all multiverse

theories that have been proposed share that feature. Man ymultiverse theories postulate an

infinite ensemble of universes. Even those that contain onlya finite number might still

contain sufficientl yman y. And even a mulitverse theor ythat onl ypostulated a moderate

number of different universes would still be covered b ythis objection, if some of the

universes in it were spatiallyinfinite, or finite but big enough. Considering that current

evidence strongl ysuggests that our own universe is spatiall yinfinite 18 , this is avery

18 Evidence favors the hypothesis that our universe is open. On the simplest topology( which is usually

assumed in big bang theor y) an open or flat universe is spatiallyinfinite at ever ypoint in time ˘ containing

infinitelymanygalaxies, stars, planets etc. ( Martin 1995 ). T he observable universe is finite, but onlya plausible contingenc y.

The SAP-explanation of the apparent fine-tuning, therefore, does not work for real

multiverse theories that have been proposed. It uses the assumption that there are no

observers in non-tuned universes, which is false in nearl yall realistic multiverse theories.

This mayappear to be a relativel ysuperficial objection, based on the technical

point that a few freak observers will probabl yarise in non-tuned universes. It could be

thought that this shouldn´t reall ymatter, because it will still be true that the overwhelming

majorityof all observers in the multiverse will live in fine-tuned universes and will have

evolved through more ordinar yprocesses that can onl ytake place under special

conditions (fine-tuning). So if onlywe modif ySAP slightly, to allow for a small

proportion of all observers living in non-tuned universes, we could make the explanation

go through.

I suggest that this is preciselyon the right line! The presence of the odd observ er

in a non-tuned universe changes nothing essential. And SAP should be modified or

strengthened to make this clear. The idea would be that as long as the vast majorityof

observers are in fine-tuned universes, the ones in non-tuned universes forming a small

minority, then what the multiverse theor ypredicts is that we should (with overwhelming

probability) find ourselves in one of the fine-tuned universes. That we observe such a

universe would thus be what such a multiverse theor ypredicts and would thus tend to

confirm that theor yto some degree. A multiverse theor yof the right kind coupled with

this ramified version of the anthropic principle could potentiallyaccount for the apparent

fine-tuning of our universe.

A step in the right direction has been taken b yastroph ysicist Richard Gott III, who

formulated the ^Copernican anthropic principle~:

small region o f the whole is observable. It is quite co mmo n to encounter misco nceptions on this point, even

amongst people who are otherwise quite kno wledgeable about the big bang theor y. One fallacious intuition

that mayunderlie the belief that an open universe is spatiallyfinite at any point in time and only beco mes

infinite in the temporal limit, is that the universe came into existence at so me spatial point in the big bang.

A better wayo f picturing things is to imagine space as an infinite rubber sheet, which stars being butto ns

glued on to it. As we move forward in time, the sheet is stretched in all directions and the separation

between the stars increases (except when they are parts of the same gravitationally bound grouping, such as

a galaxy). Going backwards in time, we imagine the b uttons co ming closer to gether until, at ^time zero~,

the densityo f the (still spatially infinite) univer se beco mes infinite ever ywhere.

[T]he location of your birth in space and time in the Universe is privileged (or

special) onl yto the extent implied bythe fact that you are an intelligent observer,

that your location among intelligent observers is not special but rather picked at

random from the set of all intelligent observers (past, present and future) any one

of whom you could have been. ( Gott 1993 , p. 316)

This definition comes closer to giving an adequate expression of the idea behind

anthropic reasoning than an yof the others we have examined. It introduces an idea of

randomness that can be applied to the multiverse examples under consideration: Yes, you

could have lived in a non-tuned universe, but if the vast majorityof observers live in fine-

tuned universes then the multiverse theor ypredicts that you should (ver yprobabl y) find

yourself in a fine-tuned universe.

One problem with Gott´s definition is that it makes some problematic claims

which ma ynot be essential to anthropic reasoning. It sa ys that your location was ^picked

at random~. But who or what did the picking? Maybe that is too naïve a reading. Yet the

expression does suggest that there is some kind of ph ysical randomization mechanism of

at work, which so to speak selects a position for you to be born at. One could imagine a

possible world where this would be a good description of what was going on. Suppose

God, after having created a multiverse, posts a world-map on the wall of His celestial

abode, takes a few steps back and starts throwing darts at the map, creating bodies

wherever the yhit, and sends down souls to inhabit these bodies. Alternatively, ma ybe one

could imagine some sort of ph ysical apparatus, perhaps involving a time travel machine

that could move about in spacetime and distribute observers in a trul yrandom fashion.

But what evidence is there that an ysuch randomization mechanism exists? None, as far as

I can see. Perhaps some subtler and less farfetched scenario could be conceived that

would lead to the same result, but anthropic reasoning would be tenuous indeed had it to

relyon such suppositions. As we shall see, however, that isn´t the case.

Also, the assertion that ^you could have been~ an y of these intelligent observers

that will ever have existed is problematic. We mayultimatelyhave to confront this

problem, but it can be nice to have a definition that does not preempt that debate.

Both these points are relativel yminor quibbles. One co uld reasonabl yexplicate

Gott´s definition so that it comes out right in these regards. There is, however, a much

more serious problem with Gott´s approach which we will discuss when examining the

Doomsdayargument in chapter 5. We shall therefore work with a different principle which sidesteps these difficulties.

The Self-Sampling Assumption

The preferred explication of the anthropic principle that we shall use as a starting point

for the subsequent investigation is the following, which ma ybe called the Self-Sampling

Assumption:

(SSA) Ever yobserver should reason as if the ywere a random sample drawn from

the set of all observers.

We will elaborate as we go along on what this means and how it is indented to be used,

but some clarifications can be made right awa y. I use ^observer~ here as a technical term

for whatever sort of entityis such that one should reason as if one were randoml yselected

from the class of all those entities. What this class is, is a topic for later discussions. It is

intended to include at least you and me and other beings that are ^like us~ in relevant

wa ys. We shall call the class of all observers that will ever have existed the ^reference

class~ . (We will revise this terminologyin chapter 9, where we introduce an important

modification to SSA and allow reference classes that consists of onlya subset of all

observers. The motivation for those changes will become understandable only after we

have thoroughl yinvestigated the implications of SSA as formulated above. So meanwhile

we can think of the reference class as the class of all observers and observers as those

entities from which to reason as if you were a random sample.)

The above statement of SSA is vague in at least two important respects: What

counts as an observer? And what is the sampling densit ywith which you have been

sampled? The resolution of these areas of vagueness matters a lot for what empirical

predictions you get from appl ying SSA in concrete applications. However, while it is

important to examine these issues (which we shall do in later chapters), many interesting

philosophical problems in anthropic reasoning do not hinge on them. We can sidestep the

potentiallyproblematic areas of vagueness b ymaking the following simplifying

assumptions:

Consider an imagina r yworld where we have no borderline cases of what counts

as an observer and where the observers are sufficientl ysimilar to each other to justify

using a uniform sampling densit y(rather then one, sa y, where long-lived observers get a

proportionatel ygreater weight). Thus let´s suppose (merel yfor the sake of illustration) that the onlyobservers are human beings on the planet Earth, that we have no

evolutionaryancestors, that all humans are full yself-aware and are knowledgeable about

probabilitytheor yand anthropic reasoning, etc., that we all have identical life spans and

that we are equal in an yother arguabl yrelevant respect. Assume furthermore that each

human has a unique birth rank, denoting her temporal position in the human species 19 ,

and that the total number of humans that will ever have lived is finite.

Under these assumptions, we get as a Corollar yfrom the SSA that

(D) P r( | )

R r N n n for r n

for r n

= = =

£ £

> ì

í ï

î ï

1 0

0

,

where R and N are random variables: N representing the total number of people that will

have lived, and R the birth rank of the particular person doing the reasoning. I call this

expression ^D~ because, as we shall see later, it is used in the derivation of the Doomsda y

argument.

The other observational selection principles discussed above are specia l cases of

SSA. Take first WAP (in Carter and Leslie´s rendition). If a theor y T sa ys that there is

onlyone universe and some regions of it contain no observers, then WAP says that T

predicts that we don´t observe one of those observerless regions. (That is, that we don´t

observe them ^from the inside~. If the region is observable from a region where there are

observers, then obviously it could be observable by those observers.) SSA yields the same

result, since if there is no observer in a region, then there is zero probabilitythat a sample

taken from the set of all observers will be in that region, and hence zero probabilitythat

you should observe that region given the truth of T .

Similarly, if T sa ys there are multiple universes, onl ysome of which contains

observers, then SAP (again in Carter and Leslie´s sense) sa ys that T predicts that what

you should observe is one of the universes that contain observers. SSA says the same,

since it assigns zero sampling densit yto being an observer in an observerless universe.

In the next chapter we shall consider wa ys of generalizing D. SSA and its

corollaries are to be understood as methodological prescriptions, stating how probabilistic

19 We are also assuming here that the Self-I ndication Assumption ( which we will define and discuss in a

later chapter) is false.

inferences are to be made in certain cases. 20 We will provide several arguments for

adopting SSA. However, it is not a major concern for our purposes whether SSA is

strictlya ^requirement of rationality~. It suffices if man yintelligent people do in fact ˘ on

reflection ˘ have a subjective prior probabilityfunction that satisfies SSA. If that is

acknowledged, it follows that investigating surprising consequences for important matters

that flow from SSA will be worth the effort.

20 As will appear fro msubsequent discussion, SSA does not seemto be in anystraightfor ward sense a

restricted version of the principle of indifference.

C H A P T E R 4 : W H Y A C C E P T T H E S E L F - S A M P L I N G

A S S U M P T I O N ?

This chapter gives reasons for accepting SSA. In the process of so doing, it also illustrates

some aspects of the principle´s intended meaning and begins to develop a theor yof how

SSA can be used in concrete scientific contexts.

The case for accepting SSA can be divided into two parts. One part focuses on the

application. I will argue that some methodological rule is needed to derive observational

consequences in cosmology; that other candidate rules that have been proposed are

inadequate; and that SSA provides the services we require. SSA also gives

methodological guidance for some t ypes of inferences in other fields, including

thermodynamics, evolutionar ybiology, and traffic planning. The other part presents a

series of thought experiments designed to demonstrate that it is reasonable to reason in

accordance with SSA in a wide range of circumstance. If the application-part can be

likened to field observations, the thought experiments are more like laborator yresearch

where we have full control over all relevant variables and can stipulate awa yinessential

complications and hopefull yget a finer measurement of our intuitions and epistemic

convictions regarding SSA. We begin b ypresenting this latter part of the case for SSA,

returning to the application-based argument towards the end of this chapter.

Prison

Our first gedanken is Prison :

Imagine a world that consists of a prison with one hundred cells. In each cell there

is one person. Ninet yof the cells 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

cell. (And ever ybod yknows all this.) Suppose you find yourself in one of these

cells. What color should you think it has? ˘ Answer : You should think that with

90% probabilityit is blue.

Since 90% of all people are in blue c ells, and as you don´t have an yother relevant information, it seems you should think, in agreement with SSA, that with 90% probability

you are in a blue cell. Most people the author has talked to agree that this is the intuitively

correct answer. Since the example does not depend on the particular numbers involved,

we thus have a large class of cases where SSA provides plausible guidance for what to

believe. 21 Some of our subsequent investigations in this chapter will consider arguments

for extending this class in various wa ys. It ma ynonetheless be worthwhile reflecting on

whether it is possible to push the argument further to tr yto convince a h ypothetical

skeptic who isn´t immediatelypersuaded to set her credence equal to 90% in Prison.

Consider the fol lowing argument. Suppose ever yone accepts SSA and ever yone

has to bet on whether they are in a blue or a red cell. Then 90% of all prisoners 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 likelyto be in a blue cell; so the ybet b yflipping a coin. Then,

on average, 50% of the persons will win and 50% will lose. It seems better that SSA be

accepted.

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 , we shouldn´t think that it is

rational for an ybod yto bet in accordance with pattern A rather than B . In Prison, consider

the betting pattern A which specifies that ^If you are Harr ySmith, bet you are in a red

cell; if you are Helena Singh, bet that you are in a blue cell; �~ ˘ such that for each

person in the experiment, A 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.

Intuitivel yit 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 map the captives´

names to recommendations about betting red or blue in other wa ys than does A . Most of

these permutations do rather badl y. On average they give no better advice than would

flipping a coin, which we saw was inferior to accepting SSA. Onl yif the people in the

cells could pick the right A -permutation would they benefit. In Prison theydon´t have an y

information enabling them to do this. If the ypicked A and consequentlybenefited, it

would be pure luck.

21 T his does not rule out that there could be other principles of assigning probabilities that would also

provide plausible guidance in Prison, provided their advice coincide with that of SSA. But subseq uent

What allows the people in Prison to do better t han chance is that the yhave a

relevant piece of empirical information regarding the distribution of observers over the

two types of cells. The yhave been informed that 90% of them are in blue cells, and it

would be irrational of them not to take this information into account. We can imagine a

series of thought experiments where an increasingly large fraction of observers are in blue

cells ˘ 91%, 92%, �, 99%. The situation gradually degenerates into the 100%-case

where the yare told, ^You are all in blue cells.~, from which each can deductivel yinfer

that she is in a blue cell. As the situation approaches this limiting case, it is plausible to

require that the strength of participants´ beliefs about being in a blue cell should graduall y

approach probability1. SSA has this property.

One ma ynotice that while it is true if the detainees adopt SSA then 90% of them

win their bets, yet there are even simpler methods that produce the same result. For

instance: ^Set your probabilityof being in a blue cell equal to 1 if most people are in blue

cells; and to 0 otherwise.~ Using this epistemic rule will also result in 90% of the people

winning their bets. Such a rule would not be attractive however. First, when the

participants step out of their cells, some of them will find that theywere in red cells. Yet

if their prior probabilit yof that were zero, the ycould never learn that b yBayesian belief

updating. The second and more generic point is that when we consider rational betting

quotients , rules like this are revealed to be inferior. A person whose probabilit yfor

finding herself in a blue cell was 1 would be willing to bet on that h ypothesis at an y

odds 22 . The people following this simplified rule would thus risk losing arbitraril ygreat

sums of moneyfor an arbitraril ysmall and uncertain gain ˘ an uninviting strategy.

Moreover, collectivel y, the ywould be guaranteed to lose an arbitraril ylarge sum.

Suppose we agree that all the participants should assign the same probabilityto

being in a blue cell (which is quite plausible since their evidence does not differ in an y

relevant wa y). It is then eas yto show that out of all possible probabilities the ycould

assign to finding themselves in blue cells, a probabilit yof 90% is the onl yone which

would make it impossible to bet against them in such a wa ythat the ywere collectivel y

guaranteed to lose money. And in general, if we var ythe numbers of the example, their

degree of belief would in each case have to be what SSA prescribes in order to save them

gedanken impose additional constraints.

22 Setting aside, as is custo mar y in contexts like this, any risk aversion or aversion against gambling, or

comp utatio nal limitatio ns that the person might have.

from being a collective sucker .

On an individual level, if we imagine the experiment repeated man ytimes, the

onlywa ya given participant could avoid having a negative expected outcome when

betting repeatedl yagainst a shrewd outsider would be b ysetting her odds in accordance

with SSA.

All these considerations support what seems to be most persons´ initial intuition

about Prison: that it is a situation where one should reason in accordance with SSA. Any

plausible principle of the epistemologyof information with an indexical component

would have to agree with SSA´s verdicts in this particular case.

One important thing to notice in Prison is that it was not specified how the

hundred inmates came to be in the cells theyare in. That doesn´t matter so long as the

inmates don´t know an ything about it which gives them evidence about what color cell

theyare in. Thus, the yma yhave been allocated to their respective cells through some

objectivelyrandom mechanism such as drawing tickets from a lotter yurn, then being

blindfolded and led to their designated locations. Or the yma yhave been allowed to

choose cells for themselves, and a random mechanism subsequentl yactivated to

determine which cells should be painted. But the thought experiment does not depend on

there being a well-defined randomization mechanism. One ma yjust as well imagine that

prisoners have been in their cells since their birth, or since the beginning of the universe.

If there is a possible world where the laws of nature directlyspecif ywhich individuals are

to appear in which cells, without an yappeal to initial conditions, the persons in the

experiment would still be rational to follow SSA provided that theydid not have

knowledge of the laws or were incapable of deducing what the laws implied about their

own situation. Objective chance, therefore, is not a necessar yingredient in the gedanken.

The fuel is subjective uncertaint y.

Emeralds

We shall now look at an argument for extending the range of cases where SSA can be

applied. We shall see that the s ynchronous nature of Prison is an inessential feature: you

can in some contexts legitimatel yreason as if you were a random sample from a reference

class that includes observers that exist at different times. Also, we will find that one and

the same reference class can contain observers that differ in man yrespects, 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 centur yis the

earlier centur yin which just three people were to be in this situation, or in the later

centur yin which five thousand were to be in it. ...

Suppose you in fact betted that you lived [in the earlier centur y]. If ever yemerald-

getter in the experiment betted in this wa y, there would be five thousand losers

and onlythree winners. The sensible bet, therefore, is that yours is instead the later

centur yof the two. ( Leslie 1996 , p. 20)

For reasons which need not concern us here (but will be discussed in a later chapter), it is

convenient to focus on a slightl ymodified version of Leslie´s example, one where the two

batches of people are the onl yobservers ever to exist. One could invent a fair ytale about

how the intervening generations had their brains sucked out and replaced with clever

clockworks b yan evil mollusk, but we skip the fluff.

The same arguments that were made for SSA in Prison can be made for SSA in

Emeralds. Leslie makes the point about more people being right if ever yone bets that they

are in the later of the two centuries. As we saw in the previous section, this point needs to

be supplemented b yadditional arguments before it yields support for SSA. (Leslie gives

the emeralds example as a response to one objection against the Doomsda yargument. He

never formulates SSA, but parts of his arguments in defense of the Doomsday argument

and parts of his account of anthropic reasoning in cosmologyare directl yrelevant to

evaluating SSA.)

Two Batches

As Leslie notes, we can learn 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 centur y. Man ycenturies 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 ver yreasonabl yconclude that

the large batch was to be female, almost certainl y. If adopted b yever yhuman in

the experiment, the policyof betting that the large batch was of the same sex as

oneself would yield onl ythree failures and five thousand successes. ... [Y]ou

mustn´t say: ` My genes are female, so I have to observe m yself 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 for the irrelevance of short or tall,

black or white, rich or poor, famous or obscure, fierce or meek etc. If analogous

arguments with two batches of people with an yof those propert ypairs are accepted, then

we have quite a broad reference class alread y. 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 one ma yseek to extend the applicabilityof SSA.

God´s Coin Toss

All the examples so far have been of situations where all the competing h ypotheses entail

the same number of observers in existence. A ver yimportant new element is introduced

in cases where the total number of observers is different depending on which h ypothesis

is true. Here is a simple gedanken where this happens.

God´s Coin Toss, version one (G1). God 23 starts bytossing 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 empt y, and

ever yone knows all the above. You find yourself in a room and you know that you

have back beard. Question: What should be your credence that the coin fell heads?

Consider the following three models of what probabilit y you should rationallyassign to

the proposition that the coin fell heads:

Model 1 (Naïve). There are two possibilities, Heads or Tails; the coin is known to

23 God is not supposed to count as an observer. We may imagine an auto maton instead of God in this and

subseq uent examples.

be fair; both possibilities are perfectl ycompatible with what you know.

P(Heads) = P(¬Heads) = 1/2.

Therefore, your credence of Heads should be 1/2.

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 possibilitybut it is still relevant information. This can

be seen b ythe following argument. The prior probabilit yof Heads is one half,

since the coin was fair. If the coin fell Heads then the onlyobserver in existence

has a black beard; hence b ySSA the conditional probabilityof 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 b ySSA, the conditional probabilityof black beard given

Tails is one half. That is, we have

P(Heads) = P(¬Heads) = 1/2

P(Black | Heads) = 1/2

P(Black | ¬Heads) = 1

B yBa yes´ theorem, the posterior probabilit yof Heads, after conditionalizing on

Black, is

P(Heads | Black)

=

P (Black | Heads)P (H eads)

P (Black | Heads)P (H eads) + P (Black | Heads)P ( Heads) Ø Ø

= 1/3.

Therefore, your credence of Heads should be 1/3.

Model 3 (SSA&SIA). It is twice as likel ythat you should exist if two observers

exist than if onlyone observer exists. This follows if we make the Self- Indication

Assumption (S IA), to be explained shortl y. The prior probabilityof Heads should

therefore be 2/3, and of Tails 1/3. As in Model 2, the conditional probabilit yof

black beard given Heads is 1 and the conditional probabilityof black beard given

Tails is 1/2.

P(Heads) = 2/3

P(¬Heads) = 1/3

P(Black | Heads) = 1/2

P(Black | ¬Heads) = 1

B yBa yes´ theorem, we get

P (Heads | Black) = 1/2.

Therefore, your credence of Heads should be 1/2.

The last model uses something that we can dub the Self-In dication Assumption, according to which you should conclude from the fact that you came into existence that probably

quite a few observers did:

(S IA) Given the fact that you exist, you should (other things equal) favor

hypotheses according to which man yobservers exist over hypotheses on which

few observers exist.

S IA ma yseem prima facie implausible, and I shall argue in chapter 6 that it is no less

implausible ultimo facie . Yet some of the more profound criticisms of specific anthropic

inferences relyimplicitlyon S IA. In particular, adopting S IA annihilates the Doomsda y

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 S IA the best chance it can get, we postpone this

evaluation until we have discussed the Doomsda yargument and have seen wh ya range of

more straightforward objections against the Doomsda yargument fail. The fact that S IA

could seem to be the only coherent wa yof resisting the Doomsda yargument is possibly

the strongest argument that can be made in its favor.

For the time being, we put S IA 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. B ydetermining which of these models is correct,

we get a test of whether SSA should be applied in epistemic situations where h ypotheses

implying different numbers of observers are entertained. If we find that Model 2 (or, for

that matter, Model 3) is correct, we have extended the applicabilit yof SSA be yond what

was established in the previous sections, where the number of observers did not var y

between the h ypotheses under consideration.

In Model 1 we are told to consider the objective chance of 50% of the coin falling

heads. Since you know about this chance, you should according to Model 1 set your

subjective credence equal to it.

The step from knowing about the objective chance to setting your credence equal

to it follows from the so-called Principal Principle 24 . This is not the place to delve into

the details of the debates surrounding this principle and the connection between chance

24 David Lewis ( Lewis 1986 , Lewis 1994 ); a similar principle had earlier been for mulated b yHugh Mellor

( Mellor 1971 ).

and credence ( Bigelow, Lollins et al. 1993 , Sturgeon 1998 , Black 1998 , Bostrom 1999 ,

Hall 1994 , Hoefer 1997 , Hoefer 1999 , Vranas 1998 , Thau 1994 , Strevens 1995 , Halpin

1994 , Kyburg(Jr.) 1981 , Skyrms 1980 ). Suffice it to point out that the Principal Principle

does not saythat you should alwa ys set your credence equal to the corresponding

objective chance if you know it. Instead, it sa ys that you should do this unless you have

other relevant information that should be taken into account. There is some controvers y

about how to specif ywhat t ypes of such additional information will modifyreasonable

credence when the objective chance is known, and what t ypes of additional information

leave the identit yintact. But there is general agreement that the proviso is needed. For

example, no matter how objectivel ychanc ya process is, and no matter how well you

know the chance, if you have actuallyseen what the outcome was then your credence in

that observed outcome should of course be one (or extremel yclose to one) and your

credence in an yother outcome the process could have had should be (ver yclose to) zero;

and this is so quite independentlyof what the objective chance was. None of this is

controversial.

Now the point is that 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 weren´t probabilisticallyrelevant to

how the coin fell, then there would be no need for you to change your credence about the

outcome after looking in the mirror. But this is an incoherent position. For there are two

things you ma yfind when looking in the mirror: that you have black beard or that you

have red beard. Before you peek in the mirror, you know that if you find that you have

red beard then you will have conclusivel yrefuted the h ypothesis 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 your conditional probabilityof Heads given black beard were not lower than the

probability you assign to Heads, while also your conditional probabilityof Heads given

red beard is one, then you would be incoherent. This is easilyshown b ya standard Dutch book argument, or more simpl yb ythe 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 P r( | )e h < 1 . Then we have

P r( | )

P r( | ) P r( )

P r( ) h e e h h

e

=

and

P r( | )

P r( | ) P r( )

P r( )

Ø =

Ø Ø

h e e h h

e

.

Dividing these two equations and using P r( | )e h Ø = 1 , we get

P r( | )

P r( | )

P r( | ) P r( )

P r( )

P r( )

P r( ) 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 probabilityof h and increases the

probabilityof ¬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 S IA) 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 sets

your posterior credence of Heads to 1/3, lower than it would have been had you not seen

your beard. This is a consequence of SSA. The exact figure depends on the assumption

that your conditional probabilityof Black beard equals that of Red beard, given Heads. If

you knew that the coin landed 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 sufficientl ysimilar in other respects (so that from your present position of ignorance

about your beard color you didn´t have an yevidence as to which one of them you are)

these conditional credences should both be 50% according to SSA.

If we agree that Mod el 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. In chapter 9, we will reexamine God´s Coin Toss and argue for adoption of a

Model 4, which conflicts with Model 2 in subtle but important wa ys. The motivation for doing this, however, will become clear onl yafter detailed investigations into the

consequences of accepting Model 2. So for the time being, we will adopt Model 2 as our

working assumption in order to explore the implications of the wa yof thinking it

embodies.

If we combine this with the lessons of the previous gedanken, we now have a ver y

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

manysubstantial wa ys including genes and gender; and that ma ybe of different sizes

depending on which h ypothesis under consideration is true.

One ma ywonder if there are an ylimits at all to how much we can include in the

reference class. There are. We shall now see wh y.

The reference class problem

The reference class, remember, was preliminaril ydefined to consist of all observers that

will ever have existed. But what, precisel y, counts as an observer? ^Observer~ was

introduced as a technical term and its exact meaning has yet to be determined. We have

seen examples of things that must be included in the reference class. In order to complete

the definition, we also have to specif ywhat things must be excluded. The problem of the

reference class is to define what counts as an observer for the purposes of SSA.

In man ycases where the total number of observers is the same on an yof the

hypotheses assigned non-zero probability, the problem of the reference class does not

seem to be relevant. For instance, take Prison and suppose that in ten of the blue cells

there is a polar bear instead of a human observer. Now, whether the polar bears count as

observers makes no difference. Whether the ydo or not, you know you are not one of

them. And you thus know that you are not in one of the ten cells theyoccupy. You

therefore recalculate the probabilityof being in a blue cell to be 80/90, since 80 out of the

90 observers that you ˘ for all you know ˘ might be, are in blue cells. Here you have

simplyeliminated the ten ice-bear cells from the calculation. But this does not rel yon the

assumption that polar bears don´t count as observers. The calculation would come out

exactlythe same if the bears were replaced with human observers who were ver ymuch

like yourself, provided you knew you were not one of them. Ma ybe you are told that ten

people who have a birthmark on their right calves are in blue cells. After verif ying that you yourself don´t have such a birthmark, you adjust your probabilityof being in a blue

cell to 80/90. This is in agreement with SSA. According to SSA, Pr(Blue cell | Setup) =

90/100. But also bySSA, Pr(Blue cell |Setup & Ten of the people in blue cells have birth

marks of a t ype you don´t have) = 80/90.

One place where the reference class problem becomes crucial is where the total

number of observers is unknown. Consider the following variant of God´s Coin Toss.

There are two rooms. Whatever wa ythe coin falls, a person with a black beard is created

in room one. If and onl yif it falls heads, then one other thing x is created in room two.

You find yourself in one of the rooms and you are informed that it is room 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 S IA~), your credence of Heads in this case

is 1/3. But now consider a second case (G2) where we let x be a stone:

Room 1

Room 1 Room 2

Tails

Heads

Figure 1: God´s Coin T oss, original ver sion (G1)

In G2, when you find that you are the man in room one, it seems clear that your credence

of heads should be 1/2. The conditional probabilityof 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 possiblyhave 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 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 are right or would win their bets

here is not improved b yadopting 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 var ydepending on which h ypothesis 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.

Room 1

Room 1 Room 2

Tails

Heads

Figure 2: God´s Coin T oss, variant (G2)

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. It gets

trickier when we consider possible borderline cases such as a gifted chimpanzee, a

Neanderthal or a mentallyhandicapped human. It is not immediatelyobvious 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 severelymentallyhandicapped person bet?

Could you have found yourself as such a person? (Although an ybod ycould of course in

one sense become severel ymentallydisabled, it could be argued that the being that results

from such a process would not in an yreal sense still be ^you~ if the damage is sufficiently

severe.) 25

Intellectual insufficienc yis not the onlyprima facie source of vagueness or

indeterminac yof the reference class. Here is a list of possible borderlines:

· Insufficient intellectual abilities (e.g. chimpanzees; mentall yhandicapped 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, although the yhave the capacit yto do

so)

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

I don´t want to make an yclaim as to whether the reference class should be delimited in

such a wa ythat vagueness can arise in all of these four zones. For instance, ma ybe it is

not possible to disqualifyan intellect for being too intelligent. I onl ywant to note that the

exact wa yof delimiting the reference class has not yet been settled, and in order to do so

one would have to address these four points. We will return to the reference class problem

in the next chapter, where I will show that an attempted solution byJohn Leslie fails.

25 T hat these questions arise seems to suggest that what is involved is so mething more than any

straightfor ward version of the principle of indifference (see e.g. Strevens 1998 , Castell 1998 ). T he principle

of indifference concerns primarily what your credence should be when yo u are ignorant of certain facts,

while SSA purports to determine the conditional probabilityof an observatio n given the tr uth o f an

hypothesis and is intended to applyeven when yo u were never ignorant of what the observatio n tells yo u.

The sampling density

Closelyrelated to the reference class problem is the problem of selecting the sampling

densitythat 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 plausibl ybe thought to make a difference

to their sampling densit yand where consequentl ya uniform sampling densityover all the

objects in the reference class is justified, in accordance with expression D (chapter 3). In

most real-world applications, however, observers differ in man yrespects, including ones

which ma ybe thought relevant to their sampling density.

To begin with, we can consider some eas ycases which are covered b ywhat has

alread ybeen said. Modify God´s Coin Toss so that now there are two observers in room

one (independentlyof how the coin fell):

This changes the odds as follows:

P(Heads) = P(¬Heads) = 1/2

P(Black | Heads) = 2/3

P(Black | ¬Heads) = 1,

Room 1

Room 1 Room 2

Tails

Heads

Figure 3: God´s Coin T oss, variant with two observers

in Roo m1 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 bod y. As long as it is onlya matter of the number of observers

changing, the case will be covered b ythe preceding discussion. But what happens if we

keep the number of observers constant while var ying 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 specif ying the samp ling densit yb ysubstituting

^ observer-moments~ for ^observers~. Different observers ma ylive differentlylong 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 wa yof 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) Ever yobserver at ever ymoment should reason as if their present observer-

moment were randomlysampled from the set of all observer-moments.

Just as we previouslycould assume a uniform sampling densityover the set of all

observers in case the ywere identical in ever yrelevant respect, as expressed b yD, we can

now formulate a stronger version of D b yadding that the sampling densit yshould be

uniform over all observer-moments provided they are identical in all relevant respects:

(SD) P r( | )

R r N n n for r n

for r n

= = =

£ £

> ì

í ï

î ï

1 0

0

,

where N now represents the total number of observer-moments and R 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 the same 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 SSSA may

yield a definite sampling density(provided onl ythat the observer-moments are relevantly

similar) where SSA would not (since the observers are not relevantl ysimilar).

It could be thought that there is some arbitrariness as to how long a period of an

observer we count as an observer-moment. So long as the observer-moments are short

compared to the t ypical duration of an observer, however, that does not matter provided

we partition all observers into segments of equal length. To illustrate this point, consider

the following gedanken:

Onlyone observer exists. This observer is first in room one where he sta ys for two

hours. Then he is given a drug that induces retrograde amnesia (causing him to

forget that he has been in room one), and he is transported into room two where he

spends one hour, whereupon he is terminated. ( In each room he is informed about

the general setup of the experiment, so he alwa ys knows that.)

If we adopt SSSA then at each point in time this observer should believe with probability

2/3 that he is currentl yin Room 1 and with probability1/3 that he is currently in Room 2.

This is so because he knows that two thirds of all observer-moments are in Room 1 and

onlyone third in Room 2, and he does not have any means of determining which of these

observer-moments is his 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 exactlythe same if instead of one observer being transported

Room 1 Room 2

Figure 4: One observer spending different amounts o f time in

two roo ms from one room to the other we have two different observers that each exist in one of the

rooms for two hours and one hour, respectivel y:

In this case too, b ythe same reasoning, both observers should at each time set: 26

P(Iam currentlyin Room 1) = 2/3, and

P(Iam currentlyin Room 2) = 1/3.

Cases where the total number of observer-moments ma ydiffer 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 maybe appropriate to segment observers into segments of

equal subjective time. If one observer thinks twice as man ythoughts and has twice the

number of experiences in a given time interval as another observer, it seems quite

plausible to associate twice as man yobserver-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 computers

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 mayindicate that the still more fundamental entityin the reference

class should be (some t ypes of) thoughts, or occurrent ideas. Just as longer-lived

26 Of course, if there are mirrors in the roo ms so that the observers can see what color beard theyhave, they

get extra infor matio n which, when factored in, changes their credence to 1: theycan then deduce which

roomtheir present observer-mo ment is in.

Room 1 Room 2

Figure 5: T wo observers spending different amo unts of time in

two roo ms observers get a higher sampling densit yb yvirtue of containing more observer-moments,

so should perhaps also observer-periods of equal objective duration get a higher sampling

densityb yvirtue of containing a greater number of occurrent thoughts. 27

We shall leave this discussion without having tied up all the ends. 28 The various

strengthening of SSA will not be assumed in what follows, except in the traffic planning

example later in this chapter and in chapter 9 where we will discuss some ideas that

presuppose SSSA. These are intriguing issues however, which ma ybe further explored to

develop a more complete theor yof how to reason in epistemic situations involving

observational selection effects or indexical uncertainty. Developing such a more complete

theoryis important for three reasons. First, it ma ypotentiallyincrease the range of

practical applications. Second, it ma yaffect radicall ythe results in some applications, e.g.

where we use SSA on a reference class of observers that are not quite equal in all relevant

wa ys. And third, it would boost our confidence in the methodological soundness of

anthropic reasoning if we had a neat and plausible solution to the problem of the reference

class. (Conversel y, it would somewhat undermine our confidence if it turned out that

there were no such solution but instead a vast wasteland of indeterminac yand

arbitrariness.)

SSA in cosmology

We now turn to consider the application-based arguments for SSA. I shall argue that SSA

codifies and legitimates certain plausible epistemological practices and that there are

elements in scientific methodologywhich seem rely on an implicit appeal to SSA.

Let´s begin with cosmology. We need a rule for how to derive observational

consequences from the multiverse theories. Such theories are popular in contemporar y

27 T hat is what I mean b y^subjective time~ ˘ not ho w long the observer thinks the inter val is, but ho w

much cognitio n takes place in it.

28 Even using occurrent thoughts (of suitable type) as the basic entityo f the reference class does not seem to

go all the way to deter mining the samp ling density. For example, occurrent tho ughts co me in different

degrees of clarity, intensityand focus. Sho uld these be assigned different weights? Correspondingly,

assuming SSA, sho uld we saythat if there are equallymany deep and clear as there are muddled and

superficial thinkers about anthropic reasoning ( which is certainlynot the case!) then one should, other

things equal, expect to find oneself as one of the clear thinkers? Should highlyintense observer-moments be

given more weight than torpid half-co nscio us 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-mo ments spent thinking this kind of tho ughts that co unt? T his cosmology. But without some idea of what such a theor ypredicts that we should observe,

we would have no wa yof testing it empiricall y. It would be scientificall yunfruitful to

construe multiverse theories in a manner such that the y yielded no observational

implications. It would go against scientific practice; for cosmologists discussing

multiverse theories are constantl yevaluating those theories in light of new data,

occasionall ymodif ying them accordingl y. So there is some connection to observation.

The question is, what is this connection and how can it be analyzed? Ishall assume that

the connection is probabilistic in nature, for astronomic evidence typicall ycounts more or

less strongl yin favor or against some multiverse theor ybut does not usuall yfalsif yor

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 theor y.

One such principle that has been proposed is SAP (which we take here in Leslie´s

sense). A multiverse theor ycombined with SAP yields observational consequences in

some cases. 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 3 that SAP is inadequate and gives an incorrect account of

anthropic reasoning. In particular, SAP fails to take into account that different universes

maycontain vastlydifferent numbers of observers and that a multiverse theor yshould not

be thought to implythat we should probabl yobserve that we are, sa y, black hole

phenomena, at least not if the theor yimplies that the vast majorit yof all observers do not

observe that the yare black hole phenomena (even if the majority of universes onlyhave

observers that do observe that). SAP therefore does not suppl ythe methodological rule

we are looking for.

Instead we formulated another principle, SSA, and suggested that it provides a

more plausible account of anthropic reasoning. SSA gives what seems like the right result

in the freak-observers-from-black-holes example, namel ythat if such a multiverse theor y

is true then we should not expect to be black hole phenomena although there is some

astronomicallytin yprobabilitythat we would observe that. More generall y: If, according

to some multiverse theory T , almost all observers are in one particular t ype K of universe,

then according to SSA, T predicts that we probabl yobserve a t ype- K universe. Observing

definition of the reference class wo uld entail a much higher probabilityof observing what I amobser ving

than if I take the reference class to consist of all observer -moments.)

that we are not in a type- K universe would be evidence against T , whilst observing that

we are in a t ype- K universe would tend to confirm T at least slightl y˘ how much depends

on what probabilityplausible rival theories to T assign to us being in a type- K universe.

SSA also works to our advantage in single-universe cosmologies. If we live in a

sufficientlylarge universe then there are lots of freak observers from black holes in our

universe. But this obviouslydoes not entail that it is anything other than extremely

unlikelythat we are such observers, because onl ya tinyminorit y 29 of all observers are

freak observers. WAP (in Carter and Leslie´s sense) sa ys onl ythat a theor yshould be

taken to assign zero probabilityto us making observations which would only be made b y

observers existing in regions where according to the theor ythere are no observers. But

that is not enough to explain whywe shouldn´t expect to be freak observers. We need the

stronger principle SSA to be able to derive that result.

SSA in thermodynamics, and time´s arrow

In this section we examine Boltzmann´s famous proposal for how to explain wh yentrop y

is increasing in the forward time-direction. I will show that a popular objection against

Boltzmann relies on an implicit appeal to SSA. Since this objection is intuitively

plausible, when it is discovered that SSA is required to underwrite it one can take this to

give some reason for accepting SSA.

The outlines of Boltzmann´s 30 attempted explanation can be sketched roughl yas

follows. The direction of time´s arrow appears to be connected to the fact that entrop y

increases in the forward time-direction. Now, if one assumes, as is commonly done, that

low entrop ycorresponds in some sense to low probability, then one can see that if a

system starts out in a low-entrop ystate then it will probabl yevolve over time into a

higher entrop ystate, which after all is a more probable state of the s ystem. The problem

29 T here is a complication if we consider universes that contain 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 nor mal observers. We shall set this difficulty aside.

Infinities are kno wn to cause co mplicatio ns in many areas of probabilitytheor yand decision theor y

(Pascal´s wages, St. Petersburg paradox, shooting-roo mproblemetc.). It is important eventually to extend

anytheor yof observational selection effects to cover infinite cases, but strategically it seems wise to

separate out this problemand focus fir st on getting a theor ythat wor ks for the finite case, because, first, it

seems unlikelythat we co uld solve the more general probleminvolving infinities before understanding ho w

observational selection effects operate in the finite case, and second, we there are manyinteresting

applications for which a theory dealing with the finite case will prove adequate.

30 Boltzmann attributes the idea to his assistant, Dr. Schuetz. T hank heaven for postdocs.

of explaining wh yentropy is increasing is thus reduced to the problem of explaining wh y

entropyis currentlyso low. This would appear to be a priori improbable. However,

Boltzmann points out that in a sufficientlylarge s ystem ˘ and the universe ma ybe such a

system if it extends ver yfar be yond the range of current telescopes, as it may well do ˘

there are (with high probability) local regions of the s ystem, let´s call them ^subs ystems~,

which are in low-entrop ystates even if the s ystem as a whole is in high-entrop ystate.

(Think of it like this: in a sufficientlylarge container of gas, there will be some places

where all the gas molecules in that local region are lumped together in a small cube or

some other neat pattern. That is probabilisticallyguaranteed b ythe random motion of the

gas molecules in the container and the fact that there are so man yof them.) Thus,

Boltzmann argued, in a large enough universe, there will be some regions and some times

when just bychance the entrop yin those regions happens to be exceptionallylow. Since

life can onl yexist in a region if it has ver ylow entrop y, we would naturall yfind that in

our part of the universe entrop yis ver ylow. Since low-entrop ysubs ystems are ver ylikel y

to move towards higher-entrop ystates, we thus have an explanation of wh yentrop yis

currentl ylow and increasing. An observational selection effect guarantees that we

observe a region where that is the case, even if such regions are enormouslysparse in the

bigger picture.

Lawrence Sklar remarks of Boltzmann´s explanation that it has been ^credited b y

manyas one of the most ingenious proposals in the histor yof science, and disparaged b y

others as the last, patently desperate, ad hoc attempt to save an obviousl yfailed theor y~

( Sklar 1993 , p. 44). M yfeeling is that the ingenuity of the Boltzmann´s contribution

should be granted, especiall yconsidering that writing this in 1895 he was nearlysevent y

years ahead of his time in directlyconsidering observational selection effects when

reasoning about the large-scale structure of the world. Nonetheless, the idea is flawed.

The standard objection is that Boltzmann´s datum ˘ that the observable universe is

a low-entrop ysubs ystem ˘turns out on a closer look to be in conflict with his explanation.

It is noted that ver ylarge low-entrop yregions, such as the one we observe, are ver y

sparsel ydistributed if the universe as a whole is in a high-entrop ystate. A much smaller

low-entrop yregion would have sufficed to permit intelligent life to exist. Boltzmann’s

theoryfails to account for wh ythe observed low-entrop yregion is so large and so grossl y

out of equilibrium.

This reasonable objection can be fleshed out in terms of SSA. Let us follow

Boltzmann and suppose that we are living in a very vast (perhaps infinite) universe which

is in thermal equilibrium and that observers can exist onlyin low-entrop yregions. Let T

be the theor ythat asserts this. According to SSA, what T predicts we should observe

depends on where T sa ys that the bulk of observers tend to be. Since T is a theor yof

thermodynamic fluctuations, it implies that smaller fluctuations (i.e. low-entrop yregions)

are vastl ymore frequent than larger fluctuations, and hence that most observers will find

themselves in rather small fluctuations. This is so because the infrequenc yof larger

fluctuations increases rapidl yenough to make sure that even though a given large

fluctuation will typicall ycontain more observers than a given small fluctuation, the

previous sentence nonetheless holds true. B ySSA, T assigns a probabilityto us observing

what we actuall yobserve that is proportional to the fraction of all observers it sa ys would

make that kind of observations. Since an extremely small fraction of all observers will

observe a low entrop yregion as large as ours if T is true, it follows that T gives an

extremelysmall probabilityto the h ypothesis that we should observe such a large low-

entropyregion. Hence T is heavil ydisfavored b your empirical evidence and should be

rejected unless its a priori probabilitywas so extremel yhigh as to compensate for its

empirical implausibility. For instance, if we compare T with a rival theor y T* , which

asserts that the average entrop yin the universe as a whole is about the same as the

entropyof the region we observe, then in light of the preceding argument we have to

acknowledge that T* is much more likelyto be true, unless our prior probabilit yfunction

was severel ybiased towards T . (The bias would have to be trul yextreme. It would not

suffice, for example, if one´s prior probabilities where Pr( T ) = 99.999999% and Pr( T* ) =

0.000001%.) This vindicates the objection against Boltzmann. His anthropic explanation

is refuted ˘ probabilisticallybut with extremelyhigh probability˘ b ya more careful

application of the anthropic principle. His account should therefore be modified or given

up in favor of some other explanation.

Sklar thinks that the Boltzmannian has a ^reasonable repl y~ (p.299) to this

objection, namel ythat in Boltzmann’s picture there will be some large regions where

entropyis low, so our observations are not reallyincompatible with his proposal.

However, while there is no logical incompatibility, the probabilistic incompatibility is of

a ver yhigh degree. This can for all practical purposes be just as decisive as a logical

deduction of a falsified empirical consequence, making it totallyunreasonable to accept this reply.

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

The major contemporar yobjection 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 s ystems toward what we intuitivelytake to be the

future time direction that we encounter in our local world seems to hold

throughout the universe.~ (p. 300)

It is easyto see that this is just a veiled reformulation of the objection discussed above. If

there were a ^reasonable repl y~ to the former objection, the same repl ywould work

equallywell against this reformulated version. The Boltzmannian could simplyretort b y

saying ^He y, even on m ytheor ythere will be some regions and some observers in those

regions for whom, as far as the ycan tell, entrop yseems to be on the increase throughout

the universe ˘ the ysee onl ytheir local region of the universe after all. Hence our

observations are compatible with m ytheor y!~. If we are not impressed b ythis repl y, it is

because we are willing to take probabilistic entailments seriously. And failing to do so

would spell methodological disaster for an ytheor ythat postulates a sufficientl ybig

cosmos, since according to such theories there will alwa ys be some observer somewhere

who observes what we are observing, so the theories would be logicall ycompatible with

anyobservation we could make. 31 But that is clearl ynot how such theories work.

SSA in evolutionary biology

Anthropic reasoning has been applied to estimate probabilistic parameters in evolutionar y

biology. For example, we ma yput the question how difficult it was for intelligent life to

evolve on our planet. 32 Naively, one ma ythink that since intelligent life evolved on the

onlyplanet we have closel yexamined, evolution of intelligent life seems quite eas y.

Science popularizer Carl Sagan seems to have held this view: ^the origin of life must be a

31 T he onlyobservational consequence such theories would have o n that view is that we don´t make

observations that are logically inco mpatible with the laws o f nature which that theor ypostulates. But that is

much too weak to be of any use. Any finite string of sensor ystimulatio n we could have seems to be

logicallyco mpatible with the la ws of nature, both in the classical mechanics framewor k used in

Boltzmann´s time and in a contemporar yquantummechanical setting.

32 One natural wayo f explicating this is to think o f it as asking for what fraction o f all Earth-like planets develop

intelligent life, provided theyare left untouched b yalien civilization.

highl yprobable circumstance; as soon as conditions permit, up it pops!~ ( Sagan 1995 ). A

moment´s reflection reveals that this inference is incorrect, since no matter how unlikel y

it was for intelligent life to develop on an ygiven planet, we should still expect to have

originated from a planet where such an improbable sequence of events took place. As we

saw in chapter 2, onlyh ypotheses according to which the difficult yof evolving intelligent

life is so great that the ygive a small likelihood to there being even a single planet with

intelligent life in the whole world are disfavored by the fact that intelligent life exists

here.

Brandon C arter ( Carter 1983 , C arter 1989 ) combines this realization with some

additional assumptions and argues that the chance that intelligent life will evolve on given

Earth-like planet is in fact ver ysmall. His argument is outlined in this footnote. 33 Patrick

33 Define the three time inter vals: t , ^the expected average time � which wo uld be intrinsically mo st

likely for the evolution of a systemo f `intelligent observers´, in the for mof a scientific civilization such as

our o wn~ ( Carter 1983 , p. 353); t

e

, which is the time taken b y biological evolution o n this planet » 0.4 ´

10 10 years; and t

0

, the lifetime of the main seq uence o f the sun » 10 10 years.

T he argument in outline runs as follo ws: Since at the present stage of understanding in biochemistr y

and evolutionar ybiology we have no way o f making even an approximate calculation o f how likelythe

evolutio n of intelligent life is on a planet like o urs, we should use a ver ybroad prior probabilitydistribution

for this. We can partition the range of possible values of t roughlyinto three regio ns: t << t

0

, t » t

0

, or

t >> t

0

. Of these three possibilities we can rule out the seco nd one a priori with high probability,

according to Carter, since it represents a ver y narro wsegment of the total hypothesis space, and since a

priori there is no reason to suppose that the expected time to evolve intelligent life should be correlated with

the duration o f the main sequence of stars like the sun. But we can also rule out ( with great probability) the

first alter native, since if the expected time to evolve intelligent life were much smaller than t

0

, then we

wo uld expect life to have evolved much earlier than it in fact did. T his leaves us with t >> t

0

, meaning

that life was ver yunlikelyto evolve as fast as it did, within the lifetime o f the main sequence of the sun.

What drives this conclusion is the near coincidence between t

e and t

0 where we wo uld a priori have

no reason to suppose that these two q uantities wo uld be within an order of magnitude (or even within a

factor of about two) fro meach other. T his fact is co mbined with an obser vational selection effect to yield

the prediction that the evolution o f intelligent life is ver y unlikely to happen on a given planet within the

main sequence of its star. T he contribution that the observational selectio n effect makes is that it prevents

observations o f intelligent life taking longer than t

0 to evolve. Whenever intelligent life evolves on a

planet we must find that it evolved before its sun went extinct. Were it not for the fact that the only

evolutio nar yprocesses that are observed first-hand are those which gave rise to intelligent observers in a

shorter time than t

0

, then the observation that t

e

» t

0 wo uld have deconfir med the hypothesis that

t >> t

0 just as much as it deconfir med t >> t

0

. But thanks to this selection effect, t

e

» t

0 is precisely

what one wo uld expect to observe even if the evolutio nar yprocess leading to intelligent life were

intrinsically ver yunlikely to take place in as short a time as t

0

.

A corollar yof Carter´s conclusion is that th ere ver y probablyaren´t any extraterrestrial civilizatio ns

anywhere near us, maybe not even in our galaxy.

Wilson ( Wilson 1994 ) advances some objections against Carter´s reasoning, but as these

objections do not concern the basic anthropic methodologythat Carter uses the ydon´t

need to be discussed here.

Carter has also suggested a clever wa yof estimating the number of improbable

^critical~ steps in the evolution of humans. The easiest wa yto grasp the idea ma ybe

through a little story. A princess is locked in a tower. Suitors have to pick five

combination locks to get to her, and the ycan do this onlythrough random trial and error,

i.e. without memoryof which combinations the yhave tried. A suitor gets one hour to pick

all five locks. If he doesn´t succeed within the allotted time, he is shot. However, the

princess´ charms are such that there is an endless string of suitors lined up and waiting for

their turn.

After the deaths of some unknown number of suitors, one of them finall ypasses

the test and marries the princess. Suppose that the numbers of possible combinations in

the locks are such that the expected time to pick each lock is .01, .1, 1, 10, and 100 hours

respectivel y. Suppose that pick-times for the suitor who got through are (in hours)

{.00583, .0934, .248, .276, .319}. B yinspecting this set you could reasonably guess that

.00583 hour was the pick-time for the easiest lock and .0934 hour the pick-time for the

second easiest lock. However, you couldn´t reall ytell which locks the remaining three

pick-times corresponds to. This is a typical result. When conditioning on success before

the cut-off (in this case 1 hour), the average completion time of a step is nearl y

independent of its expected completion time provided the expected completion time is

much longer than the cut-off. Thus, for example, even if the expected pick-time of one of

the locks had been a million years, you would still find that its average pick-time in

successful runs is closer to .5 than to 1 hour.

If we don´t know the expected pick-times or the number of locks that the suitor

had to break, we can obtain estimates of these parameters if we know the time it took him

to reach the princess. The less time left before the cut-off, the greater the number of

difficult locks he had to pick. For example, if the successful suitor took 59 minutes to get

to the princess, then that would favor the h ypothesis that he had to pick a fairl ylarge

number of locks. If he reached the princess in 35 minutes, that would strongly suggest

that the number of difficult locks was quite small. The relation also works the other wa y

around so that if we are not sure what is the maximum allowed time then we can use information about the time left over and the number of difficult locks to estimate it.

Monte Carlo simulations confirming these intuitions can be found in ( Hanson 1998 ),

which also derives some anal ytical expressions.

Carter applies these mathematical ideas to evolutionar ytheor yb ynoting that an

upper bound on the cut-off time after which intelligent life could not have evolved on

Earth is given b ythe duration of the main sequence of the sun ˘ about 10*10 9 ye ars. It

took about 4*10 9 years for intelligent life to develop. From this (together with some other

assumptions which are problematic but not in wa ys relevant for our purposes) Carter

concludes that the number of critical steps in human evolution is likelyver ysmall ˘ not

much greater than two.

One potential problem with Carter´s argument is that the duration of the main

sequence of the sun onl ygives an upper bound on the cut-off; ma ybe climate change or

some other type of event would have made Earth unconducive to evolution of higher

organisms long before the sun becomes a red giant. Recognizing this possibility, Barrow

and Tipler ( Barrow and Tipler 1986 ) appl yCarter´s reasoning in the opposite direction

and seek to infer the true cut-off time b ydirectl yestimating the number of critical steps. 34

In a recent contribution, Robin Hanson ( Hanson 1998 ) scrutinizes Barrow and Tipler´s

suggestions for what are the critical steps and argues that their model does not fit the

evidence ver ywell when considering the relative time the various proposed critical steps

actuall ytook to complete.

Our concern her e is not which estimate is correct or even whether at the current

state of biological science enough empirical data or theoretical understanding is available

to supplythe substantive premises needed to derive an yspecific conclusion from the sort

of considerations described in this section. 35 Mycontention, rather, is twofold. Firstly,

34 For example, the step fro mprokar yotic to eukar yotic life is a candidate for being a critical step, since it

seems to have happened onlyo nce and seems to be necessary for intelligent life to evolve. B ycontrast,

there is evidence that the evolution of eyes fro man ^eye precursor~ has occurred independently at least

fortytimes, so this step does not seemto be difficult. A good introductio n to so me of the relevant biologyis

( Schopf(ed.) 1992 ).

35 T here are complex empirical issues that wo uld need to be confronted were one to the seriously pursue an

investigatio n into these questions. For instance, if a step takes a ver ylo ng time to co mplete, that may

suggest that the step was ver ydifficult (perhaps requiring simultaneo us muli-loci mutations or other rare

occurrences). But there can be other reasons for a step taking long to co mplete. For examp le, oxygen

breathing took a long time to evolve, but this is not a ground for thinking that it was a difficult step. For

oxygen breathing became adaptive onlyafter there were significant levels of free oxygen in the atmo sphere,

and it took anaerobic organisms hundreds of millions o f years to produce enough oxygen to satiate vario us that if one wants to argue about or make a claim regarding such things as the

improbabilityof intelligent life evolving, or the probabilityof finding extraterrestrial life,

or the number of critical steps in human evolution, or the planetar ywindow of

opportunityduring which evolution of intelligent life is possible, then one has to make

sure that one´s position is coherent. Carter and others´ work in this area reveals subtle

wa ys in which some views on these things are probabilisticallyincoherent. Secondly, that

underlying the basic constraints appealed to in Carter´s reasoning (and this is quite

independent of the specific empirical assumptions he needs to get an yconcrete results) is

an application of SSA. WAP and SAP are inadequate in these applications. SSA makes its

entrée when we realize that in a big cosmos there will be actual evolutionar yhistories of

most anysort. On some planets, life will evolve ver yquickl y; on others it will use up all

the time available before the cut-off. 36 On some planets, difficult steps will be completed

more quicklythan eas ysteps. Without some probabilistic connection between the

distribution of evolutionaryhistories and our own observed evolutionar ypast, none of the

above considerations would even make sense.

SSA is not the onlymethodological principle that would establish such a

connection. For example, we could formulate a principle stating that ever y civilization

should reason as if it were a random sample from the set of all civilizations. For the

purposes of the above anthropic arguments in evolution theor ythis principle would

amount to the same thing as the SSA, provided that all civilizations contained the same

number of observers. However, when considering h ypotheses on which certain types of

evolutionaryhistories are correlated with the evolved civilizations containing a greater or

smaller number of observers, this principle is not valid. We would then have to take

recourse to the more general principle given b ySSA.

oxygen sinks and raise the levels of atmo spheric oxygen to the required levels. T his process was ver yslo w

but virtually guaranteed to run to co mpletion eventually, so it would be a mistake to infer that the evolution

of oxygen breathing and the conco mitant Cambrian explosion represent a hugely difficult step in human

evolutio n.

36 In the infinite case, intelligent life wo uld also evolve after the ^cut-off~. Nor mally we mayfeel quite

confident in stating that intelligent life cannot evolve on Earth after the swelling sun has engulfed the

planet. But the freak-observer argument made in the previo us section can o f course be extended to sho w

that in an infinite universe there wo uld with probabilityone be so me red giants that enclose a regio n where

˘ because of so me ridiculously improbable statistical fluke ˘ an Earth-like planet continues to exist and

develop intelligent life. Strictly speaking, it is not impossible but onlyhighlyimprobable that life will

evolve on anygiven planet after its orbit has been swallo wed b yan expanding red giant.

Traffic planning

When driving on the motorwa y, have you ever wondered about ˘ or cursed ˘ the

phenomenon that cars in the other lane appear to be getting ahead faster than you?

Although one ma ybe inclined to account for this by invoking Murph y´s Law 37 , a recent

paper in Nature ( Redelmeier and Tibshirani 1999 ) seeks a deeper explanation.

The authors argue that drivers are prone to change lanes on the motorwa ymore

often than the yought to because of various illusions which cause them to believe that the

other lane is moving faster. For example, ^a driver is more likel yto glance at the next

lane for comparison when he is relativel yidle while moving slowl y~; ^Differential

surveillance can occur because drivers look forwards rather than backwards, so vehicles

that are overtaken become invisible ver yquickly, whereas vehicles that overtake the

index driver remain conspicuous for much longer~; and ^human psychologyma ymake

being overtaken (losing) seem more salient than the corresponding gains~. The authors

suggest that educating drivers about these effects might encourage them to resist small

temptations to switch lanes, reducing the risk of accidents.

While not denying that these illusions might occur (see e.g. ( Snowden, Stimpson

et al. 1998 , Walton and Bathurst 1998 , Tversk yand Kahneman 1974 , Tversk yand

Kahneman 1991 , Larson 1987 , Angrilli, Cherubini et al. 1997 , Gilovich, Vallone et al.

1985 , Feller 1966 )), I suggest that there is a more straightforward explanation, based on

SSSA, whythe other lane often appears faster. It goes as follows. One cause of wh ya

lane (or a segment of a lane) is moving slowlyis that there are too man ycars in it. Even if

the ultimate cause is something else (e.g. road works) there will nonetheless t ypicall ybe a

negative correlation between the speed of a lane and how denselypacked are vehicles

driving in it. That implies that a disproportionate fraction of drivers´ observer-moments

are in slow-moving lanes. B ySSSA, each observer-moment of a driver should therefore

assign a correspondinglylarge probabilityto finding themselves in a slow-moving lane.

In other words, appearances are faithful: more often than not, the ^other~ lane is faster.

The authors of the Nature article make a related point:

drivers are responding to an illusion: namel y, that the next lane on a congested

37 ^If so mething can go wrong, it will.~ road appears to be moving faster than the driver´s present lane, even when both

lanes have the same average speed. This occurs because vehicles spread out when

moving quickl yand pack together when moving slowly. A driver can therefore

overtake man yvehicles in a brief time interval, but it takes much longer for the

driver to be overtaken b ythe same vehicles.

What is relevant to a driver who wants to get to her destination as quicklyas possible,

however, is not the average speed of the lane as a whole, but rather the speed of the lane

in some segment extending ma ybe a couple of miles forwards from the driver´s present

position. SSSA gives reason to think that more often than not, the other lane has a higher

average speed at this scale than does the driver´s present lane. On average, there would

therefore be some advantage to changing lanes (which of course has to be balanced

against the cost of doing so in terms of increased levels of effort and risk). 38

Summary

Through a series of gedanken we argued for reasoning in accordance with SSA in a wide

range of cases. We showed that while the problem of the reference class is sometimes

irrelevant when all h ypotheses under consideration implythe same number of observers,

the definition of the reference class becomes crucial when different h ypotheses entail

different numbers of observers. In those cases, what probabilistic conclusions we can

draw depends on what sort of things are included in the reference class, even if the

observer doing the reasoning knows that she is not one of the contested objects. We

argued that man yt ypes of entities should be excluded from the reference class (stones,

bacteria, buildings, plants etc.). We also showed that variations in regard to man yquite

^deep-going~ properties (such as gender, genes, social status etc.) are not sufficient

grounds for discrimination when determining membership in the reference class.

Observers differing in any of these respects can at least in some situations belong to the

same reference class.

A complementar yset of arguments focused on how SSA gives methodological

guidance in a range of practical applications. These include:

38 Adopting a systems view-point, it is easyto see that (at least in principle) increasing the ^diffusio n rate~

(i.e. the probabilityof lane-switching) will speed the approach to ^equilibrium~ (i.e. equal velocities in both

· Deriving observational predictions from contemporar ycosmological models.

· Evaluating a common objection against Boltzmann´s proposed thermodyn amic

explanation of time´s arrow.

· Identif ying probabilistic coherence constraints in evolutionar ybiology

relevant when asking questions about the likelihood of intelligent life evolving

on an Earth-like planet, the number of critical steps in human evolution, the

existence of extraterrestrial intelligent life, and the cut-off time after which the

evolution of intelligent life would no longer have been possible on Earth.

· Analyzing claims about perceptual illusions among drivers.

· And more. 39

Anyproposed rival to SSA would have to be checked in all the above thought

experiments and practical applications. I challenge those who would reject SSA to

propose a simpler or more plausible method of connecting such models to observational

data. Something is clearlyneeded, since (for instance) big-universe models are so central

in contemporar yscience.

We proposed SSSA as a wa yof strengthening of SSA. Some open ends remain

and no claim is made that SSSA represents the strongest possible correct rule for

reasoning under observational selection effects. Yet, alread y SSA byitself is quite a lot.

We shall now see that SSA is a ver ypowerful principle that can carr yunexpected

consequences up its sleeve. For example, b ymaking just a few seemingly quite weak

additional assumptions, SSA leads directlyto the Doomsda yargument�

lanes), thereb yincreasing the road´s throughput and the number of vehicles that reach their destinatio ns per

unit time.

39 For example, one could make a point similar to the one about the drivers regarding finding o neself in a

slo w-moving line in the supermar ket. SSA also has direct relevance for game theoretic modeling of

problems involving imperfect recall, such as the Absent-minded driver´s paradox ( Battigalli 1997 , Gilboa

1997 , Grove 1997 , Halpern 1997 , Lip man 1997 , Piccione and Rubinstein 1997 ), the forgetful passenger´s

paradox ( Aumann, Hart et al. 1997 ), and the Sleeping Beauty problem( Piccione and Rubinstein 1997 , Elga

2000 ), although this lies outside the scope of this dissertation. Yet another area of application, which we

shall not go into here, is in analyzing the Everett interpretation of q uantum mechanics, and its variants. T he

many- worlds and the many-minds interpretations face the problemof ho w to make sense of the measure

assigned to various branches of the universal wave function. T his problembeco mes acute whe n considered

in the light of SSA, and anydiscussion o f these issues ought to take SSA into account (see especially

( Leslie 1996 ) but also ( Papineau 1995 , Papineau 1997 , Albert 1989 , T egmark 1996 , T egmark 1997 )). T here

are also direct connections to the problematic surrounding the so-called Fer mi paradox (^Why haven´t we

seen anysigns o f extraterrestrial intelligence~) and associated ideas of a possible ^Great Filter~ in our future

(^Co uld it be that nearly all advanced civilizations discover so me technology that invariably leads to their

destruction?~). T his is related to the applications to evolutionar ybiology discussed in the text, but may also have a bearing on evaluating hypotheses about humankind ´s future prospects in a way that is co mpletely

distinct fro mthe Doo msday argument.

C H A P T E R 5 : T H E D O O M S D A Y A R G U M E N T

Introduction

We have seen several examples where SSA gives intuitivelyplausible results. However,

when SSA is applied to our actual situation and the future survival prospects of the human

species, we get interesting consequences that we might not have anticipated. Coupled

with a few seemingl yquite weak empirical assumptions, SSA generates the Doomsda y

argument (DA), which purports to show that the life expectanc yof the human species is

less than one previousl ythought. This finding b yitself might not be ver ystartling. What

makes DA shocking is, first, that this prediction is derived from premises which one

might have thought too weak to entail such a thing. And second, that under certain not so

implausible empirical assumptions the reduction in our species´ life expectanc yis quite

dramatic. The majorityof people who hear about DA at first think there must be

something wrong with it. A small but significant minoritythink it is obviouslyright. 40

What ever ybod ymust agree is that if the argument works then it would be an extremely

important result. It would have major empirical consequences for an issue that we care a

lot about: our survival.

Manyattempts have been made to refute DA. So far, such efforts have been

unsuccessful. The next chapter will anal yz e in detail some of the more recent objections,

and we shall see wh ythey all fail. In this chapter we shall spell out the Doomsda y

argument, identif yits assumptions, and examine various related issues. Looking at how

the argument has been presented in the literature, we can identifytwo distinct forms of it,

one due to Richard Gott and one to John Leslie (who is building on ideas b yBrandon

Carter). Gott´s version is incorrect. Leslie´s version, while a great improvement on Gott´s,

also falls short on several points. Correcting these shortcomings does not, however,

destroythe basic idea of the argument.

40 T he ranks of distinguished supporters of DA include amo ng others: J.J.C. Smart, Antho nyFlew, Michael

Lockwood, John Leslie, Alan Hayek (philosopher s); Werner Israel, Brandon Carter, Stephen Barr, Richard

Gott, Paul Davis, Frank T ipler, H.B. Nielsen (physicists); and Jean-Paul Delahaye (co mp uter scientist).

(According to John Leslie, personal co mmunication.)

DA has been independentlydiscovered man ytimes over. Br andon Carter was

first, but he has not published on the issue. The credit for being the first person to clearl y

enunciate it in print belongs to John Leslie ( Leslie 1989 ) who had heard rumors of

Carter´s discover yfrom Frank Tipler. Leslie has been b yfar the most prolific writer on

the topic with one monograph and over a dozen academic papers. Richard Gott II I

independentl ydiscovered and published a version of DA in 1993 ( Gott 1993 ). 41 The

argument also appears to have been conceived b y H.B. Nielsen ( Nielsen 1981 (although

Nielsen might have been influenced b y Tipler), and again more recentl yb yStephen Barr.

Saar Wilf (personal communication) has convinced me that he too independentl y

discovered the argument a few years ago. Although Leslie has the philosophicall ymost

sophisticated exposition of DA, it is instructive to first take a look at the version

expounded by Gott.

Doomsday à la Gott

Gott´s version of DA is set forth in a paper in Nature dating from 1993 ( Gott 1993 ; see

also the responses Buch 1994 , Goodman 1994 , Macka y1994 , and Gott´s replies Gott

1994 ). A popularized exposition by Gott appeared in New Scientist in ( Gott 1997 ). In the

original article Gott not onlysets forth a version of DA but he also pursues its

implications for the search of extraterrestrial life project and for the prospects of space

travel. Here we focus on what he has to sa yabout DA.

Gott´s version is based on a more general argument type which he calls the ^delta

t argument~. Notwithstanding its extreme simplicity, Gott reckons it can be used to make

predictions about most ever ything in heaven and on earth. It goes as follows.

Suppose we want to estimate how long some series of observations (or

^measurements~) is going to last. Then,

41 Gott is an astrophysicist. Co ntributors to the literature on anthropic reasoning or DA are distributed

roughlyevenlyamong philosopher s and physicists. Altho ugh there has been a healthyinterdisciplinar y

exchange, there are still signs of the professional divide and so me authors appear to be unaware of what is

happening on the opposite side. T his divide is probablyto blame for Gott having had to reinvent DA. More

recently, a physicist critic of DA, Carlton Caves ( Caves 2000 ), criticizes Gott´s ver sion but seems unaware

of the work b yJohn Leslie and other philosophers. On the other hand, so me philosopher s´ objections

against DA or other for ms of anthropic reasoning reveal an insensitivity to the legitimate methodological

needs of cosmo logists for so me wayo f deriving probabilistic observational conseq uences fro mmultiverse

or big-universe theories.

Assuming that whatever we are measuring can be observed onlyin the interval

between times t

begin and t

end

, if there is nothing special about t

now we expect t

now to

be randoml ylocated in this interval. ( Gott 1993 , p. 315)

Using this randomness assumption, we can make the estimate

t = (t - t ) t = (t - t )

f uture end now past now begin

» .

t

future 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 alread ylasted 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 b y

1

3 past f uture past t < t < 3 t ,

and a 95% confidence interval is given b y

1

39 past f uture past t < t < 39 t .

Gott gives some illustrations of how this reasoning can be applied in the real

world:

[ In] 1969 Isaw for the first time Stonehenge ( t 3,868 years

past

» ) and the Berlin

Wall ( t 8 years

past

» ). Assuming that I am a random observer of the Wall, Iexpect

to be located randomlyin the time between t

begin and t

end

(t

end occurs when the

Wall is destroyed or there are no visitors left to observe it, whichever comes first).

( Gott 1993 , p. 315)

At least in these two cases, the delta t argument seems to have worked! The popular

exposition in 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 romantic relationship will last. You can presumabl yuse mydissertation for the same purpose. How

long has your present relationship lasted? Use that value for t

past and you get your

prediction from the expressions above, complete with precisel yspecified confidence

intervals.

Wacky? Yes, but all this does indeed follow from the assumption that t

now is

randomly(and uniforml y) sampled from the interval t

begin to t

end

. Gott admits that this

imposes some restrictions on the applicabilityof 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 precisel yto witness its beginning. Neither can you

use it to predict the future of the Universe itself ˘ for intelligent observers

emerged onl ylong after the Big Bang, and so witness onl ya subset of its timeline.

( Gott 1997 , p. 39)

Unfortunatel y, Gott does not discuss in an ymore 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 ver ybroad range of real-world situations.

In order to applythe delta t argument to estimate the life-expectanc yof 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 necessar ybecause the human

population is not constant. Thanks to population growth, most humans that have been

born so far find themselves later rather than earlier in the histor yof our species.

According to SSA, we should consequentlyassign a higher prior probabilit yto finding

ourselves at these later times. B ymeasuring time as the number of humans that have

come into existence, we obtain a scale where you can assign a uniform sampling density

to all points of time.

There has been something like 60 billion humans so far. Using this value as t

past

,

the delta t argument gives the 95% confidence interval

1.5 < t < 2.3

f uture billion trillion .

The units are human births. 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 and human life-expectanc y

stabilizes at approximately80 years then disaster is likelyto put an end to our species

fairl ysoon (within 1200 years with 75% probability). If population figures rise higher, the

prognosis is even worse. But if population decreases drasticallyor individual human life-

spans get much longer, then the delta t argument would be compatible with survival for

millions of years.

The probabilityof space colonization looks dismal in the light of Gott´s version of

DA. Reasoning via the delta t argument, Gott concludes that the probabilit ythat we will

colonize the galax yis about 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

probabilityof the h ypotheses 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 generall ythe case, because the ^no-outsider requirement~ is not

satisfied), the conclusion would not necessarilybe the one intended b y Gott once this

omission is rectified.

And it is quite clear, once we focus our attention on it, that our prior probabilities

must be considered. It would be foolish when estimating the future duration of

Stonehenge or the Berlin wall not to take into account an yother information you might

have. Sa y you are part of a terrorist organization bent on destro ying Stonehenge to get

publicity. Ever ything has been carefullyplotted: 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, surel ythe 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 applicabilit yto situations where we in fact lack other relevant

information. But then the argument cannot be used to estimate the future longevit yof the human species, because we certainl yhave plent yof 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 tr ying 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 duration T in the interval 0 £ £ T T

max

, and is zero for T > T

max

:

P T

T

T for T T

otherwise

( ) max max

=

£ £ ì

í ï

ï

î ï

ï

0

0

Suppose you make an observation at a time t

0 and find that the phenomenon at that time

has lasted for ( t

0

- 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. Some

real-world cases at least approximate this ideal setting.

Even under these conditions, ho wever, the argument is inconclusive because it

neglects an important observational selection effect. The probabilitythat 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 ( t

0

- 0).

After the first step, you ma yconclude that the phenomenon probabl ylasts longer than

your prior probabilit yled you to expect; for it is more likelythat 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 compared to the prior expected duration of the phenomenon, the stronger

the influence that this observational selection effect will have on the posterior probability.

In particular, it will tend to compensate for the ^Doomsda y-effect~ ˘ the tendenc ywhich

finding that the phenomenon has lasted onl ya short time when you make the observation

has to make you think that the duration of the phenomenon is relativel yshort. We will

show this in more mathematical detail when we stud ythe no-outsider requirement in the

next 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 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 probablylasts for a

relativel ylong 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 b y 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 appl y 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 lasts from t

a to t

b

, then your observation point is sampled from the interval

[ t

a

, t

b

]; and that given that the phenomenon lasts from t

a´ to t

b´

, then your observation point

is sampled from the interval [ t

a´

, t

b´

]; and similarlyfor an yother start- and end-points that

you assign a non-zero prior probability. This imposes a strong additional constraint on

situations where the delta t argument is applicable. 42

The failure of Gott´s approach to take into account the empirical prior

probabilities and to respect the no-outsider requirement constitute the more serious

difficulties with the ^Copernican Anthropic Principle~ alluded to in chapter 3 and are part

of the reason wh ywe replaced that principle with SSA.

Doomsday à la Leslie

Leslie´s presentation of DA differs in several respects from Gott´s. On a st ylistic level,

Leslie makes less use of mathematics, his writing is informal and his arguments often take

the form of analogies. Leslie is much more explicit than Gott about the philosophical

underpinnings. He places the argument in a Ba yesian framework and devotes

42 I made these two points ˘ that Gott´s argument fails to take into account the emp irical prior and that it

fails to account for the selectio n effect just described ˘ in a paper of 1997 ( Bostrom1997 ). More recently, 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 loosel yarranged 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 difficult to briefl y

summarize Leslie´s version of DA in a wa ythat does justice to it, 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 galax yand ma ybe even

through man ygalaxies. Contemplating the entire histor yof the race ˘ future as

well as past history˘ I should in that case see m yself as a very unusually early

human. Imight well be among the first 0.00001 per cent to live their lives. But

what if the race is instead about to die out? Iam then a fairl yt ypical 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 ordinar ythat I exist where I do in

human history, let me therefore assume that the human race will rapidlydie out.

( Leslie 1990 , pp. 65f; emphasis in original. )

Leslie emphasizes the point that DA does no t show that doom will strike soon. It

onlyargues for a probability shift . If we started out being extremelyconfident that the

humans species will survive for a long time, we might still be fairlyconfident after having

taken DA into account ˘ though less confident than before. Also, it is possible for us to

improve our prospects. Leslie hopes that b yconvincing us that the risks are greater than

was previousl ythought we will become more willing to take steps to diminish the dangers

˘ perhaps b ypushing for nuclear disarmament, setting up an earl y-warning system for

meteors on collision course with Earth, being careful with future ver y-high-energy

particle ph ysics experiments (which could conceivabl yknock our cosmic region out of a

metaunstable vacuum state and destro ythe world), or preparing workable strategies for

dealing with the coming impact of molecular nanotechnology( Drexler 1985 , Drexler

1992 , Freitas(Jr.) 1999 ). So Leslie does not see DA as a ground for despair, but rather as a

Carlton Caves has independentlyredisco vered these two objections and presented them elegantlyin ( Caves 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. Ba yes´ theorem tells us how

to do that. Suppose we are entertaining two h ypotheses about how man yhumans there

will have been in total:

H

1

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

H

2

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

For simplicity, let´s assume that these are the onl ypossibilities. The next step is to assign

prior probabilities to these h ypotheses based on the empirical information available (but

ignoring, for the moment, information about your birth rank). For example, you might

think that:

P( H

1

) = 5%

P( H

2

) = 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 60 billion ( R ) if you are alive in the

beginning of the 21 st century.

P H R

P R H P H

P R H P H P R H P H

( | )

( | ) ( )

( | ) ( ) ( | ) ( ) 1

1 1

1 1 2 2

=

+

(#)

=

×

´

×

´ æ

è ç ö

ø

÷ +

×

´ æ

è ç ö

ø

÷

1

200 10

05

1

200 10

05

1

200 10

95

9

9 12

.

. .

» . 98

In this illustration, the prior probabilit yof Doom soon ( H

1

) of 5% is increased to about

2000 ).

98% when you take into account your birth rank according to DA. This is how Leslie

envisions that calculations based on his version 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 the ycan be supported.

The assumptions used in DA, and the Old evidence problem

Leslie talks of the principle that, lacking evidence to the contrar y, one should think of

one´s position as ^fairl ytypical rather than highl yunt ypical~. In chapter 3, we proposed

to tidyup this rather imprecise idea b yexplicating it as SSA. In chapter 4, 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 wa ythe 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 H

1 and H

2

. This

assumption is no doubt incorrect, since there are other hypotheses that we 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 h ypotheses which postulate more observers. 43 The absolute posterior

probabilities depend on the precise empirical prior but the fact that there is this

probabilityshift does not. Further, (#) is merel ya formulation of Ba yes´ theorem. So once

we have the empirical priors and the conditional probabilities, the prediction follows

mathematically.

The premiss that bears the responsibilityfor the surprising conclusion is the idea

that SSA can be applied to justifythese conditional probabilities. Can it?

Recall that we argued for Model 2 in the first version (G1) of God´s Coin Toss in

chapter 4. If DA could be assimilated to this case, it would be justified to the extent that

we accept Model 2. The cases are in some wa ys similar, but there are also a number of

differences. The question is whether the differences are relevant. This section studies the

extent to which the arguments that were made in favor of Model 2 can be adapted to

43 Provided, of course, that the prior probabilities are non-trivial, i.e. not equal to zero for all but one

hypothesis. But that is surelya ver yreasonable assumptio n. T he probabilities in questions are subjective support DA. We will find that there are significant disanalogies between the two cases. It

might be possible to bridge these disanalogies, but until that is done the attempt to support

the assumptions of DA byassimilating it to something like Model 2 for God´s Coin Toss

remain inconclusive. This is not to sa ythat the similarities between the two cases can not

be persuasive for some people. So this section is neither an attack on nor a defense of DA.

(On the other hand, in chapter 8 we will find that the reasoning used in Model 2 leads to

quite strongl ycounterintuitive results and in chapter 9 we will develop a new wa yof

thinking about God´s Coin Toss (Model 4) which need not lead to DA-like conclusions.

Those results will suggest that even if we are persuaded that DA could be assimilated to

Model 2, we ma ystill not accept DA because we reject Model 2!)

One argument that was used to justifyModel 2 for G1 was that if you had at first

been 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 Ba yes´ theorem, then you would end

up with the probabilityassignments that Model 2 prescribes. This line of reasoning does

not presuppose that you actuallywere, at some point in time, ignorant of your beard color.

Rather, considering what you would have thought if you had been once ignorant of the

beard color is merel ya wa yof clarif ying your current conditional probabilities of being in

a certain room given a certain outcome of God´s coin toss.

I hasten to add that I am not suggesting a counterfactual anal ysis as a general

account of conditional degrees of belief. That is, I am not sa ying 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 old evidence problem (see e.g. ( Earman 1992 ,

Schlesinger 1991 , Achinstein 1993 , Howson 1991 , Eells 1990 ) requires something rather

more subtle than that. However, thinking in terms of such counterfactuals can in some

cases be a useful wa yof getting clearer about what your subjective probabilities are. Take

the following case.

Two indistinguishable urns are placed in front of Mr. Jonas. He is credibl y

informed that one of them contains ten balls and the other a million balls, but he is

ignorant as to which is which. He knows the balls in each urn are numbered

probabilities, credences, and I for one amuncertain about how manyhumans there will have been in total;

so myprior is smeared out ˘ non-zero ˘ over a wide range of possibilities.

consecutivel y1, 2, 3, 4� and so on. Jonas flips a coin which he is convinced is

fair, and based on the outcome he selects one of the urns ˘ as it happens, the left

one. He picks a ball at random from this urn. It is ball number 7. Clearl y, this is a

strong indication that the left urn contains onl yten balls. If originallythe odds

were fifty-fift y(which is reasonable given that the urn was selected randomly), a

swift application of Ba yes´ theorem gives the posterior probabilitythat the left urn

is the one with onlyten balls: Pr(Left urn contains 10 balls |Sample ball is #7) =

99.999%.

Mr. Jonas, however, was never a man of proclivityfor intellectual exercises.

When he picks the ball with number 7 on it and is asked to give his odds for that

urn being the one with onl yten balls, he sa ys: ^Umm, fift y-fift y!~

Before Mr. Jonas stakes his wife´s car on these inclement odds, what can we sa y

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

is incorrect. He accepts Bayes´ theorem, and he accepts that the probabilitythat the ten-

ball urn would be selected b ythe coin toss was 50%. What he refuses to accept is that the

conditional probabilityof 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%

probabilityof selecting ball number 7 on each h ypothesis about the total number of balls

in the urn. Or ma ybe he declares that he simplydoesn´t have an ysuch conditional

credence.

One wa yto proceed from here is to ask Jonas, ^What probabilitywould you have

assigned to the sample you have just drawn being 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 ma ythen appropriatel yask, ^So wh ythen does not your conditional

probabilityof picking number 7 given that the urn contains ten balls equal one in ten? ~.

There are at least two kinds of reasons that one could give to justif ya divergence

of one´s conditional probabilities from what one thinks one would have believed in a

corresponding counterfactual situation. First, one ma ythink that one would have been

irrational in the situation in question. What Ithink I would believe in a counterfactual

situation where I was drugged into a state of irrationalitycan usuall ybe ignored for the

sake of determining m ycurrent conditional probabilities. 44 In the case of Jonas this

response is not available, because Jonas does not believe he would have been irrational in

44 One obvious exception is when evaluating hypotheses about how I would behave if I were drugged etc.

the counterfactual situation where he hadn´t yet observed the number on the selected ball;

in fact, let´s suppose, Jonas thinks he would have believed the onl ything that would have

been rational for him to believe.

A second reason for div ergence is if the counterfactual situation (where one

doesn´t know e ) doesn´t exactly^match~ the conditional probabilit yP( e | h ) being

assessed. The corresponding counterfactual situation might contain features ˘ other than

one´s not knowing e ˘ that would rationallyinfluence one´s degree of belief in h . For

instance, suppose we add the following feature to the example: Mr. Jonas has been

credibl yinformed 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 opportunit yto 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 wa ythat 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

known that. In the counterfactual situation he would therefore have had the additional

information that the experiment was rigged (an event to which, we can assume, he

assigned a low prior probability). Clearl y, 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 probabilityP( e | h ), since in the actual case (where Delay is false)

he does not have that extra piece of information. (What he thinks he would have thought

in the counterfactual situation would rather be relevant to what value he should presently

give to the conditional probabilityP( e | h & D elay ); but that is not what he needs to know in

the present case.)

This second source of divergence suggests a more general limitation of the

validityof the counterfactual-test of what your current conditional probabilities should be.

In man ycases, there is no clearl ydefined unique situation that would have obtained if

you had not known some data that you in fact know. There are man ywa ys of not

knowing something. Take the counterfactual situation, for example, where Idon´t know

whether clouds ever exist. Is that a situation where I don´t know that there is a sk yand a

sun (so that Idon´t know whether clouds ever exist because I have never been outdoors

and looked to the sky)? 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

fluff ythings I see up there are reall yclouds rather than, sa y, gods made out of cotton? Is it one where I have never been up in an airplane and thus never seen clouds up close? Or

one where I have flown but have forgotten about some parts of the experience? It seems

clear that we have not specified the h ypothetical state of ^me not knowing whether clouds

have ever existed~ sufficientl yto 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 sufficientl yspecified. Take

the original case with Mr. Jonas again (where there is no complication such as the

selection potentiallybeing 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 interval of ignorance between Jonas´ selecting a ball and his looking to

see what number it was. Suppose that during this minute Jonas contemplated his

probabilityassignments to the various h ypotheses and reached a reflective equilibrium.

Then one can plausiblymaintain that, at the later stage when Jonas have looked at the ball

and knows its number, what he would have rationall ybelieved 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 an interval of ignorance where Jonas didn´t

know e , it can still make sense to ask what he would have thought if there had been. At

least in this kind of example there can be a suitably definite counterfactual from which we

can read off what conditional probabilityP( e | h ) Jonas was once implicitlycommitted to.

If this is right, then there are at least some cases where the conditional credence

P( h | e ) can be meaningfull yassigned a non-trivial probabilityeven if there never in fact

was an ytime when e was not known. The old evidence problem retains its bite in the

general case, but in some special cases it can be tamed. This is indeed what one should

have expected since otherwise the Ba yesian method could never be applied except in

cases where one had in advance contemplated and assigned probabilities to all relevant

hypotheses and possible evidence. That would flyin the face of the fact that we are often

able to plausiblymodel the evidential bearing of old evidence on new h ypotheses within a

Ba yesian framework.

Returning now to the God´s Coin Toss (G1) gedanken, we recall that it was not

assumed that there actuall ywas a point in time when the people created in the rooms were

ignorant about the color of their beards. The ypopped into existence, we could suppose, right in front of the mirror, and graduallycame to form a s ystem of beliefs as the y

reflected on their circumstances. 45 Nonetheless we could use an argument involving a

counterfactual situation where the ywere ignorant about their beard color to motivate a

particular choice of conditional probability. Let´s look in more detail at how that could be

done.

I suggest that the following is the right wa yto 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 wa ys. For example, if I is logicall yequivalent to I

1

& I

2 then I can be decomposed

into I

1 and I

2

. You currentlyhave some credence function which specifies your present

degree of belief in various h ypotheses (conditional or otherwise), and this credence is

conditionalized on the background information I . Call this credence function C

I

.

However, although this is the credence function you have, it ma ynot be the credence

function you ought to have. You ma yhave failed to understand all the probabilistic

connections between the facts that you have learnt. Let C

I

* be a rival credence function,

conditionalized on the same information I . The task is now to tr yto determine whether on

reflection you ought to switch to C

I

* or whether you should stick with C

I

.

The relation to DA should be clear. C

I can be thought of as your credence function

before you heard about the DA, and C

I

* the credence function that the proponent of DA

(the ^doomsa yer~) seeks to persuade you to adopt. Both these functions are based on the

same background information I , which includes ever ything 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 alread yhave that you hitherto failed to fullyrealize or

take into account ˘ in other words that you have been in error in assessing the

probabilistic bearing of your evidence on h ypotheses about how long the human species

will last. How can she go about that? Since presumably you haven´t made an yexplicit

calculations to decide what credence to attach to these hyp otheses, she cannot point to an y

error you have made in some mathematical derivation. But I want to suggest one method

she can use:

She can specif ysome decomposition of your evidence into I

1 and I

2

. She can then

45 T hat this is possible is not entirelyuncontroversial since one could hold a view o n which kno wled ge

presupposes the right kind of causal origin o f the kno wer and his epistemic faculties. But I think we can set ask you what you think you ought to have rationally believed if all the information you

had were I

1

(and you didn´t know I

2

). (This thought operation involves reference to a

counterfactual situation, and as we saw above, whether such a 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 C

I1 you think you ought to have had if your total information were I

1

.

In particular, C

I1 assigns values to certain conditional probabilities of the form C

I1

( * | I

2

).

This means we can then use Ba yes´ theorem to conditionalize on I

2 and update the

credence function. If the result of this updating is C

I

* , then she will have shown that you

are committed to revising your present credence function C

I and replace it by C

I

*

(provided you choose to adhere to C

I1

( * | I

2

) even after realizing that this obligates you to

change C

I

). For C

I and C

I

* are based on the same information, and you have just

acknowledged that you think that if you were ignorant of I

2 you should set your credence

equal to C

I1

, which results in C

I

* when conditionalize on I

2

. One maysummarize this,

roughl y, b ysa ying that the order in which you choose to consider the evidence should not

make an ydifference to the probabilityassignment you end up with. 46

This method can be applied to the case of Mr. Jonas. I

1 is all the information he

would have had up to the time when the ball was selected from the urn. I

2 is the

information that this ball is number 7. If Mr. Jonas firmlymaintains that what would have

been rational for him to believe had he not known the number of the selected ball (i.e. if

his information were I

1

) is that the conditional probabilityof 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 h ypothesis that the left urn, the urn from which the sample was

taken, contains onl yten balls.

In order for the doomsa yer to use the same method to convince somebod ywho

resists DA on the grounds that the conditional probabilities used in DA do not agree with

his actual conditional probabilities, she´d have to define some counterfactual situation S

such that the following holds:

such scruples aside for the p urposes of the present investigation.

46 Subject to the obvious restrictio n that none o f the hypotheses under consideration is about the order in

which yo u consider the evidence. For instance, the probabilityyou assign to the hypothesis ^I have

(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 logicallyequivalent 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 ordinar ykind of estimates of the risks of germ warfare, asteroid

impacts, abuse of military nanotechnologyetc. And then there are the conditional

probabilities of having a particular birth rank given a particular h ypothesis about the total

number of humans that will have lived. The conditional probabilities presupposed b yDA

are the ones given b yappl ying SSA to that situation. S should therefore ideallybe a

situation where he possesses all the evidence he actuall yhas which is relevant to

establishing the empirical prior probabilities, but where he lacks an yindication as to what

his birth rank is.

Can such a situation S be conceived? That is what is unclear. Consider the

following initiallybeguiling but unworkable argument:

An erroneous argument

What if we in actual fact don´t know our birth ranks, even approximately? What if

we actually are in this h ypothetical state of partial ignorance which the argument

for choosing the appropriate conditional probabilities presupposes? ^But,~ yo u

mayobject, ^didn´t you sa ythat our birth ranks are about 60 billion? And if I

know that this is (approximately) the truth, how can I be ignorant about m ybirth

rank?~

Well, what Isaid was that your birth rank in the human species is about 60

billion. Yet that does not implythat your birth rank simpliciter is an ywhere 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 an yconfidence

that your birth rank within this larger group is about 60 billion. You presumably

agree that you are highl yuncertain about your temporal rank in the set of all

observers in cosmos, if there are man yextraterrestrial civilizations out there.

The appropriate refer ence class to which SSA is applied must include all

considered evidence e

1 before I considered evidence e

2

.~ is not be independent onf the order in which you

consider the evidence!

observers that will ever have existed, and intelligent extraterrestrials ˘ at least if

theywere not too dissimilar to us in other respects ˘ should count as observers.

The arguments of chapter 4 for adopting SSA work equall ywell if we include

extraterrestrials in the reference class. Indeed, the arguments that were based on

how SSA seems the most plausible wayof deriving observational predictions from

multiverse theories and of making sense of the objections against Boltzmann´s

attempted explanation of the arrow of time presuppose this! And the arguments

that were based on the thought experiments can easil ybe adapted to include

extraterrestrials ˘ draw antennas on some of the people in the illustrations and

adjust the terminologyaccordingl y, and these arguments go through as before.

We can consequentlypropose for the consideration of Mr. Jonas (who now

plays the role of a skeptic about DA) the following h ypothetical situation S (which

might be a counterfactual situation or a situation that will actuall yoccur in the

future):

Scientists report that theyhave obtained evidence that strongl yfavors the

disjunction h h

1 2

Ú , where h

1 is the hypothesis that our species is the onl y

intelligent life-form in the world, and h

2 is the hypothesis that our species

is one out of a total of one million intelligent species throughout

spacetime, each of which is prett ymuch like our own in terms of

constitution and membership numbers. (To avoid the complication that

infinite population sizes introduces, we mayalso assume that it is known

that the total number of observers that will have existed in the world is

bound bysome large but finite number.) Mr. Jones knows what his birth

rank would be given h

1

, namel yabout 60 billion; but he does not know

even approximatelywhat his birth rank would be given h

2

. B yconsidering

various strings of additional incoming evidence favoring either h

1 or h

2 we

can thus probe how he does or does not take into account the information

about his birth rank in evaluating h ypotheses about how long the human

species will last. Suppose first that evidence comes in strongl yfavoring h

2

.

We then have a situation S satisf ying 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 b yDA. The empirical

priors are, let us assume, not substantiallyaffected b ythe information

favoring h

2

; so theyare the same in S as the yare in his actual situation.

Suppose, finally, that scientists a while later and contrar yto expectation

obtain new evidence that ver ystronglyfavors h

1

. When Jonas learns about

this, his information set becomes equivalent to the information set he has

in the actual situation (where we assume that Jonas does not believe there

are an y extraterrestrials). The input that the DA-calculation above needed

are thus all supplied in this case, and Ba yes´ theorem implies what Jonas´

posterior probability(after conditionalizing on his birth rank) should be.

It could seem as if we have described a h ypothetical situation S that satisfies criteria (1) to

(3) and thus verifies DA. Not so. The weakness of scenario is that although Jonas doesn´t know even approximatelywhat his birth rank is in S , he still knows in S his relative birth

rank within the human species: 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 temporallynon-overlapping so that

theyexist one after another, then he might assign a probabilityclose 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 h

1

, the

conditional probabilityof having a birth rank of roughl y60 billion will be the same given

anyof the h ypotheses about the total size of the human species that he might entertain.

It might be possible to construct some other h ypothetical situation S that would

reall ysatisf ythe three constraints, and that could thus serve to compel a person like Mr.

Jonas to adopt the conditional probabilities that DA requires. 47 But until such asituation

is described (or some other argument provided for wh yhe should accept those

probabilities), this is a loose end that those whose intuitions do not drive them to adopt

the requisite probabilities without argument ma ygladl ycling to.

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.~ ( Les lie

1996 , 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 heavilypopulated if the race met with no disaster, and

theyare centuries during which there would presumabl ybe little chance of

47 In order for S to do this, it would have to be the case that the subject decides to retain his initial views

about S even after it is pointed out to him that those vie ws commit him to accepting the DA-conclusion

given he accepts Model 2 for God´s Coin T oss. So me might of co urse prefer to revise their views about a

situation S which prima facie satisfies the three conditio ns to changing their mind about DA.

transferring human thought-processes to machines in a wa ywhich would

encourage people to call the machines `human´. ( Leslie 1996 , p. 258)

This clearl ynot an entirelysatisf ying repl y. Firs t, 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 man yof those who have thought seriousl yabout

these things disagree with. Man ythinkers in this field think that these developments will

happen well within the first half of this centur y(e.g. Moravec 1989 , Moravec 1998 ,

Moravec 1999 , Drexler 1985 , Minsky1994 , Bostrom 1998 , Bostrom and et al. 1999 ,

Kurzweil 1999 ). Second, the comment does nothing to alla ythe suspicion that the

difficultyof determining an appropriate reference class might be s ymptomatic of an

underlying ill in 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 b yexpanding the urn analogyin

which we first made the acquaintance of our friend Mr. Jonas. Suppose that the balls in

the urns come in different colors. And suppose your task is to guess how man yred balls

there are in the left urn. Now, ^red~ is clearl ya vague concept ˘ what shades of pink or

purple count as red? This vagueness could be seen as corresponding to the vagueness

about what to classif yas an observer for the purposes of DA. So, if some vagueness like

this is present in the urn example, does that mean that the Ba yesian induction used in the

original example can no longer be made to work?

B yno means. 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 h ypothesis you are interested

in testing. Suppose that what you are interested in finding out is how man yballs there are

in the urn of the color light-pink-to-dark-purple. Then all you have to do is to classif ythe

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 Ba yesian calculation proceeds

exactlyas before. If instead you are interested in knowing how man ylight-pink-to-light-

red balls there are, then you classif ythe sample according to whether it has that propert y,

and proceed as before. The Ba yesian apparatus is perfectl yneutral as to how you define

the hypotheses. There is not a right or wrong wa y, just different questions you might be

interested in asking.

Applying this idea 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 doomsda yargument purposes. What if one wanted to count our

much-modified descendants, perhaps with three arms or with godlike intelligence,

as `genuinel yhuman´? There would be nothing wrong with this. Yet if we were

instead interested in the future onl yof two-armed humans, or of humans with

intelligence much like that of humans toda y, then there would be nothing wrong in

refusing to count an yothers. ( Leslie 1996 , p. 260)

This suggests that if we are interested in the survival-prospects of just a special kind of

observers, we are entitled to appl yDA to this subset of the reference class. Suppose you

are Asian and you want to know how man yAsians there will have been. Answer: Count

the number of Asians that have existed before you and use the DA-st yle calculation to

update your prior probabilities (given b yordinar yempirical considerations) to take

account of the fact that this random sample from the set of all Asian ˘ you ˘ turned out to

be living when just so man yAsians had alread ybeen born.

How far can one push this mode of reasoning though, before crashing into

absurdity? If the reference class is defined to consist of all those people who were born on

the same da yas me or later, then I should expect doom to strike quite soon. Worse still,

let´s sayI want to know how man ypeople there will have been with the propert yof being

born either on the tenth of March in 1973 or being born after the year 2002. Since 10/3/73

is the dayI was born, I will quicklybecome ^improbabl yearl y~ in this ^reference class~

if humans continue to be sired after 2002. Should I therefore have to conclude that

humankind is verylikel yto go extinct in the first few weeks of 2003? Craz y!

How can the doomsa yer avoid this conclusion? According to Leslie, b yadjusting

the prior probabilities in a suitable wa y, a route which he sa ys was suggested to him b y

Carter ( Leslie 1996 , 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 inappropriatel yfrightening doomsda yargument will result from narrowing

your reference class ... provided you adjust your prior probabilities accordingl y.

Imagine that you’d been born knowing all about Ba yesian calculations and about human history. The prior probabilityof the human race ending in the ver yweek

you were born ought presumabl yto have struck you as extremelytin y . And that´s

quite enough to allow us to saythe following: that although, if the human race had

been going to last for another centur y, people born in the week in question would

have been exceptionallyearl yin the class of those-born-either-in-that-week-or-in-

the-following-centur y, this would have been a poor reason for you to expect the

race to end in that week, instead of lasting for another centur y. ( Le slie 1996 , p.

262)

I disagree with the claim that the prior inductive improbabilityis enough to allow

us to saythis. That appealing to the inductive improbabilitywill not do the job of

compensating for phon ychoices of reference class follows logicall yfrom the fact that the

inductive evidence (for the h ypothesis that humankind will end in a given time interval,

saywithin a week from now) is constant no matter how we define the reference class,

whereas the reference class could be defined in arbitrarilyman ywa ys, thereb yvar ying

the strength of the resulting probabilityshift. The inductive evidence could ^compensate~

for at most one strength of the shift, while for all other choices of reference class, a

different and incompatible prediction would result.

It is true that we can alwa ys choose the values that we plug into the variables

representing the priors in the Ba yesian formula in such a wa ythat we reproduce the

posterior probabilityresulting from the correct choice of reference class and priors. But

these values that we plug in will not in general be prior probabilities. The ywill be mere

numbers, chosen ad hoc because when inserted into Ba yes’ formula the yhappen to give

the output we had decided in advance we wanted to get. Instead of Ba yes´ formula we

could have used an yfunction onto the unit interval, or simpl ynot bothered at all.

I conclude that the idea that it doesn´t matter how we define the reference class

because we can compensate b yadjusting the priors is misconceived. We saw in chapter 4

that the reference class must not be too wide ˘ it must not include rocks for example.

Now we have just seen that it must not be made too narrow either ˘ for instance, b y

excluding all persons born earlier than yourself.

Between these boundaries there is still plentyof space for divergent definitions.

Does this mean that there are man ycorrect choices of reference class, and that context and what we are interested in predicting ma ydetermine which choice is appropriate in a

given situation? Or should we suppose that there is onlyone 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 da y?

The example in which an Asian applies DA to predict how man yAsians there will

have been ma yat 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 evidence that the reference class varies depending on what we are tr ying to predict.

If the Asian-example works, it is onlybecause one thinks there is no s ystematic

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 ordinar yempirical grounds that the madman had a fift y

percent chance of succeeding. Let´s also suppose that you were convinced that his success

or failure would not have an ysignificant effect on the total number of observers that will

ever have lived (ma ybe other races would breed more to compensate for the loss of Asian

fertility). Appl ying DA to this situation would not increase your probabilitythat 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-st yle inference scheme to that, you would get the result that the madman´s

success was more likel ythan fift ypercent. 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 da y you were born, cannot be arbitrar y. For if DA is

correct, it does not make inconsistent predictions.

Alternative conclusions of the Doomsday argument

It should be pointed out that even if DA is basicallycorrect, there is still vast scope for

alternative interpretations of the result other than that humankind is likelyto go extinct

soon. For example, one ma ythink that:

· The priors are so low that even after a substantial probabilityshift in favor of

earlier doom, we are still likelyto survive for quite a while.

· The size of the human population will decrease in the future; this reconciles DA with even extremelylong survival of the human species.

· Humans evolve (or reengineer ourselves using advanced technology) into entities,

posthumans, that belong in a different reference class than humans. All that DA

would show in this case is that the posthuman transition is likelyto happen before

there have been vastlymore humans than have lived to date.

· There are extraterrestrial civilizations, in which case the no-outsider requirement

is not satisfied (more on this in the next chapter). Since we wouldn´t know our

absolute birth ranks on this hypothesis, DA could not be applied.

· Leslie thinks that if the world is indeterministic, then DA is seriouslyweakened. (I

disagree with this but list the suggestion for the sake of completeness.)

· There are infinitel yman yobservers in total, in which case it is not clear what DA

says. (In some sense, each observer would be ^infinitelyearly~ if there were a

countable number of observers.)

If one thought that DA is correct but also thought that one or more of these points

represent realistic possibilities, that would not mean that DA were unimportant. Rather, it

would mean that the correct conclusion would be a disjunction of possibilities rather than

simply^Doom is likelyto strike soon.~. Such a disjunction could be both philosophically

and practicallyinteresting.

So bearing in mind that we are regarding DA here as the general form of

reasoning described above, but not necessaril yleading to the prediction that doomsda y

will likelystrike soon, let us consider some objections that have been raised against it in

the literature.

C H A P T E R 6 : S O M E A T T E M P T E D R E F U T A T I O N S O F

T H E D O O M S D A Y A R G U M E N T 48

A vast number of objections have been fielded against DA ˘ man yof them mutually

incompatible. 49 Rather than striving for completeness, we shall take aim at and refute in

some detail five recent objections byKevin Korb and Jonathan Oliver ( Korb and Oliver

1999 ), and one other objection based on what we have called the Self-Indication

Assumption. While these objections are unsuccessful, the ydo in some instances force us to

become clearer about what DA does and doesn´t imply. 50

Objection One

Korb and Oliver propose a minimalist constraint that an ygood inductive method must

satisfy:

Targeting Truth ( TT) Principle: No good inductive method should ˙ in this

world ˙ provide no more guidance to the truth than does flipping a coin. (p. 404)

DA, the yclaim, violates this reasonable principle. In support of their claim the yask us to

consider

48 T his chapter is based on a paper previouslyp ublished in Mind (1999, Vol. 108, No. 431, pp. 539-50)

( Bostrom1999 ).

49 I would hardlyexaggerate if I said that I have encountered over a hundred objections against DA in

publications and personal co mmunications. E ven merging those refutations that use the same basic idea

wo uld leave us with dozens of distinct and often inco mpatible explanations of what is wrong with DA.

Curio usly, the authors of these refutatio ns frequentlyseemextremelyco nfident that they have disco vered

the true reaso n why DA fails, at least until an advocate of DA has chance to reply. It is as if DA is so

counterintuitive or unacceptable that people think that anyobjection must be right!

50 For some other objections against DA, see e.g. ( Dieks 1992 , Eckhardt 1992 , Eckhardt 1993 , Goodman

1994 , T ännsjö 1997 , Mackay1994 , T ipler 1994 , Delahaye 1996 , Smith 1998 , Kopf, Krtous et al. 1994 ,

Bartha and Hitchcock 1999 , Roush 1998 , Dieks 1999 , Greenberg 1999 , Franceschi 1998 , Franceschi 1999 ,

Caves 2000 , Oliver and Korb 1997 , Buch 1994 ), and for replies to some of these, see e. g. ( Leslie 1996 ,

Leslie 1992 , Leslie 1993 , Gott 1994 ).

a population of size 1000 (i.e., a population that died out after a total of 1000

individuals) and retrospectivelyappl ythe Argument to the population when it was

of size 1, 2, 3 and so on. Assuming that the Argument supports the conclusion

that the total population is bounded bytwo times the sample value � then 499

inferences using the Doomsda yArgument form are wrong and 501 inferences are

right, which we submit is a lousytrack record for an inductive inference schema.

Hence, in a perfectl yreasonable metainduction we should conclude that there is

something ver ywrong with this form of inference. (p. 405)

But in this purported counterexample to DA, the TT principle is not violated ˘ 501 right

and 499 wrong guesses is strictlybetter than what one would expect from a random

procedure such as flipping a coin. The reason wh ythe track record is onlymarginall y

better than chance is simplythat the above example assumes that the doomsa yers bet on

the most stringent h ypothesis that the ywould be willing to bet on at even odds, i.e. that

the total population is bounded bytwo times the sample value. This means, of course, that

their expected gain is minimal. It is not remarkable, then, that in this case a person who

applies the Doomsda yreasoning is onlyslightlybetter off than one who doesn´t. If the bet

were on the proposition not that the total population is bounded bytwo times the sample

value but instead that it is bounded by, sa y, three times the sample value, then the

doomsayer´s advantage would be more drastic. And the doomsa yer can be even more

certain that the total value will not exceed thirtytimes the sample value.

Conclusion: Objection One doe s not show that DA violates the TT principle, nor

does it show that the Doomsda yreasoning at best improves the chances of being right

onlyslightl y. 51

51 In attempt to respond to this objection ( Korb and Oliver 1999 ), Korb and Oliver make t wo co mments.

^( A) T he minimal advantage over rando mguessing in the examp le can be driven to an arbitrarilysmall

level simply b yincreasing the population in the examp le.~ (p.501). T his misses the point, which was that

the doomsayer´s gain was small because she was assumed to bet at the worst odds on which she is wo uld be

willing to bet ˘ which per definitio n entails that she´d not expect to benefit significantly from the scheme

but is of cour se perfectlyco nsistent with her doing much better than so meone who doesn´t accept that ^DA~

should be applied to this example.

I quote the second co mment in its entirety:

(B) Dutch book arguments are quite rightlyfounded on what happens to an incoherent agent who

accepts anynumber of ^fair~ bets. T he point in those ar guments is not, as so me have confusedly

thought, that making such a series of bets is being assumed always to be rational; rather, it is that the

subseq uent guaranteed losses appear to be attributable onlyto the initial inco herence. In the case of the

DoomsdayAr gument (DA), it matters not if Doo msayers can protect their interests b yrefraining fro m

so me bets that their principles advise them are correct, and onlyaccepting bets that appear to give

thema whopping advantage: the point is that their principles are advising them wrongly. (p. 501)

Objection Two

As first noted bythe French mathematician Jean-Paul Delaha ye in an unpublished

manuscript ( Delaha ye 1996 ) of 1996, the basic Doomsda yargument form can seem to be

applicable not onl yto the survival of the human race but also to your own life span. The

second of Korb and Oliver´s objections picks up on this idea:

[ I]f you number the minutes of your life starting from the first minute you were

aware of the applicabilityof the Argument to your life span to the last such minute

and if you then attempt to estimate the number of the last minute using your

current sample of, sa y, one minute, then according to the Doomsda yArgument,

you should expect to die before you finish reading this article. (fn. 2, p. 405)

However, this claim is incorrect. The Doomsda yargument form, applied to your

own life span, does not implythat you should expect to die before you have finished

reading the article. DA sa ys that in some cases you can reason as if you were a sample

drawn randomlyfrom a certain reference class. Taking into account the information

conve yed b ythis random sample, you are to update your beliefs in accordance with

Ba yes´ theorem. This maycause a shift in your probabilit yassignments in favor of

hypotheses which implythat your position in the human race will have been fairl yt ypical

˘ sayamong the middle 98% rather than in the first or the last percentile of all humans

that will ever have been born. DA just sa ys you should make this Ba yesian shift in your

probabilities; it does not byitself determine the absolute probabilities that you end up

with. As John Leslie has emphasized (e.g. Leslie 1996 ), what probabilityassignment you

end up with depends on your prior, i.e. the probabilityassignment you started out with

before taking DA into account. In the case of the survival of the human race your prior

maybe based on your estimates of the risk that we will be extinguished through nuclear

war, germ warfare, a disaster involving future self-replicating nanomachines, a meteor

impact, etc. In the case of your own life expectancy, you will want to consider factors

such as the average human life span, your state of health, and an yph ysical danger in your

environment that could cause your demise before you finish the article. Based on such

T o the extent that I can make any sense o f this objection at all, it fails. Last time I checked, Dutch book

arguments were supposed to sho wthat the victimis bound to lose money. I n Korb and Oliver ´s example,

the ^victim~ is expected to gain mo ney.

considerations, the probabilitythat you will die within the next half-hour ought

presumabl yto strike you as extremel ysmall. But if so, then even a considerable

probabilityshift due to a DA-like inference should not make you expect to die before

finishing the article. Hence, contrar yto what Korb and Oliver assert, the doomsa yer

would not make the absurd inference that she is likel yto perish within half an hour, even

would she think the Doomsdayargument form applicable to her individual life span. 52

While this is enough to refute Objection Two, the more fundamental question here

is whether (and if so, how) the Doomsda yargument form is applicable to individual life

spans at all. I think we concede too much if we grant even a modest probabilit yshift in

this case. I have two reasons for this, which I will onlyoutline here.

First, Korb and Oliver´s application of the Doomsda yargument form to individual

life spans presupposes a specific solution to the problem of the reference class. This is the

problem, remember, of determining what class of entities from which one should consider

oneself a random sample. Korb and Oliver´s objection presupposes a specific solution to

this problem, namelythat the reference class consists of exactlythose observer-moments

that are aware of DA. This maynot be the most plausible solution, and Korb and Oliver

do not seek to justifyit in an ywa y.

The second reason for the doomsa yer not to grant a probabilityshift in the above

example is that the no-outsider requirement is not satisfied. The no-outsider requirement

states that in order for DA to be applicable in the straightforward wa y, there must be no

outsiders ˘ beings ignored in the reasoning that reallybelong inside the reference class.

The issue of the no-outsider requirement holds some interest independentlyof its bearing

on Korb and Oliver´s objection, so it is worth explaining it in some detail. John Leslie

argues against the no-outsider requirement (e.g. ( Le slie 1996 ), pp. 229˘30), but I think he

is mistaken for the reasons given below. ( I suspect that Leslie´s thoughts on the no-

outsider requirement are derived from his views on the problem of the reference class,

which we found in the previous chapter to be inconsistent.)

Consider first the original application of DA (to the survival of the human

species). Suppose you were certain that there is extraterrestrial intelligent life. Let´s

suppose you know there are a million ^small~ civilizations that will have contained 200

billion persons each, and a million ^large~ civilizations that will have contained 200

52 T his application would require SSSA rather than SSA.

trillion persons each. Suppose you know that the human species is one of these

civilizations but you don´t know whether it is small or large.

To calculate the probabilitythat doom will strike soon (i.e. that the human species

is ^Small~) we can proceed in three steps:

Step 1. Estimate the empirical prior Pr( Small ), i.e. how likel yit seems that germ

warfare etc. will put an end to our species before it gets large. At this stage you

don´t take into account an yform of the Doomsda yargument or anthropic

reasoning.

Step 2. Now take account of the fact that most people find themselves in large

civilizations. Let H be the proposition ^I am a human.~ And define the new

probabilityfunction Pr * ( . ) = Pr( . | H ) obtained b y conditionalizing on H . By

Ba yes´ theorem,

P r * ( ) P r ( | )

P r ( | ) P r ( )

P r ( )

Small Small H

H Small Small

H

= =

´

.

A similar expression holds for ¬ Small . Assuming you can regard yourself a

random sample from the set of all persons, we have

P r( | )

( )

H Small billion

billion trillion million

=

+´

200

200 200 1

, and

P r( | )

( )

H Small trillion

billion trillion million

Ø =

+´

200

200 200 1

.

(If we calculate Pr * ( Small ) we find that it is ver ysmall for an yrealistic prior. In

other words, at this stage in the calculation, it looks as if the human species is ver y

likelylong-lasting.)

Step 3. Finall ywe take account of DA. Let E be the proposition that you find

yourself ^earl y~, i.e. that you are among the first 200 billion persons in your

species. Conditionalizing on this evidence, we get the posterior probability

function Pr ** ( . ) = Pr * ( . | E ). So

P r * *( ) P r * ( | )

P r * ( | ) P r * ( )

P r * ( )

Small Small E

E Small Small

E

= =

´

.

Note that Pr * ( E | Small ) = 1 and Pr * ( E | ¬Small ) = 1/1000. B ysubstituting back

into the above expressions it is then easyto verif ythat

P r* *( )

P r* *( )

P r( )

P r( )

Small

Small

Small

Small Ø

=

Ø

.

We thus see that we get back the empirical probabilities we started from. The

Doomsdayargument (in Step 3) onl yserved to cancel the effect which we took into

account in Step 2, namely that you were more likelyto turn out to be in the human species

given that the human species is one of the large rather than one of the small civilizations.

This shows that if we assume we know that there are both ^large~ and ^small~

extraterrestrial civilizations ˘ the precise numbers in the above example don´t matter ˘

then the right probabilities are the ones given b ythe naïve empirical prior. 53 Onlyif we

there are no ^outsiders~ (extraterrestrial civilizations) does DA work as intended.

Returning to the case where you are supposed to appl yDA to your own life span,

it appears that the no-outsider requirement is not satisfied. True, if you consider the epoch

of your life during which you know about DA, and you partition this epoch into time-

segments (observer-moments), then you might sa ythat if you were to survive for a long

time then the present observer-moment would be extraordinar yearl yin this class of

observer-moments. You ma ythus be tempted to infer that you are likelyto die soon

(ignoring the difficulties pointed out earlier). But even if DA were applicable in this wa y,

this would be a wrong conclusion to draw. For in this case you know for sure that there

are man y^outsiders~. Here, the outsiders would be observer-moments of other humans.

Just as the knowledge that there are large and small extraterrestrial civilizations would

annul the original Doomsda yargument, so in the present case does the knowledge that

there are other short-lived and long-lived humans cancel the probabilityshift favoring

impending death. The fact that the present observer-moment belongs to you would

indicate that you are an individual that will have contained man yobserver-moments

rather than few, i.e. that you will be long-lived. And it can be shown (as above) that this

would counterbalance the fact that the present observer-moment would have been

extraordinarilyearl yamong all your observer-moments were you to be long-lived.

Conclusion: Objection Two fails to take the prior probabilities into account. These

would be extremelysmall for the h ypothesis that you will die within the next thirty

minutes. Therefore, contrar yto what Korb and Oliver claim, even if the doomsa yer

thought DA applied to this case, he would not make the prediction that you would die

within 30 minutes. However, the doomsa yer should not reckon DA applicable in this

case, for two reasons. First, it presupposes an arguabl yimplausible solution to the

reference class problem. Second, even if we accept that onl ybeings who know about DA

should be in the reference class, and that it is legitimate to run the argument on time-

segments of observers, the conclusion will still not follow; for the no-outsider

requirement is not satisfied.

Objection Three

Korb and Oliver´s third objection starts off with the claim that (in a Ba yesian framework)

a sample size of one is too small to make a substantial difference to one´s rational beliefs.

The main point � is quite simple: a sample size of one is ^catastrophically~ small.

That is, whatever the sample evidence in this case ma ybe, the prior distribution

over population sizes is going to dominate the computation. The onl ywa yaround

this problem is to impose extreme artificial constraints on the hypothesis space. (p.

406)

Theyfollow this assertion b yconceding that in a case where the h ypothesis space

contains onlytwo h ypotheses, a substantial shift can occur:

If we consider the two urn case described b y Bostrom, we can readilysee that he

is right about the probabilities. (p. 406)

The probabilityin the example theyrefer to shifted from 50% to 99.999%, which is surel y

^substantial~, and a similar result would be obtained for a broad range of distributions of

prior probabilities. But Korb and Oliver seem to think that such a substantial shift can

onlyoccur if we ^impose extreme artificial constraints on the h ypothesis space~ by

53 T his was first pointed out b yDieks ( Dieks 1992 , and more explicitlyin Dieks 1999 ) and was later

demo nstrated b yKopf et al. ( Kopf, Krtous et al. 1994 ). It appears to have been independentlydisco vered by considering onlytwo rival h ypotheses rather than man ymore.

It is easyto see that this is false. Let { h

1

, h

2

, � h

N

} be an hypothesis space and let

P be anyprobabilityfunction that assigns a non-zero prior probabilityto all these

hypotheses. Let h

i be the least likel yof these h ypotheses. Let e be the outcome of a single

random sampling. Then it is eas yto see, just b yinspecting Ba yes´ formula, that the

posterior probabilityof h

i

, P( h

i

| e ), can be made arbitrarilybig ( £ 1 ) byan appropriate

choice of e :

( ) P h e

P e h P h

P e h P h i i i

j j

j N

( | )

( | ) ( )

( | ) ( )

=

´

´

£ £ å

1

.

Choosing e such that P( e|h

j

) is small for j i ¹ , we have

P h e

P e h P h

P e h P h i i i

i i

( | )

( | ) ( )

( | ) ( )

»

´

´

= 1 .

Indeed, we get P( h

i

|e ) = 1 if we choose e such that P( e|h

j

) = 0 for j i ¹ . This would for

example correspond to the case where you discover that you have a birth rank of 200

billion and immediatelygive probabilityzero to all hypotheses according to which there

would be less than 200 billion persons.

Conclusion: Korb and Oliver are wrong when the yclaim that the prior distribution

is always going to dominate over an ycomputation based on a sample size of one.

Objection Four

B yincreasing the number of h ypotheses about the ultimate size of the human species that

we choose to consider, we can, according to Korb and Oliver, make the probabilityshift

that DA induces arbitraril ysmall 54 :

Bartha and Hitchcock ( Bartha and Hitchcock 1999 ).

54 A similar objection had been made earlier b yDennis Dieks ( Dieks 1992 ), and independently b yJohn

Eastmo nd (personal co mmunicatio n).

In an ycase, if an expected population size for homo sapiens � seems

uncomfortabl ysmall, we can push the size up, and so the date of our collective

extermination back, to an arbitrar ydegree simplyb yconsidering larger h ypothesis

spaces. (p. 408)

The argument is that if we use a uniform prior over the chosen h ypothesis space { h

1

, h

2

,

..., h

n

}, where h

i is the hypothesis that there will have existed a total of i humans, then the

expected number of humans that will have lived will depend on n : the greater the value

we give to n , the greater the expected future population. Korb and Oliver compute the

expected size of the human population for some different values of n and find that the

result does indeed var y.

Notice first of all that nowhere in this is there a reference to DA. If this argument

were right it would work equall yagainst any wa yof making predictions about how long

the human species will survive. For example, if during the Cuba missile crisis you feared

˘ based on obvious empirical factors ˘ that humankind might soon go extinct, you really

needn´t have worried. You could just have considered a larger h ypothesis space and you

would thereb yhave reached an arbitraril yhigh degree of confidence that doom was not

impending. If onl ymaking the world safer were that eas y.

What, then, is the right prior to use for DA? All we can sa yabout this from a

general philosophical point of view is that it is the same as the prior for people who don´t

believe in DA. The doomsa yer does not face a special problem here. The only legitimate

wa yof providing the prior is through an empirical assessment of the potential threats to

human survival. You need to base it on your best guesstimates about the hazards of germ

warfare, nuclear warfare, weapons based on nanotechnology, asteroids or meteors striking

the Earth, a runawa ygreenhouse effect, future high-energyph ysics experiments, and

other dangers as yet unimagined. 55

On a charitable reading, Korb and Oliver could perhaps be interpreted as sa ying

not that DA fails because the prior is arbitrar y, but rather that the uniform prior (with

some big but finite cut-off point) is as reasonable as an yother prior, and that with such a

55 A survey of these and other risks makes up a large part of John Leslie´s mono graph ( Leslie 1996 ) on the

Doomsdayargument. He estimates the prior probability, based on these considerations, o f hu mankind going prior DA will not show that doom is likelyto strike ver ysoon. If this is all theymean then

theyare not sa ying something that the doomsa yer could not agree with. The doomsa yer

(i.e. a person who believes DA is sound) is not committed to the view that doom is likely

to strike soon 56 , onlyto the view that the risk that doom will strike soon is greater than

was thought before we understood the probabilistic implications of our having relativel y

low birth ranks. DA (if sound) shows that we have s ystematicallyunderestimated the risk

of doom soon, but it doesn´t directlyimpl yan ything about the absolute magnitude of the

probabilityof that h ypothesis. (For example, John Leslie, who strongl ybelieves in DA,

still thinks there is a 70% chance that we will colonize the galax y.) Even with a uniform

prior probability, there will still be a shift in our probabilityfunction in favor of earlier

doom.

But don´t Korb and Oliver´s calculations at least show that this probabilityshift in

favor of earlier doom is in realityquite small , so that DA isn´t such a big deal after all?

No, their calculations do not show that, for two reasons.

The first reason is that as alread ymentioned, their calculations rest on the

assumption of a uniform prior. Not onl yis this assumption gratuitous ˘ no attempt is

made to justifyit ˘ but it is also, Ibelieve, highlyimplausible even as an approximation

of the real empirical prior. Personall yI think it is fairlyobvious that given what I know

(and before considering DA), the probabilitythat there will exist between 100 billion and

500 billion humans is much greater than the probabilitythat there will exist between 10 20

and (10 20 + 500 billion) humans.

Second, even granting the uniform prior, it turns out that the probabilit yshift is

actuall yquite big . Korb and Oliver assume a uniform distribution over the hypothesis

space { h

1

, h

2

, �, h

2,048

} (where again h

i is the hypothesis that there will have been a total

of i billion humans) and theyassume that you are the 60 billionth human. Then the

expected size of the human population before considering DA is

2 048 60

2

10 9

, -

´ = 994

billion. And Korb and Oliver´s calculations show that after appl ying DA the expected

population is 562 billion. The expected human population has been reduced b yover 43%

extinct within 200 years to be so mething like 5%. For a discussion o f the empirical hazards involved and

so me suggestions for what could be done to reduce them, see ( Bostro mand et al. 1999 ).

56 To get the conclusio n that doo mis likely to happen soon (say within 200 year s) you need to make

additional assumptio ns about future population figures and the future risk profile for humankind.

in their own example.

Conclusion: Objection Four fails. Korb and Oliver´s argument about being able to

get an arbitrarilylarge expected population byassuming a uniform prior and making the

hypothesis space sufficientlybig is misguided; if correct, this objection would work

equallywell against predictions that do not use DA. For the doomsa yer and the non-

doomsayer use the same prior probability, the one determined b yordinar yempirical

considerations. Moreover, the doomsa yer is not committed to the view that doom will

likelystrike soon, onl ythat the risk has been s ystematicall yunderestimated. Korb and

Oliver have not showed that the risk has been onl y slightly underestimated. On the

contrar y, in Korb and Oliver´s own example DA cuts the expected population bynearly

one half.

Objection Five

Towards the end of their paper, Korb and Oliver hint at a fifth objection: that we

shouldn´t regard ourselves as random samples from the human species (or the human

species cum its intelligent robot descendants) because there is a s ystematic correlation

between our genetic makeup and our personal identity:

� the notion that anyone is uniformlyrandoml yselected from among the total

population of the species is be yond far fetched. The bodies that we are, or

supervene upon, have a nearlyfixed position in the evolutionaryorder; for

example, given what we know of evolution it is sillyto suppose that someone´s

DNA could precede that of her or his ancestors. (p. 408)

The doomsa yer will grant all this. But even if the exact birth order of all humans

could be inferred from a list of their genomes, the onl ything that would show is that there

is more than one wa yof finding out about somebod y´s birth rank. In addition to the usual

wa y˘ observing what year it is and combining that information with our knowledge of

past population figures ˘there would now be an additional method of obtaining the same

number: byanal yzing somebod y´s DNA and consulting a table correlating DNA with

birth rank.

The same holds for other correlations that ma yobtain. For example, the fact that I

am wearing contact lenses indicates that I am living after the year 1900 A.D. This gives me a wa yof estimating m ybirth rank˙check whether I have contact lenses and, if so,

draw the conclusion that it is past the year 1900 A.D. Comparing this with past population

figures then tells me something about mybirth rank. But none of these correlations add

anything new once you have found at least one way of determining your birth rank.

Conclusion: It is true that there is a s ystematic correlation between one´s genetic

makeup and one´s birth rank. The presence of such a correlation gives us an alternative

(though impractical) wa yof ascertaining one´s birth rank but it does not affect the

evidential relation between having this birth rank and an ygeneral h ypothesis about

humankind´s future. That you can indeed legitimatelyregard yourself as in some sense

randomlyselected from a group of people even in cases where these people have different

genes can be argued for in various wa ys, as we saw in chapter 4. (Unfortunatel y, Korb

and Oliver do not attempt to criticize or discuss any of the arguments for the randomness

assumption). Thus, the fifth objection fails to refute DA.

The Self-Indication Assumption

We now turn to an objection that is not made by Korb and Oliver but which can be

spotted lurking in the background of man yother attacks on DA. This objection is based

on the Self-Indication Assumption ( S IA), which we encountered brieflyin chapter 4.

Framed as an attack on DA, the idea is that the probabilityshift in favor of Doom Soon

that DA leads us to make is offset b yanother probabilityshift ˘ which is overlooked b y

DA proponents ˘ in favor of Doom Late. When both these probabilit yshifts are taken into

account, the net effect is that we end up with the naïve probabilityestimates that we made

before we learnt about either DA or S IA. According to this objection, the more observers

that will ever have existed, the more ^slots~ would there be that you could have been

^born into~. Your existence is more probable if there are man yobservers than if there are

few. Since you do in fact exist, the Ba yesian rule has to be applied and the posterior

probabilityof h ypotheses which implythat man yobservers exist must be increased

accordingl y. The niftything is that the effects of SIA and DA cancel each other precisel y,

as can be seen through a trivial calculation 57 :

57 So mething like using SI A as an objection against DA was fir st done ˘ albeit not ver ytransparently ˘ by

Dennis Dieks in 1992 ( Dieks 1992 ; see also his more recent paper Dieks 1999 ). T hat SIA and DA exactly

cancel each other was first showed b yKopf et al. in 1994 ( Kopf, Krtous et al. 1994 ). T he objection seems to

have been independentlydiscovered byP. Bartha and C. Hitchcock ( Bartha and Hitchcock 1999 ), Sherri

Let P r( ) h

i be the naive prior for the h ypothesis that in total i observers will have

existed, and assume that P r( )h

i

= 0 for i greater than some finite N . (This

restriction allows us to set aside the problem of infinities.) Then we can formalize

S IA as sa ying that

P r’ ( ) P r( | ) P r( ) h h I am an observer i h

i i i

= = a

where a is a normalization constant. Let r(x) be the rank of x, and let ^Ĩ d enote a

random sample from a uniform probabilit ydistribution over the set of all

observers. B y SSA, we have

( )

P r’ ( ) | r I k h if k i

otherwise i

i

= =

> ì

í

î ü

ý

þ

0

1

Consider two hypotheses h

n and h

m

. We can assume that r I n m

( ) min( , ) £ . (If not,

then the example simplifies to the trivial case where one of the h ypotheses is

conclusivelyrefuted regardless of whether S IA is accepted.) Using Ba yes´

formula, we expand the quotient between these two h ypotheses:

( )

( )

( )

( )

( )

( )

P r’ | ( )

P r’ | ( )

P r’ ( ) | P r’ ( )

P r’ ( )

P r’ ( ) | P r’ ( )

P r’ ( )

P r( )

P r( )

P r( )

P r( ) h r I k

h r I k r I k h h

r I k

r I k h h

r I k m m h

n n h h

h m

n m m

n n m

n m

n

=

=

=

=

=

=

=

= =

1

1 a

a

.

We see that after we have applied both S IA and DA, we are back to the naive

probabilities that we started with.

Whyaccept S IA? The fact that S IA has the virtue of leading to a complete

cancellation of DA ma ywell be the most positive thing that can be said on its behalf. As

an objection against DA, this argument would be unabashedl yquestion-begging. It could

still carrysome weight if DA were sufficientl yunacceptable and if there were no other

coherent wa yof avoiding its conclusion. However, that is not the case. We shall examine

another coherent wa yof resisting DA in chapter 9. Even if the choice were between SIA

Roush ( Ro ush 1998 ), and in variouslycloaked for ms b yseveral other people (personal communications).

and the DA-conclusion, I would still lean towards the latter alternative as the lesser of two

evils.

We saw in chapter 2 wh y, owing to observational selection effects, it would be a

mistake to use the fine-tuning of our universe as an argument for h ypotheses that implya

greater number of observer-containing universes. If two competing general h ypotheses

each impl ythat there is at least one observer-containing universe, but one of the

hypotheses implies a greater number of observer-containing universes than the other, then

fine-tuning is not t ypically a reason to favor the former. This reasoning can be adapted to

argue that your own existence is not in general a ground for thinking that h ypotheses are

more likelyto be true if the yimpl ya greater total number of observers in existence. The

datum of your existence tends to disconfirm h ypotheses on which it would be unlikely

that even a single observer should exist, but that´s as far as it goes. 58 And the reason for

this is that the sample at hand ˘ yourself ˘ should not be regarded as randomlyselected

from the class of all possible observers but onl yfrom the class of observers that will

actuall yhave existed. It is, so to speak, not a coincidence that the sample you are

considering is one which actuall yexists; rather, that´s a logical consequence from the fact

that onlyactual observers actuallyview themselves as samples from an ything at all.

Further reasons for rejecting S IA are generated when we consider what accepting

it would entail that we should believe in circumstances where we are ignorant of our birth

ranks so that the counterbalancing probabilityshift due to DA does not take place. In

these cases, S IA entails a uniform a priori bias in favor of worlds with manyobservers. It

is easyto see that in order for S IA alwa ys to be able to cancel DA, you would have to

subscribe to the principle that, other things equal, a h ypothesis which implies that there

are 2N observers should be assigned twice the credence of a h ypothesis which implies

that there are onl yN observers. In the case of the God´s Coin Toss gedanken, this means

that before learning about the color of your beard, you should think it likelythat the coin

fell heads (so that two observers rather than just one were created). If we modif ythe

gedanken so that heads would lead to the creation of a million observers, you would have

John Leslie argues against SIA in ( Leslie 1996 , pp. 224-8).

58 Of course, just as if our universe is fo und to have ^special~ properties this can be legitimate reaso n to use

its existence as an ar gument for there existing a great manyobserver -containing universes, so likewise if

yo u have certain special properties then that could be an argument in favor of there being vast number s of

observers. But these arguments are po wered b ythe universe or yourself having those special properties; it is

not your existence (or the existence of a fine-tuned universe) per se that legitimates the inference.

to be virtuallycertain ˘ before knowing an ything directl yabout the outcomes and before

learning about your beard-color ˘ that the coin fell heads, even if you knew that it had a

ten thousand to one bias in favor of tails. This seems wrong.

Nor is it onlyin fictional toyexamples, which we know will not actuallyobtain,

that we would get counterintuitive results from accepting SIA. For as a matter fact, we

maywell be radicall yignorant of our birth ranks (namel yif there are extraterrestrial

species). Consider the following gedanken:

The presumptuous philosopher

It is the year 2100 and physicists have narrowed down the search for a theory of

ever ything to onlytwo remaining plausible candidate theories, T1 and T2 (using

considerations from super-duper s ymmetr y). According to T1 the world is ver y,

ver ybig but finite, and there are a total of a trillion trillion observers in the

cosmos. According to T2, the world is ver y, ver y, very big but finite, and there are

a trillion trillion trillion observers. The super-duper s ymmetr yconsiderations seem

to be roughlyindifferent between these two theories. The ph ysicists are planning

on carr ying out a simple experiment that will falsify one of the theories. Enter the

presumptuous philosopher: ^He ygu ys, it is completel yunnecessar yfor you to do

the experiment, because I can alread yshow to you that T2 is about a trillion times

more likelyto be true than T1 (whereupon the philosopher runs the God´s Coin

Toss thought experiment and explains Model 3)!~

One suspects the Nobel Prize committee to be a bit hesitant about awarding the

presumptuous philosopher the big one for this contribution.

C H A P T E R 7 : O B S E R V E R - R E L A T I V E C H A N C E S I N

A N T H R O P I C R E A S O N I N G ? 59

This chapter examines an argument b yJohn Leslie ( Le slie 1997 ) purporting to show that

anthropic reasoning gives rise to paradoxical ^observer-relative chances~ 60 . Ishow that

the argument trades on the sense/reference ambiguit yand is fallacious. I then describe a

related case where chances are observer-relative in an interesting wa y. But not in a

paradoxical wa y. The result can be generalized: At least for a ver ywide range of cases,

SSA does not engender paradoxical observer-relative chances.

Leslie´s argument and why it fails

The conclusion that Leslie seeks to establish is that:

Estimated probabilities can be observer-relative in a somewhat disconcerting wa y:

a wa ynot depending on the fact that, obviously, various observers often are

unaware of truths which other observers know. (p. 435)

Leslie does not regard this as a reductio of anthropic reasoning but rather suggests bullet-

biting as the correct response: ^An yair of paradox must not prevent us from accepting

these things.~ (p. 428).

Leslie´s argument takes the form of a gedanken. Suppose we start with a batch of

one hundred women and divide them randomlyinto two groups, one with ninety-five and

59 T his chapter is adapted froma paper previously published in Erkenntnis (2000, Vol. 52, pp. 93-108)

( Bostrom2000 ).

60 Leslie uses ^chances~ as synonymo us with ^epistemic probabilities~. I will follo whis usage in this

chapter and in later passages that refer to the conclusions obtained here. Elsewhere in the dissertation, I

reserve the word ^chance~ for objective probabilities. For instance, a fair coin toss has an objective

probabilityof head s equal to one half, and this is co mpatible with so me people having subjective

probabilities, credences, of heads eq ual to so me other value, say2/3. It is also co mpatible with these people

being perfectly rational to have those subjective probabilities ˘ theymight for example have been told,

falsely as it happens, b ya person theytrust that the coin was thus biased. It should be clear fro mthe context

which sort of probabilityis used. Nothing essential in this thesis hinges on specific doctrines about the

nature of ^objective~ probabilities, chances.

one with five women. B yflipping a fair coin, we then assign the name `the Heads group´

randomlyto one of these groups and the name `the Tails group´ to the other. According to

Leslie it is now the case that an external observer, i.e. a person not in either of the two

groups, ought to derive radicall ydifferent conclusions than an insider:

All these persons ˘ the women in the Heads group, those in the Tails group, and

the external observer ˘ are full yaware that there are two groups, and that each

woman has a ninet y-five per cent chance of having entered the larger. Yet the

conclusions theyought to derive differ radicall y. The external observer ought to

conclude that the probabilityis fift yper cent that the Heads group is the larger of

the two. Anywoman actuallyin [either the Heads or the Tails group], however,

ought to judge the odds ninet y-five to five that her group, identified as `the group I

am in´, is the larger, regardless of whether she has been informed of its name. (p.

428)

Even without knowing her group´s name, a woman could still appreciate that the

external observer estimated its chance of being the larger one as onl yfift yper cent

˘ this being what his evidence led him to estimate in the cases of both groups . The

paradox is that she herself would then have to sa y: ` In view of m yevidence of

being in one of the groups, ninet y-five per cent is what I estimate.´ (p. 429)

Somewhere within these two paragraphs a mistake has been made. It´s not hard to

locate the error if we look at the structure of the reasoning. Let´s sa ythere is a woman in

the larger group who is called Chris. The ^paradox~ then takes the following form:

(1) Pr

Chris

(^The group that Chris is in is the larger group~) = 95%

(2) The group that Chris is in = the Heads group

(3) Therefore: Pr

Chris

(^The Heads group is the larger group~) = 95%

(4) But Pr

External observer

(^The Heads group is the larger group~) = 50%

(5) Hence chances are observer-relative.

Where it goes wrong is in step (3). The group that Chris is in is indeed identical to the

Heads group, but Chris doesn´t know that. Pr

Chris

(^The Heads group is the larger group~)

= 50%, not 95% as claimed in step (3). There is nothing paradoxical or surprising about

this, at least not anylonger after Frege´s discussion of Hesperus and Phosphorus. One

need not have rational grounds for assigning probabilityone to the proposition ^ Hesperus

= Phosphorus~, even though as a matter of fact Hesperus = Phosphorus. For one might

not know that Hesperus = Phosphorus. The expressions ` Hesperus´ and `Phosphorus´

present their denotata under different modes of presentation: the ydenote the same object

while connoting different concepts. There is disagreement over exactl yhow to describe

this difference and what general lesson to learn from it; but the basic observation that you

can learn something from being told ^a = b~ (even if a = b) is neither new nor has it ver y

much in particular to do with SSA.

Let´s see if there is some wa ywe could rescue Leslie´s conclusion b ymodifying

the thought experiment.

Suppose that we change the example so that Chris now knows that the sentence

^Chris is in the Heads group~ is true. Then step (3) will be correct. However, we will now

run into trouble when we tr yto take step (5). It will no longer be true that Chris and the

external observer know about the same facts. Chris´s information set now contains the

sentence ^Chris is in the Heads group~. The external observer´s information set doesn´t

contain this piece of information. So no interesting form of observer-relative chances has

been established.

What if we change the example again and assume that the external observe r, too,

knows that Chris is in the Heads group? Well, if Chris and the external observer agreed

on the chance that the Heads group is the large group before the yboth learnt that Chris is

in the Heads group, then the ywill continue to be in agreement about this chance after

theyhave received that information ˘ provided they agree about the conditional

probabilityPr (The Heads group is the larger group | Chris is in the Heads group.). This,

then, is what we have to examine to see if an yparadoxical conclusion can be wrung from

Leslie´s set-up: we have to check whether Chris and the outside observer agree on this

conditional probability.

First look at it from Chris´ point of view. Let´s go along with Leslie and assume

that she should think of herself as a random sample from the batch of one hundred

women. Suppose she knows that her name is Chris (and that she´s the onl ywoman in the batch with that name). Then, before she learns that she is in the Heads group, she should

think that the probabilityof that being the case is 50%. (Recall that what group should be

called `the Heads group´ was determined b ytossing of a fair coin.) She should think that

the chance of the sentence ^Chris is in the larger group~ is 95%, since ninet y-five out of

the hundred women are in the larger group, and she can regard herself as a random

sample from these hundred women. When learning that she is in the Heads group, the

chance of her being in the larger group remains 95%. (`the Heads group´ and `the Tails

group´ are just arbitrar ylabels at this point; randomlycalling one group the Heads group

doesn´t change the likelihood that it is the big group.) Hence the probabilit yshe should

give to the sentence ^The Heads group is the larger group~ is now 95%. Therefore the

conditional probabilitywhich we were looking for is Pr

Chris

(^The Heads group is the

larger group~ | ^Chris is in the Heads group~) = 95%.

Next consider the situation from the external observer´s point of view. What is the

probabilityfor the external observer that the Heads group is larger given that Chris is in

it? Well, what´s the probabilitythat Chris is in the Heads group? In order to answer these

questions, we need to know something about how this woman Chris was selected.

Suppose that she was selected as a random sample (with uniform sampling

density) from among all the hundred women in the batch. Then the external observer

would arrive at the same conclusion as Chris: if the random sample `Chris´ is in the

Heads group then there is a 95% chance that the Heads group is the bigger group.

If we instead suppose that Chris was selected randomlyfrom some subset of the

hundred women, then it might happen that the external observer´s estimate diverges from

Chris´. For example, if the external observer randoml yselects one individual x (whose

name happens to be `Chris´) from the large group, then, when he finds that x is in the

Heads group, he should assign a 100% probabilityto the sentence ^The Heads group is

the larger group.~ This is indeed a different conclusion than the one which the insider

Chris draws. She thought the conditional probability of the Heads group being the larger

given that Chris is in the Heads group was 95%.

In this case, however, we have to question whether Chris and the external observer

know about the same evidence. (If the ydon´t, then the disparit yin their conclusions

doesn´t signif ythat chances are observer-relative in an yparadoxical sense.) But it is clear

that their information sets do differ in a relevant wa y. For suppose Chris got to know what the external observer is stipulated to alread yknow: that Chris had been selected b ythe

external observer through some random sampling process from among a certain subset of

the hundred women. That implies that Chris is a member of that subset. This information

would change her probabilityestimate so that it once again becomes identical to the

external observer´s. In the above case, for instance, the external observer selected a

woman randoml yfrom the large group. Now, evidentl y, if Chris gets this extra piece of

information, that she has been selected as a random sample from the large group, then she

knows with certaint ythat she is in that group; so her conditional probabilitythat the

Heads group is the larger group given that Chris is in the Heads group should then be

100%, the same as what the outside observer should believe.

We see that as soon as we give the two people access to the same evidence, their

disagreement vanishes. There are no paradoxical observer-relative chances in this thought

experiment. 61

61 T he onlyway, it seems, o f maintaining that there are observer-relative chances in a strong, no ntrivial

sense in Leslie´s example is on pain of opening o neself up to systematic exploitation, at least if o ne is

prepared to put one´s mo neywhere one´s mouth is. Suppose there is so meo ne who insists that the odds are

different for an insider than they are for an outsider, and not onlybecause the insider and the outsider don´t

kno w about the same facts. Let´s call this hypothetical person Mr. L. (John Leslie wo uld not, I hope, take

this line of defence.)

A t the next major philosophyconference that Mr. L attends we select a group of one hundred

philosophers and divide them into two subgroup s which we name b ymeans o f a coin toss, just as in Leslie´s

example. We let Mr. L observe this event. T hen we ask him wh at is the probability˘ for him as an external

observer, one not in the selected group ˘ that the large group is the Heads group. Let´s say he claims this

probabilityis p . We then repeat the experiment, but this time with Mr. L as one of the hundred philosophers

in the batch. Again we ask him what he thinks the probabilityis, no w fro mhis point o f view as an insider,

that the large group is the Heads group. (Mr. L doesn´t kno w at this point whether he is in the Heads group

or the T ails group. If he did, he wo uld kno wabout a fact that the o utsiders do not kno wabout, and hence

the chances involved would not be observer-relative in any paradoxical sense.) Sayhe answers p´ .

If either p or p´ is anything other than 50% then we can make mo ney out of him b yrepeating the

experiment many times with Mr. L either in the batch or as an exter nal observer, depending o n whether it is

p or p´ that differs fro m50%. For example, if p´ is greater than 50%, we repeat the experiment with Mr. L

in the batch, and we keep offering him the same bet, namely that the Head s group is not the lar ger group,

and Mr. L will happilybet against us at odds deter mined b y p* = (50% + p´ ) / 2 (the inter mediar yodds

between what Mr. L thinks are fair odds and what we think are fair odds). If, on the other hand, p´ < 50%,

we bet (at odds determined b y p* ) that the Head ´s gro up is the lar ger group. Again Mr. L sho uld willingly

bet against us.

In the long run ( with probabilityasymptotically approaching one), the Heads group will be the larg er

group approximatelyhalf the time. So we will win approximately half o f the bets. Yet it is easy to verify

that the odds to which Mr. L has agreed are such that this will earn us more mo ney than we need payo ut.

We will be making a net gain.

It seems i ndisp utable that chances cannot be observer-relative in this way. So mebod ywho tho ught

other wise would quickly go bankrupt in the proposed game.

Observer-relative chances: another try

In this section Ishall give an example where chances could actuallybe said to be

observer-relative in an interesting ˘ though b yno means paradoxical ˘ sense. What

philosophical lessons we should or shouldn´t learn from this phenomenon will be

discussed in the next section.

Here is the example:

Suppose the following takes place in an otherwise emptyworld. A fair coin is

flipped byan automaton and if it falls heads, ten humans are created; if it falls

tails, one human is created. Suppose that in addition to these people there is

one additional human that is created independentlyof how the coin falls. This

latter human we call the bookie . The people created as a result of the coin toss

we call the group . Ever ybod yknows these facts. Furthermore, the bookie

knows that she is the bookie and the people in the group know that the yare in

the group.

The question is what are the fair odds if the people in the group want to bet

against the bookie on how the coin fell? One could think that everybod yshould agree

that the chance of it having fallen heads is fift y-fifty, since it was a fair coin. That

overlooks the fact that the bookie obtains information from finding that she is the

bookie rather than one of the people in the group. This information is relevant to her

estimate of how the coin fell. It is more likelythat she should find herself being the

bookie if one out of two is a bookie than if the ratio is one out of eleven. So finding

herself being the bookie, she obtains reason to believe that the coin probabl yfell tails,

leading to the creation of onlyone other human. In a similar wa y, the people in the

group, b yobserving that the yare in the group, obtain some evidence that the coin fell

heads, resulting in a large fraction of all observers observing that the yare in the

group.

It is a simple exercise to use Ba yes´ theorem to calculate what the posterior

probabilities are after this information has been taken into account.

Since the coin is fair, we have Pr (Heads) = Pr (Tails) = ½.

B y SSA, Pr (I am bookie | Heads) = 1

11 and Pr (I am bookie | Tails) = ½.

Hence,

Pr (I am bookie)

= Pr (I am bookie | Heads)

Â�3U�+HDGV�3U�,�DP�ERRNLH�_�7DLOV�Â�3U

(Tails)

= 1

11

Â� ½ + ½ Â� ½ = 13

44

.

From Ba yes´ theorem we then get:

Pr (Heads | I am bookie)

= Pr (I am bookie | Heads)

Â�3U�+HDGV�3U�,�DP�ERRNLH�

=

1

11

13

´ 1

2

44

= 2

13

.

In exactlythe same wa ywe get the odds for the people in the group:

Pr (I am in the group | Heads) = 10

11

Pr (I am in the group | Tails) = ½.

Pr (I am in the group) = 10

11

Â� ½ + ½ Â� ½ = 31

44

.

Pr (Heads | I am in the group) = Pr (I am in the group | Heads) Â�3U

(Heads) / Pr (I am in the group)

=

10

11

1

2

31

44

´

= 20

31

.

We see that the bookie should think there is a 2

13 chance that the coin was

heads while the people in the group should think that the chance is 20

31

. This is a

consequence of SSA.

Discussion

While it might be slightlynoteworth ythat the bookie and the people in the group are

rationallyrequired to disagree in the above scenario, it isn´t the least bit paradoxical.

Their information sets are not identical. For instance, the bookie knows that ^Ia m the

bookie.~. That is clearl ya different proposition from the corresponding one ˘ ^Ia m

in the group.~ ˘ known by the people in the group. So chances have not been shown to be observer-relative in the sense that people with the same information can be

rationallyrequired to disagree. And if we were to tr yto modifythe example so as to

make the participants´ information sets identical, we would see that their

disagreement disappears; as it did when we attempted various twists of the Leslie

gedanken.

There is a sense, though, in which the chances in the present example can be

said to be observer-relative. The information sets of the bookie and the people in the

group, while not identical, are quite similar. The ydiffer onl yin regard to such

indexical facts 62 as ^I am the bookie.~ or ^I am in the group.~. We could sa ythat the

example demonstrates, in an interesting wa y, that chances can be relative to observers

in the sense that: people with information sets that are identical up to indexical facts

can be rationallyrequired to disagree about non- indexical facts.

This kind of observer -relativit yis not particularl ycounterintuitive and it

should not be taken to cast doubt on SSA from which it was derived. That indexical

facts can have implications for what we should believe about nonindexical facts

shouldn´t surprise us. It can be shown b ya ver ysimple example: from ^Ihave steel-

blue e yes.~ it follows that somebod yhas steel-blue e yes.

The rational odds in the example above being different for the bookie than for

the punters in the group, we might begin to wonder whether it is possible to formulate

some kind of bet for which all parties would calculate a positive expected payoff?

This would not necessaril ybe an unacceptable consequence since the bettors have

different information. Still, it could seem a bit peculiar if we had a situation where

purelyb yappl ying SSA rational people were led to start placing bets against one

another.

So it is worth calculating the odds to see if there are cases where the ydo

62 T he metap hysics of indexical facts is not our topic here, but a good starting point for stud ying that is

chapter 10 in ( Lewis 1986 ). David Lewis ar gues that one can kno w which possible world is actual and still

learn so mething new when one discovers which person one is in that world. Lewis, borrowing an example

fro mJohn Perr y( Perry1977 ) (who in tur n is indebted to Castaneda ( Castaneda 1966 , Castandeda 1968 ))

discusses the case of the amnesiacs in the Stanford library. We can imagine (changing the example slightly)

that two amnesiacs are lost in the librar yon the first and second floor respectively. Fro mreading the books

theyhave learn precisely which possible world is actual ˘ in particular theykno w that two amnesiacs are

lost in the Stanford librar y. Nonetheless, when one of the amnesiacs sees a map of the library saying ^You

are here~ with an arro wpointing to the second floor, he learns so mething he didn´t kno w despite kno wing

all non-indexical facts.

indeed favour betting. This is done in an appendix. The result turns out to be negative

˘ no betting. In the quite general class of cases considered, there is no combination of

parameter values for which a bet is possible in which both parties would rationally

expect a positive non-zero pa yoff.

This result is reassuring for the anthropic theorizer. Yet we are still left with

the fact that there are cases where observers come to disagree with each other just

because of appl ying SSA. While it is true that these disagreeing observers will have

different indexical information, and while there are trivial examples in which a

difference in indexical information implies a difference in non- indexical information,

it might nonetheless be seen as objectionable that anthropic reasoning should lead to

this kind of disagreements. Does not that require that we ascribe some m ysterious

qualityto the things we call ^observers~, some propert yof an observer´s mind that

cannot be reduced to objective observer-independent facts?

The best wa yto resolve this scruple is to show how the above example, where

the ^observer-relative~ chances appeared, can be restated in purel y ph ysicalistic

terms:

A coin is tossed and either one or ten human brains are created. These brains

make up `the group´. Apart from these there is only one other brain, the

`bookie´. All the brains are informed about the procedure that has taken place.

Suppose Alpha is one of the brains that have been created and that Alpha

remembers recentlyhaving been in the brain states A

1

, A

2

, ..., A

n

.

At this stage, Alpha should obviousl ythink the probabilitythat the coin fell

heads is 50%, since it was a fair coin. But now suppose that Alpha is

informed that he is the bookie, i.e. that the brain that has recentlybeen in the

states A

1

, A

2

, ..., A

n is the brain that is labeled `the bookie´. Then Alpha will

reason as follows:

^Let A be the brain that was recentlyin states A

1

, A

2

, ..., A

n

. The conditional

probabilitythat A is labeled `the bookie´ given that A is one of two existing

brains is greater than the conditional probabilitythat A is the brain labeled

`the bookie´ given that A is one out of eleven brains. Hence, since A does

indeed turn out to be the brain labeled `the bookie´, there is a greater than

50% chance that the coin fell tails, creating onl yone brain.~

A parallel line of reasoning can be pursued b ya brain labeled `a brain in the group´.

The argument can be quantified in the same wa yas in the earlier example and will

result in the same ^observer-relative~ chances. This shows that anthropic reasoning can be understood in a purel y ph ysicalistic framework.

The observer-relative chances in this example too are explained bythe fact

that the brains have access to different evidence. Alpha, for example, knows that

( P

Alpha

:) the brain that has recently been in the states A

1

, A

2

, ..., A

n is the brain that is

labeled `the bookie´ . A brain, Beta, who comes to disagree with Alpha about the

probabilityof heads, will have a different information set. Beta might for instance

rather know that ( P

Beta

:) the brain that has recently been in the states B

1

, B

2

, ..., B

n is

a brain that is labeled `a member of the group´ . P

Alpha is clearlynot equivalent to

P

Beta

.

It is instructive to see what happens if we take a step further and eliminates

from the example not onlyall non- ph ysicalistic terms but also its ingredient of

indexicality:

In the previous example we assumed that the proposition ( P

Alpha

) which Alpha

knows but Beta does not know was a proposition concerning the brain states

A

1

, A

2

, ..., A

n of Alpha itself. Suppose now instead that Alpha does not know

what label the brain Alpha has (whether it is `the bookie´ or `a brain in the

group´) but that Alpha has been informed that there are some recent brain

states G

1

, G

2

, ..., G

n of some other existing brain, Gamma, and that Gamma is

labeled `the bookie´.

At this stage, what conclusion Alpha should draw from this piece of

information is underdetermined b ythe specifications we have given. It would

depend on what Alpha would know or guess about how this other brain

Gamma had been selected to come to Alpha´s notice. Suppose we specif ythe

thought experiment further b ystipulating that, as far as Alpha´s knowledge

goes, Gamma can be regarded as a random sample from the set of all existing

brains. Alpha ma yknow, sa y, that one ball for each existing brain was put in

an urn and that one of these balls was drawn at random and it turned out to be

the one corresponding to Gamma. Reasoning from this information, Alpha

will arrive at the same conclusion as if Alpha had learnt that Alpha was

labeled `the bookie´ as was the case in the previous version of the thought

experiment. Similarly, Beta ma yknow about another random sample,

Epsilon, that is labeled `a brain in the group´. This will lead Alpha and Beta to

differ in their probabilityestimates, just as before. In this version of the

thought experiment no indexical evidence is involved. Yet Alpha´s

probabilities differ from Beta´s.

What we have here is hardl ydistinct from an yhumdrum situation where John and Mar yknow different things and therefore estimate probabilities differentl y. The

onlydifference between the present example and a commonplace urn game is that

here we are dealing in brains whereas there we are dealing in raffle tickets ˘ surel y

not philosophicallyrelevant.

But what exactl ydid change when we removed the indexical element? If we

compare the two last examples we see that the essential disparit yis in how the

random samples were produced.

In the second of the two examples there was a physical selection mechanism

that generated the randomness. We said that Alpha knew that there was one ball for

each brain in existence, that these balls had been put in an urn, and that one of these

balls had then been selected randoml yand had turned out to correspond to a brain

that was labeled `the bookie´.

In the other example, b ycontrast, there was no such ph ysical mechanism.

Instead, there the randomness did somehow arise from each observer considering

herself as a random sample from the set of all observers . Alpha and Beta observed

their own states of mind (i.e. their own brain states). Combining this information with

other, non- indexical, information allowed them to draw conclusions about non-

indexical states of affairs that the ycould not draw without the indexical information

obtained from observing their own states of mind. But there was no ph ysical

randomization mechanism at work analogous to selecting a ball from an urn.

Now, it is mayindeed be problematic how such reasoning can be justified or

explained ˘ that is after all the subject matter of this dissertation. However, SSA is

precisel ywhat is used to get anthropic reasoning off the ground in the first place. So the

discover ythat SSA leads to ^observer-relative~ chances, and that these chances arise

without an identifiable randomization mechanism, is not something that should add new

scruples. It merelyamounts to a restatement of the assumption from which we started.

Conclusion

Leslie´s argument that there are cases where anthropic reasoning gives rise to

paradoxical observer-relative chances does not hold up to scrutiny. We argued that it

rests on a sense/reference ambiguit yand that when this ambiguit yis resolved then the

purported observer-relativitydisappears. Several wa ys in which one could try to salvage Leslie´s conclusion were explored and it turned out that none of them would

work.

We then considered an example where observers appl ying SSA end up

disagreeing about the outcome of a coin toss. The observers´ disagreement depends

on a difference in their information sets and is not of a paradoxical nature; there are

completelytrivial examples of the same kind of phenomenon. We also showed that

(at least for a wide range of cases) this disparityin beliefs cannot be marshaled into a

betting arrangement where all parties involved would expect to make a gain.

This example was given a ph ysicalistic reformulation showing that the

observers´ disagreement does not implysome m ysterious irreducible role for the

observers´ consciousness. What does need to be presupposed, however, unless the

situation be utterlytrivialized, is SSA. This is not a finding that should be taken to

cast doubt on anthropic reasoning. Rather, it simplyelucidates one aspect of what

SSA reallymeans. The absence the sort of paradoxical observer-relative chances that

Leslie claimed to have found could even be taken to give some indirect support for

SSA.

Appendix

In this appendix it is shown for a quite general set of cases that adopting and appl ying

SSA does not lead rational agents to bet against one another.

Consider again th e case where a fair coin is tossed and a different number of

observers are created depending on how the coin falls. The people created as a result

of the coin toss make up `the group´. In addition to these there exists a set of people

we call the `bookies´. Together, the people in the group and the bookies make up the

set of people who are said to be `in the experiment´. To make the example more

general, we also allow there to be (a possiblyempty) set of observers who are not in

the experiment (i.e. who are not bookies and are not in the group); we call these

observers `outsiders´.

We introduce the following abbreviations:

Number of people in the group if coin falls heads = h

Number of people in the group if coin falls tails = t

Number of bookies = b

Number of o u tsiders = u

For ^The coin fell heads.~, write H

For ^The coin fell tails.~, write ¬H

For ^I am in the group.~, write G

For ^I am a bookie.~, write B

For ^I am in the experiment (i.e. I´m either a bookie or in the group)~, write

E

First we want to calculate Pr( H | G & E ) and Pr( H | B & E ), the probabilities that

the groupies and the bookies, respectively, should assign to the proposition that the

coin fell heads. Since G implies E , and B implies E , we have Pr( H | G & E ) = Pr( H | G )

and Pr( H | B & E ) = Pr( H | B ). We can derive Pr( H | G ) from the following equations:

Pr( H | G ) = Pr( G | H ) Pr( H ) / Pr( G ) (Ba yes´ theorem)

Pr( G | H ) = h / ( h + b + u ) ( SSA)

Pr( G | ¬H ) = t / ( t + b + u ) ( SSA)

Pr( H ) = Pr( ¬H ) = ½ (Fair coin)

Pr( G ) = Pr( G | H ) Pr( H ) + Pr( G | ¬H ) Pr( ¬H ) (Theorem)

This gives us

Pr( H | G & E ) =

( )

( ) ( ) h t b u

h t b u t h b u

× + +

× + + + × + +

.

In an analogous fashion, using Pr( B | H ) = b / ( h + b + u ) and Pr( B|¬H ) = b / ( t + b +

u ), we get

Pr( H | B & E ) =

( ) ( ) t b u

h b u t b u

+ +

+ + + + +

.

We see that Pr( H | B & E ) is not in general equal to Pr( H | G & E ). The bookies

and the people in the group will arrive at different estimates of the probabilitythat the

coin was heads. For instance, if we have the parameter values {h = 10, t = 1, b = 1, u

= 10} we get Pr( H | G & E ) » 85% and Pr( H | B & E ) » 36%. In the limiting case when

the number of outsiders is zero, { h = 10, t = 1, b = 1, u = 0}, we have Pr( H | G & E ) »

65% and Pr( H | B & E ) » 15% (which coincides with the result in section 3). In the

opposite limiting case, when the number of outsiders is large, { h = 10, t = 1, b = 1,

u ® ¥ }, we get Pr( H | G & E ) » 91% and Pr( H | B & E ) = 50%. In general, we should

expect the bookies and the groupies to disagree about the outcome of the coin toss.

Now that we know the probabilities can check whether a bet occurs. There are

two types of bet that we will consider. In a t ype1 bet a bookie bets against the group

as a whole, and the group members bet against the set of bookies as a whole. In a

type 2 bet an individual bookie bets against an individual group member.

Let´s look at the type 1 bet first. The maximal amount $ x that a person in the

group is willing to pa yto each bookie if the coin fell heads in order to get $1 from

each bookie if it was tails is given b y

Pr( H | G )(˘ x ) b + Pr( ¬H | G ) b = 0.

When calculating the rational odds for a bookie we have to take into account the fact

that depending on the outcome of the coin toss, the bookie will turn out to have

betted against a greater or smaller number of group members. Keeping this in mind,

we can write down a condition for the minimum amount $ y that a bookie has to

receive (from ever ygroup member) if the coin fell heads in order to be willing to pa y

$1 (to ever ygroup member) if it fell tails:

Pr( H | G ) y Â� h + Pr( ¬H | G )(˘1) t = 0.

Solving these two fairness equations we find that x = y =

( )

( ) t h b u

h t b u

+ +

+ +

, which means

that nobodyexpects to win from a bet of this kind.

Turning now to the t ype 2 bet, where individual bookies and individuals in the group bet directl yagainst each other, we have to take into account an additional

factor. To simplif ythings, we assume that it is assured that all of the bookies get to

make a t ype 2 bet and that no person in the group bets against more than one bookie.

This implies that the number of bookies isn´t greater than the smallest number of

group members that could have resulted from the coin toss; for otherwise there would

be no guarantee that all bookies could bet against a unique group member. But this

means that if the coin toss generated more than the smallest possible number of group

members then a selection has to be made as to which of the group members get to bet

against a bookie. Consequentl y, a group member who finds that she has been selected

obtains reason for thinking that the coin fell in such a wa yas to maximize the

proportion of group members that get selected to bet against a bookie. (The bookies´

probabilities remain the same as in the previous example.)

Let´s sa ythat it is the tails outcome that produces the smallest group. Let s

denote the number of group members that are selected. We require that s t £ . We

want to calculate the probabilit yfor the selected people in the group that the coin was

heads, i.e. Pr( H | G & E & S ). Since S implies both G and E , we have Pr( H | G & E & S ) =

Pr( H | S ). Using

Pr( H | S ) = Pr( S | H ) Pr( H ) / Pr( S ) (Ba yes´ theorem)

Pr( S | H ) = s / ( h + b + u ) ( SSA)

Pr( S | ¬H ) = s / ( t + b + u ) ( SSA)

Pr( H ) = Pr( ¬H ) = 1/2 (Fair coin)

Pr( S ) = Pr( S | H )Pr( H ) + Pr( S | ¬ H )Pr( ¬H ) (Theorem)

we get

Pr( H | G & E & S ) =

( ) ( ) t b u

t b u h b u

+ +

+ + + + +

.

Comparing this to the result in the previous example, we see that Pr( H | G & E & S ) =

Pr( H | B & E ). This means that the bookies and the group members that are selected

now agree about the odds. So there is no possible bet between them for which both parties would calculate a positive non-zero expected pa yoff.

We conclude that adopting SSA does not lead observers to place bets against

each other. Whatever the number of outsiders, bookies, group members and selected

group members, there are no bets, either of t ype 1 or of t ype 2, from which all parties

should expect to gain.

C H A P T E R 8 : P A R A D O X E S O F T H E S E L F - S A M P L I N G

A S S U M P T I O N 63

While chapter 7 sent a rather reassuring message about SSA, this chapter exposes some

problematic consequences that seem to flow from SSA. These are uncovered with the

help of four thought experiments. Among the prima facie results are that SSA implies that

it is reasonable to believe in backward causation and paranormal causation, such as

psychokinesis, and that SSA recommends actions that seem radicallyfoolish. The rest of

the chapter attempts to determine which if an yof these prima facie implications are

genuine, and if so, to assess how strongl ythe ycount against SSA. To anticipate the

outcome, it will be shown that none of the most paradoxical implications obtain.

However, some counterintuitive consequences are genuine. The ycould be taken as

reasons for rejecting or modif ying SSA. In the next chapter we will consider this option

further.

Four gedanken wherein SSA yields counterintuitive results

The thought experiments we shall conduct here all variations on the same theme. The y

put different problematic aspects of SSA into focus.

Experiment #1: What the snake said to Eve

Eve and Adam, the first two persons, knew that if the yhad sex Eve might have a

child, and if she did, the ywould be driven out from Eden and would go on to have

billions of progen ythat would fill the Earth with misery. One da ya snake sneaked

up to Eve and said to her: ^ Pssst, listen! If you have sex with Adam, then either

you will have a child or you won´t. If you have child then you will have been

among the first two out of billions of people. You would have had an

extraordinarilyearl yposition in the human race. If, one the other hand, you don´t

become pregnant then you and Adam will turn out to have ver ytypical positions.

B yBa yes´ theorem, the risk that you will have a child is less than one in a billion.

63 An ancestor of this chapter was presented at a conference b y the London School of Advanced Study on the

Doomsdayargument (Lo ndon, Nov. 6, 1998). I´mgrateful for comments fro mthe participants there.

So there is no need to worr yabout the consequences.~ 64

Given SSA and the stated assumptions, it is easyto see that the snake´s argument

is sound. We have P r( | ) R N £ = = 2 2 1 and using SSA, P r( | ) R N £ > × < - 2 2 10 10 9 9 . We

can assume that the prior probabilit yof getting pregnant (based on ordinar yempirical

considerations) after sex is ver yroughl yone half, P r( ) P r( ) . N N = » > × » 2 2 10 5 9 . Thus,

according to Ba yes´ theorem, we have

P r( | ) N R > × £ 2 10 2 9

=

£ > × > ×

£ > × > × + £ = =

P r( | ) P r( )

P r( | ) P r( ) P r( | ) P r( )

R N N

R N N R N N

2 2 10 2 10

2 2 10 2 10 2 2 2

9 9

9 9

< - 10 9

Eve consequentlyhas to conclude that the risk of her getting pregnant is negligible.

This result seems quite counterintuitive. Most people´s intuition, at least at first

glance, is that it would be irrational for Eve to think that the risk is that low. It seems

foolish of her to act as if she were extremelyunlikel yto get pregnant ˘ it seems contrar y

to empirical data. And we can assume she knows these data. We can assume that she has

access to a huge pool of statistics, ma ybe based on some population of lobotomized

human drones (lobotomized so that theydon´t belong to the reference class, the class

from which Eve should consider herself a random sample). Yet all this knowledge,

combined with ever ything there is to know about the human reproductive s ystem, would

not change the fact that it would be irrational for Eve to believe that the risk of her getting

pregnant is an ything other than effectivel ynil. This is a strange result, but it follows from

SSA. 65

Experiment #2: Hunting with willpower

64 Adamand Eve kno w that they are the first two persons and that their birth ranks will not be affected b y

their actions. T he probabilities referred to beloware epistemic probabilities, more specifically theyare what

SSA reco mmend s that E ve and Adamsho uld believe.

65 John Leslie accepts the result, though for reasons that need not be discussed here he thinks it holds o nly

to the extent to which our world is deter ministic (personal communicatio n). Co mpare also Leslie Leslie

1996 , pp. 255-6.

Our next example pushes the reasoning a little further and derives a consequence of an

even greater degree of initial counterintuitiveness:

Assume as before that Adam and Eve were once the onl ypeople that existed, and

that theyknow for certain that if the yhave a child the ywill be driven out of Eden

and will proceed to have billions of offspring. But this time theyhave a foolproof

wa yof generating a child (perhaps b yadvanced in vitro fertilization). Adam is

tired of getting up ever ymorning to go hunting. Together with Eve, he invents the

following scheme: They form the firm intention that unless a wounded deer limps

by their cave then they will have a child . The ycan then sit back and rationally

expect with near certainty that a wounded dear ˘ an eas ytarget for Adam´s spear ˘

will stroll by.

You can verif ythis result the same wa yas above, choosing appropriate values for

the prior probabilities. The prior probabilityof a wounded deer limping b ytheir cave that

morning is one in ten thousand, sa y.

In the first experiment we had an example of what looked like anomalous

precognition. Here we also have (more clearl ythan in the previous case) the appearance

of psychokinesis. If the example works, which it does if we assume SSA, it almost seems

as if Adam is causing a wounded deer to walk b y. For how else could one explain the

coincidence? Adam knows that he can repeat the procedure morning after morning and

that he should expect a deer to appear each time. Some mornings he ma ynot form the

relevant intention and on those mornings no deer turns up. It seems too good to be mere

coincidence; Adam is tempted to think he has magical causal powers.

Experiment #3: Eve´s card trick

One morning, Adam shuffles a deck of cards. At noon, Eve, having had no contact

with the cards, decides to use her willpower to retroactivelychoose what card lies

top. She decides that it shall have been the dame of spades. In order to ordain this

outcome, Eve and Adam form the firm intention to have a child unless the dame

of spades is top. The ycan then be virtuallycertain that when the ylook at the first

card the ywill indeed find the dame of spades.

Here it looks as if the couple is in one and the same act performing both

psychokinesis and backward causation ˘ no mean feat before breakfast.

Experiment #4: The World Government

It is the year 2100 A.D. and certain technological advances have enabled the

formation of an all-powerful and extremel ystable world government, UN ++ . An y decision about human action taken b ythe UN ++ will certainl ybe implemented.

However, the world government does not have complete control over natural

phenomena. In particular, there are signs that a series of n violent gamma ray

bursts is about to take place at uncomfortabl yclose distances in the near future,

threatening to damage (but not completel ydestro y) human settlements. For each

hypothetical gamma ra yburst in this series, astronomical observations give a 90%

chance that it will happen. In order to avert the crises, UN ++ makes the following

plan: It will create a list of hypothetical gamma ra ybursts, and for each entry on

this list it decides that if the it the burst happens, it will build more space colonies

so as to increase the total number of humans that will ever have lived b ya factor

of m . B yarguments analogous to those in the earlier thought experiments, UN ++

can then be confident that the gamma ra yburst will not happen, provided m is

sufficientlygreat relative to n .

The main new feature of this experiment is that it depicts a situation that we can

potentiallyactuallybring about. Creating UN ++ might be practicallydifficult, and there is

no guarantee that other preconditions are satisfied (that there are no extraterrestrials, for

example); yet it is the sort of undertaking that could quite conceivabl ybe accomplished

though conventional non-magical means. This will be of relevance later when we discuss

what SSA implies about our actual causal powers.

These four gedanken seem to show that SSA has some highlycounterintuitive

consequences: strange coincidences, precognition, psychokinesis and backward causation

in situations where we would not expect such phenomena. If these consequences are

genuine, the ymust surely count ver yheavil yagainst the unrestricted version of SSA, with

ramifications for DA and other applications forms of anthropic reasoning that relyon that

principle.

However, we shall now see that such an interpretation misreads the experiments.

A careful look at the situation reveals a different lesson: SSA, in interesting but rather

subtle wa ys, avoids the worst of the purported implications.

Discussion of Experiment #2

In this section we will discuss Experiment 2. Ithink that the first and the third

experiments can be anal yzed along similar lines. Experiment 4 involves some additional

complications which we will address in the next section.

Adam can repeat Experiment 2 manymornings. 66 And the experiment seems

prima facie to show that, given SSA, there will be a series of remarkable coincidences

between Adam´s procreational intentions and appearances of wounded deer. It was

suggested that such a series of coincidences could be a ground for attributing paranormal

causal powers to Adam.

The inference from a long series of coincidences to an underl ying causal link can

be disputed. Whether such an inference is legitimate would depend on how long is the

series of coincidences, what are the circumstances, and also on what theor yof causation

one adopts. If the series were sufficientl ylong and the coincidences sufficientl y

remarkable, intuitive pressure would mount to give the phenomenon a causal

interpretation; and one can fix the thought experiment so that these conditions are

satisfied. For the sake of argument, we ma yassume the worst case for SSA, namel ythat if

the series of coincidences occur then Adam will have anomalous causal powers. I will

argue that even if we accept SSA, we should still think that neither strange coincidences

nor anomalous causal powers would have existed if the experiment had been carried out.

We need to be careful when stating what is implied bythe argument given in the

thought experiment. All that was shown is that Adam would have reason to believe that

his forming the intentions will have the desired outcome. The argument can be extended

to show that Adam would have reason to believe that the procedure can be repeated;

provided he keeps forming the right intentions, he should think that morning after

morning, a wounded deer will turn up. If he doesn´t form the intention on some mornings,

then on those mornings he should expect deer not to turn up. Adam thus has reason to

think that wounded deer turn up on those and onl yon those mornings for which he

formed the relevant intention. In other words, Adam has reason to believe there will be a

coincidence. However, we cannot jump from this to the conclusion that there will actuall y

be a coincidence. Adam could be mistaken. And he could be mistaken even though he is

(as the argument in Experiment 2 showed, assuming SSA) perfectlyrational.

Imagine for a moment that you are looking at the situation from an external point

of view. That is, suppose ( per impossible? ) that you are an intelligent observer who is not

a member of the reference class. Suppose you know the same non- indexical facts as

66 Note that if he intends to repeat the experiment then the number of offspring that he wo uld have to intend

to create increases. If the prior probabilityof the outco me of a deer appearing is one in ten thousand and if

the trials are independent, then if he wants to do the experiment twice he wo uld have to intend to create at

Adam; that is, you know the same things as he does except such things as that ^Iam

Adam~ or ^ I am among the first two humans~ etc. Then the probability you should assign

to the proposition that a deer will limp byAdam´s cave one specific morning conditional

on Adam having formed the relevant intention earlier that morning is the same as what we

called Adam´s prior probabilit yof deer walking b y˘ one in ten thousand. As an external

observer you would consequentl ynot have reason to believe that there were to be a

coincidence. 67

Adam and the external observer, both being rational but having different

information, make different predictions. At least one of them must be mistaken (although

both are ^right~ in the sense of doing the best the ycan with the evidence available to

them). In order to determine who was in fact mistaken, we should have to decide whether

there would be a coincidence or not. Nothing said so far settles this question. There are

possible worlds where a deer does turn up on precisel ythose mornings when Adam forms

the intention, and there are other possible worlds with no such coincidence. The

description of the thought experiment does not specif ywhich of these two kinds of

possible worlds we are referring to; it is underdetermined in this respect.

So far so good, but we want to be able to sa ysomething stronger. Let´s pretend

there actuallyonce existed these two first people, Eve and Adam, and that theyhad the

reproductive capacities described in the experiment. We would want to sa ythat if the

experiment had actuall ybeen done (i.e. if Adam had formed the relevant intentions on

certain mornings) then almost certainl y he would have found no coincidence . Almost

certainl y, no wounded deer would have turned up. That much seems common sense. If

SSA forced us to relinquish that conviction, it would count quite strongl yas a reason for

rejecting SSA.

We therefore have to evaluate the counterfactual: If Adam had formed the relevant

intentions, would there have been a coincidence? To answer this, we need a theor yof

conditionals. Iwill use a simplified version of David Lewis´ theor y 68 but Ithink what I

will saygeneralizes to other accounts of conditionals. Let w denote the actual world. (We

least on the order of ten million offspring. If he wants to repeat it ten times he wo uld have to intend to

create about 10 40 offspring to get the odds work out in his favor.

67 T he reason why there is a discrepancybetween what Adamsho uld believe and what the exter nal observer

should believe is of co urse that they have different infor mation. If theyhad the same infor matio n they

wo uld agree. Cmp. chapter 7.

68 T he parts of Lewis´ theor ythat are relevant to the discussion here can be fo und in chapters 19 and 21 of

( Lewis 1986 ).

are pretending that Adam and Eve actuall yexisted and that theyhad the appropriate

reproductive abilities etc.) To determine what would have happened had Adam formed

the relevant intentions, we look at the closest 69 possible world w´ where he did do the

experiment. Let t be the time when Adam would have formed the intentions. When

comparing worlds for closeness to w , we are to disregard features of them that exclusivel y

concern what happens after t . Thus we seek to find a world in which Adam forms the

intentions and which is maximallysimilar to w in two respects: first, in its historyup to t ;

and, second, in its laws. Is the closest world ( w´ ) to w on these accounts and where Adam

forms the intentions a world where deer turn up accordingl y, or is it a world where there

is no Adam-deer correlation?

The answer is quite clearlythat there is no Adam-deer correlation in w´ . For such

a w´ can be more similar to w on both accounts than can an yworld containing the

correlation. Regarding the first account, whether there is a coincidence or not in a world

presumabl ymakes little difference as to how similar it can be to w with respect to its

historyup to t . But what difference it makes is in favor of no coincidence. This is so

because in the absence of a correlation the positions and states of the deer in the

neighborhood, at or shortl ybefore t , could be exactlyas in w (where none happened to

stroll past Adam´s cave on the mornings when he did the experiment). The presence of a

correlation, on the other hand, would entail a world that would be somewhat different

regarding the initial states of the deer.

Perhaps more decisivel y, a world with no Adam-deer correlation would tend to

win out on the second account as well. w doesn´t (as far as we know) contain an y

instances of anomalous causation. The laws of w do not support anomalous causation.

The laws of an yworld containing an Adam-deer correlation, at least if the correlation

were of the sort that would prompt us to ascribe it to an underl ying causal connection,

would contain laws supporting anomalous causation. B ycontrast, the laws of a world

lacking the Adam-deer correlation could easil yhave laws exactl yas in w . Similarityof

laws would therefore also favor a w´ with no correlation.

Since there is no correlation in w´ , the following statement is true: ^If Adam had

formed the intentions, he would have found no correlation~. Although Adam would have

69 I´msimplifying in so me ways, for instance b ydisregarding certain features o f Lewis´ analysis designed

to deal with cases where there is no closest possible world, but perhaps an infinite sequence of possible

worlds, each closer to the actual world than the preceding ones in the sequence. T his and other

complications are not relevant to the present discussio n.

reason to think that there would be a coincidence, he would find he was mistaken.

One might wonder: if we know all this, whycan´t Adam reason in the same wa y?

Couldn´t he too figure out that there will be no coincidence? ˘ He couldn´t, and the

reason is that he is lacking some knowledge you and I have. Adam has no knowledge of

the future that will show that his creative hunting technique will fail. If he does his

experiment and deer do turn up on preciselythose mornings he forms the intention, then it

could (especiallyif the experiment were successfull yrepeated man ytimes) be the case

that the effect should be ascribed to a genuine ps ychokinetic capacity. If he does the

experiment and no deer turns up, then of course he has no such capacit y. But he has no

means of knowing that no deer turns up. The evidence available to him strongl yfavors

the hypothesis that there will be a coincidence. So although Adam ma yunderstand the

line of reasoning that we have been pursuing here, it will not lead him to the conclusion

we arrived at, because he lacks a crucial premiss.

There is a puzzling point here that needs be addressed. Adam knows that if he

forms the intentions then he will ver ylikel ywitness a coincidence. But he also knows that

if he doesn´t form the intentions then it will be the case that he will live in a world like w ,

where it is true that had he done the experiment he would most likely not have witnessed

a coincidence. That looks paradoxical. Adam´s forming (or not forming) the conditional

procreational intentions gives him relevant information. Yet, the onlyinformation he gets

is about what choice he made. If that information makes a difference as to whether he

should expect to see a coincidence, isn´t that just to saythat his choice affects whether

there will be a coincidence or not? If so, it would seem he has got paranormal powers

after all.

A more careful anal ysis reveals that this conclusion doesn´t follow. The

information Adam gets when he forms the intentions is about what choice he made. This

information has a bearing on whether to expect a coincidence or not, but that doesn´t

mean that the choice is a cause of the coincidence. It is simplyan indication of a

coincidence. Some things are good indicators of other things without causing them. Take

the stock example: the barometer´s falling ma ybe a good indicator of impending rain, if

you knew something about how barometers work, but it is certainlynot a cause of the

rain. Similarly, there is no need to think of Adam´s decision to procreate if and onl yif no

wounded deer limps byas a cause of that event, although it will lead Adam to rationally believe that that event will happen.

One ma yfeel that an air of m yster ylingers on. Maybe we can put words to it as

follows: Let E be the proposition that Adam forms the reproductive intention at time t = 1,

let C stand for the proposition that there is a coincidence at time t = 2 (i.e. that a deer

turns up). It would seem that the above discussion commits one to the view that at t = 0

Adam knows (probabilistically) the following:

(1) If E then C .

(2) If ¬E then ¬C .

(3) If ¬E then ^if E then it would have been the case that ¬C ~.

And there seems to be a conflict between (1) and (3).

I suggest that the appearance of a conflict is due to an equivocation in (3). To

bring some light into this, we can paraphrase (1) and (2) as:

(1´) Prob

Adam

( C | E ) » 1

(2´) Prob

Adam

( ¬C | ¬E ) » 1

But we cannot paraphrase (3) as:

(3´) Prob

Adam

( ¬C | E ) » 1

When Isaid earlier, ^If Adam had formed the intentions, he would have found no

correlation~, I was asserting this on the basis of background information that is available

to us but not to Adam. Our set of background knowledge differs from Adam´s in respect

to both non- indexical facts (we have observed the absence of an ysubsequent correlation

between peoples´ intentions and the behavior of deer) and indexical facts (we know that

we are not among the first two people). Therefore, if (3) is to have an ysupport in the

preceding discussion, it should be explicated as:

(3´´) Prob

We

( ¬C | E ) » 1

This is not in conflict with (1´). I also asserted that Adam could know this. This gives:

(4) Prob

Adam

(^ Prob

We

( ¬C | E ) » 1~) » 1

At first sight, it might seem as if there is a conflict between (4) and (1). However,

appearances in this instance are deceptive.

Let´s first see wh yit could appear as if there is a conflict. It has to do with the

relationship between Prob

Adam and Prob

We

. We have assumed that Prob

Adam is a rational

probabilityassignment (in the sense: not just logicall yconsistent but ^reasonable,

plausible, intelligent~ as well) relative to the set of background knowledge that Adam has

at t = 0. And Prob

We is a rational probabilityassignment relative to the set of background

knowledge that we have, sa yat t = 3. (And of course we pretend that we know that there

actuall ywas this fellow Adam at t = 0 and that he had the appropriate reproductive

abilities etc.) But now, if we know ever ything Adam knew, and if in addition we have

some extra knowledge, and if Adam knows that , then it is irrational of him to persist in

believing what he believes. Instead he ought to adopt our beliefs, which he knows are

based on more information. At least this follows if we assume, as we ma yin this context,

that our a priori probabilityfunction is identical to Adam´s, and that we haven´t made an y

computational error, and that Adam knows all this. That would then imply(3´) after all,

which would contradict (1´).

The fallac yin this argument is that it assumes that Adam knows that we know

ever ything he knows. Adam doesn´t know that, because he doesn´t know that we exist . He

maywell know that if we exist then we will know ever ything (at least ever yobjective ˘

non- indexical ˘ piece of information) that he knows and then some. But as far as he is

concerned, we are just hypothetical beings. 70 So all that Adam knows is that there is some

probabilityfunction, the one we denoted Prob

We

, that gives a high conditional probability

of ¬C given E . That gets him nowhere. There are infinitel yman yprobabilityfunctions,

and not knowing that we will actuall yexist he has no more reason to set his own credence

equal to our probabilit yfunction than to an yother.

To summarize the results so far, what we have shown is the following: Granting

SSA, we should think that if Adam and Eve had carried out the experiment, there would

70 If he did kno w that we exist, then it wo uld definitely not be the case that he should give a high

conditional probabilityto C given E ! Quite the opposite: he wo uld have to set that conditional probability

equal to zero. T his is easyto see: B ythe definition of the thought experiment, we are here only if Adamhas

a child. Also b ystip ulation, Adam has a child only if either doesn´t for mthe intention or he does and no

deer turns up. It follo ws that if he for ms the intentio n and we are here, then no deer turns up. So in this case,

his beliefs wo uld coincide with o urs; we too kno wthat if he has in fact for med the intentions then no deer

turned up.

almost certainl y not have been an ystrange coincidences. There is thus no reason to

ascribe anomalous causal powers to Adam. Eve and Adam would rationall ythink

otherwise but the ywould simplybe mistaken. Although the ycan recognize the line of

reasoning we have been pursuing the ywon´t be moved b yits conclusion, because it

hinges on a premiss that we ˘ but not the y˘ know is true. Good news for SSA.

One more point needs to be addressed in relation to Experiment 2. We have seen

that what the thought experiments demonstrate is not strange coincidences or anomalous

causation but simplythat Adam and Eve would be misled. Now, there might be a

temptation to see this byitself as a ground for rejecting SSA ˘ if a principle misleads

people it is not reliable and should not be adopted. However, this is a temptation to be

resisted, because there is a good answer available to the proponent of SSA. Namel y, as

follows: It is in the nature of probabilistic reasoning that some people using it, if the yare

in unusual circumstances, will be misled. Eve and Adam were in highl yunusual

circumstances ˘ the ywere the first two humans ˘ so we shouldn´t bee too impressed b y

the fact that the reasoning based on SSA didn´t work for them. For a fair assessment of

the reliabilityof SSA we have to look at how it performs not onlyin exceptional cases but

in more normal cases as well.

Compare the situation to the storyabout the Prison in chapter 4. There, remember,

one hundred people were placed in one Prison and were asked to guess the color of the

outside of their cell. Ninety cells were blue and ten were red. SSA recommended that a

person in a cell thinks that with 90% probabilityshe is in a blue cell. If all these people

bet accordingl y, 90% of them will win their bets. The unfortunate 10% who happen to be

in red cells lose their bets, but it would be unfair to blame SSA for that. They were simply

unlucky. Overall, SSA will lead 90% to win, compared to merel y50% if SSA is rejected

and people bet at random. This consideration supports SSA.

What about the ^overall effect~ of ever ybod yadopting SSA in the three

experiments we have been pondering above? Here the situation is more complicated

because Adam and Eve have much more information than the people in the cells. Another

complication is that we are considering a stor ywhere there are two competing h ypotheses

about the total number of people that will have existed. In both these respects the thought

experiments are similar to DA and presumabl yno easier to settle. What we are tr ying to

do in this chapter is examine some other features of SSA that are not salient in DA ˘

namelythat it seemed to lead to strange coincidences and anomalous causation.

Discussion of Experiment #4

Experiment 4 introduces a new difficulty. For although creating UN ++ and persuading it to

adopt the plan would no doubt be a daunting task, it is the sort of project that we could

quite conceivabl ycarr yout with non-magical means. Experiment 4 places us in more or

less the same situation as Adam and Eve in the other three experiments. This twist

demands that we carr ythe investigation one step further.

Let us suppose that if there is a long series of coincidences (^ C ~) between items

on the UN ++ list and failed gamma ra ybursts then there is anomalous causation (^ AC ~).

This supposition is more problematic than the corresponding assumption when we were

discussing Adam and Eve. For the point of Experiment 4 is that it is claiming some

degree of practical possibility, and it is not clear that this supposition could be satisfied in

the real world. It depends on the details and on what view of causation one holds, but it

could well be that the list of coincidences would have to be quite long before one would

be inclined to regard it as a manifestation of an underl ying causal link. And since the

number of people that UN ++ would have to create in case of failure increases rapidlyas

the list grows longer, it is not clear that such a plan is feasible. But let´s set this scruple to

one side in order to give the objection to SSA as good a shot as it can hope to have.

A first point is that even if we accept SSA, it doesn´t follow that we reason believe

that C will happen. For we might think that it is unlikelyboth that UN ++ will ever be

formed and that, if formed, it will adopt and carr yout the relevant sort of plan. Without

the UN ++ executing the plan, there is no reason to expect C (and consequentlyno reason

to believe that there will be AC ).

But there is a more subtle wa yof attempting to turn Experiment 4 into an

objection against SSA. One could argue that we know that we now have the causal

powers to create UN ++ and make it adopt the plan; and we have good reason (given SSA)

to think that if we do this then there will be C and hence AC . But if we now have the

ability to bring about AC then we now, ipso facto, have AC . Since this is absurd we should

reject SSA.

This reasoning is fallacious. Our forming UN ++ and making it adopt the plan

would be an indication to us that there is a correlation between the list and gamma ra y

bursts. But it would not cause there to be a correlation unless we do in fact have AC . If we

don´t have AC then forming UN ++ and making it adopt the plan (call this event ^ A ~) has

no influence whatever on astronomical phenomena, although it misleads us to thinking we have. If we do have AC of the relevant sort, then of course the same actions would

influence astronomical phenomena and cause a correlation. But the point is this: the fact

that we have the abilityto do A does not in an yway determine whether we have AC . It

doesn´t even impl ythat we have reason to think that we have AC .

In order to be perfectl yclear about this point, let me explicitlywrite down the

inference I am rejecting. I´m claiming that from the following two premises:

(5) We have strong reasons to think that if we do A then we will have brought

about C .

(6) We have strong reasons to think that we have the power to do A .

one cannot legitimatel yinfer:

(7) We have strong reasons to think that we have the power to bring about C .

Myreason for rejecting this inference is that one can consistentlyhold the conjunction of

(5) and (6) together with the following:

(8) If we don´t do A then the counterfactual ^Had we done A then C would have

occurred~ is false.

There might be a temptation to think that the counterfactual in (8) would have

been true even if don´t do A . I suggest that this is due to the fact that (granting SSA) our

conditional probabilityof C given that we do A is large. Let´s abbreviate this conditional

probability`Pr( C | A )´. If Pr( C | A ) is large, doesn´t that mean that C would (probabl y) have

happened if we had done A ? Not so. One must not confuse the conditional probability

Pr( C | A ) with the counterfactual ^ C would have happened if A had happened~. For one

thing, the reason wh y your conditional probabilityPr( C | A ) is large is that you have

included indexical information (about your birth rank) in the background information. Yet

one ma ywell choose to exclude indexical information from the set of facts upon which

counterfactuals are to supervene. (Especiall yso if one intends to use counterfactuals to

define causality, which should presumabl ybe an objective notion and therefore should

not depend on indexical facts.)

So, to reiterate, even though Pr( C | A ) is large (as stated in (5)) and even though we

can do A (as stated in (6)), we still know that, given that we don´t do A , C almost certainl y does not happen and would not have happened even if we had done A . As a matter of fact,

we seem to have fairl ygood empirical grounds for thinking that we won´t do A .

Experiment 4, therefore, does not show that we have reason to think that there is AC . ˘

Again, good news for SSA.

Finally, although it ma ynot be directl yrelevant to assessing whether SSA is true, it is

interesting to ask: Would it be rational (given SSA) for UN ++ to adopt the plan? 71

The UN ++ should decrease its credence of the proposition that a gamma ra yburst

will occur if it decides to adopt the plan. Its conditional credence Pr(Gamma ra yburst |

Plan adopted) is smaller than Pr(Gamma ra yburst); this is what the thought experiment

showed. Provided a gamma ra yburst has a sufficientlygreat negative utility, non-causal

decision theories would recommend that the plan be adopted.

What about causal decision theories? If a theor yof causation is adopted according

to which no AC would be involved even if C happens, then obviouslycausal decision

theories would sa ythat the plan is misguided and shouldn´t be adopted. The case is more

complicated on a theor yof causation that sa ys that there is AC if C happens. UN ++ should

then believe the following: If it adopts the plan, it will have caused the outcome of

averting the gamma ra yburst; if it doesn´t adopt the plan, then it is not the case that had it

adopted the plan it would have averted the gamma ra yburst. (This essentiallyjust repeats

(5) and (8).) The question is whether causal decision theories would in these

circumstances recommend that UN ++ adopt the plan.

The decision that UN ++ makes gives it information about whether it has AC or not.

Yet, it could be argued that when UN ++ deliberates on the decision, it can onl ytake into

account information available to it prior to the decision, and this information doesn´t

suffice to determine whether it has AC . UN ++ therefore has to make its decision under

uncertaint y. Since on a causal decision theor y UN ++ should do A onlyif it has AC , UN ++

would have to act on some preliminar yguess about how likel yit seems that AC ; and since

AC is stronglycorrelated with what decision UN ++ makes, it would also base its decision,

implicitlyat least, on a guess about what its decision will be. If it thinks it will eventually

choose to do A , it has reason to think it has AC , and thus it should do A . If it thinks it will

71 T he reason this question doesn´t seemrelevant to the evaluation of SSA is that the answer is likely to be

^spoils to the victor~ ˘ proponents of SSA will say that whatever SSA imp lies is rational, and its critics may

dispute this. Both wo uld be guilty of question-begging if they tried to use it as an argument for or against

SSA.

eventuall ychoose not to do A , it has reason to think that it hasn´t got AC , and should thus

not do A . UN ++ therefore seems to be faced with a somewhat degenerate decision problem

in which it should choose whatever it preliminar yguesses it will come to choose. More

could no doubt be said about the decision theoretical aspects of this scenario, but I will

leave it at that. Interested readers ma ycompare the situation to the partl yanalogous case

of the super- Newcomb problem presented in an appendix.

Conclusion

We have examined four gedanken designed to tease out some surprising consequences of

SSA. In Experiment 2, it looked as though SSA implied strange coincidences and that

Adam had ps ychokinetic powers. On closer anal ysis it turned out that it implies no such

thing. It gives us no reason to think that there would have been coincidences or

anomalous causation if Adam had carried out the experiment. SSA does lead Adam to

think otherwise, but he would have been mistaken.

The fact that SSA would have misled Adam is no argument against it. For it is in

the nature of probabilistic reasoning that in exceptional circumstances users will be

mislead, and Adam is precisel ysuch an unt ypicallypositioned observer. If we want to

assess the reliabilityof reasoning based on SSA we have to look not onlyat the

exceptional cases were it fails but also at the normal cases where it succeeds. In Prison

(chapter 4), for example, SSA maximizes the fraction of all observers who are right.

Experiment 4 shifted the setting to one where we might actuall yhave the potential

to carr yout the actions under investigation. We found that SSA does not give us reason to

think that there will be strange coincidences or that we (or UN ++ ) have anomalous causal

powers. However, there are certain (empiricallyimplausible-looking) h ypothetical

circumstances under which it would. If we knew for certain that the UN ++ existed, and

that it had the power to create humans in the requisite astronomical numbers and

possessed the requisite stabilityto certainl ycarr yout its original intentions, and that the

other presuppositions behind the thought experiment were also satisfied ˘ no

extraterrestrials, all persons created are in the reference class, etc. ˘ then SSA implies that

we should expect to see the strange coincidences (intuitively: because this would make it

enormouslymuch less remarkable that we should have the birth ranks we have). But this is extremelyunlikely. 72 Not all those who take the Doomsda yargument in stride will roll

over when faced with this implication.

All this notwithstanding, it is fair to describe the SSA-based recommendation to

Eve, that she need not worr yabout getting pregnant, and the recommendation to Adam,

that he should expect a wounded deer to walk bythe cave given that he and Eve form the

appropriate reproductive intentions, as remarkable and stronglycounterintuitive. And yet,

we seem forced to these conclusion if we accept the arguments for SSA given in chapter

4. The next chapter, which is the last chapter of the dissertation, suggests a wa yout of this

dilemma.

Appendix: A SuperNewcomb problem

The following variant of the Newcomb problem ma ybe compared to the answer to

question 4 for the case where C would constitute a causal connection:

A SuperNewcomb problem. There are two boxes in front of you and you are asked

to choose between taking onlybox B or taking both box A and B . Box A contains

$1000. Box B will contain either nothing or $1,000,000. What B will contain is (or

will be) determined b yPredictor, who has an excellent track record of predicting

your choices. There are two possibilities. Either Predictor has alread ymade his

move bypredicting your choice and putting a million dollars in B iff he predicted

that you will take onl y B (like in the ordinar y Newcomb problem); or else

Predictor has not yet made his move but will wait and observe what box you

choose and then put a million dollars in B iff you take onl y B . In cases like this,

Predictor makes his move before the subject roughl yhalf of the time. However,

there is a Metapredictor, who has an excellent track record of predicting

Predictor´s choices as well as your own. You know all this. Metapredictor informs

you of the following truth functional: Either you choose A and B , and Predictor

will make his move after you make your choice; or else you choose onl y B , and

Predictor has alread ymade his choice. Now, what do you choose?

The added complication for causal decision theorists, compared to the ordinar y

Newcomb problem, is that you don´t know whether your choice will have a causal

influence on the content of the box B . If Predictor made his move before you make your

choice, then (let us assume) your choice doesn’t affect what´s in the box. But if he makes

72 In fact, if we accept SSA we should think this situation astrono micallyunlikely˘ about as unlikely as the

coincidences wo uld be! (We can see this without going into details. If we ever get to the situation where

UN ++ executes the plan then one out of two things must happen, both of which have an extremelylo w prior

probability: a series o f strange coincidences, or ˘ which is even more unlikely given SSA ˘ we happen to be

among the ver yfirst few out of astrono mically large numbers of humans. If P

1 implies that either P

2 or P

3

, his move after yours, b yobserving what choice you made, then you certainly do causally

determine what B contains. In a sense the decision problem presented here is the opposite

of the one faced b y UN ++ . There, a preliminar ybelief about what you will choose would

be transformed into a reason for making that choice. Here, a preliminar ydecision would

seem to undermine itself (given a causal decision theor y). If you think you will choose

two boxes then you have reason to think that your choice will causallyinfluence what´s in

the boxes, and so it seems you should take onl yone box. But if you think you will take

onlyone box then you should think that your choice will not influence the contents, and

thus you would appear to be led back to the decision to take both boxes; and so on.

and if we assign ver ylo w probabilityto both P

2 and P

3

, then we have to assign a lo w probabilityto P

1 as

well.)

C H A P T E R 9 : A T H E O R Y O F O B S E R V A T I O N A L

S E L E C T I O N E F F E C T S

In chapter 2 we established some preliminar yconclusions regarding anthropic reasoning

in cosmology. In chapter 3 we found what seemed to lie at the core of such reasoning and

expressed it in the form of SSA. Chapter 4 presented arguments for appl ying SSA to a

wide range of cases. Up to this point, it seemed that SSA could serve as the basis for a

theoryof observational selection effects and that all that remained was to fill in the

details.

Chapter 5 reviewed and anal yz ed the Doomsda yargument. We identified what

assumptions are needed in addition to accepting Model 2 for the God´s Coin Toss

gedanken discussed in chapter 4 in order to derive the intended consequence. We also

noted that there were a number of alternative conclusions that one could draw (other than

that doom will strike soon) even were one persuaded that the basic structure of the

argument is sound. That predictions such as those generated b yDA should follow from a

theoryof observational selection effects ma ybe surprising, but perhaps something we

ought to feel ourselves driven towards ˘ if there were no other problems this approach.

Chapter 6 defended DA against a series of objections, and chapter 7 showed that SSA did

not give rise to alleged paradoxical ^observer-relative chances~. All this pointed to the

coherence and plausibilityof basing a theor yof observational selection effects on SSA,

despite the fact that this would lead, in one small step, to DA.

However, in chapter 8 we uncovered some shockingl ycounterintuitive

consequences of an unrestricted use of SSA. Although a careful anal ysis revealed that

these consequences do not include the prima facie implication that we should believe that

we have paranormal causal powers, the ydo include advise to certain speciall ysituated

hypothetical agents (Adam and Eve, UN ++ ) to behave in wa ys which ma yappear to be

quite foolish. These implications are not impossible to accept; John Leslie, for example,

seems quite happ yto bite the bullets. Yet man yof us, endowed with less hard yepistemic

teeth and stomachs, will find ingesting this meal of full metal jacket ammunition a deepl y unsatisfying experience.

In this chapter we therefore revisit the arguments for SSA given in chapter 4 and

propose a modified version of SSA. This revised principle forms the basis of a new theor y

of observational selection effects, which I claim is the first one to meet the full range of

success-criteria that we have established in the preceding investigations.

Criteria

Let´s list what some of these criteria are that an ytheor yof observational selection effects

should satisfy:

· It must enable probabilistic observational consequences to be derived from typical

cosmological theories. In particular, the theor yshould work for multiverse models

and for big-single-universe models containing freak observers in a wa ythat does

not make a mocker yof current scientific practice.

· It should provide a framework for anthropic inference in other fields, including

thermodynamics and evolutionar ybiology.

· It must agree with intuitions in various thought experiments, including Prison,

Emeralds, and Two Batches, and God´s Coin Toss. (The God´s Coin Toss

gedanken will be reassessed below.)

· It should not yield the counterintuitive results we discovered in the four gedanken

conducted in chapter 8. (If not strictlya success-criterion, this is at least a strong

desideratum.)

· Ideall y, it should not support DA. (This is a weaker desideratum.)

· But in achieving the two previous points, it must not relyon an yof the objections

against DA set out in the literature, since those are fallacious.

· In particular, it should not incorporate S IA, or an ysupposition that amounts to the

same thing.

· It should account for ever yda yreasoning that involves observational selection

effects, such as the example relating to traffic planning that we discussed in

chapter 4. 73

When these specific criteria and desiderata are combined with general theoretical goals ˘

73 A complete theor yo f observational selectio n effects ( which is not on offer in this dissertation) would also

manage the follo wing two feats:

· Solving the problemof the reference class.

· Handling the infinite case ( witho ut making unjustifiable assump tio ns).

simplicity, coherence, non-arbitrariness, intuitive plausibilityetc. ˘ we have enough

constraints that we should be ver yhapp yif we can find even one theor ythat fits them all.

A theor ythat does that will, I believe, automatically be seen as attractive, ma ybe even

compelling.

This chapter aims to propose such a theor y.

The outlines of a solution

I suggest that in order to get the right approach to these complex problems, we first have

to move from SSA to the more general SSSA. That gives us additional analytical

firepower that will prove useful.

Next, we home in on a ke ylesson that emerges from the preceding investigations:

that the critical point, the fountainhead from which all the paradoxical results flow, seems

to be the contexts where the h ypotheses under consideration implydifferent numbers of

observers. We find such contexts in the case of DA and the various Adam-and-Eve

gedanken. B ycontrast, things seem to be working fine as long as the total number of

observers is constant. This gives us an important clue. Recall that we found in chapter 4

that one type of cases where the definition of the reference class is relevant for what

probabilityassignments we end up with are those where the total number of observers

var ydepending on which h ypothesis is true. This suggests that the solution we´re looking

for ma yhave something to do with how the reference class is defined.

To focus maximallyon the c ore issue, therefore, let us think about the simplest

possible context where the number of observers is a variable. This is exemplified in the

God´s Coin Toss gedanken. In chapter 4, we considered three models for how to reason

about that gedanken. Rejecting Model 1 and Model 3, we were left with Model 2 ˘ the

model which we have subsequentl yseen leads to counterintuitive results. Is it perhaps

possible that there is some other, better, wa yof reasoning about God´s Coin Toss that we

have not yet considered and that could withstand the objections we found against Model 1

and Model 3?

It certainl yseems eminentlyreasonable that before learning that you have black

beard you assign probabilities in the wa ythat Model 2 recommends:

P(Heads) = P( ¬Heads) = 1/2

P(Black | Heads) = 1/2

P(Black | ¬Heads) = 1

This is supported bythe arguments for applying SSA in Prison and b ythe arguments

advanced in chapter 5 for rejecting S IA.

The stickypoint is what happens when you learn your beard color. It was argued

in Model 2 that since if you learn that you have red beard you conclusivelyrefute the

Heads h ypothesis, Heads must gain probabilityif you learn that you have black beard.

This seems to follow if you update your probabilities using Ba yes´ theorem. So long as

the prior probabilities don´t change, this conclusion is inescapable.

There seems to be no justification for revising the prior probabilities assigned to

Heads and ¬Heads after learning your beard color. After all, this prior comes from your

belief that the coin is fair, and that belief is not undermined b ylearning what color your

beard is.

Now, if SSA is applied with the same reference class both before and after you

learn your beard color, then the prior conditional probabilities remain unrevised as well.

The conclusion of Model 2 then follows from Ba yes´ theorem. But let´s pause for a

moment before taking this step.

We can increase our analysis´ logical resolution byusing SSSA instead of SSA.

SSSA forces us to think in terms of observer-moments rather than observers. To avoid

unnecessar ycomplications, we can assume that there is one observer-moment per

observer before the yknow their beard color, and one observer-moment per observer after

theylearn about their beard color. (Onlyactual observers have actual observer-moments,

so there are either two or four actual observer-moments in total, depending on how the

coin landed: two observer-moments belonging to you ˘ the observer with the black beard,

let´s suppose ˘ and possiblytwo additional observer-moments belonging to an observer

with a red beard. Later in this chapter we will sometimes mean actual observer-moments

and sometimes possible observer-moments when we sa y^observer-moments~, but only

where context should make it easyto disambiguate.)

Looking at things from this perspective, we can make an important observation.

Your observer-moment before you look at your beard (call this OM

B

1 ) is quite different

from your observer-moment ( OM

B

2 ) after you have looked at your beard. Not onlyare theynumericall ydistinct, but theyalso differ with respect to the information the yhave.

OM

B

1 is partlyconstituted b ybeing in a state of ignorance as to your beard color whereas

OM

B

2 is partlyconstituted b ybeing in a state of knowing that your beard is black.

This difference between OM

B

1 and OM

B

2 is not small or arbitrary. On the

contrar y, it is central to the problem at hand. In some important respects, OM

B

1 is more

similar to OM

R

1 (the observer-moment belonging to the observer with red beard ˘

provided he exists ˘ before he learns about his beard color) than it is to OM

B

2 . For

although OM

B

1 differs subjectivel yfrom OM

R

1 in that theybelong to different observers

and hence presumabl yare partl yconstituted bydifferent sets of thoughts and knowledge

(for example, the man with the red beard ma yhave a pain in his toe whereas you instead

have a pain in your finger), these differences ma ywell be less pertinent to the problem at

hand than the difference between OM

B

1 and OM

B

2 .

This insight opens up the following possibility: maybe OM

B

1 and OM

R

1 belong to

the same reference class while OM

B

2 belongs to a different reference class. Suppose that

is so. We can now redo the calculation, indexing probabilityassignments to make it clear

which observer-moments the ybelong to:

The prior probabilityof Heads is the same for all observer-moments:

Pr

OMB1

(Heads) = Pr

OMB2

(Heads) = Pr

OMR1

(Heads) = Pr

OMR2

(Heads) = 1/2.

Likewise for Tails. (The probabilityassignments referring to the observer-

moments of the man with the red beard applyonl yif the coin fell tails, since

otherwise these observer-moments don´t exist.) Next, consider the conditional

probabilities. The reference class to which OM

B

1 belongs is either { OM

B

1 } or

{ OM

B

1 , OM

R

1 }, depending on whether the coin fell tails or heads. B y SSSA we

therefore have

Pr

OMB1

(Black | Heads) = 1/2

Pr

OMB1

(Black | ¬Heads) = 1

Since OM

R

1 and OM

B

1 don´t know their beard color, the ycan´t identif y

themselves under those descriptions. E.g., OM

R

1 could knowingl yrefer to itself as

^the first observer-moment of the man with a pain in the toe~, but OM

R

1 would

not know that the tag ^the first observer-moment of the man with a read beard~

denotes the observer-moment itself. As far as OM

R

1 can tell, therefore, the reference class to which it belongs is either { OM

B

1 } or { OM

B

1 , OM

R

1 }, depending

on how the coin fell. B y SSSA, OM

R

1 thus has the same conditional probabilities

as OM

B

1 ˘ which makes sense, since the two observer-moments share all the

relevant information:

Pr

OMR1

(Black | Heads) = 1/2

Pr

OMR1

(Black | ¬Heads) = 1

We can note that from the priors together with these conditional probabilities,

OM

B

1 and OM

R

1 can calculate the conditional probabilityof a specific outcome of

the coin toss given that the yhave black (or red) beard:

Pr

OMB1

(Heads |Black) = 1/3

Pr

OMB1

(Heads | ¬Black) = 1

Pr

OMR1

(Heads |Black) = 1/3

Pr

OMR1

(Heads | ¬Black) = 1

We turn now to the question of what the men should believe after the yhave

looked in the mirrors, ie. what probabilityassignments should be made b ythe

observer-moments OM

B

2 and OM

R

2 . We applythe idea that these observer-

moments are different from OM

B

1 and OM

R

1 in ways that put them in different

reference classes. Moreover, OM

B

2 and OM

R

2 are also different from each other in

respects that are not minor or arbitrar ybut rather are central to the problem at

hand: namel y, OM

B

2 is partlyconstituted bythe knowledge of having black beard,

and OM

R

2 bythe knowledge of having red beard. We therefore place OM

B

2 in the

reference class { OM

B

2 }; and OM

R

2 in the reference class { OM

R

2 } if the coin fell

heads, and not in an yclass at all it fell tails (since in the latter case OM

R

2 does not

exist). Both OM

B

2 and OM

R

2 know that theyare in these reference classes.

Applying SSSA to this we get

Pr

OMB2

(Black | Heads) = 1

Pr

OMB2

(Black | ¬Heads) = 1

Pr

OMR2

( ¬Black | Heads) = 1

Pr

OMR2

( ¬Black | ¬Heads) = 0

Together with the prior probabilityof Heads (which remains 1/2 for the later

observer-moments) this enables us to calculate the posteriors:

Pr

OMB2

(Heads |Black) = 1/2

Pr

OMB2

(Heads | ¬Black) = 1

Pr

OMR2

(Heads |Black) = 1/2

Pr

OMR2

(Heads | ¬Black) = 1

Since OM

B

2 knows that it has black beard and OM

R

2 knows it has red beard, the y

obtain a posterior probabilityof Heads or 1/2 and 1, respectivel y. (Their posterior

probabilityof Tails is thus 1/2 and 0, respectivel y.) This means that while the

person discovering that he has red beard can conclude with certaint ythat the coin

fell heads, the person finding he has black beard remains in a state of perfect

ignorance regarding the coin toss; for him the probabilityof heads is still fifty-

fifty.

On this approach, it looks as if the man with the black beard does not update his

probabilityfunction using Ba yesian conditionalization. For the probabilitywhich he

assigns to Heads after finding out that he has black beard is not equal to the conditional

probabilityof Heads given black beard which he held before learning about his beard

color. There are those who eschew the idea that Bayesian conditionalization is an

epistemologicall yprivileged method of learning from past experience (e.g. ( Glymour

1980 )). Certainl y, there are cases where rationalitydemands that we do not update our

beliefs b yBa yesian conditionalization. (For example, if you knew that yesterda y you

were under the influence of some drug that caused you to have all sorts of craz y

conditional probabilities, then you would be irrational toda y, surel y, to set you present

probabilities equal to what you get b y conditionalizing yesterda y´s probabilities on the

evidence you have acquired in the meantime.) Thus one could argue that the reasoning we

are currentl yconsidering is not to be blamed for not obe ying the diachronic Ba yesian rule

of conditionalization, either because one rejects that rule in general or because one sees

the present case as one of the legitimate exceptions.

However, I don´t think it is necessar yto view the reasoning we have just

described as conflicting with Ba yesian kinematics. This is because the information that

the later observer-moments have differs from that of their predecessors in more wa ys than

are contained on the right hand side of the predecessors´ conditional probabilities as

stated above. Consider the conditional probabilities we assigned to OM

B

1 :

Pr

OMB1

(Heads |Black) = 1/3

Pr

OMB1

(Heads | ¬Black) = 1

If the information that OM

B

2 has were equivalent to the information that OM

B

1 has

conjoined with the proposition that OM

B

1 and OM

B

2 belong to an observer who has black

beard, then Ba yesian kinematics would implythat OM

B

1 ´s posterior probabilityof Heads

is 1/3. However, there is no such equivalence of the information.

This becomes apparent when we consider what indexical information the two

observer-moments have. OM

B

1 knows, among other things, that ^This observer-moment

does not know what color beard has the observer to whom it belongs.~. OM

B

2 does not

know that. OM

B

2 knows that ^There is an observer-moment who does not know what

color beard has the observer to whom it belongs.~ ˘ but this is a different piece of

knowledge. (Recall what we learned in chapter 6 about how indexical information makes

a difference, and recall also the footnote about the example of the amnesiacs in the

Stanford librar y.) On the other hand, OM

B

2 knows that ^This observer-moment belongs to

an observer who has black beard.~, which is something different again from ^ OM

B

1 and

OM

B

2 belong to an observer who has black beard.~. Once indexical information is taken

into account, therefore, we see that what OM

B

2 knows is not simplywhat OM

B

1 knows

plus the information that is conditionalized on in the above expressions. OM

B

2 has

additional information beyond that, and it also lacks some information that OM

B

1

possesses.

Difference like these in indexical information ma yoften not be relevant when

considering Ba yesian updating of beliefs and can safel ybe ignored in man ycontexts. In

the present case, however, the difference are clearly relevant. The conditional

probabilities involved came, in the first place, from applying SSSA and reasoning as if

the present observer-moment were randoml yselected from all observer-moments in the

reference class. Since the two observer-moments are distinct samples from distinct

reference classes, and since the reasoning essentiall ydraws on the probabilityinput from

SSSA, these differences are evidentl ygoing to have an effect on what conclusions are

reached. In cases like these, therefore, discrepancies in indexical information must not be

overlooked. This is wh ythe probabilityassignments made b ythe later observer-moments

diverge from what superficiall y(but misleadingl y!) looks like the result of applying

Ba yesian conditionalization to the earlier observer-moments´ conditional probabilities.

Formalizing the theory: Equation SSSA-R

Based on the informal results above and in preceding chapters, we can write down an

equation that expresses the core of our theor yof observational selection effects. Let a be

an observer-moment with a prior probabilityfunction P

a

. Let W

a be the class of all

possible observer-moments that belong to the same reference class as a . 74 Let w

a be the

possible world in which a is located. Let e be some evidence of the form ^ a Î W

e

~,

where W

e is a class of possible observer-moments. Let h be some h ypothesis, and let W

h

be the class of possible observer-moments about whom h is true. (If h ascribes some

propert yto a possible observer-moment then h is true about those and onl ythose possible

observer-moment that have the propert yin question; if h is non- indexical, not referring to

anyparticular observer-moment, then h is true about all and onl ythose possible observer-

moments that live in possible worlds where h holds true.) Finall y, let W ( ) w be the class

of observer-moments in the possible world w . We then have

P h e

P w

w

h e a a s

s s s g

( | )

( )

( )

=

Ç

Î Ç å 1

W W

W W

( SSSA-R)

where g is a normalization constant given b y

g a s

s s s

=

Ç

Î å P w

w

e

( )

( ) W W

W

.

It ma ybe helpful to illustrate the use of ( SSSA-R) on God´s Coin Toss.

Original approach

Consider first the original anal ysis of God´s Coin Toss, where it was assumed that all

74 Earlier we included onlyactually existing observer-mo ments in the reference class. Ho wever, it is

expedient for present purposes to have a concise notation for this broader class which includes possible

observer-mo ments, so fro mnow on we use the ter m^reference class~ for this more inclusive notion. T his is observer-moments were in the same reference class. Using ^ b ~ to denote the possible

observer-moments belonging to the observer with the black beard, and ^ a ~ to denote

those of the observer with the red beard (and using indices to distinguish between them

individually), we can represent the situation pictoriallyas follows:

W

b

2 is here the reference class to which ever yobserver-moment is supposed to belong.

W

h is the class of observer-moments for whom the h ypothesis h is true, h being the

proposition that the coin fell heads. W

e represents the relevant evidence available to the

observer-moments who have discovered that the yhave black beard (i.e. to b

2 and b

4

).

Using SSSA-R, we can calculate the probabilitythat one of these observer-moments, sa y

b

2

, should assign to h , given the information it has. We can suppose that P w

b

2 1

( ) =

P w

b

2 2

( ) = 1/2, given the background information (which all observer-moments are

assumed to share) about the setup of the gedanken, in particular that whether w

1 or w

2 is

actual was determined b ythe outcome of a fair coin toss. We then have

W W

h e

Ç = { } b

2

W W W W W W

a a b b b b a a b b b b

1 2 1 2 3 4

1 2 1 2 3 4

= = = = = = { , , , , , }

w w

b

2 1

= and w w

b

4 2

=

W ( ) { , , , } w

1 1 2 1 2

= a a b b

merelya ter minological convenience and does not b yitself reflect a sub stantive deviation fro mour previous

approach.

W

b

2 w

1

(Heads) w

2

(Tails)

a

2

a

1 b

1 b

2

b

3 b

4

W

h

W

e

Figure 6: SSSA-R applied to God´s Coin T oss

using R = R U (original approach)

P w

b

2 1

1 2 ( ) / =

W

e

= { , } b b

2 4

From this we can derive that g = 3 8 / and P h e

b

2

1 3 ( | ) / = , in agreement with the result

obtained in Model 2 of chapter 4. The fact that P h e

b

2

1 2 ( | ) / < reflects the DA-like

probabilityshift that results from finding that you are not among the extra observer-

moments that would have existed on the more fecund h ypothesis, supposing the extra

observer-moments would have been in the same reference class as yourself.

Revised approach

Now consider what happens when we place the late observer-moments that have

discovered their beard-color in separate reference classes, as argued in this chapter´s

second section.

With these assumptions, we get P h e

b

2

1 2 ( | ) / = ( g = 1 ). In other words, there is no DA-

style probabilityshift with this more fine-grained choice of reference class.

Non-triviality of the reference class

We thus see how byfocusing on observer-moments instead of observers as wholes, and

byusing non-universal reference classes, we avoid the counterintuitive consequences that

flow from appl ying SSA with an unrestricted reference class in DA. An exactlyparallel w

1

(Heads) w

2

(Tails)

a

2

a

1 b

1 b

2

b

3 b

4

W

h

W

b

4

W

b

2

W

a

2

W

e

W W W

a b b

1 1 3

= =

Figure 7: SSSA-R applied to God´s Coin T oss, revised approach argument shows that the same holds for the various Adam-and-Eve and UN ++ gedanken.

We motivated the placing of some observer-moments in different reference

classes in God´s Coin Toss byappealing to the differences between the observer-

moments. For example, the difference between OM

R

1 and OM

R

2 was said to be ^not small

or arbitrar y~ but on the contrar y^central to the problem at hand~. A question that arises

naturallyat this stage is whether it is possible to say something more definite about the

criteria for membership in an observer-moment´s reference class.

One beguilingl ysimple idea, which we shall nevertheless be forced to reject, is

that the reference class for a given observer-moment consists of those and onlythose

observer-moments from which it is subjectivel yindistinguishable:

R( OM

i

) = { OM

j

: OM

j is subjectivelyindistinguishable from OM

i

} (R 0 )

Two observer-moments are subjectivel yindistinguishable iff the ycan´t tell which of them

theyare. (Being able to sa y^I am this observer-moment, not that one~ does not count as

being able to tell which observer-moment you are.) To give an example, if one observer-

moment has a pain in the toe and another has a pain in the finger, the yare not subjectivel y

indistinguishable; for they can identif ythemselves as ^this is the observer-moment with

the pain in the toe~ and ^this is the observer-moment with the pain in the finger~,

respectivel y. B ycontrast, if two brains are in the precisel ythe same state, then ˘

assuming epistemic states supervene on brain states ˘ the two corresponding observer-

moments will be subjectivelyindistinguishable. The same holds if the brains are in

slightlydifferent states but the differences are imperceptible to the subjects.

This definition of the reference class (R 0 ) can be made to work in the God´s Coin

Toss situation described above, but in order to do so we need to modif ythe formal

representation byconsidering a more fine-grained partition of the possibilities involved.

We supposed that the two observers had different pains (in toe vs. finger). This creates an

obstacle on (R 0 ) in that each observer-moment would be in a separate reference class.

However, since the observers don´t know whether it´s the red-bearded man or the black-

bearded man who has the pain in the toe, this obstacle can easil ybe overcome in this

particular case b yexplicitlyconsidering both these possibilities, for we can then derive the requisite probabilities from the earl yobserver-moments´ epistemic uncertaint yas to

which possibilityobtains.

In this expanded representation, which is necessary if we want to use (R 0 ), we can

explicitlymodel uncertaint yas to whether it is the black-bearded observer or the red-

bearded observer who has pain in his toe. The possible worlds w

1

- w

4 represent the

following possibilities:

w

1

: Heads & Red-bearded observer has toe-pain.

w

2

: Tails & Red-bearded observer has toe-pain.

w

3

: Heads & Black-bearded observer has toe-pain.

w

4

: Tails & Black-bearded observer has toe-pain.

We can assume that the observer-moments share the prior P( w

i

) = 1/4 (for i = 1,2,3,4). Let

h be the h ypothesis that the coin fell heads, and e the information available to an earl y

observer-moment with a toe-pain. B y(R 0 ), the reference class for such an observer-

moment is

W W W W W

e

= = = = =

a a b b a a b b

1 3 5 7

1 3 5 7

{ , , , } w

3

( Heads&B) w

4

( Tails&B)

a

5

a

4 b

5 b

6

a

6 b

7 w

1

( Heads&R) w

2

( Tails&R)

a

2

a

1 b

1 b

2

a

3 b

4

W

h

W

e b

3 b

8

Figure 8: Modeling God´s Coin T oss using SSSA-R with minimal reference class (R = R 0 )

As can be seen in the diagram, we have

W W

e h

Ç = { , } a b

1 5

From this it follows that P h e

a

3

1 2 ( | ) / = . That is, in this version of God´s Coin Toss we

get the same result with the minimalistic reference class definition (R 0 ) as we got on the

revised approach of the previous section were we lumped all the earlyobserver-moments

together in the same reference class (and consequentl ya different result from the one on

the original approach which used the maximallywide reference class definition where all

observer-moments were in the same reference class).

So (R 0 ) can be made to work in this version of God´s Coin Toss even if the

participants are never in subjectivel yindistinguishable states. This makes (R 0 ) look

attractive ˘ it´s a neat, clear-cut, non-arbitrar ydefinition of the reference class, and

applying SSSA-R with this reference class definition expunges all the counterintuitive

implications stemming from using an unrestricted reference class as in the original

approach. Unfortunately, there are cases for which (R 0 ) does not work. In particular,

recall the freak-observer-from-black-hole problem that we discussed in chapter 3 and 4.

Suppose T1 and T2 are two theories that each postulate a big universe with black holes.

According to T1 , the vast majorit yof all observers observe values of ph ysical constants in

agreement with what we observe in the actual universe, and onl ya minorit yof freak

observers are deluded and observe the ph ysical constants having different values.

According to T2 it is the other wa yaround: the normal observers observe physical

constants having other values than what we observe, and a small minorityof freak

observers make observations that agree with ours. Intuitivelyone would clearl ywant to

saythat our observations favor T1 over T2 . 75 Yet this is not possible on (R 0 ) . For

according to (R 0 ) , the reference class to which we belong consists of all and onlythose

observers-moments who make these observations that we make ˘ other observer-

moments being subjectivel ydistinguishable. If T1 and T2 both implythat the universe is

big enough for it to be certain (or ver yprobable) that it contains at least some observer

75 Consider that this example, or a slightly modified versio n thereof, maywell reflect the actual situation.

Denying that our observations favor T1 over T2 would have catastrophic consequences for contemporar y

cosmology, as we saw in chapter 4.

making the observations that we are actuall ymaking, then on (R 0 ) our evidence would not

favor T1 over T2 . We can show this formall yas follows:

Consider an observer-moment a , who, in light of evidence e , considers what

probabilityto assign to the mutuallyexclusive hypotheses h

j

( 1 £ £ j n ). B y(R 0 )

we have W W

a

=

e

. SSSA-R 0 then gives

P h e

P w

w j

e h j e a a s

s s g

( | )

( )

( )

=

Ç

Î Ç å 1

W W

W W

.

Let

{ }

w

i i M h j

Î ( ) be the class of worlds where h

j is true and for which W W ( ) w

i e

Ç is

non-empty. We can thus write:

P h e

P w

w j

e w i M h h j e i j a a s

s s g

( | )

( )

( )

( ) ( )

=

Ç

Î Ç Ç Î å å 1

W W

W W W

.

Since h

j is true in w

i if i M h

j

Î ( ) , we have W W ( ) w

i h j

Í , giving:

P h e

P w

w w

j i

e i e i

i M h j a a

g

( | )

( )

( )

( )

( )

=

Ç

× Ç

Î å 1

W W

W W

=

Î å 1

g a

P w

i

i M h j

( )

( )

.

For each h

j which implies the existence of at least one observer-moment

compatible with e 76 , W W ( ) w

i e

Ç is non-emptyfor each w

i in which h

j is true. For

such a h

j we therefore have

1 1

g g a a

P w P h

i

i M h j

j

( ) ( )

( ) Î å = .

Forming the ratio between two such h ypotheses, h

j and h

k

, we thus find that this is

76 We saythat an observer-mo ment a is inco mpatible with e iff a Ï W

e

.

unchanged under conditionalization on e ,

P h e

P h e

P h

P h j

k j

k a

a a

a

( | )

( | )

( )

( )

= .

This means that e does not selectivelyfavour an yof the h ypotheses h

j that implies

that some observer-moment is compatible with e .

If this consequence is unacceptable, we have to reject (R 0 ) as a definition of the

reference class. An yworkable reference class definition must permit reference classes to

contain observer-moments that are subjectivel ydistinguishable. The result shows that the

reference class definition is in this sense non-trivial.

The reference class to which an observer-moment a belongs consists of those and

onlythose observer-moments that are relevantlysimilar to a . We have just seen that

observer-moments can be relevantlysimilar even if the yare subjectivelydistinguishable.

And we saw before that if we reject the paradoxical recommendations in the Adam-and-

Eve and UN ++ gedanken that follow from an unrestricted use of SSSA (or SSA), then we

also know that not all observer-moments are not all relevantl ysimilar. We thus have wa ys

of testing suggestions for how to define the reference class. On the one hand the ymust

not be so permissive as to give absurd results in Adam-and-Eve and UN ++ -typ e examples

( Scylla). On the other hand, the ymust not be so stringent as to make cosmological

theorizing impossible because of the freak-observer problem ( Char ybdis). An yapproach

that wishes to steer clear of paradox must avoid getting too close to either of these

extremes.

If R U is the unrestricted reference class used in preceding chapters, and R

a is the

correct reference class for observer-moment a , we have in general: R R R U 0 Í Í

a

. We

have argued that there are cases showing that (with strict inclusion):

R R R U 0 Ì Ì

a

(R-bounds)

Between these upper and lower bounds on the inclusivel yof the reference class there is room for diverging definitions which future investigations ma yexplore, hopefull y

establishing further constraints or pinpointing a unique reference class as the correct

choice.

SSA and SSSA as special cases of SSSA-R

We pointed out in chapter 4 that SSA is a special case of SSSA: SSA can be applied when

all observers are similar in all relevant respects, whereas SSSA can be applied even when

observers differ in regard to the amount of the relevant sort of subjective time the y

experience.

SSSA, in turn, can be seen as a special case of SSSA-R: SSSA can be applied

when all possible observer-moments that would exist on some of the hypotheses under

consideration are in the same reference class, whereas SSSA-R can be applied even to

cases with more restrictive reference classes. SSSA thus follows from SSSA-R in those

cases where have R R U

s

= for all observer-moments s that would exist on anyof the

hypothesis h

i under consideration (i.e. for which P h

i a

( ) ¹ 0 ). For with this reference

class, we have W W ( ) w

s s

Í for all relevant worlds w

s

, which means that SSSA-R

reduces to

P h e

P w

w

h e a a s

s s g

( | )

( )

( )

=

Î Ç å 1

W

W W

( SSSA-R U )

g a s

s s

=

Î å P w

w

e

( )

( ) W

W

.

SSSA, which says that each observer-moment a should reason as if the ywere a random

sample from the class of all observer-moments, can be formalized using the framework

developed in this chapter as

P h

P w

w

h a a s

s s

( )

( )

( )

=

Î å

W

W

.

(This means that the prior probabilityof h is given b yassigning all possible observermoments a weight which is the inverse of the number of observer-moments in the world

in which theylive, multiplying this with the ordinar yprior probabilit yfor that world, and

then summing over all possible observer-moments for whom h is true.) Using P( h | e ) =

P( h & e ) / P( e ), it´s eas yto see that this is identical to SSSA-R U .

A corollar yof this is that anyresults regarding cases where all observers

(observer-moments) are relevantl ysimilar obtained using SSA ( SSSA) remain valid on

SSSA-R. This means that if we are persuaded b ythe intuitive correctness of some of

those earlier results, we can use them to calibrate the reference class definition with which

SSSA-R operates. One could therefore expect that SSSA-R will give at least as plausible

results as SSA and SSSA when applied to those earlier examples. We will not go over

again all the earlier examples but we shall look in some detail at the application to

cosmology. This application is complex enough to illustrate most of the issues involved.

SSSA-R applied to cosmological fine-tuning

In chapter 2, we argued (among other things) for three preliminar yconclusions regarding

fine-tuning as evidence for multiverse h ypotheses:

(1) Fine-tuning favors (other things equal) h ypotheses h

+ on which it is likelythat one

or more observer-containing universes exist over hypotheses h

- on which this is

unlikely.

(2) If two competing general h ypotheses each implythat there is at least some

observer-containing universe, but one of them implies a greater number of

observer-containing universes, then fine-tuning is not a reason to favor the latter

(other things equal).

(3) Although P( e | h

M

) ma ybe much closer to zero than to one, it could nonetheless

easilybe large enough for e to favor the multiverse h ypothesis.

We can now reexamine these theses in the new light from SSSA-R. To begin with (1),

let´s determine under what circumstances we will have P h e P h e

a a

( | ) ( | )

+ -

> .

Suppose that

P e h

a

( | ) thereis a t least on eactualo bserver - moment com patiblewi th

+

» 1 . Since

P( A | B ) = P( A & B ) / P( B ), this can be expressed as

P w

P h i

i M h a

a

( )

( )

( ) Î

+

+ å

» 1 .

Similarly, if we suppose that

P e h

a

( | ) thereis a t least on eactualo bserver - moment com patiblewi th

-

» 0 , we get

P w

P h i

i M h a

a

( )

( )

( ) Î

-

- å

» 0 .

If the h ypotheses in question have about equal prior probability, P h P h

a a

( ) ( )

+ -

» ,

this implies that

P w P w

i

i M h i

i M h a a

( ) ( )

( ) ( ) Î Î + - å å >> ($)

which is equivalent 77 to

P w

w

P w

w

e e h e h e a s

s s a s

s s

( )

( )

( )

( ) W W W W

W W W W

Ç

>>

Ç

Î Ç Î Ç

+ - å å

($$)

Now, according to SSSA-R, P h e P h e

a a

( | ) ( | )

+ -

> is equivalent to

P w

w

P w

w

h e h e a s

s s s a s

s s s

( )

( )

( )

( ) W W W W

W W W W

Ç

>

Ç

Î Ç Î Ç

+ - å å

(£)

We maythus tell under what circumstances e will preferentiall ysupport h

+ over h

- by

77 To see this, consider the worlds over which the sums range in ($): these worlds all have at least one

observer-mo ment in W

e and are such that h

+

(or h

-

) is true in them; and P w

i a

( ) appears in the sumo nce

for ever ysuch world. In the second inequality ($$), the sum again includes only ter ms corresponding to

worlds that have at least o ne observer-mo ment in W

e and are such that h

+

(or h

-

) is true in them. T he

difference is that ter ms relating to such worlds occur multiple times in ($$): a term P w

a s

( ) occurs once

for ever ysuch observer-mo ment s in each such world. T hus after dividing each ter m P w

a s

( ) with the

number of such observer -moments ( W W

e w Ç ( )

s

), the sum is the same as in ($).

considering what is required for ($$) to yield (£). And from this we can learn three

lessons:

· If W W

e

=

s for each s Î Ç È

+ -

W W W

e h h

( ) then (£) follows from ($$). This

means that if all the observer-moments that the h ypotheses sa yma yexist and

which are compatible with our evidence e are in the same reference class ( W

e

)

then a h ypothesis h

+ on which it is likelythat one or more observer-moments

compatible with e exist is supported vis-à-vis a hypothesis h

- on which that is

unlikely.

· In principle, it is possible for a h ypothesis h

- which makes it less likelythat there

should be some observer-moment compatible with e to get preferential support

from e vis-à-vis a h ypothesis h

+ which makes that more likely. For example, if h

+

makes it likelythat there should be one observer-moment compatible with e but at

the same time makes it ver ylikel ythat there are ver yman yother observer-

moments in our reference class which are not compatible with e , then h

+ may be

disfavored b y e compared to a h ypothesis h

- on which it is quite unlikelythat there

should be an yobserver-moment compatible with e but on which also it is highl y

unlikelythat there should be a substantial number of observer-moments in our

reference class which are not compatible with e .

· In practice (i.e. regarding (3)), if we think of h

+ as a multiverse theor yand h

- as a

single-universe theor y, it seems that the concrete details will sometimes be such

that (£) follows from ($$) together with the facts about these concrete details. This

is the case when h

+ entails a higher probabilitythan does h

- to there being some

actual observer-moment that is compatible with e while at the same time the

expected ratio between the number of actual observer-moments that are

compatible with e that are in our reference class and the number of actual

observer-moments that are in our reference class that are incompatible with e is

about the same on h

+ as on h

-

(or greater on h

+ than on h

-

). Crudelyput: it is ok to

infer a bigger cosmos in order to make it probable that at least some observer-

moment compatible with e exists, but onlyif this can be done without sacrificing

too much of the desideratum of making it probable that a large fraction of the

actual observer-moments that are in our reference class are compatible with e .

We´ll continue the discussion of (3) in a moment, but first let´s direct the spotlight on the

second preliminar ythesis. The anal ysis of (2) follows path parallel to that of (1).

Suppose that

P e h

a

( | ) thereare manyactua l observer - moments co mpatiblew ith

+ +

» 1

P e h

a

( | ) thereis a t least on eactualo bserver - moment com patiblewi th

+

» 1

P h P h

a a

( ) ( )

+ + +

»

Since the first expression implies that

P e h

a

( | ) thereis a t least on eactualo bserver - moments co mpatiblew ith

+ +

» 1

,

we get, in a similar wa yas above,

P w

w

P w

w

e e h e h e a s

s s a s

s s

( )

( )

( )

( ) W W W W

W W W W

Ç

»

Ç

Î Ç Î Ç

+ + + å å

($$*)

Meanwhile, b y SSSA-R, P h e P h e

a a

( | ) ( | )

+ + +

» is equivalent to

P w

w

P w

w

h e h e a s

s s s a s

s s s

( )

( )

( )

( ) W W W W

W W W W

Ç

»

Ç

Î Ç Î Ç

+ + + å å

(£*)

Again we can compare ($$*) to (£*) to see under what circumstances the former implies

the latter. We find that

· Like before, if W W

e

=

s for each s Î Ç È

+ -

W W W

e h h

( ) then (£*) follows from

($$*). This means that if the observer-moments that are compatible with e and

with at least one of the hypotheses h

++ and h

+ are all in the same reference class

( W

e

) then a h ypothesis h

++ on which it is likelythat there are a great man y

observer-moments compatible with e is not preferentiall ysupported vis-à-vis a

hypothesis h

+ on which it is likelythat there are relativel yfew observer-moments

compatible with e .

· Generallyspeaking, e will fail to distinguish between h

++ and h

+ if, for those

observer-moments that are in our reference class, both h ypotheses implya similar

expected ratio between the number of ones compatible with e and the number of

ones incompatible with e . This means that ceteris paribus there is no reason to

prefer a h ypothesis which implies a greater number of observer-moments, be yond

what is required to make it likelythat there should be at least one actual observer-

moment that is compatible with e .

Armed with these results, we can address (3). Let´s suppose for the moment that there are no freak observers.

First, consider a single-universe theor y h

U on which our universe is fine-tuned, so

that conditional on h

U there was onlya ver ysmall probabilitythat an observer-containing

universe should exist. If we compare h

U with a multiverse theor y h

M

, on which it was

quite likelythat an observer-containing universe should exist, we find that if h

U and h

M

had similar prior probabilities, then there are prima facie grounds for thinking h

M to be

more probable than h

U given the evidence we have. Whether these prima facie grounds

hold up on closer scrutiny depends on the distributions of observer-moments that h

U and

h

M make probable. Supposing that the nature of the observer-moments that would tend to

exist on h

U

(if there were an yobserver-moments at all, which would improbable on h

U

)

are similar to the observer-moments that (most likel y) exist on h

M

, then we do in fact have

such grounds.

The precise sense of the proviso that our evidence e ma yfavor h

M over h

U onl yif

the observer-moments most likelyto exist on either hypothesis are of a similar nature is

specified b y SSSA-R and the lessons we derived from it above. But we can sa yat least

something in intuitive terms about what sorts of single-universe and multiverse theories

for which this will be the case. For example, we can consider the case where there is a

single relevant ph ysical parameter, l . Suppose the prior probabilitydistribution over

possible values of l that a universe could have is smeared our over a broad interval

(representing a priori ignorance about l and absence of an ygeneral grounds such as

considerations of simplicityor theoretical elegance for expecting that l should have

taken on a value within a more narrow range). In the archetypal case of fine-tuning, there

is onlya ver ysmall range of l -values that give rise to a universe that contains observers.

Then the conditional probabilityof e given h

U is ver ysmall. B ycontrast, the conditional

probabilityof e given h

M can be quite large, since there will most likelybe observers

given h

M and these observer-moments will all be living in universes where l has a value

within the small region of fine-tuned (observer-generating) values. In this situation, h

M

would be preferentiall ysupported b y e .

Now consider a different case which doesn´t involve fine-tuning but merel y^ad

hoc~ setting of a free parameter. This is the case when observers can exist over the whole

range of possible values of l (or a fairl ylarge part thereof). The conditional probability

of e given h

U is the same as before (i.e. ver ysmall), but in this case the conditional probabilityof e given h

M is about equall ysmall. For although h

M makes it likelythat there

should be some observers, and even that there should be some observers compatible with

e , h

M also makes it highly likelythat there should be ver yman yother observers that are

not compatible with e . These are the observers that live in other universes in the

multiverse, universes where l takes a different value than the one we have observed (and

hence incompatible with e ). If these other observers are in the same reference class as us

(and there is no clear reason wh ythe yshouldn´t be, at least if the sort of observers living

in universes with different l are not too dissimilar to ourselves), then this means that the

conditional probabilityof e given h

M is ver ysmall. If enough other- l universes contain

substantial quantities of observers that are in the same reference class as us, then h

M will

not get significant preferential support from e compared to h

U

.

We see here the sense in which fine-tuning suggests a multiverse in a wa ythat

mere free parameters do not. In the former case, h

M tends to be strongl ysupported b ythe

evidence we have (given comparable priors), in the latter case not.

On this story, how does one fi t in the scenario where we discover a simple single-

universe theor y h

U

* that accounts for the evidence? Well, if h

U

* is elegant and simple,

then we would assign it a relativelyhigh prior probability. Since h

U

* byassumption

implies or at least gives a rather high probabilit yto e , the conditional probabilityof h

U

*

given e would thus be high. This would be support for the single-universe hypothesis and

against the multiverse h ypothesis.

One kind of candidate for such a single-universe theor yare theories involving a

creator who chose to create onl yone universe. If one assigned one such theor y h

C

* a

reasonabl yhigh prior probability, and if it could be shown to give a high probabilit yto

there being one universe precisel ylike the one we observe and no other universes, then

one would have support for h

C

* . Creator-h ypotheses on which the creator creates a whole

ensemble of observer-containing universes would be less supported than h

C

* . However, if

our universe is not of the sort that one might have suspected a creator to create if he

created onlyone universe (if our universe is not the nicest possible one in any sense, for

example), then the conditional probabilityof e on an ycreator-hypothesis involving the

creation of onl yone universe might well so slim that even if one assigned such a creator-

hypothesis a high prior probabilityit would still not be tenable in light of e if there were

some plausible alternative theor ygiving a high conditional probabilityto e (e.g. a multiverse theor ysuccessfullyriding on fine-tuning and its concomitant selection effects,

or a still-to-be-discovered simple and elegant single-universe theor ythat fits the facts). If

there were no such plausible alternative theor y, then one ma ybelieve either a fine-tuned

single-universe theor y, a multiverse-theor ynot benefiting from observational selection

effects, or a creator h ypothesis (either of the single-universe or the multiverse kind) ˘

these would be roughl yon a par regarding how well the y´d fit with the evidence (quite

poorlyfor all of them) and the choice between them would be determined mainl yb y

one´s prior probabilityfunction.

In chapter 2 we also touched on the case where our universe is discovered to have

some ^special feature~ F . One example of this is if we were to find inscriptions sa ying

^God created this universe and it´s the onl yone he created.~ in places where it seems only

a diving being would have made them (and we thought that there was a significant chance

that the creator was being honest). Another example is if we find specific evidence that

favors on ordinar y(non- anthropic) grounds some ph ysical theor ythat either implies a

single-universe world or a multiverse. Such new evidence e´ would be conjoined with the

evidence e we alread yhave. What we should believe in the light of this depends on what

conditional probabilityvarious h ypotheses give to e & e´ and on the prior probabilities we

give to these h ypotheses. With e´ involving special features, e & e´ might well be such as

to preferentiallyfavor h ypotheses that specificall yaccounts for the special features, and

this favoring ma ybe strong enough to dominate any of the considerations mentioned

above. For example, if we find all those inscriptions, that would make the creator-

hypothesis seem ver yattractive even if one assigned it a low prior probabilityand even if

the conditional probabilityof there being a single universe with F given the creator-

hypotheses would be small; for other plausible hypotheses would presumablygive ver y

much smaller conditional probabilities to our finding that our universe has F . (On h

U

, it

would be extremelyunlikel ythat there would be an yuniverse with F . On h

M

, it might be

likelythat there should be some universe with F , but it would nonetheless be extremel y

unlikelythat we should be in that universe, since on an yplausible multiverse theor ynot

involving a creator it would seem that if it were likel ythat there should be one universe

with F then it would also be most likelythat there are a great man yother universes not

having F and in which the observers, although man yof them would be in the same

reference class as us, would thus not be compatible with the evidence we have.) Similar

considerations hold if F is not divine-looking inscriptions but something more of the nature of ordinar yph ysical evidence for some particular ph ysical theor y.

Finally, we have to tackle the question of how the existence of freak observers

affects the stor y. The answer is: hardlyat all. Although once we take account of freak

observers there will presumabl ybe a broad class of single-universe theories that make

probable that some observers compatible with e should exist, this doesn´t help the case for

such theories. For freak observers are random ˘ whether the yare generated b yHawking

radiation or b ythermal fluctuations or some other phenomena of a similar kind, these

freak observers would not be preferentiallygenerated to be compatible with e . Onl yan

extremelyminute fraction of all freak observers would be compatible with e . The case

would therefore be essentiallythe same as if we have a multiverse where man yuniverses

contain observers (that are in our reference class) but onlya tinyfraction of them contain

observers that are compatible with e . Just as e didn´t especiall yfavor such multiverse-

theories over ad hoc single-universe theories, so likewise e is not given a sufficientl yhigh

probabilityb ythe there-is-a-single-universe-sufficientl y-big-to-contain-all-kinds-of-freak

observers theor y( h

F

) to make such a theor ysupported b your evidence. In fact, the case

for h

F is much worse than the case for such a multiverse theor y. For the multiverse theor y,

even if not getting an yassistance from fine-tuning, would at least have a bias towards

observers that have evolved (i.e. most observers would be of that kind). Evolved

observers would tend to be in epistemic states that to some degree reflect the nature of the

universe the yare living in. Thus if not ever ylogicall ypossible universe is instantiated

(with equal frequenc y) in the multiverse but instead the universes it contains tend to share

at least some basic features with our actual universe, then a much greater fraction of the

observers existing in the multiverse would be compatible with e than of the observers

existing given h

F

. On h

F the observers would be distributed roughl yevenl yover all

logicall ypossible epistemic states (of a given complexity) 78 whereas on the multiverse

theorythe y´d be distributed over the smaller space of epistemic states that are likel yto be

instantiated in observers evolving in universes that share at least some basic features

(maybe ph ysical laws, or some ph ysical laws, depending on the particular multiverse

theory) with our universe. So h

F is strongl ydisfavored b y e .

Freak observers, therefore, cannot rescue an otherwise flawed theor y. At the same

78 If you were to generate lumps of matter at rando mand wait until a brain in a conscious state emerged,

yo u´d most likely find that the first conscio us brain-state was so me totallyweird psychedelic o ne, but at any

rate not one consistent with the highly specific and orderlyset of kno wled ge embodied in e .

time, the existence of freak observers would not prevent a theor ywhich is otherwise

supported byour evidence from still being supported once the freak observers are taken

into account ˘ provided that the freak observers make up a small fraction of all the

observers that the theor ysa ys exist. In the universe we are actuallyliving in, for example,

it seems that there ma ywell be vast numbers of freak observers (if onl yit is sufficientl y

big). Yet these freak observers would be in an astronomicall ysmall minority 79 compared

to the regular observers that trace their origin to life that evolved b ynormal pathwa ys on

some planet. For ever yobserver that pops out of a black hole, there are countless

civilizations of regular observers. Freak observers can thus, on SSSA-R, be ignored for all

practical purposes.

How the observation theory based on SSSA-R measures up against desiderata

The theor yof reasoning under observational selection effects (an ^observation theor y~ for

short) that we have developed here builds on the ideas discovered in previous chapters.

After establishing what an observation theor yhas to be able to do ˘ the forms of

reasoning that it must systematize and the sorts of considerations that it must be

consistent with ˘ and after anal yzing carefullyhow the simpler preliminarytheor ybased

on SSA works and the cases where it breaks down, we were led to propose the theor y

developed in the present chapter. This involved reassessing the earlier conclusions about

the God´s Coin Toss gedanken b ylooking at it in a framework where observer-moments

rather than observers are the basic entities. We argued that contrar yto appearances, a

model could be constructed in this framework that does not conflict with Bayes ian

kinematics, that rejects SIA, and that does not give rise to the sort of probabilit yshift that

leads to DA and the paradoxes discovered in chapter 8. This model involves placing

certain observer-moments in different reference classes, and some arguments were given

for wh ythis was a legitimate procedure (although it should be acknowledged that the

main motivation is that it avoids the paradoxes of chapter 8). The ideas underl ying this

solution were generalized and given a mathematicall yprecise expression in equation

SSSA-R, which forms a centerpiece of the theor y. Upper and lower bounds on the

inclusivelyof the reference class were established (R -bounds), showing that the reference

79 Again, we are disregarding the infinite case which the current version of the theor yad vanced here is not

designed to deal with. It seems that in order to handle the infinite case one would have to strengthen SSSA-

R with so mething that is for mulated in ter ms of spatial densities of observer -mo ments rather than classes of

observer-mo ments. But that is beyond the scope of this investigation.

class is non-trivial.

It was shown in some detail how this theor y resolves the range of conundrums

related cosmological theorizing and anthropic reasoning. The preliminar yresults derived

in chapter 2 about the evidential relations between our evidence, single-universe and

multiverse hypotheses, fine-tuning, and cosmic design h ypotheses were confirmed,

extended and made more precise using the observation theor y´s conceptual and formal

resources. The theor ypermits probabilistic observational consequences to be derived in

intuitive ways from both multiverse-models and big-single universe models and works

fine even in the presence freak observers. Some reasons were given for wh ythe theor y

will also work for the other applications of anthropic reasoning we have studied, although

these cases were not explicitlyanal yz ed in terms of SSSA-R.

The observation theor yundercuts DA b yaffording an alternative wa yof

conceptualizing the God´s Coin Toss gedanken, which is the common denominator of DA

and the paradoxes of chapter 8. It provides a simple, uniform framework for drawing

conclusions from data that have been subjected to observational selection effects. And it

enables us to formulate specific further research objectives, including (but not limited to):

explaining how to extend the theoryto cover infinite cases; pinpoint and justifythe

correct definition of the reference class; appl ying it in detailed analyses in concrete

scientific settings, especiall y multiverse cosmology and evolutionar ybiology; applying it

to game theoretic problems involving imperfect recall; drawing out its philosophical

implications for Lewis´ modal realism, the many-worlds and man y-minds interpretations

of quantum physics, ph ysicist Max Tegmark´s speculative ideas for a theor yof

ever ything, h ypotheses about intelligent extraterrestrial life and our own long-term future,

and in general for theories about the large-scale structure of the world and the distribution

of observers within it.

R E F E R E N C E S

Achinstein, P. (1993). ^Explanation and "Old Evidence".~ Philosophia 51(1) : 125-137.

Albert, D. D. (1989). "On the possibilitythat the present quantum state of the universe is

the vacuum.". Proceedings of the 1988 biennial meeting of the philosophyof science

association . A. Fine and J. Lepli. Michigan, East Lansing. 2 : 127-133.

Angrilli, A., P. Cherubini, et al. (1997). Percept. Psychoph ys. 59 : 972-982.

Aumann, R. J., S. Hart, et al. (1997). ^The Forgetful Passenger.~ Games and Economic

Behaviour 20 : 117-120.

Barrow, J. D. (1983). ^ Anthropic definitions.~ Q. Jl. astr. Soc. 24 : 146-153.

Barrow, J. D. and F. J. Tipler (1986). The anthropic cosmological principle . Oxford;

Oxford UniversityPress.

Bartha, P. and C. Hitchcock (1999). ^No One Knows the Date of the Hour: An

Unorthodox Application of Rev. Ba yes’s Theorem.~ Philosoph yof Science (Proceedings)

66 : S229-S353.

Bartholomew, D. J. (1984). The God of Chance . London, SCM Press Ltd.

Battigalli, P. (1997). ^D ynamic Consistenc yand Imperfect Recall.~ Games and Economic

Behaviour 20 : 31-50.

Bigelow, J., J. Lollins, et al. (1993). ^The big bad bug: what are the Humean’s chances?~

Brit. J. Phil. Sci. 44 : 443-63.

Black, R. (1998). ^Chance, Credence, and the Principal Principle.~ Brit. J. Phil. Sci. 49 :

371-85.

Bostrom, N. (1997). ^Investigations into the Doomsda yargument.~ Preprint

http://www.anthropic-principles.com/preprints/inv/investigations.html .

Bostrom, N. (1998). ^How Long Before Superintelligence? ~ International Journal of

Futures Studies 2 .

Bostrom, N. (1999). ^The Doomsda yArgument is Alive and Kicking.~ Mind 108 (431):

539-50.

Bostrom, N. (1999). "A Subjectivist Theoryof Objective Chance.". British Societyfor the

Philosophyof Science Conference, July8-9 , Nottingham, U.K.

Bostrom, N. (2000). ^Observer-relative chances in anthropic reasoning? ~ Erkenntnis 52 :

93-108.

Bostrom, N. and et al. (1999). The Transhumanist FAQ. http:www.transhumanist.org.

Brin, G. D. (1983). ^The ‘Great Silence’: The Controvers yConcerning Extraterrestrial

Intelligent Life.~ Quarterl yJournal of the Ro yal Astronomical Society 24 : 283-309.

Buch, P. (1994). ^Future prospects discussed.~ Nature 368 (10 March): 108.

Carlson, E. and E. J. Olsson (1998). ^Is our existence in need of further explanation?~

Inquir y 41 : 255-75.

Carter, B. (1974). "Large number coincidences and the anthropic principle in

cosmology.". Confrontation of cosmological theories with data . M. S. Longair. Dordrecht,

Reidel : 291-8.

Carter, B. (1983). ^The anthropic principle and its implications for biological evolution.~

Phil. Trans. R. Soc. A 310 (347-363).

Carter, B. (1989). "The anthropic selection principle and the ultra-Darwinian s ynthesis.".

The anthropic principle . F. Bertola and U. Curi. Cambridge, Cambridge universit ypress :

33-63.

Castandeda, H.-N. (1968). ^On the Logic of Attributions of Self-Knowledge to Others.~

Journal of Philosophy 65 : 439-56.

Castaneda, H.-N. (1966). ^’He’: A Stud yin the Logic of Self-Consciousness.~ Ratio 8 :

130-57.

Castell, P. (1998). ^A Consistent Restriction of the Principle of Indifference.~ British

Journal for the Philosophyof Science 49 : 387-395.

Caves, C. M. (2000). ^Predicting future duration from present age: A critical assessment.~

Physics preprint archive astro- ph/0001414 (24 Jan 2000).

Cirkovic, M. and N. Bostrom (2000). ^Cosmological Constant and the Final Anthropic

Hypothesis.~ Astroph ys. Space Sci. in press .

Craig, W. L. (1988). ^Barrow and Tipler on the anthropic principle vs. Divine design.~

British Journal for the Philosophyof Science 38 : 389-395.

Craig, W. L. (1997). ^ Hartle-Hawking cosmologyand atheism.~ Anal ysis 57 (4): 291-295.

Delaha ye, J.-P. (1996). Reserche de modeles pourl’argument de l’Apocal ypse de Carter-

Leslie.

Dieks, D. (1992). ^Doomsda y- Or: the Dangers of Statistics.~ Philosophical Quarterly

42 (166): 78-84.

Dieks, D. (1999). The Doomsda yArgument. Unpublished manuscript.

Dowe, P. (1998). Multiple universes, fine tuning and the inverse gambler’s fallac y.

Drexler, E. (1985). Engines of Creation: The Coming Era of Nanotechnology . London,

Forth Estate.

Drexler, E. (1992). Nanos ystems . New York, John Wiley& Sons, Inc.

Earman, J. (1987). ^The SAP also rises: a critical examination of the anthropic principle.~

Philosophical Quarterl y 24 (4): 307-17.

Earman, J. (1992). Ba yes or Bust? A Critical Examination of Ba yesian Confirmation

Theor y . Cambridge, Massachusetts, The M IT Pres.

Eckhardt, W. (1992). ^A Shooting-Room view of Doomsda y.~ Journal of Philosophy

XCIV (5): 244 - 259.

Eckhardt, W. (1993). ^ProbabilityTheor yand the Doomsda yArgument.~ Mind 102 (407):

483-88.

Eells, E. (1990). "Ba yesian Problems of Old Evidence.". Scientific Theories .

Minneapolis, Universityof Minn. Pr.

Efstathiou, G. (1995). MNRAS 161 (1).

Elga, A. (2000). ^Self-locating Belief and the Sleeping Beaut yProblem.~ Unpublished

Manuscript .

Feinberg, G. and R. Shapiro (1980). Life be yond Earth: The Intelligent Earthling’s Guide

to Life in the Universe . New York, Morrow.

Feller, W. (1966). An Introduction to ProbabilityTheor yand its Applications . New York,

Wiley.

Franceschi, P. (1998). ^ Une Solution pour l’Argument de l’Apocal ypse.~ Canadian

Journal of Philosophy 28 (2): 227-246.

Franceschi, P. (1999). ^Comment l’Urne de C arter et Leslie se Deverse dans celle de

Hemple.~ Canadian Journal of Philosophy 29 (1): 139-56.

Freitas(Jr.), R. A. (1999). Nanomedicine . Austin, Landes Bioscience.

Gale, G. (1981). ^The Anthropic Principle.~ Scientific American 245 (June) : 154-171.

Gale, G. (1996). " Anthropic-principle cosmology: ph ysics or metaph ysics? ". Final

Causalityin Nature and Human Affairs . R. Hassing. Washington, D. C., Catholic

UniversityPress.

Gardner, M. (1986). ^ WAP, SAP, FAP &PAP.~ New York Review of Books 33 (Ma y8):

22-25.

Gilboa, I. (1997). ^A Comment on the Absent-Minded Driver Paradox.~ Games and

Economic Behaviour 20 : 25-30.

Gilovich, T., B. Vallone, et al. (1985). Cognitive Psychology 17 : 295-314.

Glymour, C. (1980). Theor yand Evidence . Princeton, Princeton UniversityPress.

Goodman, S., N. (1994). ^Future prospects discussed.~ Nature 368 (10 March): 108.

Gott, R. J. (1993). ^Implications of the Copernican principle for our future prospects.~

Nature 363 (27 Ma y): 315-319.

Gott, R. J. (1994). ^Future prospects discussed.~ Nature 368 (10 March): 108ff.

Gott, R. J. (1997). A Grim Reckoning. New Scientist . 2108 : 36-39.

Gould, S. J. (1985). The Flamingo’s Smile, Reflections in Natural Histor y . London,

Penguin Books.

Gould, S. J. (1990). "Mind and Supermind.". Physical cosmologyand philosoph y . New

York, Collier Macmillan.

Greenberg, M. (1999). ^Apocal ypse Not Just Now.~ London Review of Books 1 July

1999 : 19-22.

Grove, A. J. (1997). ^On the Expected Value of Games with Absentmindedness.~ Games

and Economic Behaviour 20 : 51-65.

Hacking, I. (1987). ^The inverse gambler’s fallac y: the argument from design. The

anthropic principle applied to wheeler universes.~ Mind 76 : 331-40.

Hall, N. (1994). ^Correcting the guide to objective chance.~ Mind 103 (412): 505-17.

Halpern, J. Y. (1997). ^On Ambiguities in the Interpretation of Game Trees.~ Games and

Economic Behaviour 20 : 66-96.

Halpin, J. L. (1994). ^Legitimizing Chance: The Best-System Approach to Probabilistic

Laws in Physical Theor y.~ Austl. J. Philosophy 72 (3): 317-338.

Hanson, R. (1998). "Must earl ylife be eas y? The rh ythm of major evolutionar y

transitions." Unpublished manuscript.

Hart, M. H. (1982). "Atmospheric Evolution, the Drake Equation, and DNA: Sparse life

in an Infinite Universe.". Extraterrestrials: Where are the y? M. H. Hart and B.

Zuckerman. New York, Pergamon Press.

Hoefer, C. (1997). ^On Lewis’ objective chance: ’ Humean supervenience debugged’.~

Mind 106 (422): 321-34.

Hoefer, C. (1999). "A Skeptic’s Guide to Objective Chance". Unpublished manuscript.

Horwich, P. (1982). Probabilityand evidence . Cambridge, Cambridge UniversityPress.

Howson, C. (1991). ^The ’Old Evidence’ Problem.~ British Journal for the Philosophyof

Science 42(4) : 547-555.

Kanitscheider, B. (1993). " Anthropic arguments - are the yreall yexplanations? ". The

Anthropic Principle: Proceedings of the Venice Conference on Cosmologyand

Philosophy . F. Bertola and U. Curi. Cambridge, Cambridge UniversityPress.

Klapdor, H. V. and K. Grotz (1986). Astroph ysical Journal 301 (L39).

Kopf, T., P. Krtous, et al. (1994). ^Too soon for doom gloom.~ Ph ysics preprint gr-

gc/9407002 (v3, 4 Jul.).

Korb, K. and J. Oliver (1999). ^A Refutation of the Doomsda yArgument.~ Mind 107 :

403-10.

Korb, K. B. and J. J. Oliver (1999). ^Comment on Nick Bostrom’s "The Doomsda y

Argument is Alive and Kicking".~ Mind 108 (431): 551-3.

Kurzweil, R. (1999). The Age of Spiritual Machines: When computers exceed human intelligence . New York, Viking.

Kyburg(Jr.), H. (1981). ^Principle Investigation.~ Journal of Philosophy 78 : 772-777.

Larson, R. C. (1987). Operat. Res. 35 : 895-904.

Leslie, J. (1972). ^Ethicallyrequired existence.~ American Philosophical Quarterl y July :

215-24.

Leslie, J. (1979). Value and Existence . Oxford, Blackwell.

Leslie, J. (1985). "Modern Cosmologyand the Creation of Life.". Evolution and Creation .

Notre Dame, Notre Came Press.

Leslie, J. (1985). "The Scientific Weight of Anthropic and Teleological Principles.".

Conference on Teleologyin Natural Science , Center for Philosophyof Science,

Pittsburgh.

Leslie, J. (1988). ^No inverse gambler’s fallac yin cosmology.~ Mind xcvii (386): 269-272.

Leslie, J. (1989). ^Risking the world’s end.~ Bulletin of the C anadian Nuclear Societ y

May, 10-15 .

Leslie, J. (1989). Universes . London, Routledge.

Leslie, J. (1990). ^ Is the end of the world nigh? ~ Philosophical Quarterl y 40 (158): 65-72.

Leslie, J. (1992). ^Doomsda yRevisited.~ Philosophical Quarterly 42 (166): 85-87.

Leslie, J. (1993). ^Doom and Probabilities.~ Mind 102 (407): 489-91.

Leslie, J. (1996). "The Anthropic Principle Toda y.". Final Causalityin Nature and Human

Affairs . R. Hassing. Washington, D. C., Catholic UniversityPress.

Leslie, J. (1996). ^A difficult yfor Everett’s man y-worlds theor y.~ Int. Stud. Phil. Sci.

10 (3): 239-246.

Leslie, J. (1996). The End of the World: the science and ethics of human extinction .

London, Routledge.

Leslie, J. (1997). ^Observer-relative Chances and the Doomsda yargument.~ Inquir y 40 :

427-36.

Lewis, D. (1986). Philosophical Papers . New York, Oxford Universit yPress.

Lewis, D. (1994). ^Humean Supervenience Debugged.~ Mind 103 (412): 473-90.

Lipman, B. L. (1997). ^More Absentmindedness.~ Games and Economic Behaviour 20 :

97-101.

Macka y, A. L. (1994). ^Future prospects discussed.~ Nature 368 (10 March): 108.

Manson, N. A. (1989). Wh yCosmic Fine-tuning Needs to be Explained. Department of

Philosophy , S yracuse University.

Martel, H., P. R. Shapiro, et al. (1998). Astroph ysical Journal 492 (29).

Martin, J. L. (1995). General Relativity . London, Prentice Hall.

Mayr, E. (1985). "The probabilit yof extraterrestrial intelligent life.". Extraterrestrials,

Science and alien intelligence . J. Edward Regis. New York, Cambridge Universit yPress :

23-30.

McGrath, P. J. (1988). ^The inverse gambler’s fallac y.~ Mind xcvii (386): 265-268.

McMullin, E. (1993). ^Indifference Principle and Anthropic Principle in Cosmology.~

Stud. Hist. Phil. Sci. 24 (3): 359-389.

Mellor, H. (1971). The matter of chance . Cambridge, Cambridge Universit yPress.

Minsky, M. (1994). Will Robots Inherit the Earth? Scientific American . October .

Moravec, H. (1989). Mind Children . Harvard, Harvard UniversityPress.

Moravec, H. (1998). ^When will computer hardware match the human brain? ~ Journal of

Transhumanism 1 .

Moravec, H. (1999). Robot: mere machine to transcendent mind . New York, Oxford

UniversityPress.

Nielsen, H. B. (1981). "Did God have to fine tune the laws of nature to create light? ".

Particle Physics . L. Amdric, L. Dadic and N. Zovoko, North-Holland Publishing

Company : 125-142.

Oliver, J. and K. Korb (1997). A Ba yesian anal ysis of the Doomsda yArgument,

Department of Computer Science, Monash Universit y.

Papagiannis, M. D. (1978). "Could we be the onlyadvanced technological civilization in

our galax y? ". Origin of Life . H. Noda. Tok yo, Center Acad. Publishing.

Papineau, D. (1995). ^Probabilities and the man yminds interpretation of quantum

mechanics.~ Anal ysis 55 (4): 239-246.

Papineau, D. (1997). ^Uncertain decisions and the man y-worlds interpretation of quantum

mechanics.~ The Monist 80 (1): 97-117.

Parfit, D. (1998). ^Wh yan ything? Whythis? ~ London Review of Books Jan 22 : 24-27.

Perlmutter, S., G. Aldering, et al. (1998). Nature 391 (51).

Perr y, J. (1977). ^Frege on Demonstratives.~ Philosophical Review 86 : 474-97.

Piccione, M. and A. Rubinstein (1997). ^The Absent-Minded Driver’s Paradox: S ynthesis

and Responses.~ Games and Economic Behaviour 20 : 121-130.

Piccione, M. and A. Rubinstein (1997). ^On the Interpretation of Decision Problems with

Imperfect Recall.~ Games and Economic Behaviour 20 : 3-24.

Polkinghorne, J. C. (1986). One World: The Interaction of Science and Theology .

London.

Ramsey, F. P. (1990). "Chance.". Philosophical Papers . D. H. Mellor. New York,

Cambridge Universit yPress.

Raup, D. M. (1985). "ETI without intelligence.". Extraterrestrials, Science and alien

intelligence . J. Edward Regis. New York, Cambridge UniversityPress : 31-42.

Redelmeier, D. A. and R. J. Tibshirani (1999). ^Whycars in the other lane seem to go

faster.~ Nature 401 : 35.

Reiss, A. G., A. V. Filippenko, et al. (1998). AJ 116 (1009).

Ross, H. (1992). Astronomical evidence for the God of the Bible.

Roush, S. (1998). ^Doomsda y, Pangloss and Doctor Who.~ Unpublished manuscript .

Sagan, C. (1995). ^The abundance of life-bearing planets.~ BioastronomyNews 7 (4): 1-4.

Schlesinger, G. (1991). The Sweep of Probability . Notre Dame, Indiana, Universit yof

Notre Dame Press.

Schopf(ed.), W. J. (1992). Major Events in the Histor yof Life . Boston, Jones and Barlett.

Simpson, G. G. (1964). ^The nonprevalence of humanoids.~ Science 143 (769).

Singh, A. (1995). Ph ysical Review D, 52 : 6700ff.

Sklar, L. (1989). "Ultimate explanations: comments on Tipler.". Proceedings of the 1988

biennial meeting of the philosophyof science association . A. Fine and J. Lepli. Michigan,

East Lansing. 2 : 49-55.

Sklar, L. (1993). Phyics and Chance: Philosophical issues in the foundations of statistical

mechanics . Cambridge, C ambridge UniverityPress.

Skyrms, B. (1980). Causal necessit y . London, Yale Universit yPress.

Smith, Q. (1985). ^The Anthropic Principle and Man y-Worlds Cosmologies.~

Australasian Journal of Philosophy 63 : 336-48.

Smith, Q. (1998). ^Critical Notice: John Leslie, The end of the world.~ Candadian Journal

of Philosophy 28 (3): 413-434.

Smolin, L. (1997). The life of the cosmos . New York, Oxford UniversityPress.

Snowden, R. J., N. Stimpson, et al. (1998). Nature 392 : 450.

Strevens, M. (1995). ^A closer look at the ’new’ principle.~ Btit. J. Phil. Sci. 46 : 545-61.

Strevens, M. (1998). ^ Inferring Probabilities from S ymmetries.~ Nous 32:2 : 231-246.

Sturgeon, S. (1998). ^Humean Chance: Five Questions for David Lewis.~ Erkenntnis 49 :

321-335.

Swinburne, R. (1991). The Existence of God . Oxford, Oxford UniversityPress.

Tännsjö, T. (1997). ^Doom Soon? ~ Inquir y 40 : 243-52.

Tegmark, M. (1996). ^Does the universe in fact contain almost no information?~

Foundations of Physics Letters 9 (1): 25-42.

Tegmark, M. (1997). ^Is "the theor yof ever ything" merel ythe ultimate ensemble

theory? ~ Ph ysics preprints archive gr-gc/9704009 (3 Apr).

Tegmark, M. (1997). ^On the dimensionalit yof spacetime.~ Class. Quantum Grav. 14 :

L69-L75.

Thau, M. (1994). ^Undermining and admissibility.~ Mind 103 (412): 491-503.

Tipler, F. J. (1982). ^Anthropic-principle arguments against stead y-state cosmological

theories.~ Observator y 102 : 36-39.

Tipler, F. J. (1994). The Ph ysics of Immortalit y: modern cosmology, God, and the

resurrection of the dead . New York, Doubleda y.

Tversk y, A. and D. Kahneman (1974). Science 185 : 1124-1131.

Tversk y, A. and D. Kahneman (1991). Quart. J. Economics 107 : 1039-1061.

van Inwagen, P. (1993). Metaph ysics . Oxford, Oxford UniversityPress.

Vranas, P. (1998). "Who’s Afraid of Undermining? Whythe Principal Principle Need Not

Contradict Humean Supervenience.". Sixteenth Biennial Meeting of the Philosophyof

Science Association , Kansas City, Missouri.

Walton, D. and J. Bathurst (1998). Accident Anal. Prevent. 30 : 821-830.

Weinberg, S. (1987). Physical Review Letters 74 : 846ff.

Wheeler, J. A. (1975). . The nature of scientific discover y . O. Gingerich. Washington,

Smithsonian Press : 261-96 and 575-87.

Wheeler, J. A. (1977). . Foundational problems in the special sciences . R. E. Butts and J.

Hintikka. Dordrecht, Reidel : 3.

Whitaker, M. A. B. (1988). ^On Hacking’s criticism of the wheeler anthropic principle.~

Mind xcvii (386): 259-264.

White, R. (1999). Fine-tuning and multiple universes. Unpublished manuscript.

Wilson, P. A. (1991). ^What is the explanandum of the anthropic principle? ~ American

Philosophical Quarterl y 28 (2): 167-73.

Wilson, P. A. (1994). ^Carter on Anthropic Principle Predictions.~ British Journal for the

Philosophyof Science 45 : 241-253.

Worrall, J. (1996). "Is the idea of a scientific explanation undulyanthropocentric? The

lessons of the anthropic principle." Technical report. London, LS E: Centre for the

philosophyof the natural and social sciences.

Zuboff, A. (1991). ^One Self: The Logic of Experience.~ Inquir y 33 : 39-68.