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Abstract

This paper is concerned with a specific issue in the philosophy of cosmology that arises in the
context of inflationary models that describe our universe as one among many in a larger ‘multi-
verse’. In the particular idealized setting of interest, all universes are causally disconnected from
each other, so we have observational evidence only about our universe. In this context, asking
how we should interpret evidence to conduct empirical confirmation for multiverse theories is
an interesting question. Some, like Vilenkin and Bostrom, have argued that we ought to treat
our evidence as if we are randomly selected from a reference class of observers in the multiverse
and expect our evidence to correspond to the evidence a typical observer sees. This assumption
is known as the typicality assumption, and Vilenkin and Bostrom have argued that we should
prefer multiverse theories that describe us as typical observers over those that do not. Others,
like Srednicki, Hartle, and Adlam have criticized this position and argued that we cannot assume
we are typical. In this paper, I analyze the arguments given by proponents of typicality and as-
sess whether they are justified in the multiverse context. I conclude that they are not justified
in this context and furthermore, there is a way to conduct empirical confirmation for multiverse

theories that does not make use of any assumptions about typicality or atypicality.



1 Introduction

The theory of cosmological inflation was developed in the early 1980s by Guth (1981), Linde (1982)
and several others (Albrecht and Steinhardt, 1982), to combat the issue of the flatness problem, hori-
zon problem, and the monopole problem, which plagued an otherwise successful Big Bang cosmol-
ogy. Since the introduction of the theory, it has garnered support in contemporary cosmology owing
to its ability to resolve these problems and also explain the anisotropies present in the Cosmic Mi-
crowave Background. However, one peculiar aspect of inflation continues to generate controversy
in cosmology and the philosophy of cosmology. This aspect has to do with most inflationary models
describing a so-called ‘multiverse’, where our universe is one of a large (potentially infinite) number
of bubble universes within a larger multiverse."! To avoid confusion, the term ‘universe’ will be used
to mean a single bubble universe while the term ‘multiverse’ will denote the collection of all bubble
universes. There are three features of the multiverse setting that are important for the discussions

that follow:

« In this idealized multiverse setting, all universes are causally disconnected from each other.
This is a reasonable idealization as mechanism of inflation is such that the bubble universes
are receding away from each other at speeds faster than the speed of light. This means that,
if one were to send a signal at light speed from one universe to its nearest neighbor, it would
never reach its destination, as the neighboring universe itself is moving away faster than the
signal speed. Since nothing from one universe can ever reach another one, they are causally

isolated from one another.

« Universes could look very different from each other. It has been postulated (Linde, 2017,
Susskind, 2003) that the values of fundamental constants (such as the cosmological constant)
in physics could change from universe to universe. These variations could produce universes
that are wildly different from one another. For example, it could be that while our universe is

dominated by matter, other universes are dominated by anti-matter.

« We do not know which bubble universe we are in. There are multiple universes that are con-

sistent with our observational data. If we were in any one of these universes, our observations

!Bubble universes are also frequently called ‘pocket universes’, however for the purpose of clarity we will refer to
bubble universes only.



would appear the same. Therefore, based solely on our data, we cannot determine which par-

ticular universe is ours.

To illustrate the debate this paper is concerned with, con-
sider a toy model of the multiverse presented in figure 1. For
this toy model, we will assume the multiverse is finite and con-
tains only 6 bubble universes. Each bubble universe is indexed
as Ul, U2, U3 etc.? Consider also a toy cosmological theory
which says that most universes (U1, U2, U3, U4) in the multi-
verse are antimatter dominated while the remaining few (U5,
U6) are matter dominated. Assume also that we have a theory
of human evolution that describes each universe as containing
a single human.” One way to test such a cosmological theory

would be to extract predictions about what we should observe

given the theory and check if we really see what the theory pre-
dicts. Here we encounter a problem, namely that there is some
ambiguity in what exactly the theory says we should see. What Figure 1

we observe about our universe will depend on which universe

we are in, but we do not know which universe we are in. The only evidence we have is that our
universe is matter dominated. How can we use this information for empirical confirmation of this
theory if we don’t know which universe we are in? To see the weight of the issue, consider a rival
theory which says that U1, U2, U3 and U4 are matter dominated while the remaining two are anti-
matter dominated. How should we assign credences for these two theories? If we knew we were in a
particular universe such as U6, then we can argue that since one theory says U6 is matter dominated
and the other says U6 is antimatter dominated, we can prefer the theory that correctly describes U6
(our universe) as matter dominated. But we do not know which universe is our universe and herein

lies the ambiguity between the theory and what the theory describes we should see.*

?In practice, a significant number of inflationary models describe the multiverse as inflating eternally into the future
so that the number of bubble universes are infinite. Even in models with finite inflation into the future, the number of
bubble universes tend to be extremely large. For simplicity we assume a multiverse with only 6 bubble universes in this
toy model.

3This is of course, a simple toy model. We force only one human in a universe to keep the typicality considerations
simple.

“There are two important topics that are in the background to discussions about typicality, namely the anthropic
principle (Carter, 1974) and the measure problem. The anthropic principle may be roughly stated as: we should expect



Some, like Alexander Vilenkin (Vilenkin, 2011) and Nick Bostrom (Bostrom, 2002) have argued
via principles such as The Principle of Mediocrity and The Self Sampling Assumption (respectively) that
one should assume they are typical and expect to see evidence that corresponds to that of a typical
observer. This assumption that we are typical observers is known as the typicality assumption. If we
grant the typicality assumption, we can test theories by checking to see if our evidence corresponds
to the evidence a typical observer will have. In our toy model, typical observers in the multiverse
will be in matter dominated universes according to one theory while according to another theory
typical observers will be in antimatter dominated universes. Since we assume that we are typical
observers, we can prefer the theory that describes typical observers as being in matter dominated
universes since we ourselves are in a matter dominated universe (over the theory that says typical
observers are in antimatter dominated universes).

Others, such as Jim Hartle & Mark Srednicki (Hartle and Srednicki, 2007, Hartle and Hertog,
2015), have criticized this position, arguing that we should believe we are typical observers only if
we have evidence that indicates we are typical. They argue that since it could be that we are atyp-
ical observers in the multiverse, we cannot grant the typicality assumption. Further criticisms like
those of Emily Adlam (Adlam, 2024) have maintained that self locating credences (such as credences
about how typical we are) are based solely on subjective uncertainty, and as such are not rationally
constrained by anything except probabilistic consistency.’

In this paper, I wish to achieve two goals:

1. Show that arguments for the typicality assumption put forward by Vilenkin and Bostrom fail

to hold in the multiverse scenario.

2. Show the possibility for empirical confirmation in the multiverse without using any assump-

tions about how typical we are. In doing so, I will disagree with Hartle and Srednicki, who

to observe conditions that are hospitable for life. In our multiverse context, the anthropic principle captures the idea that
we should only expect to observe a universe that is hospitable for life, and so in making predictions we should include
anthropic considerations that constrain the values of our observables. In this paper, I will assume that all anthropic
principle considerations have been taken into account. For example in the matter vs antimatter case, I will assume that
life can arise in both matter and antimatter dominated universes, and so we cannot constrain our expectations on this via
anthropic considerations. The second topic we will not discuss is the measure problem, which arises mostly in models of
inflation that lead to eternal inflation (which most do). Eternal inflation is eternal into the future and spawns an infinite
number of universes in the multiverse. Given that the number of universes is infinite, one needs to specify a probability
measure to make statements about any kind of property distribution in the multiverse. However, there is considerable
debate on what the correct measure should be. See Linde and Noorbala, 2010. In this paper, I assume that a generally
agreed upon measure has been specified.
SProbabilistic consistency meaning that your distribution of credences does not violate the axioms of probability.



claim that we can extract predictions from multiverse theories only if we assume a measure
of how typical we are (called a xerographic distribution). I will also disagree with Adlam who

argues that empirical confirmation using self-locating beliefs is just not possible in these cases.’

To achieve these goals, my plan for this paper is as follows:

+ In §2,Iwill detail the arguments introduced by Vilenkin and Bostrom for the typicality assump-
tion and criticize the justification given for its adoption by utilizing Adlam’s arguments against
self-locating beliefs. I will also show that the toy models introduced by Vilenkin and Bostrom
to defend the typicality assumption share an important dissimilarity with the multiverse case

that renders them unsuitable as an analogy to the multiverse.

« In §3, I argue that there is no need for a typicality assumption in the first place for cosmolog-
ical theories if we construe our evidence in a ‘third person’ manner. That is, construing our
evidence as ‘there is at least one instance of life measuring the value x for some observable’
instead of ‘we measure the value x for an observable’ lets us empirically test theories without

assuming anything about our typicality.

« §4 will conclude the discussion and suggest that we can extend the results of this paper to open

problems such as the Doomsday Paradox.

2 The Self Sampling Assumption and the Principle of Medi-
ocrity

Notions of typicality have appeared in the literature under the guise of The Principle of Mediocrity
(Garriga and Vilenkin, 2007) and the Self Sampling Assumption (Bostrom, 2002).

Bostrom defines the Self Sampling Assumption (SSA) to be:

One should reason as if one were a random sample from the set of all observers in one’s

reference class (Bostrom, 2002, pg 57).

The Principle of Mediocrity is defined as follows:

Adlam distinguishes between pure self-locating (PSL) credences and superficially self-locating (SSL) credences. Ac-
cording to Adlam, PSL credences cannot be used for empirical confirmation while SSL credences may be used. The
typicality assumption involves the usage of PSL credences.



We would suggest that, on the contrary, we should assume ourselves to be typical in any
class that we belong to, unless there is some evidence to the contrary. (Garriga and Vilenkin,

2007, pg. 3)

Despite the apparent similarity, the Principle of Mediocrity (PM) differs from the Self Sampling
Assumption in an important way. For this reason, I will analyze the PM and SSA separately. The

overarching goal for this section is to show that neither SSA nor PM holds in the multiverse scenario.

2.1 The Self Sampling Assumption

Bostrom uses a toy model titled punceons to motivate SSA:

The world consists of a dungeon that has one hundred cells. In each cell there is one
prisoner. Ninety of the cells are painted blue on the outside and the other ten are painted red.
Each prisoner is asked to guess whether he is in a blue or a red cell. (Everybody knows all
this.) You find yourself in one of the cells. What color should you think it is”—Answer: Blue,
with 90% probability (Bostrom, 2002, pg 59).

In this model, you are not told what cell you are in, only that 90% of the cells are blue cells. The
argument that Bostrom uses to defend the typicality assumption is that it provides the best strategy
for the group as a whole. That is, if everyone assumed they are typical and that they are in a blue
cell, 90% of the prisoners would win while only 10% would lose. If instead, the prisoners had bet
that they are atypical, so that they are in a red cell, then only 10% of the prisoners would win. Thus
Bostrom defends typicality by appealing to the best betting strategy for the group. I shall denote this
line of reasoning as COLLECTIVE GOOD.

I am not convinced by corrLecTIVE coop. It is not clear why we should use the best betting strategy
for the group. Why should we care about whether other people get it right or not? After all, we are
not other people, we are ourselves. Perhaps what Bostrom means here is that other people getting it
right somehow improves our own chances of getting it right. But why other people getting it right
would influence our chances of getting it right is not clear. Using the best betting strategy for the
group for the group improves your betting strategy only if you assume you are randomly selected
from the group. But then you have already assumed what you have set out to motivate.

There is also an issue of specifying the reference class over which one assumes typicality. SSA is

defined over a reference class, but how do we decide what this reference class includes? Suppose for



example that instead of the dungeon consisting of all human prisoners, 10 blue cells contain polar
bears. Should we include the polar bears in our reference class and conclude there is a 90% chance
that we are in a blue cell? Or should we exclude polar bears from the reference class and recalculate
the probability of finding ourselves in a blue cell as 80/90?

Before we proceed with our discussion, it is important to explicate how Bostrom is understanding
the toy model. When we are told that there is a prisoner in each cell, we are meant to understand
that we could be any one of these prisoners we are told about. For example, the guard may have told
you that there are a hundred people in the dungeon including you and most of them are in blue cells.
What you are meant to understand here is that since you don’t know which cell you are in, you are
uncertain about which person you are. For example, you could be the person in the first cell or the
person in the second cell or the person in the third cell, etc. In this manner of thinking, Bostrom can
reply to the reference class issue by arguing that one should assert typicality only over observers

they could possibly find themselves as. Indeed he does:

Now, whether the polar bears count as observers who are members of the reference class
makes no difference. Whether they do or not, you know you are not one of them. Thus you
know that you are not in one of the ten cells they occupy. You therefore recalculate the prob-
ability of being in a blue cell to be 80/90, since 80 out of the 90 observers whom you—for all

you know— might be, are in blue cells. ( Bostrom, 2002, pg 70)

For Bostrom, it does not matter who is in the cell as long as you could possibly be that person. If the
guard had told us that there is someone named Jerry Smith in a blue cell, and we know we are not
Jerry Smith, we aren’t to include Jerry Smith in our class used to assert typicality.’

Having clarified Bostrom’s view, one may wonder whether SSA is reducible to the Principle of
Indifference applied to which observer one is. Indeed one would demonstrably get the same results
as Bostrom if one were to simply apply the Principle of Indifference over a list of possible observers
one could be.

In the dungeons scenario, we do not know which cell we are in, and hence which person we are.
For all we know, we could be in any one of the 100 cells. The Principle of Indifference (Pol) suggests

that in situations where we have no reason for favoring one possibility over other, we should ascribe

’One may wonder what exactly Bostrom means when he says that it does not matter whether polar bears are part
of the reference class. Trivially, since SSA is defined over a reference class it clearly matters whether polar bears are
in the class. Perhaps what Bostrom means here is that we need not make any arguments appealing to the dissimilarity
between polar bears and humans since we know from the outset we are not polar bears.



all possibilities equal probability. ®* Assigning probabilities in accordance with the Pol would give
you a 90% chance for finding yourself in a blue cell. If we come to know that some of the prisoners in
the blue cells are polar bears, then Pol demands that we do not include those cells in the calculation
since we know we are not in those cells. Putatively, Pol seems to give the same results as SSA.

We can also notice that when we talk about ‘being any one of the prisoners in the dungeon’ what
is really meant here is that we could be in any one of the cells. That is, we are not to understand
‘we could be any of the prisoners’ to mean that it is metaphysically possible for us to be a different
person. Rather, it is simply that we could be in any cell in the dungeon. Understanding this point
makes it clear that SSA in punceons is reducible the Pol applied over cells we could be in. Consider
the scenario where there are no other prisoners in the dungeon (and we know this). We are told that
there are 100 cells in the dungeon (with the same color distribution) and we are in any one of these
cells. Now, we do not have any other observers in the dungeon except for us. Intuitively, we may
still want to believe that there is a 90% probability for being in a blue cell. However, if SSA is solely
based on a reference class of other observers, we cannot get this probability since we are the only
observer. The only way to make sense of a 90% probability for blue cell in this case, is to make sense
of SSA as an application of the Pol. As further evidence of this, Bostrom himself uses SSA to conduct

empirical confirmation in cases where other observers are not clearly specified:

consider the two rival theories T1 and T2 about the temperature of the cosmic microwave
background radiation. (T1 was the theory that says that the temperature of the cosmic
microwave background radiation is about 2.7 K (the observed value); T2 says it is 3.1 K.)

(Bostrom, 2002 Chapter 5, pg 73)

The situation Bostrom is imagining here is one where the CMB does not have the same value every-
where in the universe, rather most of the universe has the mean value but some parts have values
that are different from the mean value. One can then ask what reason we have for asserting that
the value we measure is the mean value? Bostrom argues that SSA provides the justification for
assuming that we have the mean value. He argues for applying SSA across all life in the universe
and noticing that most life forms measure the mean value, which justifies our assumption that we

have the mean value. However, cosmological theories about the CMB do not describe the existence

8The Principle of Indifference (Pol), first coined by Keynes (1921) has been subject to much controversy. There are
versions of the Pol such as those of David Builes (Builes, 2024) that apply to cases (like ours) of self-locating uncertainty
and putatively seek to resolve some of the most common complaints by requiring the sample space be maximally specific.
Still, Pol remains controversial especially when there are an infinite number of possibilities. See Norton (2008)



of other observers. Similar to the dungeons scenario without other prisoners, CMB theories simply
describe the value of the CMB at most places in the universe. For SSA to give us the reasoning for
preferring T1 over T2 without talking about other observers, we have to understand SSA as just
the Pol, and the reference class SSA is asserted over as a reference class consisting of places in the
universe we could find ourselves in. Understanding SSA as the Pol would give the desired result by
arguing that since we could be anywhere in the universe and most places have a mean CMB value,
we ought to assume we also have the mean CMB value.

If SSA is indeed just an application of the Pol in disguise, then arguments against the usage of the
Principle of Indifference automatically transfer over to SSA. Fortunately for SSA, since it comes with
the appropriate partitions of the sample space predefined (a set of possibilities in one possible world
one could be in), it has room to escape the most common criticisms such as Bertrand’s Paradox.’
However, SSA is still susceptible to challenges like those of Adlam (Adlam, 2024) which questions
the justification of using Pol for empirical confirmation in all scientific theories. Adlam raises the
point that the successful applications of the Pol always correspond to symmetries in the physical
process that lead to a partition in the outcome space that is the same as the partition assumed by
Pol. That is, success for empirical confirmation using Pol is dependent on the set of outcomes of the
physical process possessing symmetries that give probabilities to outcomes that are the same as the
probabilities assigned by Pol. For example, there are situations like tossing a fair coin, where the
phase space of possibilities has a symmetry that equally partitions heads or tails. But there are also
situations where the physical process does not have this property, and the phase space of possibilities
is partitioned in an unequal manner (for example an unfair coin toss). As Adlam notes, one must
know that the process responsible for the outcomes has the associated symmetries in the phase space

in order to use Pol successfully:

The key point is that the partition that will yield the most successful results in an applica-
tion of the NSL-POI is not knowable a priori just from an abstract description of the outcome
space—the success of the method depends on how closely the choice of partition reflects the

features of the process by which the outcome is selected ( Adlam, 2024, pg. 16)

Like the coin toss, for Pol to be a useful tool for empirical confirmation in punGeons, we need to

assume a process that assigns us to a cells randomly. However, we are not told that we have been

Bertrand’s paradox is a well known paradox which arises when there are multiple ways to partition the sample space
with each way giving a different probability for the same event. See Shackel, 2007, Norton, 2008.



randomly assigned to a cell. It could have been a random process like the guard randomly choosing
a cell, or it could have been some deterministic process that always results in us getting assigned to
a red cell. Suppose one guard tells you that most of the cells are blue cells and another guard tells
you that most of the cells are red cells. Bostrom says that if we find ourselves to be in a red cell, we
should believe the second guard over the first one since SSA dictates that the chance for observing
a red cell is higher given the second guard’s story over the first guard’s. This argument only works
if you believe that you were assigned to a cell randomly. Suppose that this was not the case and in
fact you were assigned to a red cell based on your crime. If there was such a deterministic process
that meant that you would always end up in a red cell, then the chances of seeing that you are in a
red cell are the same for both guard’s stories. So preferring one guard’s story over the other using
SSA/Pol only works if we assume that we have been randomly put into a cell, which would give the
outcome space the necessary symmetry to ensure an equal probability for being in any one cell.
Regardless of whether it is justified to assume that we are randomly assigned to a cell in the
dungeons scenario, clearly we cannot claim the same for the multiverse case. There is no sense in
which one gets randomly assigned to a universe. Just like nobody assigns us to planets, nobody
or no process assigns us to universes. Given that there is no process that randomly distributes us
across universes, we cannot use justifiably SSA or Pol as a tool for empirical confirmation. Bostrom’s
argument that we can assume typicality is thus refuted by noticing that SSA (which justifies the
typicality assumption) cannot be used as a tool for empirical confirmation in multiverse cosmology.
Assuming typicality in the multiverse would be akin to assuming the second guard’s description of
the dungeon is the correct one (after learning our cell is red), despite knowing that we were not

randomly assigned to a cell.

2.2 The Principle of Mediocrity

The Principle of Mediocrity, as defined by Vilenkin makes a similar claim to SSA, namely that one
should assume one is typical and expect to see evidence that a typical observer would see. How-
ever, there is a striking difference between Vilenkin’s PM and Bostrom’s SSA. To spot the difference,
remember that the class over which one asserted SSA was a class of observers one could be (read:
possible situations one could find oneself in). However in Vilenkin’s PM, this is not the case as we

can see from his toy model:

Imagine that as you arrive to a meeting of the Royal Society, the organizers put a white

10



or black hat on you. They have removed all mirrors, so you don’t know the color of your hat.
You notice though that 80% of people around you wear white hats and 20% wear black hats.
There may or may not be some system as to how the hats are distributed. For example, the
color could be correlated with your sex, age, height, etc - but you don’t know. (Vilenkin, 2011,
5.35)

Notice that in Vilenkin’s scenario, the class over which one asserts typicality is defined as all the
people at the meeting. SSA will not give this class, since the Pol requires it to be possible that we
could be any of the observers in the class. Clearly, it does not make sense to reason that we could
be any of the observers in Vilenkin’s class since we can simply look around and notice that they
are other people and not us. SSA reasoning would require us to remove observers from our class
once we know we are not them (like the Jerry Smith example); so in the SSA way of thinking, you
remove all the people you see around since it is evident that we could not be those people we see.
Thus the class given by SSA consists of just the two situations you could find yourself in: one where
you are wearing a white hat and another where you are wearing a black hat. Since we do not know
which hat we are wearing, the Pol (and hence SSA) will give a 50% probability for a white hat and
the same for a black hat. However, as we will see, Vilenkin thinks that we should believe there is an
80% probability that we have a white hat, clearly different from SSA.

Just like Bostrom, Vilenkin uses coLLecTIVE GooD as justification for asserting typicality. In Vilenkin’s
case, the reference class problem makes coLLEcTIVE Goop especially suspect. Imagine if we add some
polar bears with hats to the Royal Society. Unlike Bostrom, Vilenkin cannot justify the exclusion of
polar bears by arguing that we are not polar bears. Such an argument would also exclude everybody
else we see around us and reduce our class to just us.

To proceed with our discussion, it will do us good by way of avoiding red herrings to slightly
edit Vilenkin’s hats scenario. The proposed edit will change how we come to know that 80% of the
members are wearing white hats. Instead of learning this figure by looking around and noticing
what color hat other members are wearing, we learn this figure from one of the organizers who has
told you that 80% of the members (not including you) have white hats. The advantage of this edit
is that it prevents ambiguities to do with how exactly you are ignorant to the rules for sorting. For
example, someone might question how exactly it is that we can look around and see other people’s
hats but maintain that we do not know if the hats are sorted by sex (after all it would seem like in

the case the hats were sorted by sex you would instantly be able to tell by looking around). To get

11



around these objections and preserve the genuine uncertainty in the sorting rule, I edit the scenario
such that we are just told that 80%(again non-inclusive of you) of the members are wearing white
hats and the rest black hats. Importantly, this situation still preserves the distinction from Bostrom’s
DUNGEONS by the organizers telling you that you were not included in the ‘80% wear white hats and
20% wear black hats’ tally.

Given this edited situation, let us turn to the question at hand. What hat have they put on you? As
stated earlier, if we go by the Principle of Indifference, then there are two possibilities corresponding
to the two observers you could be: you with a black hat and you with a white hat. Remember that
the Principle of Indifference (and hence SSA) can only apply when we have no reason for favoring
one epistemic possibility over the other. In this hats scenario, what Vilenkin has to argue is that the
empirical evidence of other people’s hat color distribution is relevant to your belief about your own
hat color. Vilenkin’s intuition behind typicality may seem reasonable. In fact I agree with Vilenkin
that one can reasonably believe they are wearing a white hat in this situation. However, I disagree
with Vilenkin that this scenario is analogous to the multiverse situation such that justification for
typicality in one carries over to the other.

The kind of reasoning in which typicality is adopted in the hats scenario involves taking the
distribution of other people’s hats as evidence that the organizers at the Royal Society have decided
to assign hat colors in some particular manner. That is, if you see that 80% of the members are
wearing white hats, this is evidence that the organizers have decided to assign hats such that each
person has an 80% chance of getting a white hat. Whether this is a fair inference from the information
given is an open question. However, for the moment, let us grant Vilenkin this inference. Given this
inference, you can believe you have an 80% chance for having a white hat and a 20% chance for
having a black hat. Crucially, this line of reasoning is entirely dependent on understanding there to
be a process by which you come to have a black hat or a white hat. In this case, this process amounts
to the organizers selecting a hat for you (in accordance with the 80/20 distribution). One can easily
see that we can assert Vilenkin’s typicality only insofar as we believe this process exists. However,
clearly there are cases in which such a process does not exist. For example, suppose that there are 80
Billion chimpanzees and 8 billion humans. It seems absurd to conclude that there was a 10% chance
that I ended up as a human as opposed to a chimpanzee. Vilenkin’s reasoning does not seem absurd
because it seems reasonable to say that there is a 20% chance I end up with a black hat and an 80%

chance I end up with a white hat. The key element present in Vilenkin’s case that makes his case

12



seem reasonable is the organizing committee deciding who gets what hat in accordance with the
80/20 distribution. Unlike the organizers in the Royal Society, no one is assigning people to be a
human or a chimpanzee. This is also the case with the multiverse; as we have stated before, there is
no process by which you get assigned to be in one universe over others. Since no one is assigning
us to universes, assigning probabilities for which universe we are in based on Vilenkin’s typicality is
akin to assuming there was a 10% chance I was born as a chimpanzee. So clearly, Vilenkin’s typicality

is not applicable in cosmology.

3 Without a Typicality Assumption

In this section, I wish to show that it is not necessary to make any assumptions about typicality in
order to extract predictions from multiverse theories. That is, we need not worry about how typical
or atypical we are for evaluating theories of the multiverse. In the first subsection, I will show an
alternate way of construing our evidence that lets us perform empirical confirmation without any
assumption about typicality. In the second subsection, I will respond to an argument from Roger

White, who claims that we cannot construe our evidence in the manner I wish to.

3.1 Is a Xerographic Distribution Necessary?

So far, we have shown that neither SSA nor the PM is suitable in the cosmological setting. But one
can reasonably ask how one should evaluate multiverse theories. Different universes have different
properties. What we ought to see given a multiverse theory will depend on which universe we are
in. If SSA and PM are unjustified in the multiverse setting, what do we do now to conduct empirical

confirmation for our theories? To situate our discussion, let us introduce two toy theories:

A: There are 20 bubble universes, which we can label as U1 through U20. U1 and U2 are matter

dominated and the rest are antimatter dominated.

B: There are 20 bubble universes, which we can label as Ul through U20. U1 through U16 are

matter dominated and the rest are antimatter dominated.

Assume also that we have a theory of life that describes a single human existing in each universe."

Vilenkin answers that we can assume that we will see the typical values and seeing non typical

YFor the purpose of simplicity, we will assume we only have one human in our universe. Nothing in the following
discussion relies on the details of our theory of life so I am justified in making this simplification.
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values will be evidence against the theory. In our model, seeing a matter dominated universe will
be evidence supporting Theory B and undermining Theory A. Bostrom agrees, and states that SSA
provides the missing link between observation and prediction from theory in these cases. But as we
have seen, this is not a satisfactory answer.

Hartle and Srednicki (Hartle and Srednicki, 2007) adopt an opposing position, arguing that one
cannot trivially assume typicality for all scenarios. Following the terminology introduced by Sred-
nicki and Hartle (Srednicki and Hartle, 2010), let us denote the probability distribution for which
universe we are in as the ‘xerographic distribution’ symbolized as £. We can think of ¢ as a distribu-
tion of probabilities over universes where the probabilities represent the chance we could be in that
universe. In our model here, the xerographic distribution specifies the probability we are in U1, U2,
U3 etc. Vilenkin argues for & such that the probability of being in U1 is equal to U2 is equal to U3 etc
(probability for being randomly selected). Let us denote this xerographic distribution motivated by
the PM as &y. Srednicki and Hartle reject the a priori adoption of &y, arguing that there are cases
where assuming &) leads to absurd results that are contrary to standard scientific practice (such as
their Humans v Jovians case in Hartle and Srednicki, 2007'"). Regardless of the disagreements of
what ¢ should look like, Hartle and Srednicki claim that one must adopt some & in order to extract

predictions from theories:

Without an assumed xerographic distribution, no prediction whatsoever can be made

about what ‘we’ will see in the future. (Srednicki and Hartle, 2010)

Adlam argues that since PM and SSA fail to be justified, there are no rational constraints one can
place on the xerographic distribution (other than probabilistic consistency). And if one cannot pro-

vide a rational basis for choosing a particular &, then one cannot use it for empirical confirmation:'?

But the arguments given this article suggest a much more general response: it is ‘presump-

tuous’ under any circumstances to use PSL credences to arrive at substantive conclusions about

"The humans vs Jovians case is a thought experiment that showcases a situation where the typicality assumption
clearly seems wrong. The situation involves two theories, one which says there are is a lot of intelligent life on Jupiter
(compared to intelligent life on Earth) and another theory which says there is no intelligent life on Jupiter. If we assume
typicality, and we notice that we are on Earth, we are led to prefer the theory that makes Earthlings typical in the solar
system, i.e. the theory that says there is no life on Jupiter. Notice that we have preferred the theory that says there is
no life on Jupiter based on evidence from Earth, we have not looked at Jupiter at all. This seems contrary to scientific
practice.

12As stated earlier, Adlam distinguishes between pure self locating belief and superficially self locating belief. PSL
(pure self locating) credences are associated with one possible world, while SSL (superficially self locating) credences
are associated with different possible worlds. In the multiverse case, beliefs about which universe you are in are beliefs
about one possible world and so classify as PSL credences.
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physics or the content of reality, because there is no rationally compelling way to assign PSL
credences, so such credences are not a suitable basis for scientific reasoning (Adlam, 2024, pg

34)

In this section, I will disagree with Srednicki, Hartle and Adlam and show that empirical confir-
mation is possible in these scenarios by construing our evidence in a particular way.

Let us take the two theories A and B again. What we want to know is the probability of seeing
the evidence given the theory. That is, we want to know P(E|T ) and compare it with P(E|Tg) to see
which theory we should prefer. What is the evidence? In this case the evidence is that our universe

is matter dominated.'®
E: Our universe is matter dominated.

Clearly, the chances of seeing this evidence will depend on which universe we are in. If we are
in U10, the chances of seeing this evidence given Theory A is 0 while Theory B gives us a probability
1 for observing matter dominance. Hartle and Srednicki argue that since the evidence depends on
which universe we are in, we have to assume some xerographic distribution to conditionalize the
chances of observing our evidence. To show why I disagree, let me state first without defending, one

way our evidence can be construed:
E’: There is at least one instance of life observing their universe is matter dominated.

Here what I have done is changed the first person evidence E to the third person evidence E’. I
have removed any self locating reference in our evidence by describing ourselves in a third person
way. The difference between E and E’ is not just that one talks about “at least one instance” and
the other does not; it is also that one contains a self referential element (by saying we make a mea-
surement) and the other does not (it says life makes a measurement). If our evidence is E’, then we
can assess Theory A and Theory B without the need for a xerographic distribution. We simply look
at both theories and see what the chances are for at least one instantiation of life observing their
universe is matter dominated. Let us see how we can do this for one theory and universe, U1 for
example. Let Ay; denote the objective probability that Ul produces observers who have the same

evidence as us.

B3P(E|TA) represents the conditional probability for seeing the evidence E, given T4 (Theory A). The same goes for
P(E|Tg)
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Here is the way these likelihoods are meant to be understood: Ay; quantifies the probability that
U1 would produce observers who arise and see our evidence. Let us assume for a moment that the
likelihoods for humans arising are not sensitive to the differences between any of the universes in our
list and so Ay; = Ay; where i is any one of the matter dominated universes. That is, for all the matter
dominated universes, the likelihood of life observing matter dominance is the same and equal to Ay;,
but for all the antimatter dominated universes, the likelihood for life observing matter dominance is
trivially 0 (since their universe is antimatter dominated). Now, the chance of at least one instance of
life observing a matter dominated universe is simply 1 — (1 — Ay;)" where n is the number of matter
dominated universes.!* Theory A predicts that there are 2 matter dominated universes while Theory
B says there are 16 of them. Let us plug in some trial values for Ay; and see where it takes us:

In this table, I have given the values for the

probability of seeing the evidence E’ given The- Values of Ay; | P(E’|Ty) | P(E'|Tp)
ory A (in the second column) and Theory B (in 0.05 0.098 0.56
the third column). Different rows correspond to 0.2 0.36 0.97
different values of Ay;. As shown, for smaller 0.5 0.75 0.99
values of Ay;, the probability of observing E’, is 0.90 0.99 ~1.00

significantly higher in Theory B over Theory A.
But for higher values of Ay;, Theory B and Theory A give almost equal probabilities for observing E*.
One may wonder whether empirical confirmation is possible in the case where Ay; is high enough to
give near certainty for observing evidence given both theories. But we can rest assured by noticing
that Ay; denotes not just the probability that our evidence is instantiated, but also that life is there to
observe that our evidence is instantiated. Since the chance of life arising is thought to be extremely
low, we can have reason to believe that most applications will involve low values of the statistical
likelihoods. Thus we may conduct empirical confirmation for multiverse theories without making
use of a xerographic distribution.

Something to keep in mind is that when we talk about life, what we really mean is observers
that could be us. For example, if a theory says our evidence is instantiated in a universe where
there are observers but they could not be us (perhaps because they are silicon based or some other

differentiating factor), then the statistical likelihoods should give 0 for life seeing that evidence. Our

4The term in the brackets denotes the probability that life has not made the relevant observation in that universe
(either because life does not arise there or life makes a different observation). Raising it the power of n gives the proba-
bility that life has not made the relevant observation in n universes. The probability that at least one instance of life has
made the relevant observation then becomes 1 minus that term.
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definition of life is a third person description of ourselves. If the beings that see the evidence do
not match with a third person description of ourselves, then we do not count them as life for the
purposes of empirical confirmation.

Construing our evidence as E’ instead of E takes away the important self locating factor that
Adlam argues is responsible for the impossibility of empirical confirmation. Since we no longer
refer to our being in one universe or other, we need not deal with the unconstrained probabilities
associated with which universe we are in. We conduct empirical confirmation utilizing only third

person evidence, escaping Adlam’s worry.

3.2 E vs E’: Response to White

As stated earlier, an important part of my argument was the construal of our evidence as E’ instead
of E. Such a construal of our evidence is controversial and there are arguments like those of Roger
White’s, which attempt to show that such a construal falls prey to what’s known as the inverse
gambler’s fallacy.

Suppose that a gambler walks into a casino and sees that a pair of dice are getting rolled. The

casino host offers the following two options for the gambler to bet on:
O;: The dice were previously rolled many times (prior to the gambler walking in).
O,: The dice were not previously rolled (the roll the gambler saw was the first roll).

After seeing the pair of dice land on double sixes, the gambler reasons that it is super rare to land
a double six on your first try but its much more common to land a double six after several tries.
Therefore, he bets on O; and believes that the dice must have been rolled a bunch of times previously.
The gambler is of course mistaken in his judgment since the dice have the same probability for
landing on double sixes every roll. The probability for landing on a double six on any particular
roll isn’t raised by having any number of previous rolls. The fallacy the gambler is committing here
is called the inverse gambler’s fallacy.”> Roger White argues that if we construe our evidence as E’
instead of E, then we are committing the inverse gamblers fallacy. To see White’s point, assume our

gambler has the following two ways of construing his evidence (the dice landing on double sixes):

5The regular gambler’s fallacy involves the same kind of situation except in the opposite direction. That is, if a
gambler after seeing a fair coin land heads five times in a row remarks that the coin is bound to land tails the sixth time,
he will be committing the gambler’s fallacy. Just like the inverse gambler’s fallacy, the gambler’s fallacy points out the
mistake in assuming the probability for future tails is raised by previous tosses, even though the probability for tails is
the same each toss.

17



E: This particular roll yielded a double six.
E’: At least one roll yielded a double six.

Notice that the probability of seeing E is the same given both O, and O, but the probability of
seeing E’ is higher given O; than O,. That is, since the probability of seeing at least one roll yield
a double six increases as the number of rolls increases, the probability of seeing seeing E’ is higher
given O;. White argues that just like the gambler is mistaken in preferring O, over O,, we are also

mistaken in using E’ instead of E to prefer O, over O,:

Like the gambler, we have simply witnessed a single big bang producing this universe.
And no number of other (universes) can affect the probability of the outcome we observed.

(White, 2000, pg 265)

Now that the we have explained what the inverse gambler’s fallacy is, let us take a look at a
toy model proposed by White that he claims to map onto the multiverse situation and exposes the

fallacy in assuming E’ over E.

Jane knows that she is one of an unspecified number of sleepers each of which has a unique
partner who will roll a pair of dice. Each sleeper will be woken if and only if her partner
rolls a double six. Upon being woken, Jane infers that there are several sleepers and dice

rollers. (White, 2000, pg 268)

White argues that if Jane infers that there are several sleepers and dice rollers, then Jane is committing
afallacy. It will pay for us to get clear on the dialectic and explicitly draw out the connections between
this case (which I will refer to as PARTNERED JANE ) and the multiverse setting to pin down exactly
what White is objecting to. Even though White does not state this explicitly, I believe we are to
understand that Jane does not know who her partner is, she only knows that she has a partner. This
mirrors our epistemic situation in the multiverse where we know we are in a universe but not which
particular universe is ours. White originally developed this toy model to use against an argument
from fine tuning for favoring multiverse theories. This is why White has Jane only wake up if a really
unlikely outcome occurs. Since we are not concerned with fine tuning, we need not focus on that
part. Notice that Jane only wakes up if her partner rolls a double six, so it does not matter whether
other partners roll a double six. This is why White can object to Jane assuming that there were many

dice rollers, her chance of waking up is solely dependent on her particular partner rolling a double
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six. What other partners roll or don’t roll will not affect her chances for observing a double six. So
White argues that assuming many dice rollers does not raise the probability of seeing the evidence
E. According to White, we should use E instead of E’ because it is not sufficient for ‘some partner’ to
roll a double six to ensure Jane wakes up. That is, White (correctly) argues that our evidence follows
from E but not E’.

White thinks our multiverse setting is analogous to PARTNERED JANE. Like Jane, it is not sufficient

for some universe to have life that sees our data to ensure that we ourselves see the data:

It is certainly not sufficient for us to exist in some universe f3, that 3 is fine-tuned, or even
that f is qualitatively exactly as a actually is. After all, if we postulate enough universes,
the chances are that there exist several life-permitting uni verses, perhaps even universes
with precisely the same initial conditions and fundamental constants as our universe, and
containing human beings indistinguishable from us. But we do not inhabit these universes,

other folks do. (White, 2000, pg 268)

White argues that because the multiverse case is in this way analogous to PARTNERED JANE, we should
reject E’ instead of E for the same reasons as those in PARTNERED JANE. However, I disagree that
PARTNERED JANE is analogous to the multiverse setting. In PARTNERED JANE, there are qualitative
differences between the epistemic states instantiated by different people who are woken up from
different partners. For example, suppose Bob is also in the experiment. Jane knows that she is
not Bob. Before Jane is put to sleep, if Jane is told that some partner will roll a double six, she
cannot infer that she will be woken up because ‘some partner’ could be Bob’s partner. This is why
Jane can say that E’ does not ensure that she herself wakes up. However, in the multiverse, we
cannot differentiate ourselves from other life in the same way Jane can differentiate herself from
Bob. Consider an advanced and extremely detailed cosmological theory that talks about humans
in multiple universes with mental states that are subjectively indistinguishable from ours. In this
setting, there is no way for us to distinguish between ourselves and these other instances of life.
Whatever we can mean via a third person description of ourselves is also instantiated in these other
universes. Unlike Jane who can say that she is not Bob, we cannot say we are not these other humans
because there are no qualitative differences between us and them. If we cannot say that we are not
these other instances of life, then we have to take seriously the possibility that we could be them.
Jane knows that Bob’s partner rolling a double six will not wake her up, but we do not know that

‘some life in some universe’ isn’t us in our universe. This dissimilarity between the multiverse setting
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and White’s toy model makes the toy model inappropriate as an analogy to the multiverse. And so,

White’s arguments against E” does not hold in the multiverse context.'®

4 Conclusion

In this paper I have shown two things:

1. SSA and PM are not justified in the multiverse setting so we cannot use the typicality assump-

tion that arises from their application for empirical confirmation.

2. Nevertheless, there is a way to construe first person evidence as third person evidence to con-
duct empirical theory confirmation. Once we construe our evidence as a single instance of a

third person description of ourselves, we can conduct empirical confirmation.

In the future, I would like to extend this discussion to the ‘Doomsday Paradox’ (Olum, 2002) where
an assumption of typicality (like the Self Sampling Assumption or the Principle of Mediocrity) is
made use of to generate the paradox. The doomsday paradox in a condensed form, suggests that
since the human population is increasing exponentially into the future, most humans will be born
closer to the end of humanity rather than in the middle or beginning. Since most humans are born
near the end of humanity, SSA or PM might require us to believe that we are typical humans born
near the end of humanity and hence doomsday is imminent. However, as the results from this paper
conclude, this will only be valid in so far as one can assume a process that randomly distributes your

birth rank. Whether we can understand such a process to exist can be the subject of a future paper.

16To make the multiverse setting more analogous to PARTNERED JANE, perhaps we can amend the toy model such
that all the sleepers are duplicates of Jane with subjectively indistinguishable mental states. In this setting, before Jane
goes to sleep, if she is told that ‘someone rolled a double six’, then she can infer that someone who thinks they are Jane,
will be woken up. Jane cannot differentiate between herself and the duplicates the same way she can between herself
and Bob. In this scenario, it can perhaps be shown that Jane’s evidence ought to be E’ and that this scenario is analagous
to the multiverse setting. If this can be shown, then we have further support for choosing E’ over E in the multiverse
context.
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