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2 What Follows from the Possibility 
of Boltzmann Brains?

Matthew Kotzen

2.1 The Boltzmann Brain Problems

A Boltzmann Brain is a hypothesized observer that comes into existence by way of 
an extremely low-probability quantum or thermodynamic1 “fluctuation” and that 
is capable of conscious experience (including sensory experience and apparent 
memories) and at least some degree of reflection about itself and its environment. 
Boltzmann Brains do not have histories that are anything like the ones that we 
seriously consider as candidates for own history; they did not come into existence 
on a large, stable planet, and their existence is not the result of any sort of evo
lutionary process or intelligent design. Rather, they are staggeringly improbable 
cosmic “accidents” that are (at least typically) massively deluded about their own 
predicament and history. It is uncontroversial that Boltzmann Brains are both 
metaphysically and physically possible, and yet that they are staggeringly unlikely 
to fluctuate into existence at any particular moment.2 Throughout the following, 
I will use the term “ordinary observer” to refer to an observer who is not a 
Boltzmann Brain. We naturally take ourselves to be ordinary observers, and I will 
not be arguing that we are in any way wrong to do so.

There are several deep and fascinating philosophical and cosmological questions 
that are raised by the possibility of Boltzmann Brains. Here are just a few of them: 
Do I have compelling reasons to believe that I am not a Boltzmann Brain? Is it pos
sible, under any circumstances, for me to coherently believe that I am a Boltzmann 
Brain, or to suspect that 1 might be? If 1 am persuaded that most of the observers 
in the universe are indeed Boltzmann Brains, does that rationally compel me to 
believe that I am most likely a Boltzmann Brain? If I am persuaded that most of 
the observers in the universe if/io are in my subjective state are Boltzmann Brains, 
does that rationally compel me to believe that I am most likely a Boltzmann 
Brain? If a given cosmology entails that I am most likely a Boltzmann Brain, 
does this provide a strong reason to reject that cosmology? Does a cosmology 
according to which the universe has an infinite past or future (or both), or infinite 
space, entail that I am most likely a Boltzmann Brain — and, if so, should such a 
cosmology for this reason be rejected? Does a cosmology according to which the 
entire universe, or the portion of the universe in which we live, is the result of a 
quantum or thermodynamic fluctuation entail that I am most likely a Boltzmann 
Brain - and, if so, should such a cosmology for this reason be rejected? Are there 
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available and plausible and evidentially supported cosmologies according to which 
I am most likely not a Boltzmann Brain — and, if so, does this provide an additional 
reason to accept such cosmologies? Does the possibility of Boltzmann Brains pre
sent a genuine philosophical paradox, where several independently compelling 
hypotheses turn out to be logically inconsistent with each other, or does it simply 
present problems for particular cosmological assumptions and not others?

I cannot hope to resolve — or even to substantially address — all of these large 
and difficult questions here. However, in this chapter, I will try to do three things. 
First, in Section 2.2, I will argue that though David Albert and Sean Carrolls 
notion of“cognitive instability” is an interesting and important one, considerations 
of cognitive instability alone are not sufficient to rule out the hypothesis that I am 
a Boltzmann Brain. In Section 2.3, I will argue against James Hartle and Mark 
Srednicki’s conclusion that we can coherendy believe both that most observers in 
the universe are Boltzmann Brains and yet that we (likely) aren’t. And in Section 
2.4,1 will briefly survey the nature of the problems that Boltzmann Brains pose 
for several categories of cosmological hypotheses.

2.2 Cognitive Instability
Carroll, building on some suggestions by Albert, has argued that I should reject 
the hypothesis that I am a Boltzmann Brain because there is an important sense 
in which belief in such a hypothesis is “cognitively unstable” and hence self
undermining. Carroll writes:

Is it possible that you and your surrounding environment, including all of your 
purported knowledge of the past and the outside world, randomly fluctuated 
into existence out of a chaotic soup of particles? Sure, it’s possible. But you 
should never attach very high credence to the possibility. Such a scenario is 
cognitively unstable, in die words of David Albert.You use your hard-won scien
tific knowledge to put together a picture of the world, and you realize that in 
that picture it is overwhelmingly likely that you have just randomly fluctuated 
into existence. But in that case, your hard-won scientific knowledge just ran
domly fluctuated into existence as well; you have no reason to actually think 
that it represents an accurate view of reality. It is impossible for a scenario like 
this to be true and at the same time for us to have good reasons to believe 
in it. The best response is to assign it a very low credence and move on with 
our lives.

(2016, p. 92)

There is an ambiguity here: is Carroll’s conclusion merely that we should never 
attach a very high credence to the possibility that we are Boltzmann Brains, or is 
it that we should attach a very low credence to the possibility? After all, there is 
significant credal distance between “very high” and “very low.” Some version of 
the former conclusion may be plausible, but I am not persuaded of the latter con
clusion. After all, there are plenty of other widely discussed “skeptical” hypotheses 
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that also, arguably, exhibit the phenomenon of cognitive instability, but I do not 
think that this alone provides adequate reason for us to reject (or to assign very 
low credence to) those hypotheses.

For instance, Descartes’ famous “Dreaming Hypothesis” — the hypothesis that 
I’m currently experiencing a lifelike dream as opposed to interacting directly with 
the external world - may exhibit some degree of cognitive instability. If I were to 
believe that I am currently dreaming on the basis of my available evidence, there 
is a threat that the significance of that evidence is significantly undermined by 
the Dreaming Hypothesis itself; if I am dreaming right now, then (at least much 
of) my available evidence is dreamt evidence, and dreamt evidence (much like 
randomly fluctuated evidence) also fails to represent an accurate view of reality. 
Similar considerations apply to more contemporary skeptical hypothesis such as 
the hypothesis that all of my experiences are being caused by electrical stimula
tion via a supercomputer such as The Matrix; experiences caused by electrical 
stimulation via The Matrix similarly fail to represent an accurate view of reality. 
But surely this observation alone is not a general solution to Cartesian skepticism; 
even if I cannot reasonably assign very high credence to the Dreaming Hypothesis 
on the basis of evidence which would be unreliable if the Dreaming Hypothesis 
is true, it doesn’t follow that I should assign a very low credence to the Dreaming 
Hypothesis. Rather, perhaps I just have no rational basis for determining whether 
I am dreaming or not, in which case one very natural response seems to be to 
assign some sort of middling credence — neither very high nor very low - to the 
Dreaming Hypothesis.5

Another example of cognitively unstable hypotheses is a class of “conspiracy 
theories” according to which a powerful agent or group has endeavored to mislead 
the public about their activities. If I come to believe that such a powerful agent 
is manipulating all of my evidence, including my evidence about the evidence
manipulating activities of that very agent, then it is hard to see how I could 
coherently hold an evidence-based belief in the truth of the conspiracy theory in 
question. But again, it is not obvious that the best response in each case is to simply 
assign a very low credence to the conspiracy theory in question; if the theory is 
independently plausible and does a good job of explaining the available evidence, 
then it may well deserve to be taken seriously and to be assigned a credence that 
is higher than “very low.”

Though introduced for largely distinct dialectical purposes, Adam Elga’s 
example of hypoxia (a condition in which the body and brain are deprived of 
adequate oxygen) also raises similar issues:

Hypoxia impairs reasoning and judgment, which is bad enough. But what 
makes the condition really insidious is that it can be undetectable. In other 
words, when hypoxia impairs someone’s reasoning, it can do so in such a way 
that the impaired reasoning seems (to the hypoxic individual) to be perfectly 
fine. It is a sad truth that airline pilots have crashed planes by happily and con
fidently making horrible judgment calls as a result of suffering from hypoxia. 

(Elga, 2008, p. 3)
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Is it possible for the hypothesis that I’m currently hypoxic to be true and at the 
same time for me to have good reasons to believe it? The answer to this question 
may well depend on some of the details of the effects of hypoxia. Does hypoxia 
cause people to reason poorly in general, including when they are performing basic- 
deductive and inductive inferences, or are the effects restricted to “higher-level” 
inferential skills such as those deployed in complicated mathematical calculations, 
strategic reasoning, and spatial reasoning? If hypoxia’s effects are limited to higher- 
level forms of reasoning, then a hypoxic person might well double-check her 
mathematical calculations with a calculator, or measure the oxygen level in her 
own blood, and thereby come to the reasonable conclusion that she is hypoxic. 
But if hypoxia impacts basic reasoning, then it seems that almost any conclusion 
that a hypoxic person draws about her hypoxia — including the conclusion that 
she is hypoxic — is bound to be an unreasonable one. The conclusion in question 
might well seem Eke a reasonable one to the hypoxic person given her evidence, 
of course, but that’s just a symptom of the hypoxia. If this is how hypoxia works, 
then it is hard to see how it could be possible for the hypothesis that a particular 
person is hypoxic to be true and at the same time for her to have a justified belief 
that it is true. However, the lesson here cannot be that the appropriate response is 
for pilots to simply disregard or discount the hypothesis that they are hypoxic. The 
“sad truth” that Elga refers to is that pilots suffering from hypoxia often assign far 
too low a credence to the hypothesis that they are hypoxic, and — notwithstanding 
the cognitive instability of the hypothesis that an individual is hypoxic — we cer
tainly wouldn’t want to instruct new pilots to adopt a policy of assigning a very 
low credence to the hypothesis that they are hypoxic and (hope that they) move 
on with their lives.

Some philosophers might try to distinguish examples Eke hypoxia from the 
case of Boltzmann Brains by arguing that whereas hypoxia makes it impossible for 
me to take appropriate account of the evidence I have that I’m hypoxic, I still have 
the evidence that I am hypoxic (say, in the form of my poor decision-making), 
right there in front of me; by contrast, since (as Carroll argues) fluctuated evidence 
doesn’t actuaUy represent an accurate view of reality, it is impossible for me to 
even have good reasons to believe that I am Boltzmann Brain.4 In the philosoph
ical jargon, another way to put this point might be that the truth of the hypoxia 
hypothesis merely makes it impossible for me to have a doxastically justified belief in 
that hypothesis, whereas the truth of the Boltzmann Brain hypothesis additionaEy 
makes it impossible for me to even have propositional justification to believe that 
hypothesis.5 But, though I am convinced that this distinction between propos
itional and doxastic justification is an extremely important one in other contexts, 
I don’t see any good reason to think that it is particularly useful here. First, it 
isn’t completely clear what evidence I reaUy have even in the hypoxia case (or in 
the hallucinatory drug case); when I’m hypoxic (or under the influence of the 
imagined hallucinatory drug), things seem perfectly normal to me, just as they do 
to Boltzmann Brains who are having experiences indistinguishable from those of 
ordinary observers.6 Second, if I’m experiencing a particularly life-like dream, or 
if some conspiracy theory is true, I might not even have any evidence for those 
hypotheses, and yet I think that there are circumstances under which some such 
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hypotheses shouldn’t be simply disregarded (or assigned extremely low credences) 
And third, it seems clear to me that it is possible in principle for me to have some 
evidence in favor of the hypothesis that I am a Boltzmann Brain; for example 
I could have the sorts of chaotic and disordered experiences that would presum
ably be quite typical of Boltzmann Brains and that are quite untypical of ordinary 
observers. I’ll return to this point in Section 2.4 below.

None of this is to deny that the phenomenon of cognitive instability is an 
interesting or important one, or that it may often be epistemically relevant. But it 
seems to me that the cognitive instability of a particular hypothesis is not always 
a good reason to assign it a low credence. Rather, the cognitive instability of a 
hypothesis seems to be one way in which a hypothesis, when true, is able to "hide 
itself"from rational discovery.7 If the hypotheses that I am dreaming or in The Matrix 
were true, those hypotheses would be very good at hiding themselves from rational 
discovery, as it would be difficult or impossible for me to acquire evidence that 
they are true. Similarly with the hypothesis that I am hypoxic: the perniciousness 
of hypoxia in the cases Elga refers to is precisely that, when a pilot is hypoxic, that 
fact often eludes rational discovery. And so too with conspiracy theories: by design, 
they are such that, when they are true, they are often difficult or impossible to get 
evidence for.

Different kinds and degrees of cognitive instability seem to correspond to 
varying senses in which, and extents to which, a hypothesis (when true) is able 
to elude discovery by making it (in varying ways and to varying extents) difficult 
or impossible for agents to form a reasonable belief that it is true. In some cases, 
this is because, when the hypothesis is true, the world is very much like (or very 
often like) the way the world is when the hypothesis is false; in such cases, it is 
very improbable for an event to occur to which even could count as a reason to 
believe or disbelieve the hypothesis. In other cases, the entire world might differ 
in important and widespread ways depending on whether the relevant hypothesis 
is true or false, and yet the world will tend to look the same to observers in either 
case. In still other cases, even though the truth of the hypothesis would impact the 
world in ways that are in principle detectable by observers, the truth of the hypoth
esis would also cause those very observers to fail to notice or take appropriate account 
of the ways in which the world is so impacted. These are aE interesting — and 
interestingly different — cases of cognitive instability, but it strikes me as far too 
hasty to simply rule all of the relevant hypotheses out from serious consideration 
in one fell swoop.

Of course, many cognitively unstable hypotheses do indeed deserve low 
credences; indeed, many of them deserve extraordinarily low credences, and should 
be almost entirely disregarded in nearly every epistemic and practical context. 
Some conspiracy theories, for example, are so preposterously specific and ad hoc 
and reliant on coincidence that they cannot be taken seriously; even if they can 
be “cooked up” so that the likelihood that they assign to all of the available evi
dence is as high as one would like, their extraordinarily small prior probabil
ities guarantee that they should never be taken seriously in almost any practical 
or epistemic context other than the most extremely theoretical ones. In such 
cases, the cognitive instability of the relevant hypothesis is not unrelated to its low 



prior probability; it is entirely possible for specificity or ad hocness or reliance on 
coincidence, for example, to explain both the cognitive instability of a hypothesis 
and its low prior probability. But cognitive instability and low prior probability 
are logically distinct — even if oftentimes correlated - properties of a hypothesis. 
Cognitive instability, all by itself, is not a sufficient reason to reject a hypothesis. 
Fortunately, there are plenty of other good reasons to reject the hypothesis that 
I am a Boltzmann Brain; I will return to this issue in Section 2.4.

Finally, it is not even completely obvious that considerations of cognitive 
instability always rule out assigning high credence to cognitively unstable hypoth
eses. Take the hypothesis that all of my current experiences are being caused by 
electrical stimulations via the Matrix - the thought here was that this hypothesis 
is cognitively unstable because, if it’s true, then any evidence that I have in its favor 
is unreliable. But suppose that I were to have the experience of a digital scroll 
moving across my visual field which reads “You are in The Matrix, and we’re 
trying to get you out!!” If the Matrix Hypothesis is true, then that visual-scroll- 
evidence is Matrix-generated and hence in some sense an unreliable representa
tion of what the world is like (since there is not in fact any text floating in front of 
me, as my visual experience represents there to be). But, it would be quite unrea
sonable to dismiss the Matrix Hypothesis, or to refuse to assign it a high credence, 
on this basis; even if the visual-scroll evidence is an unreliable representation of 
the world around me, it is still an excellent indication that I am in The Matrix, 
since it is hard to imagine what other hypothesis could explain the scroll. Similarly, 
if I were to have the sort of disordered or chaotic experiences that are (presum
ably) quite typical of Boltzmann Brains and quite atypical of ordinary observers, 
those experiences could (at least in principle) constitute strong evidence that I am 
a Boltzmann Brain; as I’ll suggest in Section 2.4, the fact that 1 do not have these 
disordered and chaotic experiences should be seen as some evidence that I am 
not a Boltzmann Brain. So a great deal depends on the exact nature and strength 
of the putative evidence in favor of the hypothesis that we are Boltzmann Brains; 
unfortunately, I do not see any general reason to insist that nothing even in prin
ciple could count as evidence in favor of that hypothesis.

2.3 Hartle and Srednicki

Another reaction to the problems posed by Boltzmann Brains, defended by Hartle 
and Srednicki, is that “it is perfectly possible (and not necessarily unlikely) for us to 
live in a universe in which we are not typical” (2007,p. 123523-1). One important 
dialectical consequence of this claim is that, if it is true, then it would allow us 
to rationally hold both that the vast majority of the observers in the universe are 
Boltzmann Brains, and yet that we are (most likely) not; we would of course be 
quite atypical observers in this scenario, but on Hartle and Srednicki’s view that 
is not (necessarily) a mark against the rationality of believing in such a scenario. 
According to Hartle and Srednicki, “[a] theory is not incorrect merely because 
it predicts that we are atypical” (ibid.). Thus, even if some cosmology were to 
entail that most of the observers in the universe are Boltzmann Brains, it would 
not follow that I am probably a Boltzmann Brain, and hence my rejection of the 
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hypothesis that I am a Boltzmann Brain would not (necessarily) be a reason tc 
reject that cosmology.

Hartle and Srednicki’s argument relies to a significant extent on twc 
analogies. First:

Consider two theories of the development of planet-based intelligent life 
based on the appropriate physics, chemistry, biology, and ecology. Theory 
A predicts that there are likely to be intelligent beings living in the atmos
phere of Jupiter; theory B predicts that there are no such beings. Because 
Jupiter is much larger than the Earth, theory A predicts that there are today 
many more jovians than humans.

Would we reject theory A solely because humans would not then be typical 
of intelligent beings in our solar system? Would we use this theory to predict 
that there are no jovians, because that is the only way we could be typical? 
Such a conclusion seems absurd.

(2007, p. 123523-2)

Hartle and Sredinicki are correct that a presumption in favor of our own typic
ality would (all by itself) be no reason to reject the hypothesis that there are (likely 
to be) intelligent beings living in the atmosphere of Jupiter. But, I believe, this 
analogy profoundly misunderstands the nature and dialectical role of assumptions 
regarding our own typicality.The point is not that, regardless of what evidence we have, 
we should always take ourselves to be typical of any specified class of observers. 
If I have excellent evidence that 1 have just won the lottery, 1 certainly shouldn’t 
reject the hypothesis that I’ve won simply because being a lottery winner would 
make me a quite atypical human being. And even if I’m certain that I just won the 
lottery, that doesn’t give me any reason to believe that most of the other lottery 
players have probably won too (as that would make me a more typical lottery 
player), or that most other people are lottery players (as that would make me 
a more typical human in one sense), or that everyone in the world is now rich 
(as that would make me a more typical human in another sense), or any other 
such thing.

Rather, the point of the most plausible versions of epistemic presumptions in 
favor of typicality is that, if there are two observers at a world who have the same evi
dence, then I can’t have any good reason to believe that I am one of them rather than 
the other. For example, Adam Elga’s self-locating “Indifference Principle”8 entails 
that if there are two “subjectively indistinguishable” agents at a world - i.e., indi
viduals who “have the same apparent memories and are undergoing experiences 
that feel just the same’ (2004, p. 387) — then a rational agent should be equally 
confident in the hypothesis that she is identical to the first of these agents as she 
is that she is identical to the second of these agents. As a consequence (at least 
in the finite case), if there arc multiple subjectively indistinguishable observers 
at a world, then a rational agent should be more confident that she is one of the 
(more numerous) typical ones, rather than one of the (less numerous) atypical 
ones. A natural generalization of this principle to the infinite case will entail that if, 
among a set of subjectively indistinguishable observers, there is a subset of typical 



observers that has higher standard measure than the subset of atypical observers, 
then a rational agent should similarly be more confident that she is one of the 
typical observers. Indeed, a crucial component of several of the scientific and 
philosophical worries about Boltzmann Brains is precisely that (on certain cosmo
logical assumptions) it is very likely that there are very many Boltzmann Brains in 
precisely my current subjective state in this world; if that is indeed the case, the thought 
goes, then my current subjective state would furnish me with no rational basis on 
which to conclude that I am an (atypical) ordinary observer, rather than a (typical) 
Boltzmann Brain.

However, Elga’s Indifference Principle certainly does not entail that I should be 
more confident in hypotheses according to which there are fewer observers in the 
universe, or in hypotheses according to which there are fewer observers who are 
different from me in the universe.9 If the humans and the jovians in the example 
would be in different subjective states, then Elga’s Indifference Principle obvi
ously doesn’t apply. And even if they would be in the same subjective state, Elga's 
Indifference Principle still doesn’t entail that we should have a low credence that 
there are jovians; all that it entails is that, on the assumption that there are jovians 
in the same subjective state as the humans, I should be more confident that I am 
one of the (more numerous) jovians than that I am one of the (less numerous) 
humans. So it seems to me that Hartle and Srednicki have an extremely different 
sort of typicality assumption in mind here from the ones that have currency in 
contemporary philosophical discussions.

Hartle and Srednicki’s second analogy is as follows:

Consider a model universe which has N cycles in time, k = In each
cycle the universe may have one of two global properties: red (R) or blue 
(B)...Two competing theories of this model universe are proposed. One, all 
red or AR, in which all the cycles are red, and another, some red or SR, in 
which some number of particular cycles are red and the rest are blue. We (an 
idealized observing system) seek to discriminate between these two theories 
on the basis of our data....Suppose that we (a particular observing system) 
observe red. Our data D is then (£,R), which in the context of the model 
could be more fully described as ‘there is at least one cycle in which an 
observing system exists and the universe is red.

(2007, p. 123523-4)

If there are a low number of cycles (and if the fraction or measure of red cycles 
according to SR is significantly lower than 1), then p(E,R | SR) can be significantly 
lower than p(E,R| AR), in which case (E,R) significantly favors AR over SR (at 
least on Hartle and Srednicki’s Bayesian assumptions, which I’m happy to stipu
late). But Hartle and Srednicki point out that, as the number of red cycles increases 
according to each hypothesis, it becomes overwhelmingly probable that there will 
be at least one red cycle regardless of whether AR or SR is true, even if the fraction 
or measure of red cycles is fairly small according to SR. Thus, as the number of red 
cycles increases,p(E,R | SR) » p(JE,R | AR), and hence (E,R) no longer significantly 
favors AR over SR. Hartle and Srednicki conclude that, on these assumptions.

rrimi a uin/it'jjn/rn ajviixniunn ufuirib: Z.7

“[ejven though the typical observing system in the SR theory is observing blue, 
our data provides no evidence that we are typical” (2007, p. 123523-5).Though 
this isn't made totally explicit, the analogical suggestion here is supposed to be 
that, as long as the conditions are such that the existence of at least one observer 
with my evidence is extremely likely, it is of no particular epistemological sig
nificance for a given cosmological theory that that theory entails that I am very 
atypical among all the observers who share my evidence. In particular, as long 
as a given cosmological theory entails that it is very likely that some ordinary 
observer with my evidence will exist at some point in the history of the universe, 
it is no mark against that theory if it also entails that the vast majority of obser
vers in the universe with my evidence are Boltzmann Brains. If SR is true, most 
observers observe blue; but as long as it’s very likely that someone will observe 
red, my observing red puts no rational pressure on me to reject SR. By analogy, 
if a particular cosmological theory is true, most observers are Boltzmann Brains; 
but as long as it’s very likely that there will be an ordinary observer, my confident 
belief that I’m an ordinary observer puts no rational pressure on me to reject the 
cosmological theory.

However, it seems to me that Hartle and Srednicki’s argument again contains a 
critical error, which can be traced back to the assumption that the relevant data is 
the proposition “there is at least one cycle in which an observing system exists and 
the universe is red.”This is a flagrant violation of the Principle ofTotal Evidence,10 
according to which we should always take account of the strongest statement of 
our evidence that we have available to us. And the strongest statement of our evi
dence isn’t the claim that there is at least one cycle in which an observing system 
exists and the universe is red; it is that this observing system — i.e., me - exists and 
observes red. And that is much more likely if AR is true than if SR is true, and 
hence (contra Hartle and Srednicki) our evidence confirms AR over SR.11

For comparison, suppose that 100 conscious observers are about to be created, 
and that either (AR) all 100 of them are going to be put in red rooms, or that (SR) 
only one of them of them is going to be put in a red room and the remaining 99 
are going to be put into blue rooms. I wake up in a red room and am told all of 
this. Can there be any serious doubt that my observing red is strong evidence for 
AR over SR? After all, if AR is true, then I will certainly observe red; and if SR is 
true, then I am rather unlikely to observe red. It is irrelevant that, on either theory, 
it is certain that at least one observer will observe red. That’s a weaker statement 
of my evidence than what I know, and I would violate the Principle ofTotal 
Evidence by conditionalizing on it and nothing stronger.

2.4 The Badness of Boltzmann Brains

Why should I reject the hypothesis that I am a Boltzmann Brain, and what 
implications does this have for cosmology? There are two good (if fairly obvious) 
reasons to reject the hypothesis that I am a Boltzmann Brain. First, the physical 
probability is staggeringly low that I would fluctuate into existence. And second 
(to return to a point from Section 2.2), even if 1 did fluctuate into existence, it 
is overwhelmingly improbable that I would be having anything like the ordered 



and coherent stream of thoughts and experiences that I am in fact having; the 
vast majority of conscious Boltzmann Brains would have wildly disordered and 
incoherent thoughts and experiences. The relevance of these points to different 
cosmologies should be analyzed separately.

Sometimes, cosmological consequences related to Boltzmann Brains are 
appealed to in order to argue that the universe must not be infinite in time or 
space or both.12 If the universe is infinite, it looks to follow that there will be 
infinitely many Boltzmann Brains. Suppose, in addition, that we are considering a 
cosmology according to which the set of all Boltzmann Brains vastly outnumbers 
(or: has a vastly higher asymptotic density13 than) the set of ordinary observers. 
And suppose even further we are considering a cosmology according to which 
the set of all Boltzmann Brains with ordered and coherent streams of thoughts and 
experiences (or perhaps even stronger: with my total evidence) vastly outnumbers 
(or has a vastly higher asymptotic density than) the set of all ordinary observers 
with ordered and coherent streams of thoughts and experiences.

If I were certain (or nearly certain) that such a cosmology were true, then 
it seems unavoidable (for reasons related to the discussion of typicality in 
Section 2.3) that I should be overwhelmingly confident that I am one of the 
Boltzmann Brains with ordered and coherent streams of thoughts and experi
ences, rather than an ordinary observer. But, notwithstanding all of that, the fact 
remains that, if such a cosmology were true, it would be overwhelmingly prob
able (again for reasons related to the typicality considerations from Section 2.3) 
that I would have had the disordered and incoherent streams of thoughts and expe
riences that the vast majority of Boltzmann Brains (and hence the vast majority 
of observers in the universe) have. And since my actual thoughts and experiences 
are so highly ordered and coherent, I take myself to have strong evidence against 
a cosmology like that — evidence that doesn’t depend on the premise that I’m not 
a Boltzmann Brain. The point here is not that there couldn’t be a Boltzmann 
Brain that has ordered and coherent thoughts and experiences; indeed, if the 
universe were infinite and constantly fluctuating, there would (with probability 
1) be infinitely many such Boltzmann Brains. And the point is not that it is more 
improbable for a particular Boltzmann Brain to have ordered experiences than 
it is for that Boltzmann Brain to come into existence to begin with. The point, 
rather, is that on the assumption that I am a Boltzmann Brain, it is incredibly 
unlikely that I would have such ordered and coherent thoughts and experiences, 
regardless of how likely it is that I would come into existence as a Boltzmann 
Brain to begin with.And that gives us reason to prefer a cosmology on which it’s 
more probable that a randomly selected observer would have ordered thoughts 
and experiences.

Considerations having to do with Boltzmann Brains are also sometimes taken 
to cause problems for cosmologies according to which the state of our entire uni
verse, or the portion of the universe in which we live, is the result of a quantum 
or thermodynamic fluctuation.14 As I understand this concern, it is independent 
of whether the entire universe is infinite or not; whereas the prior concern was 
specifically about cosmologies according to which the universe is infinite, this set 
of worries applies even to cosmologies according to which the universe is finite.
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The idea here is that, though the fluctuation of a Boltzmann Brain is indeed 
wildly improbable, the fluctuation of an entire universe or even of the portion of the 
universe we’re able to observe into a low-entropy state is even more wildly improb
able, and by a large degree, since low-entropy states of universes (or large portions 
thereof) require larger fluctuations in order to arise than Boltzmann Brains do. 
Thus, it is overwhelmingly more probable for a Boltzmann Brain with my current 
experiences to fluctuate into existence than for an entire universe (or a large por
tion thereof) to fluctuate into a low-entropy state, and hence (if I accept the cos
mology under consideration) I should be more confident in the former hypothesis 
than in the latter one.

This reasoning strikes me as overwhelmingly compelling. Moreover, I am com
pletely persuaded by Albert’s (2000) and Carroll’s (2010, chapters 8—9) arguments 
that we should accept the “Past Hypothesis” that the observable universe began in 
a state of very low entropy. Though a full discussion of the Past Hypothesis is not 
possible here, one of the central virtues of the Past Hypothesis is that it explains 
why, e.g., a photograph (or memory) is very likely to have been caused by the 
actual events that it represents; even though the most likely way in the space of all 
possible evolutions of the universe for the photograph to have come into existence is 
for it to have randomly fluctuated from a higher-entropy past, it is also the case 
that the most likely way in the space of all evolutions of the universe from a lou>-entropy 
beginning for this photograph to have come into existence is for it to have been 
caused by the event it represents. Similarly for me: even though the most likely 
way in the space of all possible evolutions of the universe for me to have come 
into existence is to have randomly fluctuated from a higher-entropy past, it is also 
the case that the most likely way in the space of all evolutions of the universe 
from a low-entropy beginning for me to have come into existence is through a 
process characteristic of ordinary observers. So, reasons to accept a cosmology that 
includes the Past Hypothesis (of which I think there are powerful ones) are also 
reasons to reject the hypothesis that I am a Boltzmann Brain.

The question remains, of course, of why the Past Hypothesis is true. And I think 
that one of the lessons here is that it will not do to say that the Past Hypothesis 
was itself true as a result of random fluctuation; if that were the only way that the 
Past Hypothesis could have been true, then I should prefer the hypothesis that 
I am a Boltzmann Brain on die grounds that this latter hypothesis is so much 
more probable. But it seems to me that the Inflation Theory15 — according to 
which there was a period of exponential expansion of the universe during its 
first few moments — offers some realistic hope of explaining the truth of the Past 
Hypothesis without invoking the sorts of minuscule probabilities that would be 
associated with the Past Hypothesis being true as a result of random fluctuation. 
In brief, the idea here is that, prior to Inflation, the portion of the universe that 
was to become the observable universe was microscopic, and that quantum (and 
perhaps thermal) fluctuations on this microscopic scale expanded during Inflation 
to regions oflow entropy that would make the Past Hypothesis true.The Inflation 
Theory has had many successes,16 and I think that there are grounds for a great 
deal of optimism about both its truth and its capacity to explain our manifest 
experience without appealing to any wildy improbable fluctuations.



Notes
1 Some cosmologists have argued that Boltzmann Brains that arise as quantum 

fluctuations in the vacuum pose more serious problems than those that arise as thermal 
fluctuations — see, e.g., Davenport and Olum (2010). In this paper, I will ignore any 
differences that exist between these different sorts of Boltzmann Brains.

2 For a non-standard view of quantum fluctuations in de Sitter space, see Boddy, Carroll, 
and Pollack (2017); they argue that quantum fluctuations in isolated quantum systems 
are an epistemic phenomenon rather than a genuine physical one, and hence that 
Boltzmann Brains won’t appear in the true de Sitter vacuum. However, as far as I know, 
there is absolutely no reason to doubt the physical possibility of Boltzmann Brains that 
arise by way of thermal fluctuation out of a thermal equilibrium.

3 Or, if such a thing is possible, to assign ho particular credence at all — the credal equivalent 
of “withholding judgment” - to the hypothesis.

4 Thanks to Ram Neta for helpful discussion of this proposal.
5 See Ichikawa and Steup (2014, Section 1.3.2).
6 See Neta (2008) for a discussion what it means for an agent to “have" some particular 

piece of evidence.
7 I do not claim that cognitive instability just is the ability of a hypothesis to hide itself 

from rational discovery, nor do I claim that the only way for a hypothesis to hide itself 
from rational discovery is to be cognitively unstable. A hypothesis might be able to hide 
itself from rational discovery, for instance, simply by having a low prior probability and 
by making all of the same empirical predictions as a hypothesis with a high prior prob
ability; no cognitive instability would be required. I claim only that cognitive instability 
is one way for a true hypothesis to evade rational discovery.This ability may well make 
it unreasonable for observers to assign the hypothesis a very high credence, but I am 
arguing here that it does not automatically make it reasonable for observers to assign the 
hypothesis a very low credence.

8 See Elga (2000, 2004).
9 It is controversial whether some version of the “Self-Indication Assumption" 

formulated in Bostrom (2002) is true: “Given the fact that you exist, you should (other 
things equal) favor hypotheses according to which many observers exist over hypoth
eses on which few observers exist." (p. 66) I think that the most plausible version of 
the SIA adds a clause about sharing your evidence: “Given the fact that you exist, you 
should (other things equal) favor hypotheses according to which many observers who 
have your evidence exist over hypotheses on which few observers exist who have your 
evidence." If this latter principle is true, and if the humans and jovians in Hartle and 
Srednicki’s analogy share the same evidence, then there is a case to be made that our 
existence provides some reason to believe that there arc jovians.

10 See Carnap (1947).
11 For arguments along similar lines (though applied in somewhat different contexts), see 

Kotzen (2013) and White (2000).
12 See. e.g.. Page (2007, 2008a, 2008b, 2008c). For useful discussion, see also Dyson, 

Kleban, and Susskind (2002); Bousso and Freigovel (2007); Linde (2007); Vilenkin 
(2007); and Banks (2007).

13 On the assumption that the set of observers in the universe is countably infinite, we 
cannot appeal to the standard Lebesgue measure here, since the Lebesgue measure 
can be definted only in spaces that can be represented as Euclidean n-dimensional 
real-valued spaces, and if the set of observers in the universe is countable, then the 
space of possible numbers of observers is natural-number-valued.Thus. we must appeal
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to asymptotic densities, which yield the “proportion” of natural numbers up to n 
that have some property, in the limit as n approaches <». See Nathanson (2000) and 
Tenenbaum (1995) for discussions of asymptotic densities. See Buck (1946) for a dis
cussion of the analogy between measures and asymptotic densities.

14 See. e.g., Albrecht and Sorbo (2004). and Carroll (2016, Chapter 11).
15 The Inflation Theory was developed by Alan Guth. Andrei Linde, Paul Steinhardt, and 

Andreas Albrecht.
16 For instance, the Inflation Theory is often thought to explain the nearly-flat geometry 

of the universe, the uniformity of the cosmic background radiation, and the absence of 
stable magnetic monopoles. For an accessible overview, see NASA (n.d.).
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Study Questions for Part I

1. What is a Boltzmann brain? In what are they similar and in what are they dif
ferent from ordinary observers?

2. What is the standard argument against cosmologies dominated by Boltzmann 
brains? Where does this argument go wrong according to Carroll?

3. What is “cognitive instability”? Why does it pose a problem for cosmologies 
dominated by Boltzmann brains according to Carroll? Why, according to 
Kotzen, is it not a sufficient reason to reject a hypothesis?

4. Hartle and Srednicki argue that “[a] theory is not incorrect merely because it 
predicts that we are atypical.” Explain one of the examples they use to support 
this claim and how it is supposed to bear on the Boltzmann brains problem. 
Does Kotzen think the analogy works? Why?

5. How can issues related to Boltzmann brains be used to argue against cosmol
ogies in which time, space, or both are infinite?
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