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An Empirical Critique of Two Versions of the Doomsday Argument --
Gott’s Line and Leslie’s Wedge

Abstract: | discuss two versons of the doomsday argument. According to “Gott'sLine,” the
fact that the human race has existed for 200,000 years licences the prediction that it will last
between 5100 and 7.8 million more years. According to “Ledie€ sWedge,” the fact that |
currently exist is evidence that increases the plausibility of the hypothesis that the human race
will come to an end sooner rather than later. Both arguments rest on substantive assumptions
about the sampling process that underlies our observations. These sampling assumptions have
testable consequences, and so the sampling assumptions themsalves must be regarded as
empirical clams. Theresult of testing some of these consequences is that both doomsday
arguments are empiricaly disconfirmed.

1. Gott’s Line
Richard Goitt (1993, 1997) presents the following version of the doomsday argument:

1. My present tempora position can be tregted as if it were the result of random sampling

from the times during which S exidts.

2. Hence, thereis a probability of 0.95 that my present tempora position isin the middle
95% of S'sduration.

3. Shegan at time t, and the present date ist;.

4. Hence, there isaprobability of 0.95 that Swill cease to exist after the passage of
aperiod of time that is greater than (1/39)( t; - t, ) and lessthan 39( t; - t; ).

5. Hence, we may reasonably predict that S will cease to exigt after the passage of
aperiod of time that is greater than (1/39)( t; - t, ) and lessthan 39( t; - t; ).

Gott used this form of reasoning in 1969 to estimate the durations of the Berlin Wall and the Soviet
Union, both of which perished within the intervals he caculated. He dso used this argument to predict
the duration of the human race; assuming that Homo sapiens has so far existed for 200,000 years,
Gott’s prediction is that our species will last somewhere between 5100 and 7.8 million more years. |
cdl thisargument “Gott's Ling” because it envisages sampling from atimeline,

Gott (1997, p. 39) saysthat his argument requires some redtrictions. He points out that if you
attend awedding, you should not use his argument to predict, five minutes after the bride and groom
say “I do,” that the marriage will probably end in about five minutes. The reason isthat “you are  the
wedding precisdly to witness its beginning.” He thinks it would be equaly wrong to use the doomsday
argument to reason that the Universe is about half over. Thereason isthat “inteligent observers



emerged only long after the Big Bang, and so witness only asubset of itstimeline” Gott is pointing to
the fact that we sometimes have good reason to think that the first premiss of hisargument isfase. Our
empirica background knowledge tells us that our time at the wedding is not atime drawn a random
from the full duration of the marriage, nor should it be thought of in accordance with that fase
assumption.  And if it tekes along while for intelligent life to evolve, then our present tempord position
should not be regarded as atime drawn at random from the full duration of the Universe. Gott'sLineis
intended to be aprima facie and defeasible argument, one that can be overturned by empirical
evidence to the contrary (Bostrom 1997, 2000; Caves 2000). As Gott (1997, p. 39) says, his
argument “... ismogt useful when examining the longevity of something, like the human race, for which
there is no actuaria data available. We know only one human race. In predicting your lifetime, you can
do better by using gatistics on the life gpans of people who have died...” It is unclear why the fact that
we know only one human race is decisive. We have information about the longevities of many species,
why isn't this relevant to estimating the life expectancy of our own? The same point gppliesto the
Berlin Wall and to the Soviet Union. We are not totdly in the dark with respect to the longevities of
walls or repressveregimes.  In any event, it is clear that Gott intends his argument to gpply when (and
only when) one lacks frequency data or other empirica evidence from which probabilities can be
esimated. If we have no empirica evidence againgt assigning equa probabilitiesto thetimesduring S's
duration that we might now be in existence, we are supposed to adopt that flat distribution.

Thisjudtification of premiss (1) makesit sound asif Gott’'s argument relies on the (notorious)
Principle of Indifference. Indeed, Goodman (1994) criticizes the argument in just these terms; he points
out that if we are completely uncertain about the number of yearsin S sduration, we aso are in the
dark with respect to the exponents and roots of the number of years. Each of these correspondsto a
different probability distribution when the Principle of Indifferenceis alowed to do its work. Gott
(1999) repliesthat not dl versons of the Principle of Indifference are fdlacious, and cdlamsthat his
“Copernican Principle’ is one of the principle svalid versgons. This principle says that we should not
regard our tempord position as “specid.” From this negative, Gott extracts a pogitive — that we should
endorse the sampling assumption described in premiss (1).

2. Objections to Gott’s Line

If we agree, as | think we should, that the Principle of Indifferenceisinvalid, what verdict does
this entail about Gott’s argument? Can we say only that the judtification of the argument’ sfirst premiss
remains obscure? | want to argue for astronger criticism — that the first premissis empiricaly
implausible, at least with respect to the objects (the human race, the Berlin Wall, the USSR) to which
the argument has been gpplied. | should decline to treat my present tempord postion asif it were the
result of random sampling from the times during which these objects exist because this assumption has
implications that are disconfirmed by observations.

To argue this point, let me begin by describing how Gott caculates his estimate —that thereisa



95% probability that Swill cease to exist between the limits he specifies. Firg, notice that premiss (1)
entalls al propogtionsthat have the following form:

(MID) Pr(I now amin the middle p of S'slifetime) = p.

The propostions collected together by (MID) say that my confidence that | now am inthe “middle’ of
Sslifdimeincreases as | adopt alooser definition of “middling.” Although Gott sometimes uses
(MID) with p set at 0.5 to predict how long Swill lagt, he usualy uses p = 0.95; since the latter value
makes for a stronger prediction, I'll focus on p = 0.95 in recongtructing his argument.

Suppose that we now are in the year 2000 and that the Sin question has dready lasted for 50
years. If weset p=0.95, then (MID) encompasses the two extreme cases depicted in Figure 1, with
al the othersfaling in between. In both scenarios, the present year, 2000, isincluded in the 95% time
interval that liesin the middle of S'sduration. Scenario (A) Stuates the year 2000 right a the beginning
of this middle period, whereas (B) placesit at the very end. According to (A), Swill last an additiona
1950 years; according to (B), Swill live another 1.3 years. Thus (MID) says that there is a probability
of 0.95 that Swill enjoy between 1.3 and 1950 years of additiond life.

Figure 1

Although Gott's Line generates a prediction by usng (MID) with p st a asingle vaue, the fact
of the matter isthat his sampling assumption has many additional consequences. For example, premiss
(1) dso entails

(FIRST) Pr(I now aminthefirg p of Sslifetime) = p
(LAST) Pr(l now aminthelast p of Sslifetime) = p.

When these different implications of premiss (1) are conjoined, predictions are obtained that are much
more specific than the one illugtrated in Figure 1. For example, Mid-90 (the proposition obtained from
MID by setting p=90%) asserts that there is a 90% chance that Swill last between 2.6 and 950 years,
Mid-40 saysthat there is a40% chance that Swill last between 17 and 150 more years, Mid-20 says
that there is a 20% chance that S will last between 33 and 75 more years, and Mid-2 entails that there
isa 2% chance that Swill last between 49 and 51 additiond years (al on the assumption that S has so
far been around for 50 years). If we put this information together, we obtain the rather more detalled
distribution represented in Figure 2.

Figure 2

When Gaoitt gpplies his method to the Soviet Union and the Berlin Wall, he cdculates asingle
tempord interva, which his random sampling assumption entails has a 95% probability of including the



time a which the object in question expires. Thetemporad interva iswide and the object’ sduration in
these two cases turns out to fal within that wide interva. Thisislike testing the hypothesisthat acoinis
far by seeing if it produces between 1% and 99% heads in a hundred tosses. The hypothesis does
make that prediction, and the fact that the coin behaves as predicted isof some Sgnificance. But the
prediction is very weak and unspecific, and the confirmation this confers on the hypothesisis
correspondingly meager. A better test of the hypothesis would look at the hypothesis more specific
predictions.

So the question we need to ask is this. Isit plausible to gpply the specific digtribution entailed
by Goitt’s sampling assumption to objects like the Soviet Union, the Berlin Wall, and the human race? |
suggest that empirica evidence can be mustered againgt these gpplications. Let’s begin with the Soviet
Union, which was about 50 years old in 1969. Do gpproximately one in forty of the repressve regimes
that have lasted for 50 years go extinct within the next 1.3 years? Do onein forty last for more than
1950 additiona years? My bet isthat the frequency of the second of these eventsisfar lessthan onein
forty. Similar doubts attach to Gott’s discusson of the Berlin Wall. The Wl was eight yearsold in
1969 when Gott made his prediction. What Gott should have considered is not just the tempora
interva generated by setting p= 0.95 in (MID), but the full digtribution that his sampling assumption
entails.  One then can see whether observed frequencies conform with this distribution. Some details
of that digtribution are represented in Figure 3. | would be inclined to assmilate the Berlin Wal not to
wallsin generd (though | bet that that would lead to problems of its own), but to barriers that
governments erect to physicaly separate populations that are part of the same culture. The Berlin Wall
was like alaw prohibiting travel. Do one in forty of such eight-year old barriers last between 152 and
312 years? Do onein forty last more than 312 years? | doubt that these barriers exhibit the
digtribution of longevities that Gott’s sampling assumption predicts.

Figure 3

What about Gott’s prediction concerning the human race? Asfar as| know, we don’t have
much frequency data on species that have existed for a mere 200,000 years. However, Gott’'s model
has testable implications about the process of species extinction; it saysthat an older speciesthat is
around today will probably take longer to go extinct than ayounger onewill.? Itisinteresting to
compare this claim with the evidence that Van Vaen (1973) assemblesin support of the hypothesis
that, within various taxonomic groups, agenus or family’s probability of extinction isindependent of its
prior duration. | concede that Van Vaen discusses genera and families, not species, and that his
comparisons are carried out within taxa, not across them. But surdly the point is clear thet there can be
no a priori modd of species extinction.

How should we think about the relationship between a species prior duration and its expected
time until extinction?® Hereis an intuitive picture. Let usimagine that aspeciesis “trying” to track its
changing environment. For the sake of a smple example, consder a bear species whose surviva
depends just on its ability to evolve longer fur as the environment grows colder. If the Speciesisableto
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evolve fagter than the rate a which the environment changes,

the species may be able to improve its chances of surviving asit evolves. However, if the environment
changes fagter than the gpecies can evolve, the species will lag further and further behind, and its risk of
extinction will increese asit evolves. Van Vden's hypothessis that most species are in between these
two cases — adaptive evolution manages to keep species “even’ with their changing environments. Van
Vden cdls this conjecture “the Red Queen Hypothesis,” naming it for the character in Through the
Looking Glass who hasto run asfast as possblejust to stay in the same place. Gott’s Line entails that
older species will probably outsurvive younger species; he grantsthat his argument is prima facie and
might be over-ruled by empirica evidence. However, in the absence of data, we are told to follow
Gott'sLine. I'd expect mogt biologists to say something different — in the absence of data, you should
go out and get some.

It isinteresting to consder more generdly the relationship between a system’s prior duration
and its expected time until extinction. Asjust noted, Gott’s sampling assumption entails that these two
quantities are positively rdated. In contrast, the Red Queen Hypothes's says that they are
independent, if the sysem in question isabiologica species. A third possibility is exemplified by the
individua organiams that belong to the same species—they’ |l probably die sooner, the older they are
now; within species, an organism’s prior duration and its expected number of future years are
negatively corrdated. Gott's clam isthat, in the absence of evidence to the contrary, we should
assume that the system a hand differs both from Van Vaen's species and from what we know about
individua organisms. My point is not that we should endorse the Van Vaen picture or the organism
picture a priori, but that a/l clams about the relationship of prior duration to longevity must be judged
empiricaly.*

Although Gott asserts that his sampling assumption isjustified by what he cadls “the Copernican
Principle,” he nonetheless seems to agree implicitly that empirica testing is relevant, in that he goesto
the trouble of offering empirica evidence that his sampling assumption generates rdligble predictions.
The problem we have seen is that the tests he considers are weak. Stronger tests throw doubt on the
sampling assumption when it is gpplied to the Soviet Union, the Berlin Wall, and the human race.>®

3. Leslie’s Wedge
John Ledie (1990) presents a different version of the doomsday argument:

One might a firgt expect the human race to survive, no doubt in evolutionarily much modified
form, for millions or even hillions of years, perhgps just on Earth but, more plausibly, in huge
colonies scattered through the gadlaxy and maybe even through many galaxies. Contemplating
the entire history of the race — future as well as past history — | should in that case see mysdlf as
a very unusually early human. | might well be among the first 0.00001 per cent to live their
lives. But what if therace isingtead about to die out? | am then afairly typicd human. Recent
population growth has been s0 rapid that, of dl human liveslived so far, anything up to about



30 per cent ... areliveswhich 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 am of making it quite ordinary tha
| exist where | do in human higory, let me therefore assume that the human race will rapidly die
out (pp. 65-66, emphasis his).

| cal thisargument “Ledie's Wedge’ because the argument looks with favor on the hypothesis thet the
human race started increasing dramatically sometime in the past and will continue to do so until atimein
the near future when it abruptly goes extinct. If this growing census Szeis plotted againgt time, the
higtory of the human race takes the form of awedge -- thin on the left and rgpidly getting thicker as one
moves to the right, until suddenly (and soont!), it drops off to nothing.

Ledie's Wedge differs from Gott's Line in severa respects. Firdt, Ledie specifies no minimum
or maximum; he merely provides a quditative comparison of the hypothesis “doomsday soon” and the
hypothesis “doomsday in the distant future.” Second, Gott wants to Stuate the present moment in the
middle of S'scareer, whereas Ledi€ sfavored hypothesislocates it near the end. Third, the evidence
on which Goitt bases his prediction concerns how long the human race has lasted to date; for Ledie, the
relevant observation is smply that | am now dive (aswe will see, the past isirrdevant to Ledi€'s
argument). But perhaps the most fundamentd differenceisthis-- Ledi€ sis not an argument about
wha will probably happen. It isan argument about likelihoods.

Here | use the term “likelihood” in the technica sense introduced by R.A. Fisher. The
likelihood of a hypothesis H, rative to observations O, is the probability that H confers on O, not the
probability that O conferson H. H'slikdlihood is Pr(O * H), not Pr(H * O). The fundamentd role that
likelihood plays in evauating the testimony of evidenceis encgpsulated in the Likelihood Principle
(Hacking 1965, Edwards 1972, Royall 1997, Sober 1999, Forster and Sober 2003):

Observation O supports hypothesis H, more than O supports hypothesisH, (i.e., O favors H;
over H,) if and only if Pr(O* H,) > Pr(O * H,).

Within aBayesan setting, likdlihood is the vehicle whereby new evidence is used in updating one's
prior assignment of probahilities. It follows from Bayes theorem that the posterior probabilities,
likelihoods, and priors of the competing hypotheses H, and H, are related as follows:

Pr(H,*0)  Pr(O*Hy) Pr(Hy)

Pr(H,*0)  Pr(O*H,) Pr(H,)

If H, has ahigher likelihood than H,, then the ratio of pogterior probabilitieswill be larger than theratio
of priors.



Onereason | interpret Ledie' s Wedge as a claim about likelihoods derives from the explanation
he provides of hisargument. He saysthat his reasoning is the same as the reasoning that figuresin other
examples that he describes, including the following two “urn tories’ (pp. 68-69):

Y ou draw abdl from an urn containing many bals, replace the bal in the urn, and shake the urn
before drawing again. After severa such draws, you notice that the same ball has been drawn
eachtime. Thisresult favors the hypothesisthat trickery is a work or that the drawn ball is
especidly light-weight over the hypothesis thet the balls are drawn at random.

One of the bdlsin an urn has your name onit. Bdls are drawn without replacement and the
seventh bl drawnis‘yours” Thisresult favors the hypothesis that the urn contained just
twenty bals over the hypothesis that it contained a thousand.

My other reason for thinking that Ledie’'s Wedge draws a conclusion about likelihoodsis his comment
that his argument, “grictly speaking, ... isonly for ashift in any estimate of the risk of our race's
imminent extinction (p. 70).” Ledie (1996) is perfectly clear on this point. Whatever probability you
assigned to the doomsday soon hypothesis before you considered Ledie€' s argument, you should revise
that probability upwards (see also Bartha and Hitchcock 1998).

If Ledie' s Wedge is alikelihood argument, how does he manage to show that

() Pr(l exist in the year 2000 * doomsday soon) > Pr(l exist in the year 2000 * doomsday in the
distant future)?

Ledie obtains thisinegqudity by making the following sampling assumption:

(A) My now exiging in the year 2000 can be trested asiif it were the result of arandom sample
drawn from the set of dl human beings who ever exis.

It isuseful to visudize Ledi€ sidea in terms of the time line shown in Figure 4. The probability of my
being one of the first n people, if doomsday comes soon and (A) is correct, isn/(n+ my). The
probability of my being one of the first n people, if doomsday occurs far in the future and (A) istrue, is
n(n+ m, + m,). Thelikelihood advantage that the hypothesis of “doomsday soon” enjoys would
remain in placeif, insead of caculating my probability of being one of the first n people, | consdered
my probability of having precisdy the birth order postion | have in the sequence of people who
condtitute the human race. Heretherdevant inequdity isl/(n+ m;) >1/(n+ m, + m,). Notice that
the human population’s past history is not relevant to these inequalities. Regardless of the past pattern
of population growth —whether it isawedge or abrick — proposition (1) must betrueif (A) is. In fact,
Ledie' s Wedge leads to a stronger concluson. Although Ledie usudly compares “doomsday soon”
with “doomsday in the digtant future,” his argument entails



(1*)  Pr(l exist now * doomsday occurs x years from now) > Pr(l exist now * doomsday occursy
years from now), for dl x<y.

The sooner doomsday comes the better, as far as likelihood is concerned.’
Figure 4

Given this recongtruction of Ledie’sWedge, it is clear that his sampling assumption (A) is
incompatible with Gott’s sampling assumption (1), unlessit happens that peopl€ s birthdates are
uniformly distributed over the duration of the human race. This difference should dert us to the danger
dready noted of usang the Principle of Indifference. If our tempord location is to be thought of asif it
were the result of arandom draw from a uniform digtribution, which uniform didtribution should we
use? We could draw from time intervas of equal duration, assuming that they are equiprobable, or
we could draw from the list of birthdates occupied by human beings past present and future, on the
assumption that these are equiprobable. | set this point asde now; since | don't think that Gott's
sampling assumption is plausible, | can hardly hold it againgt Ledie that he makes a different
assumption.

Two observations help place Ledi€' s clam about likelihoods in its proper context. Thefirg is
that thoroughly preposterous hypotheses can have high likdihoods. For example, if | hear noisesin my
atic, the hypothesis that there are gremlins bowling up there has alikelihood of unity, but few of us
would say that this hypothesisis very probable. The second isthat the probability shift justified by
Ledie€ sargument may betiny. However, these two caveats do not undercut Ledi€ sthess—that
doomsday soon is more likely than doomsday in the distant future, given the observation that | now
exid. Thisisequivaent to the clam that our prior probability for doomsday’ s coming soon should be
updated; the likelihood argument entails that we should increase the probability we assign to that
hypothess.

4. Objections to Leslie’s Wedge

Asthe reader will no doubt expect from my discusson of Gott’sLine, | think that
Ledie'ssampling assumption (A) isfdse. My present tempord pogtion is not the result of random
sampling from the temporad locations of al human beings. And if this sampling assumption is fase, why
should | assgn probabilities asif it were true? If the Principle of Indifferenceis offered to you asa
reason, just say no.

Ledie (1996, p. 209) addresses asmilar objection, which he formulates as follows:
“... urn analogies are ingppropriate. We weren't given our birth times by a deity who pulled our souls
from an urn at successive seconds and put them into human bodies” HereisLedi€ sreply:



Urn andogies are relevant to many datistical cdculations. For example, (1) Jm and Mike drive
cars equaly frequently in the same city. Jm has had twenty accidents and Mike not asingle
one. Arethey equaly good drivers? Consder an urn filled with two bals, one marked *Jm’
and the other ‘Mike.” Bdlsare drawn again and again. In each case the drawn bal is put back
in the urn, which isthen shaken. Would it be likely that the *Jm’ bal would be drawvn every
sngletime? (2) You are hit by an arrow while walking around on asmall idand. Was this bad
luck, or wasthe arrow aimed at you? If only luck was involved then thiswould be (as arough
gpproximation) asif the grid references of every square foot of the idand had been put on dips
of paper in an urn, your name being written on just one of them, etc.

Ledie' sreply dlows meto clarify my objection. | have nothing againgt urn models, per se. Infact,
some of my best friends are urn models. Rather, my claim is that they are appropriate when and only
when thereis an underlying chance process that oneis modding. This requirement is satisfied in
Ledi€ stwo examples. Weimagine that Jm’s propendty to have accidents is sronger than Mike's.
These two propensities correspond to different probabilities. Each man’s probability characterizes the
process whereby his driving a car puts him &t risk of having an accident. In the idand example, we
imagine an archer who has one of two propensities (shoot a random or am a me), and we are trying
to figure out which. These two possible states of the archer correspond to two different probability
modedls of the process by which he or she sends arrows into the air. Jm and Mike have their
propengties, and archers have theirs. But who or what has the propensity to randomly assgn mea
tempord location in the duration of the human race? There is no such mechanism.

| now come to my second objection to Ledie' sWedge. Not only do | think that Ledie has no
judtification for the probability assgnment he uses. In addition, | think that this probability assgnment is
in fact false, and that my present tempord location has no evidentia relevance to estimating when
doomsday will occur.  Of coursg, it isnot to be denied that my existing in the year 2000 and the fact
that | am a human being together entall that the human race cannot go extinct before 2000. But notice
that Ledi€ slikelihood inequdities (1) and (1*) go beyond that modest point. It is these more
subsgtantive clamsthat | think are empiricaly disconfirmed.

To develop this point, let’s consder what the sampling assumption (A) entails about
thetime a which I'll exist if doomsday occurs soon, assuming thet | exist during S slifetime. Since my
temporal location isto be assigned randomly, it could be anywhere. However, its expected value isin
the middle of S'sduration; thisis represented in Figure 5 by E; .2 In contrast, if doomsday occurs far in
the future, my expected tempora location is E, aso represented in Figure 5. Notice that E; isearlier
than & .

Figure5

Thismeansthat Ledie's sampling assumption is subject to the following test.
What we need is an ensamble of species. All of them exist right now® and have been around for about



200,000 years. They perhaps vary in their ecological circumstances, now and in the future, and they
aso may vary with respect to their present and future phenotypic and genetic characterigtics. Let us
suppose that | have belonged to each of these species at some time or other in the past. The point
represented in Figure 5 isthat Ledi€' s sampling assumption predicts that the doomsdays of these
different species should be correlated with the times a which | happen to belong in them. The species
| belong to sooner should (on average) go extinct earlier.

Of course, | am amember of just one species, and there is just one of me, so thistest cannot be
conducted. However, there are andogous stuations in which ana ogous tests can be run. Although |
belong to just one species, | have joined different organizations a different timesin my life. In
childhood, | joined the American Numismatic Association. Asateenager, | wasin an orchestra When
| first cameto Wiscondin, | joined asailing club. Now, in the wisdom of my maturity, | an acard-
carrying member of the American Philosophical Association.  Suppose these organizations dl began at
the same time and that each is dtill around now. When will each exit from the scene? Ledi€’s
likelihood inequdity, applied to these organizations, predicts a corrdation. These organizations should
go extinct sooner, the earlier in my life | joined them. If Ledieisright, thisis bad newsfor the ANA,
but good news for the APA.

We don't have to wait for the demise of the ANA or the APA to assess what the outcome of
this experiment will be. When people join one organization before they join another, and both exist
now, isthere atendency for the first organization joined to be the first to go extinct? Thereisno
reason to redtrict this question to joining organizations. It gpplies equaly to businessesthat one
patronizes, cities that one visits, and magazines that one reads. Surely the generd pattern isthat if | bear
relaion R to x before | bear Rtoy, where x and y both exist now and are equadly old, thereisno
generd tendency for x to go extinct beforey.

Although | think the generd pattern is as just described, this does not mean that correlations of
the kind we are consdering areimpossible. For example if my joining an organization (or vigting acity,
or patronizing abusiness, or ...) caused atime bomb to start ticking that eventually goes off and blasts
that organization to oblivion (or if my joining and the planting of the time bomb had a common cause),
then acorrdation of the sort predicted by Ledie's Wedge would exist.’ 1t doesn't matter whether the
bomb’ s time until detonation is determined or is subject to stochadtic variation around a mean vaue.
Aslong as different organizations are subject to time bombs of the same expected duration, the order in
which | join provides evidence about the order in which they will go extinct. Correlationsinduced by
the triggering of time bombs are not just conceivable; they actudly exist. Individuds with AIDS start
time bombs ticking in others when they have unprotected sex with them. If an infected individua has
unprotected sex with x before he or she has unprotected sex with y, thisis evidence (wesk and
defeasible though it may be) that x will die beforey does.

Ledi€ s asif sampling assumption predicts that there should be a correlation between when |
exig and when the human race will go extinct. This corrdation isto be expected if my birth setsatime
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bomb ticking that eventudly blasts the human race to oblivion, or if the birth and the extinction are joint
effects of acommon cause. Thereis, however, no evidence at dl for ether of these arrangements. A
far more plausble hypothesisis that the date of doomsday is independent of when | exist (except for
the obvious fact that my existing now places a minimum date on the human race' s day of doom).

5. Concluding Comment

Gott and Ledie both use assumptions about random sampling that they think are reasonable on
a priori grounds. Gott uses his sampling assumption to associate probabilities with the different
longevities that the human race (and other objects as well) might have. Ledie uses his sampling
assumption to compare the likelihoods of different hypotheses about when the human race will draw to
aclose. | have argued that both sampling assumptions make testable predictions. For example, Gott's
assumption predicts that there should be a correlation between a species’ prior duration and its number
of future years until extinction; Ledi€' s predicts that there should be a correlation between when |
joined an organization (or vidited acity, or subscribed to amagazine ...) thet till exists and whenin the
future that organization (or city or magazine ...) goes extinct. These and other empirica predictions that
the mode's generate show that the sampling assumptions are not judtifidble a priori. In addition, there
appears to be substantial evidence that the models are fad s, at least for the examples considered here.
This does not rule out the possibility that the sampling assumptions might fare better when gpplied to
other examples. But whether thisis so isan empirica question, and that is the main point.
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Figure Captions
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Figure 1: If Sisnow fifty years old and the present year (assumed to be the year 2000) fdls within the
middle 95% of S slifetime, then Swill last somewhere between (A) 1950 and (B) 1.3 more years.

Figure 2: Gott’smode entails the probabilities shown here for the different possible numbers of
additiond yearsthat S might enjoy, if S began 50 years ago.

Figure 3: Gott’s mode entalls the probabilities shown here for the different possible numbers of
additiona yearsthat S might enjoy, if S began 8 years ago.

Figure 4: If nindividuds have lived until now, then there will be atota of (n+m,) human beingsif
doomsday comes soon, and atota of (n+m, +my,) if doomsday arrives much later.

Figure 5: If doomsday occurs soon, the expected value of my tempora location is E;; if doomsday
occurs far in the future, the expected vaue is E.

Figure 1
(A)
Date 1950 2000 3950
Percentage of 9 9 9
S’s Lifetime [--2.5%--][--=----======---=- 9500----=====nnmneann-- 1[--2.5%--]
(B)
Date 1950 2000 2001.3
Percentage of 9 9 9
S’s Lifetime [--2.5%--][------------------ 95%0-----=--=--m--momo- 1[--2.5%---]
Figure 2
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additiond years 0 1326 17 334951 75 150 950 1950 4
*____k____*______ *_ o ____ *___k___*_______ *_ o ____ *_ o ____ *______ *_____
probability x 100 [ ---*
2525 15 20 92 9 20 15 25 25
Figure 3
additiond years 0 0204 34 537981 12 19 152 312 4
* ok ___*k______ * o ___ *_____ *_____ * . * o ____ * *_ o ____ *_ ____
probability x 100 [ ---*

2525 15 20 9 2 9 20 15 25 25

Figure4
the human race now doomsday doomsday
begins soon far in the future
9 9 9 9
n m m
Figure5
human doomsday
race begins E soon
9 9 9
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human race doomsday
begins E far in the future
9 9 9

Notes
1.Martin Barrett (pers. comm.) has derived the full distribution that Gott’s sampling assumption entails.
Suppose that S begins at time 0 and ends at time D (thus D is both the date of doomsday and the
number of yearsthat S exists), and that N isthe present date (whereO< N < D). Let ubethe
percentage that marks the beginning of a percentage interva of S'slifetime and v be the percentage that

marks the end of that intervd, thus,

The corresponding interval of S'slife measured in yearsis[uD,vD]. For example, with p =0.95,
(First) isequivaent to setting u=0 and v = 0.95, (Mid) is equivaent to setting u = 0.025 and v = 0.975,
and (Last) isequivalent to u = 0.05and v = 1.0. In each case, p=v-u. Gott’s sampling assumption is

given by
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Pr(uD<N<vD)=p=v-u (foradl v>u).

Thisisequivdent to

Pr(N/v<D <N/u)=p=v-u (foradl v>u),

which provides the full distribution.

2. Notice that in both Figure 2 and Figure 3, the median number of additiond yearsisidentica with the

system’s prior duration.

3. Here and in what follows, my tak of the “expected vaue’ of aquantity refersto the mathematical

expectation — the average va ue that would arise under repested trids.

4. In other scientific problems, the default assumption is often that two quantities, whose relaionship is
unknown, are independent. The rationae for this policy isworth pondering, and the statisticd literature
on modd sdectionisrdevant. The Akaike information criterion describes a generd context in which a
mode that says that two quantities are independent will have a higher estimated degree of predictive
accuracy than amodd that says that they are dependent, if the two modelsfit the data about equaly

well. See Forster and Sober (1994) for discussion.

5. Are there any sysemsin which prior duration and subsequent longevity are postively correlated?
Gott (1996) enumerates the 44 plays and musicals that were on Broadway &t the time of his 1993

paper in Nature, 8pplying Mid-95 to each. An anonymous referee has pointed out to me that 38 of
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these had closed by the start of 2002. We therefore can compute how often Gott’ s time of
observation, in 1993, fel in the first 5% of aplay’s run, in the second 5%, and so on. Thereferee
provides the following count:

3,1,2,0,3,1,2,2,3,3,2,1,2,0,2,2,3,2,4,0.
Perhaps Broadway shows, unlike Van Vaen's species or conspecific organisms, are such that the

longer they’ ve been around, the longer they are apt to last.

6. Martin Barrett (pers. comm.) has pointed out to me that Gott’ s cal culations impaose no upper bound
on how long the system in question might last. What hagppens if we assume that the system has, say, a
most another trillion yearsto go? One suggestion would be to give equa probabilities to equa time
intervals. However, this has the result that our present tempora location is Specid —we are assuming
that we live a the very beginning of the sysem’slifetime. Alternatively, we might assume thet, in
expectation, we are in the middle of the system’s lifetime. Thiswould lead to a specific digtribution

different from the ones depicted in Figures 2 and 3.

7. Itisworth noting that Ledie' s argument assumes that the more people there are in the future, the
further away doomsday probably is. Although there is some plausibility to this assumption, it iseasy to

imagine poss ble counterexamples. For the sake of argument, | grant the assumption in what follows.

8. Recdl that the expected vaue is the average vaue that would be exhibited if my tempora location
were chosen repeatedly. It is not the specific vaue we should expect; the randomness assumption

entails that each time has the same probatiility as every other.

9.Thereason | require that dl these species exist now isthat | want to control for the obvious fact

mentioned above —that if | belong to a species at timet, the species can't go extinct until after t. Since
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Ledie slikelihood inequdlities (1) and (1*) go beyond thistrividity, | want the experiment to control for

its effect.

10. Here | am using ideas consonant with Reichenbach’s (1956) principle of the common cause. See

Sober (1987, 2001) for discussion.
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