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Abstract

Suppose you found that the universe around you was infinite—that it extended infinitely

far in space or in time and, as a result, contained infinitely many persons. How should

this change your moral decision-making? Radically, it seems, according to some philoso-

phers. According to various recent arguments, any moral theory that is ’minimally ag-

gregative’ will deliver absurd judgements in practice if the universe is (even remotely

likely to be) infinite. This seems like sound justification for abandoning any such theory.

My goal in this thesis is simple: to demonstrate that we need not abandon minimally

aggregative theories, even if we happen to live in an infinite universe. I develop and

motivate an extension of such theories, which delivers plausible judgements in a range

of realistic cases. I show that this extended theory can overcome key objections—both

old and new—and that it succeeds where other proposals do not. With this proposal in

hand, we can indeed retain minimally aggregative theories and continue to make moral

decisions based on what will promote the good.
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Chapter 1

Introduction

Suppose you found that the universe around you was infinite – that it extended infinitely

far in space or in time and, as a result, contained infinitely many persons. How should

this change your moral decision-making? Radically, it seems, according to some philoso-

phers.

Note first of all that we each have some moral reason to make the world better than

it would otherwise be, at least somewhat and sometimes. This need not be because

some form of pure consequentialism is true. Perhaps the true moral theory upholds

other considerations—constraints, prerogatives, or reasons from other sources. But any

plausible theory will, in at least a large class of moral decisions, recognise some reasons

to bring about the best available outcome.1 For instance, when one devotes some of one’s

resources to aid strangers through charity, it seems that one has some reason to use those

resources as effectively as possible—to bring about the best available outcome.2

On top of this, it is plausible that (in at least some decision contexts) one outcome

can be at least as good as another if and only if it contains at least as great a total

aggregate of value, impartially construed.3 Again, this need not be because only total

1Rawls (1971, p. 30) himself claims that any plausible deontological theory satisfies this criterion: “It
should be noted that deontological theories are defined as non-teleological ones, not as views that charac-
terise the rightness of institutions and acts independently from their consequences. All ethical doctrines
worth our attention take consequences into account in judging rightness. One which did not would simply
be irrational, crazy.”

2For a defence of that claim, see Pummer (2016).
3This definition excludes any narrow person-affecting theory of value. It also excludes any monistic the-

ory of value under which value does not admit an additively separable representation (e.g., egalitarianism,
maximin, averageism). This exclusion is not because such views escape the infinitarian worries described
below—typically, they don’t—but for brevity. And it doesn’t exclude views with a total utilitarian axiology

1
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2 Introduction

value matters; some form of pluralism may be true. A range of the plausible moral

theories are minimally aggregative in this sense: in a large class of comparisons, they

evaluate one state of affairs as better than another only if the former contains a greater

total aggregate of value; and they say that we have reason to bring about that better

world.

Here and throughout I will be interested in this broad category of minimally aggrega-

tive moral theories. This entire category appears to face serious problems if our universe

is infinite in the relevant sense.

Here is a simple case in which minimally aggregative theories run aground. Suppose

you have two actions available to you. You can either rescue one person from death, or

rescue five others from death (each of whom would be better off not dying). And, either

way, the universe will contain infinitely many other persons with quite good lives. We

can represent the outcome of saving one with W1, and that of saving five with W5. Each

outcome, or world, contains an infinite plurality of persons {pa, pb, pc...}. And here the

moral value of each person’s life is represented on an interval scale as 0 (if they die now)

or 1 (if they get to enjoy the remainder of their life).

pa pb pc pd pe p f pg ph pi pj · · ·

W1 : 1 0 0 0 0 0 1 1 1 1 · · ·

W5 : 0 1 1 1 1 1 1 1 1 1 · · ·

For these worlds, we cannot say that either has the greater total sum. Even if we

extend the real numbers by defining ∞ (or even by defining the transfinite ordinals or

cardinals as well), the total sum of these two worlds will still be the same infinite number;

their totals will be equal. If our only means of evaluating worlds is by their total, then

we cannot say which of these worlds is better. But W5 is clearly better! Five people are

or a prioritarian axiology in the style of Parfit (1997). Nor does it exclude pluralist views which give any
weight at all to either of those axiologies.
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3

better off, and only one worse off (by the same amount). Intuition says that W5 is better

and that, absent any other considerations, we ought to save the five. But minimally

aggregative theories cannot say this.

More generally, suppose that our universe does have infinite spatial volume or tem-

poral duration. And suppose further that it contains infinitely many moral subjects,

infinitely many of whom have quite good lives (with positive value greater than some

fixed ε > 0 on some interval scale) and infinitely many of whom have quite bad lives

(with value less than −ε). Then the total sum of value over all good lives minus the

disvalue of all bad lives is undefined.4 And so it will remain even if you make some great

change to the world—if you like, add, remove, or improve any finite number of lives. The

total sum of value in the world will be unchanged—it will still be undefined (or, in the

earlier case, infinite). If the universe is indeed like this, no matter what actions you or I

might take, then we cannot ever say that the outcome of any available action will contain

greater total value than any other. And so, by minimally aggregative views, none can be

better than any other: they are all incomparable to one another. So such views will give

us no reason to bring about any of them over any other. And this extends to a large class

of decisions in universes like this: perhaps all pure rescue cases, or all decisions of how

to allocate resources for charitable purposes.5

If you accept a minimally aggregative moral theory, you might then hope that our

own universe is not infinite in this way. But it seems that you are not so lucky. Contem-

porary physics suggests that it is indeed infinite in the relevant sense. In particular, two

leading theories of cosmology each independently imply that our universe is guaranteed

to have an infinite population. The flat-lambda model—a cosmological model accepted

4The situation is analogous to that faced by an expected utility maximiser with an option to play the
Pasadena game (see Nover and Hájek, 2004; Hájek and Nover, 2006). In that case, the expected utility of the
option is the sum of infinite positive value and infinite negative value, giving an undefined total. Here, the
total value of each outcome forms such an undefined sum.

5Something akin to this argument appears in each of: Nelson (1991), Hamkins and Montero (2000),
Bostrom (2011), and Askell (2019).
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4 Introduction

by a majority of physicists—predicts that our universe will tend towards a stable state

and will then remain in that state for infinite duration (Wald, 1983; Carroll, 2017). And

the inflationary view—also widely accepted—posits that our world is spatially infinite,

containing infinitely many other ‘bubble’ universes beyond our cosmic horizon (Guth,

2007). Under either theory, the universe will contain a great many of any given physical

phenomenon. This includes things that we tend to think have moral value, e.g., a human

brain experiencing the thrill of reading philosophy for a given duration, or a person at

some time holding a preference for some events to occur as they in fact do. That thrill

and that preference-holding can be instantiated physically, with the right number of the

right particles at the right energy levels and in the right places relative to one another.

And it can be repeated at other locations to produce the same additional value no matter

how many such thrills or preferences already exist (according to minimally aggregative

theories). Each of the flat-lambda model and the inflationary view each independently

predict that our universe, in its infinite volume, will contain infinitely many6 such small-

scale physical phenomena (Garriga and Vilenkin, 2001; Linde, 2007; de Simone et al.,

2010; Carroll, 2017)7, and so infinitely many such thrills. If we sum up the value of all of

those thrills, we have an infinite total. So, our world will contain infinite (or, if we include

events with negative value, undefined) total value, at least by those physical theories. And

if either of those theories are true, then minimally aggregative theories fail us.

But even if we are uncertain whether those physical theories are true, minimally ag-

gregative theories are still under threat. Given that reputable physicists endorse these

theories, as good epistemic agents, we should assign some non-zero subjective probabil-

6The set of such token events will be countably infinite. For any given phenomenon, I’ll assume, each
token must occupy some (exclusive) non-zero volume of spacetime. For illustration, a human brain to
experience a given quantity of pleasure, it requires some non-zero spatial volume and some non-zero, finite
duration. So we can only fit a countably infinite number of those token events into the world.

7Physicists are hesitant to speak of infinite quantities (exceptions include Garriga and Vilenkin, 2001;
Gott, 2008), as these can never be empirically confirmed. Nonetheless, this conclusion is entailed by both of
the above views.
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5

ity8 to at least one of them being true. And any non-zero probability is enough to cause

problems in practice. Without a plausible method for comparing infinitely-valued out-

comes, agents will also typically be unable to compare lotteries that include some prob-

ability of such outcomes. And so, with some probability of infinitely valued-outcomes

resulting from their actions, they will be unable to compare any pair of available actions

in terms of their instrumental betterness. So even in this situation, agents need a method

of comparing infinitely-valued outcomes.

Indeed, problems arise even if we are certain that those physical theories are false.

After all, physical laws are contingent. It is possible, both metaphysically and epistem-

ically, that they had been different, and that our universe had been infinite. In that

hypothetical, minimally aggregative theories would still deliver absurd results. And this

is reason to reject them—we tend to think that true moral theories are necessarily true,

and so would have been true even if contingent physical facts were a little different. If

minimally aggregative theories fail in some possible worlds, then that failure gives us

reason to reject them even in our own world.

Given such failure, what are we to do? Must we abandon anything resembling a

minimally aggregative theory?

In this thesis, I will argue that, no, we need not. We can extend minimally aggregative

theories to give plausible judgements in an infinite universe. And we can do so in a way

that avoids various other serious objections.

Admittedly, other extensions have already been proposed. Each of Vallentyne (1993),

van Liedekerke and Lauwers (1997), Vallentyne and Kagan (1997), Lauwers and Vallen-

tyne (2004), Bostrom (2011), Arntzenius (2014), and Jonsson and Voorneveld (2018) offer

an alternative (see Askell 2019 for a survey). But, as I’ll argue, these alternatives are all

unsatisfactory. They may allow us to make some comparisons of infinite outcomes, but

many do not allow us to compare the outcomes we may realistically face (see Chapter 3),
8Likewise, the evidential probability that at least one of these theories is true is non-zero.
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6 Introduction

or they imply absurdity when we consider other properties of our universe (see Chap-

ter 4), or they do not allow us to compare lotteries over infinite outcomes in a plausible

way (see Chapter 5).

I have what I consider to be a successful solution to the problems of infinite aggregation—

a proposal that faithfully extends minimally aggregative theories to the infinite context,

that compares infinite outcomes in a plausible way, and that overcomes the most serious

objections that can be thrown at it. Given the existence of such a solution, we can in-

deed retain minimally aggregative theories; in our actual universe and in cases we may

actually face, we can still make decisions based on what will promote the good.

1.1 Outline

This thesis proceeds as follows.

In Chapter 2, I begin by introducing the basic formal framework I will be working

with. I then describe my proposal for comparing infinite outcomes: a so-called expan-

sionist theory. I also explain several key differences between my proposal and those in

the literature, justify those differences, and head off some immediate objections.

In Chapter 3, I present what I consider the single most compelling argument in favour

of my proposal: that, unlike almost all other proposals, it can still compare outcomes

when those outcomes differ by long-lasting chaotic effects. Of course, our universe con-

tains many chaotic systems, and agents like us often interact with them. So we must

often choose between such outcomes. If our theory of infinite aggregation cannot com-

pare them, then it will often fail to deliver comparisons in practice.

In Chapter 4, I address a serious objection for many theories of infinite aggregation—

one that my own proposal falls to as well, if not modified further. The verdicts of pro-

posals like mine are sensitive to the positioning of valuable events in space and time, but

in our universe the position of an event in space and time is in some sense relative to the
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§1.1 Outline 7

perspective of the observer. But it would be absurd for moral betterness to be relative to

the perspective of different observers. In Chapter 4, I show that my basic proposal can

be modified to avoid such problems.

Up to this point, the discussion focuses on comparing outcomes, not on comparing

lotteries over outcomes. But in practice we are never certain of which outcome will be

brought about by one action or other, so this is insufficient. We need a rule for comparing

lotteries over infinite outcomes as well. In Chapter 5, I present such a rule. I also

demonstrate a serious problem for other such rules from the existing literature.

But my proposal for comparing lotteries invites a possible objection. It is fanatical:

it implies that it is better to produce a tiny probability of infinite gain over a certainty

of finite gain, no matter how enormous the finite gain or how tiny the probability of

infinite gain. You might well find this implication implausible. I address this objection

in Chapter 6 and show that, as it turns out, there are compelling arguments in favour

of allowing such fanatical verdicts. To deny all such verdicts is to bring on even more

severe objections to one’s theory.

Chapter 7 is the conclusion.
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Chapter 2

Expanded addition

2.1 Introduction

In an infinite universe, minimally aggregative views appear to face a dire problem: in

any decision scenario that agents like us might ever face, they appear unable to say that

any outcome will be better than any other. It appears that they rule out agents having

any moral reasons based on which acts will bring about better consequences.

But perhaps not all minimally aggregative theories must fail in this way. Others have

proposed alternative theories that they claim avoid the problem (e.g. Vallentyne, 1993;

van Liedekerke and Lauwers, 1997; Vallentyne and Kagan, 1997; Lauwers and Vallentyne,

2004; Bostrom, 2011; Arntzenius, 2014; Jonsson and Voorneveld, 2018). In this chapter

and throughout this thesis, I focus on one approach that appears particularly promising:

expansionism.

Specifically, I propose and defend a spatiotemporal version of expansionism.1 This

contrasts with the previous version given by Vallentyne and Kagan (1997), which is

agnostic as to what the basic locations of value are. Those locations might be individual

persons, or positions in spacetime, or something else. Without knowing which, we often

cannot apply the rule in practice. And if we adopt the obvious choice of locations—

persons—then it turns out that we cannot give plausible judgements (or any judgements

1When discussing expansionism, Askell (2019, pp. 71-87) also focuses on the spatiotemporal version. I
agree that this is the most compelling version, as I argue in §2.3, Chapter 3, Wilkinson (2021), and Wilkinson
(n.d.(a))).

9

Examiners’ Copy – 24 June 2021
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at all) in even some fairly mundane cases (see §2.3 below). So I argue for a spatiotemporal

version of expansionism: one which adopts spacetime positions as our basic locations,

and uses their natural structure to give more plausible judgements than we otherwise

could.

Approaches like mine face objections (see §2.3). One is that they seem to abandon

a crucial feature of aggregation—its impartiality, including over properties such as where

each person happens to be. Another is that they give counterintuitive judgements in

key cases (see Cain, 1995). And an objection of my own is that, in some fairly mun-

dane cases some of which we might actually face, my approach seems to fall silent. I’ll

argue that these objections are not decisive. For one, we will see that basic tenets like

impartiality do not rule out spatiotemporal views entirely. For two, we must accept

counterintuitive judgements in some cases to avoid far more implausible judgements in

other (more realistic) cases. And, for three, with a bit of work we can construct at least

some spatiotemporal views which do give plausible judgements even in many problem

cases.

2.2 Preliminaries

2.2.1 Locations

We want to compare worlds on the basis of the value they contain. We cannot compare

their totals, so we look to the individual instances of value – local values. We could

individuate and identify these across worlds in different ways, such as: by who the

person is whose life contains the value; or which person-time-slice obtains it; or in which

generation2 it is obtained; or at which position in space and/or time they arise; or perhaps

some other way. For any of these, local value is associated with token entities of some

2Although generations are commonly used as locations in the social welfare literature, I agree with Askell
(2019, p. 12-3) that they are typically underspecified and, when precisified, bring implausible results.
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common type which exist (or have counterparts) across different worlds. I’ll call those

tokens locations. For reasons given in Section 3, I focus on the two most plausible types

of locations: persons, and spacetime positions.

Whichever locations we adopt, each world Wi contains a set of them: Li = {l1, l2, l3, ...}.3

The subscripts j for each lj may be arbitrary or may reflect some natural, essential struc-

ture of locations (as for spacetime positions). The worlds we compare will often contain

the same (or counterpart) locations, in which case we can use just the one set L. (More

on this below.)

For each world Wi, some value function Vi : Li → R maps each location to its value.

So, in W1, the local value at location la is given by V1(la). I assume that local values

admit at least a cardinal representation on the reals—that is, a representation which is

unique at least up to affine transformations. (This means that, for any two alternative

representations v and v′ of the same value, v = a · v′ + b for some real b and positive

a.) But I will not assume that local values have a natural zero or a natural unit (as is

necessary for ratio-scale or translation-scale representations, respectively).

I also assume that locations—whatever type they might be—can be positioned in

space and time within each world. If locations themselves are spacetime positions, that’s

easy enough—they each have an essential position. If instead they are persons, they still

each occupy spacetime positions. For simplicity, let’s treat each person’s position as a

single point: perhaps the point of their birth, or the midpoint of all positions they ever

occupy. (Nothing below hangs on which we choose.) So, whichever form our locations

take, they are assigned a point in spacetime x ∈ R4, or (x, y, z, t). This is represented in

3This set may be countable or uncountable. If the latter, we won’t be able to list our locations with
natural-numbered subscripts. But much of what follows does not depend on which it is.

If our locations are persons, we can assume that the set will be countable. After all, persons require
some positive, finite volume and duration. We could set some minimum physical volume and duration for
a person to matter morally, and only a countable infinity of persons will fit into any spacetime (whether
Euclidean or not).

If our locations are spacetime positions, we can assume that the set will be uncountable. After all, these
are positioned densely.
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a Cartesian coordinate system on four dimensions and is unique up to translation and

scalar multiplication.4

2.2.2 Identity/counterpart relations

My strategy for comparing worlds—the strategy of almost everyone in the literature to

date—is to take sets of individual locations and to compare their local values across

worlds. But, to compare local values across worlds, we need the same locations (or,

alternatively, their counterparts) to exist across worlds. How do we match up locations

with each other?5 If we cannot answer this, then my strategy will fail immediately.

I’ll describe what I think are the most plausible methods of identifying locations with

themselves or their counterparts, whether the relevant type of locations is persons or

spacetime positions.

Suppose that locations are individual persons. In this case, I propose that we stick

to our theory of personal identity, whichever is correct—that our identity or counterpart

relation use criteria analogous to those used by the identity relation between a person’s

past, present, and future selves. If all that’s required for one’s past and future selves

being the same person is that they share some bundle of qualitative properties, let that

be sufficient for a person in one world to be the same as a person in another world.

Alternatively, the identity relation between past and future selves might require physical

continuity. If so, then let our transworld relation hold between two persons if and only

4I am assuming for now that spacetime is Euclidean: that points have a unique coordinate representation
up to translation and scalar multiplication; and that every two points have a unique inner product and
geometric distance between them (up to scalar multiplication). This distinguishes the spacetime I’m working
with from Minkowskian and pseudo-Riemannian spacetimes which are more accurate representations of
our universe and which each admit different coordinate representations under which inner products and
geometric distance are not fixed. I accept that the assumption of Euclidean spacetime is unrealistic, but
necessary to avoid taking us too far afield. I wish to demonstrate that my method overcomes basic problems
in even the Euclidean setting before attempting to deal with problems introduced by relativistic spacetimes.
In §4.5, I show that these further problems can be resolved as well.

5Note that I am not committing myself to a particular position in the debate—between Lewis (1971) and,
for instance, Kripke (1980, p. 45)—on whether transworld identities exist. The following relation works
just as well whether it’s an identity relation or just a privileged counterpart relation, so long as it forms an
equivalence relation.
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if they share some common history of identical events. (To determine which events are

identical, we can use the following proposal.)

Alternatively, suppose that our locations are spacetime positions. Then we may not have

such a theory of identity. But that is no trouble—there is an obvious identity/counterpart

relation, at least in any pairs of worlds we’ll ever need to compare. Since our actions

necessarily cannot change the past, any such worlds will share the same past events (at

the same positions). In worlds like these with common histories up to the present, let us

map all past positions to those occupied by the same events (e.g., we can map the position

of Runnymede in 1215 in one world to the same position in every other world, as that’s

where the signing of the Magna Carta occurs in all of them). Then we can map future

positions too: each such x is uniquely specified by its spatial and temporal distance from

(any four) past points6, so we can specify its transworld identities/counterparts as the

positions which are also those same distances from those same points.

This matches our intuitive sense of the ‘same’ positions (e.g., “1 metre in front of me,

1 second in the future” will be the same point no matter what I do). It also preserves

the distances among all spacetime points. And it ensures that any two worlds we must

ever compare—the outcomes of two actions available to us—will share the same set of

positions, which will prove useful in what follows. The same cannot be said for worlds

which do not have some shared history, but in practice we’ll never need to choose among

such worlds.7

6This clearly holds in Euclidean spacetime. In relativistic spacetimes, the counterpart relation becomes
more complicated (see Chapter 4).

7Note also that this proposal does not require that counterpart positions are metaphysically identical,
nor that they have essential properties. I propose merely that, in our moral evaluations, we treat points as
equivalent when they satisfy these relations. This is compatible with both spacetime substantivalism and
relationism.
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2.2.3 Desiderata

To compare worlds, we want an ‘at least as good as’ relation < on the set of (meta-

physically possible) worlds W . I assume that this relation is reflexive and transitive.8

The asymmetric component (�) will be our strict betterness relation, and the symmetric

component (') our equality relation.

Defining a satisfactory betterness relation is no easy feat. We must make some hard

choices. From the social welfare literature, we have a collection of nasty impossibility

results – in particular, from Zame (1999) and Lauwers (2010).9 They show that it is

impossible to construct10 a version of < which is transitive, complete, and does not

violate either Pareto or Finite Anonymity—both of which are basic requirements for a

plausible betterness relation.11

Pareto holds that, if two worlds contain precisely the same locations all with precisely

the same local values, then those worlds are equally good; and if we made one of those

worlds better at some locations, then it would then better than the other. And this seems

highly plausible, for any type of location! It can be stated more formally as follows.

Pareto (over locations): For any worlds W1 and W2 containing the same loca-

tions L, if V1(l) ≥ V2(l) for all l ∈ L, then W1 <W2.

If, as well, V1(li) > V2(li) for some li ∈ L, then W1 �W2.

Meanwhile, Finite Anonymity is necessary for our aggregation to be genuinely impar-

8Transitivity of moral betterness has its critics, e.g., Temkin (2014). It has also received compelling
defences from, e.g., Broome (2004); Huemer (2008); Nebel (2018); Dreier (2019). I find it overwhelmingly
plausible so, in keeping with the infinite aggregation literature to date (within both moral philosophy and
welfare economics), I will assume without argument that it holds.

9Lauwers shows that the following impossibility holds even for the domain of worlds with local values
of only 0 and 1.

10It has been shown that such relations do exist, but cannot be constructed (see Svensson, 1980). This is
unsatisfactory for a moral rule, by which we would like to explicitly define the criteria for betterness.

11Note that both Zame and Lauwers only prove this result for worlds that are infinite utility streams: worlds
in which the locations form a totally ordered set, starting from some l1. Such worlds are usually interpreted
as taking locations to be entire generations of people (and as applying Pareto and Finite Anonymity over
generations). But the results can be trivially extended to the broader setting of all worlds with a countably
infinite number of locations, and to any type of locations (see Askell, 2019, p. 39-44).
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tial. If two worlds only differ by swapping the local values of two locations, then those

worlds must be equally good.

Finite Anonymity (over locations): If for some la, lb ∈ L we have V1(la) =

V2(lb), V1(lb) = V2(la) and V1(l) = V2(l) for all other l ∈ L, then W1 'W2.

Since < must be transitive, Finite Anonymity implies that we can permute any finite

number of local values and the resulting world remains equally good. But note that it

does not imply that the result of an infinite number of permutations—shuffling infinitely

many local values—will be equally good. (More on this below.)

Like Pareto, Finite Anonymity seems highly plausible. I find both Pareto and Finite

Anonymity hard to deny, at least for some type of location (if not multiple types). Perhaps

they hold for persons, or perhaps for positions. (Note that, in finite worlds, they hold for

all types.) Whichever it is, the Zame-Lauwers impossibility will apply. Does this mean

that any proposal for a betterness relation over infinite worlds is doomed from the start?

I don’t think so. To avoid the impossibility while hanging onto these principles, we can

simply allow that < is not complete. This would mean that there is some W1 and W2 inW

such that neither W1 <W2 nor W1 4W2. This may seem counterintuitive, but it is better

than the alternative: having < violate either Pareto or Finite Anonymity (for every type

of location), or else fail to be transitive. So, in this chapter and throughout this thesis, I

won’t be seeking a complete relation. No such relation would be plausible.

But a moral theory still needs to give verdicts in mundane cases that agents like us

actually face. Even if we cannot demand that the < relation be complete (over the set of all

metaphysically possible worlds), it must still be ‘minimally complete’. By this I don’t mean

anything as simple as completeness over the set of all epistemically possible worlds, or

all physically possible worlds. Instead, I mean this: for any decision-making agent who

will actually exist, for any decision they will actually face, and for any two worlds which

would be brought about if they took one or another action in that decision, those worlds
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must be comparable by the < relation. If so, then < is minimally complete. Or, in short:

<must never actually fall silent on us. It’s fine for it to be silent in exotic problem cases—

such as when deciding between worlds which don’t share the same history, or between

highly gerrymandered worlds. But, if it falls silent in decisions I actually need to make,

that’s a serious failing.

Note that it would be impossible to prove that any given < relation is minimally

complete. Instead, I will simply show that some proposed < relations (in the next section

and Section 5) fail to be.

To sum up, my desiderata for infinite aggregation are that:

• the betterness relation is reflexive and transitive;

• it appears minimally complete, and gives plausible judgements in those cases it

covers;

• it satisfies Pareto over spacetime positions; and

• it satisfies Finite Anonymity over spacetime positions.

Why over spacetime positions but not (also) over persons? And why Finite Anonymity

rather than a stronger, infinite form of anonymity? I’ll justify these choices below.

2.3 Isn’t spatiotemporal position morally irrelevant?

My view gives verdicts which are sensitive to where value is positioned in spacetime,

as do almost all views proposed in the social welfare literature. In this section, I will

pre-emptively (and all too briefly) address the most common objections to such views.

For an extended defence, see Chapter 3.
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2.3.1 Pareto – don’t take it personally

We cannot endorse both Pareto over spacetime positions and Pareto over persons. The two

principles are incompatible. (Likewise, Pareto over any location-type will be incompati-

ble with Pareto over almost any other.) But Pareto over persons seems highly plausible,

so this constitutes a serious objection to my view and, indeed, to many views in the

literature.

To see why the two principles are incompatible, consider The Shuffle.12

Example: The Shuffle

You are hosting a line dancing event, to which infinitely many people have

shown up—many more than you expected! Fortunately, you have two dances

prepared which can accommodate infinitely many dancers. Each dance in-

volves the dancers standing in single file. And, for both, the moves required

of each dancer depend on their position in the line, so dancers will find some

positions more strenuous and less pleasant than others. If you ask the dancers

to perform one dance or the other then the moral value obtained by each

dancer (and at each position) is given by W1 or W2, respectively.

p1 p2 p3 p4 p5 p6 p7 p8 p9 p10 · · ·

x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 · · ·

W1 : 1 0 1 0 1 0 1 0 1 0 · · ·

p1 p2 p4 p6 p3 p8 p10 p12 p5 p14 · · ·

x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 · · ·

W2 : 1 0 0 0 1 0 0 0 1 0 · · ·

12Cases like this, which demonstrate the disagreements between different Pareto principles, originate with
Cain (1995, p. 401-3). Cain considers them a decisive objection to spatiotemporal views like mine. But, as
we’ll see below, views that endorse Pareto over persons face problems that you might consider even worse.
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Here, the worlds W1 and W2 contain precisely the same persons (p1, p2,...) and the

same spatiotemporal positions (x1, x2,..., xi,... where xi is the ith position in line). But

many of those persons are at different positions in each world—they’re shuffled. Com-

pared to W1, every even-numbered person from p4 onwards is positioned earlier in the

line. And every odd-numbered person from p3 onwards is positioned later.

Which dance would bring the better outcome? Look at the spacetime points: all

points do at least as well in W1, and some do strictly better (x3, x7, ..., x4n+3, ...). Pareto

over positions says that W1 �W2.

Look at the persons: every person bears the same amount of value in W1 as in W2,

they’re just positioned less densely. Pareto over persons says that W2 ' W1, in conflict

with Pareto over positions.

The judgement from Pareto over persons may seem compelling – no person would

be worse off in W2, so what’s the harm in choosing that dance? As a person myself, I

wouldn’t mind finding myself in W2. And you might think that improving outcomes for

people is what is matters morally, rather than simply increasing value in the abstract. You

might think, as Askell (2019, p. 84) does, that “...Ethics is concerned with people. It is

not particularly concerned with the pattern of utility across spacetime.” I have sympathy

with this thought, but we also have reason to reject it. I provide only a brief argument

here, but see Chapter 3 for a full defence.

The reason is this: unlike Pareto over positions, Pareto over persons implies radically

widespread incomparability among worlds, even in quite mundane cases. So any theory

that satisfies Pareto over persons fails to be minimally complete.

To argue this, I must first make two assumptions explicit. The first: < is a qualitative

relation. It ranks any pair of worlds (W1, W2) the same way as it would rank any other

world pair (W3, W4) with the same qualitative properties. Note that it need not also be

a qualitative internal relation, which means that it must rank worlds W1 and W2 as equally
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good if they are qualitative duplicates. No, that would violate Pareto immediately. In-

stead I am assuming merely that a pair of worlds will be ranked the same way as any

qualitative duplicate of that pair of worlds. In effect, if we take a pair of worlds and

swap around (or replace) the identities of their inhabitants, in exactly the same way in

both worlds, then we don’t change the ranking of the resulting worlds.13

The second: we can change many of the qualitative features of persons however

we want (including at least their positions) without changing their identity (or counter-

part relationships). This implies that worlds W1 and W2 above are both metaphysically

possible – we can shift infinitely many of the even-numbered persons leftwards by any

distance, and odd-numbered persons rightwards, while preserving their identities. Both

this and the previous assumption are hard to deny, particularly if we think that such

problem cases are possible.

Now consider Firing Line.

Example: Firing Line

Infinitely many persons are lined up in front of you, extending infinitely far

into the distance. You have a choice to make. Either let every second person in

the line be killed, or let every fifth person be killed. Their lives will otherwise

be quite pleasant, and equally so.

Here are the local values for Firing Line. The ith person in the line corresponds to pi,

at position xi. And note that the beneficiaries in W2 are more densely positioned over this

sequence of locations than the beneficiaries in W1. In an important sense, there are more

13This assumption is often called Relative Anonymity in the social welfare literature, e.g., by Asheim et al.
(2010, p. 10).
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beneficiaries in W2. (More on this below.)

x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 · · ·

p1 p2 p3 p4 p5 p6 p7 p8 p9 p10 p11 · · ·

W1 : 1 0 1 0 1 0 1 0 1 0 1 · · ·

W2 : 1 1 1 1 0 1 1 1 1 0 1 · · ·

From the assumptions above, there are (metaphysically) possible worlds W3 and W4

with the following local values, and which share every qualitative feature with W1 and

W2, respectively.

x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 · · ·

p1 p15 p3 p35 p5 p55 p7 p75 p9 p10 p11 p95 p13 p115 p2 p135 · · ·

W3 : 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 · · ·

W4 : 1 1 1 1 0 1 1 1 1 0 1 1 1 1 0 1 · · ·

W3 and W4 have been modified from W2 and W1, respectively, by a slightly complex

procedure. Most persons have been moved to new positions: the persons in the sets

{p15, p35, p55, ...} and {p2, p4, p6, p8, p12, ...} have each swapped positions with a member

of the other set; while the remaining persons stay put. And some persons (p15, p35, p55, ...)

have been given different values (1 and 0 in W1 and W2, respectively, but 0 and 1 in W3

and W4). Those persons do strictly better in W3 than in W2, and strictly worse in W4 than

in W1. All other persons have the same local values in W3 as in W2, and in W4 as in W1.

Assuming Pareto over persons, this means that W3 �W2 and W1 �W4.

But the persons in these worlds have been rearranged so that W1 is qualitatively iden-

tical to W3, and W2 to W4 (or so we can assume, changing each person’s other qualitative

properties such that they are qualitatively identical to the person inhabiting the same

position in the other world). So the pairs must have the same ranking: W1 < W2 iff
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W3 <W4.

Now suppose W2 <W1. Then W2 <W1 �W4 <W3 �W2. So this implies a violation

of transitivity. So W2 � W1.

But if we suppose that W1 < W2, we can construct a pair of additional worlds W5

and W6 by a similar process such that W1 < W2 � W3 < W4 � W1. That will lead to a

violation of transitivity too. So W1 � W2.

Therefore, in Firing line, W1 and W2 would be incomparable. Not equally good, but

incomparable. But it was not so exotic a case. As it happens, we face a roughly analogous

case whenever we influence infinitely many future persons, benefiting one set or another

(with or without preserving their identities – see ibid.: 114-35). If we maintain Pareto

over persons, incomparability would arise in (a close variant of) every case raised in the

remainder of this chapter.14 (Note that the same implication doesn’t follow from Pareto

over spacetime positions—we cannot construct the W3 and W4 needed for the argument, as

altering the spatiotemporal positioning of value makes the worlds qualitatively different.)

This is one of several reasons to reject Pareto over persons. With the assumptions

above (which are hard to reject), it implies that we face incomparability in even mun-

dane cases. It implies that the vast majority of the outcomes we produce are no better

nor worse than the alternatives. And this is implausible. Our moral theory must say

something in cases like Firing line.

On top of that, our moral theory must say the right thing which, at least according to

intuition, is that it’s worse to let every second person die than to let every fifth person

die. (Or, for an analogous and even more compelling case, it would be worse to let every

second person die than to let every 99th person die!) Intuitively, the set of every second

person seems larger than the set of every fifth: in particular, take any interval of three

or more consecutive people and there are more of them. And of course the more people

14The preceding argument is loosely adapted from Askell (ibid.), although Askell accepts this incompara-
bility rather than abandon Pareto over persons.

Examiners’ Copy – 24 June 2021



22 Expanded addition

are killed, the worse the outcome is. And Pareto over persons rules that we cannot give

this verdict. But Pareto over positions does not stop us, so I am quite happy to seek a <

relation which endorses Pareto over positions but not persons.15

2.3.2 Impartiality

Here is another common objection to views like the one I’ll present below. If we take

the spatiotemporal position of value into account, we abandon a fundamental part of

aggregative views—we fail to be impartial.

Impartiality is defended by aggregationists (Mill, 1861; Sidgwick, 1907; Singer, 1972;

Parfit, 1984), in roughly the following form: it is morally no better for one to obtain the

good than for another to. So too, it is no better for one group of persons—beneficiaries—

to obtain the good than for another to. This applies whenever the amounts of the good

obtained by the beneficiaries would be the same for either group, and the number of

those beneficiaries is the same. And it applies regardless of where those beneficiaries are

positioned and who the beneficiaries are.

But recall Finite Anonymity. If two worlds contain the same persons at the same po-

sitions, and they differ only by a rearrangement of any finite number of values from one

set of beneficiaries to another, then Finite Anonymity (over either persons or positions)

guarantees that the worlds are equally good. In practice, if we could either benefit n

people by some amount(s) or n others by the same amount(s), and they start with the

15Despite the conflict between the two forms of Pareto, Pareto over persons does still have some intuitive
draw. Given this, it may seem desirable to have Wa < Wb (or Wa � Wb) whenever Pareto over persons says
so and Pareto over positions does not deny it. But Firing Line demonstrates that this can bring problems. In
Firing Line, Pareto over persons says that W3 �W2 and W1 �W4 and Pareto over positions doesn’t deny it,
but that leads us to judging W1 and W2 as incomparable.

Given this, we must be cautious of following the verdicts of Pareto over persons even in narrow circum-
stances. But, I will briefly note, one situation in which it seems harmless to do so is when, across the two
worlds we are comparing, only finitely many persons have their spatiotemporal positions differ between
worlds. And my own proposal below satisfies Pareto over persons in those cases.

Another situation in which it seems harmless is when Pareto over positions (or some strengthening of it)
says that two worlds are equally good. If so, and if Pareto over persons says that one world is strictly better,
we might break the tie according to whatever Pareto over persons recommends. My own proposal doesn’t
do this, but it does seem a plausible modification to make.
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same amount of the good, then we should be indifferent between the two options.

Likewise, we might take two worlds with the same persons at the same positions and

we rearrange their local values, and also rearrange which person is at which position.

Still, we can rearrange any finite number of values and any finite number of persons

and Finite Anonymity (over either persons or positions) guarantees that the worlds are

equally good. So it seems that, if < satisfies Finite Anonymity (even just over positions),

it preserves the impartiality we want.

Not all aggregation methods do satisfy Finite Anonymity. Discounting does not (e.g.

Koopmans, 1972). It involves summing local value in the usual manner, but only after

discounting that value by some function of how far it is from the agent’s position. This

will often allow us to compare infinite worlds, since a harsh enough discount rate can

bring the total value down to a finite number. But it violates Finite Anonymity – it says

that distant value is worth less (and very distant value almost worthless). It says that we

should prefer to benefit our neighbours over benefiting distant strangers. Discounting

may be a convenient solution to the problem, but I agree with Parfit (1984, p. 480-6) and

the others that it lacks the impartiality we want and so is morally indefensible. And that

indefensibility is captured by its violation of Finite Anonymity.

But Finite Anonymity only requires indifference up to rearrangements of finitely

many local values. What about rearrangements of infinitely many local values? Does

impartiality require that we adopt a stronger principle of Infinite Anonymity? No, it

doesn’t. To see why not, consider these worlds. They’ll be familiar from above, but this

time have the same persons (pi) at the same positions (xi).

pa pb pc pd pe p f pg ph pi · · ·

x1 x2 x3 x4 x5 x6 x7 x8 x9 · · ·

W1 : 1 0 1 0 1 0 1 0 1 · · ·

W2 : 1 0 0 0 1 0 0 0 1 · · ·
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W1 is a rearrangement of W2 – a rearrangement of infinitely many local values, over

both persons and positions. We could take all of the 0-values in W1 and bring them

forward to occupy x2, x3, x4 and then x6, x7, x8, etc. And we could take the 1-values

and spread them out to x1, x5, x9, ... and so on. If we were indifferent to even infinite

rearrangements of value – if our evaluation was entirely independent of who and where

the beneficiaries are—then we’d be indifferent between these two worlds.

But this is implausible. W1 is clearly better, and Pareto (over either persons or po-

sitions) says so. So we cannot be wholly indifferent to infinite rearrangements of both

persons and positions.

This doesn’t conflict with the core claim of impartiality: that it is no better to for one

set of beneficiaries to obtain some values than another. It only holds when there is the

same number of beneficiaries in either case. But there are infinitely many beneficiaries in

both W1 and W2. In response to this, we might say that the sizes of the sets of beneficiaries

are simply undefined, so impartiality tells us nothing.

But we can define the sizes of infinite sets. How? We might do so by using their

cardinality. Two sets have the same cardinality if and only if a bijection exists between

them – for locations, if one set of locations can be rearranged (perhaps in infinitely

many places) to precisely replace another set, just as we can do above with the 1-valued

locations in W1 and the 1-valued locations in W2. That case demonstrates that, in this

ethical context, cardinality is not a plausible way to count beneficiaries. Impartiality

would then force us to reject all forms of Pareto.

To satisfy Pareto while remaining impartial, we can turn to alternate notions of size

for infinite sets. One is containment: a set A is larger than another, B, if A ⊃ B. That is,

if A is a proper superset of B, and so contains it. And in the example above, the set of

locations with value 1 in W1 does contain the set with value 1 in W2. By containment, the

set of beneficiaries is not the same size in both worlds—it’s strictly larger in W1. And so
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impartiality will not imply, implausibly, that they are equally good. Nor must we violate

Pareto.16

And there is another Pareto-compatible version of size as well—density. Compare,

for example, the set of natural numbers to the set of (positive) even numbers. We might

say that the natural numbers form the larger set because they contain the evens. But as

we count along the naturals, from 1 up, it is also true that we encounter natural numbers

more frequently than evens—in other words, the naturals have greater density over that

ordered sequence. Likewise, in the example above, the locations with value 1 occur more

densely over the sequence (x1, x2, x3, ...) in W1 than they do in W2—in this sense, we can

say there are more of them.

We can use density to measure subsets of locations more generally, when our loca-

tions have some essential properties which generate the right sort of structure. Whenever

those properties are naturally represented in a coordinate structure (of any number of

dimensions), we can say that one subset of locations occurs more densely over the space

of possible values than another.17 For instance, the participants/positions in Firing Line

above each had the property of where they were positioned in the line, and this was rep-

resented by a real number on a single coordinate. And we can say that the set of every

second person occurred much more densely over that structure than the set of every fifth

person. In general, if we treat spacetime positions as the relevant type of locations, they

have an essential property which always generates such a structure: their coordinates

in spacetime. So it can make sense to say that one infinite set of spacetime positions is

larger than another if the first set occurs more densely over spacetime. Alternatively, we

might say that one set of persons is larger than another because it occurs more densely

over spacetime, but this is a little strange—the size of the set could change if we moved

those persons around, since a person’s position isn’t essential to their identity.

16We might instead use a stronger notion of containment: a set A is larger than B if A\B has greater
cardinality than B\A.

17This is an application of asymptotic density to this particular context (see Halberstam and Roth, 2012).
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The key takeaway from all of this is that we have multiple candidate methods for

measuring the size of a set of beneficiaries, not just cardinality.18 And the others don’t

imply that we must be indifferent to rearrangements of infinitely many local values, since

sets of locations need not be equally large just because we can biject them. To claim that

impartiality does require indifference to such infinite rearrangements is to assume that

cardinality is the relevant notion of size. And this requires independent justification, lest

we beg the question.

So it is not at all obvious that views which are sensitive to the position of value in

spacetime are immediately impartial, or that they constitute a fundamental departure

from aggregation. I see no compelling reason to disregard spatiotemporal views like

mine, especially not when they give far more plausible verdicts (such as in Firing Line

above).

2.4 Expansionism

If we give up Pareto over persons, and we don’t ignore the spatiotemporal position of

value, then we can compare many more pairs of worlds. Here is one way we might do

so, by way of example.

Take worlds W1 and W2 (which resemble Firing line). Both worlds contain a sequence

of persons spread over time, each holding the same position in both worlds. In W1, some

harm befalls every second person. In W2, that harm befalls every fifth person. Those

harmed bear value 0; those not harmed bear value 1.

We can depict these worlds on spacetime diagrams, as below. Each person is posi-

tioned in spacetime, so we can assign them some coordinates x in four dimensions. Here,

the vertical axis represents time and the horizontal axis represents just the one spatial

dimension, for simplicity.
18Another candidate is numerosity, as described by Benci and Nasso (2003), which is an extension of

containment.
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Figure 2.1: W1 in a temporal ver-

sion of Firing Line
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Figure 2.2: W2 in a temporal ver-

sion of Firing Line

Which world is better? To determine this, let’s gradually sum up the value in each

world, but in a particular order. Start at some point p, as illustrated below. Sum the local

values in the order of how far they are from p. For all locations within a given distance

from p, those will lie within a circular region centred on p (or, in four dimensions, a

hypersphere). To sum values in order of their distance from p is to sum them over some

sequence of expanding circles of increasing radius.
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Figure 2.3: Expansions over W1,

centred at p
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Figure 2.4: Expansions over W2,

centred at p

As we sum value over this sequence, we obtain a sequence of cumulative sums. These

are the sums of local values within each circular region (the stage in the expansion). We

can represent these on a diagram too, as a function of the radius r of each circle.

2

4

6

8

r′

W2

W1

Stage of the expansion (r)

Cumulative sum

Figure 5: Cumulative sums in W1 and W2, with expansions starting from p

Notice that the cumulative sum for W2 overtakes that of W1. There’s some stage in
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the expansion (r′) at which the cumulative sum of W2 is higher than that of W1. And,

beyond that stage, it remains higher.

Here, this happens no matter where we start the expansion. We could put the center

of those circles in line with the values themselves (e.g., p), or somewhere off to the left

or right (at q or r in Figures 3 and 4). We could start at any real coordinates, and our

expansion would still reach a stage at which W2 has greater cumulative sum and, beyond

which, W1 won’t ever catch up.

That’s how we determine that W2 is the better world: every sequence of expanding

circles we could start from any point agrees that W2 has more value. That’s more value

according to its cumulative sum, no matter how far out we take that sum.

This is expansionism in a nutshell. More precisely, it’s a spatiotemporal version of

expansionism—it uses the natural arrangement that locations (whether persons or posi-

tions) have in spacetime.

In general, expansionism consists in a principle like the following, from Vallentyne

and Kagan (1997, p. 17).19

SBI3 (Strengthened Basic Idea 3): W1 is better than W2 if

(1) W1 and W2 have exactly the same locations, and

(2) for all bounded regions of locations there is a bounded uniform expansion,

such that, relative to all further bounded uniform expansions, W1 is better

than W2.

To clarify, a bounded region is best interpreted as a set of finitely many locations with

non-zero value (ibid.: 13). An expansion is an infinite sequence of bounded regions, each

a superset of the previous region. A bounded uniform expansion is an expansion, each

19Arntzenius (2014) accepts a similar expansionist principle, designed to deal with cases of uncertainty.
In cases of certainty, his principle is equivalent to SBI3.

Examiners’ Copy – 24 June 2021



30 Expanded addition

region in which is obtained from the previous region by “. . . [adding] a band of constant

width. . . ” in all directions to the boundary (as in the example above) (ibid.: 16).

The principle I defend, and which was demonstrated in the example above, will

deviate from Vallentyne and Kagan’s SBI3 in several important ways. Here is how, and

why, it differs. (Readers uninterested in the motivation for these changes may skip ahead

to the definition of SE1.)

(1) It uses the natural arrangement of locations in spacetime (whatever those

locations are) to define regions and bounded uniform expansions, and so

deals only with locations which have spatiotemporal positions.

Vallentyne and Kagan’s principle does not necessarily use spatiotemporal positions to

make judgements. It can be applied with other arrangements (and corresponding notions

of boundedness and uniform expansions). For instance, using persons as locations, we

could use the arrangement of those persons given by when we rank them by height.

Or we might use their position in an alphabetical list of their names. In either case, we

could start at any height (e.g., 170 centimetres) or any name (e.g., Xavier), and we could

specify expanding ‘regions’ of persons over intervals of height or name (e.g., the interval

[169 cm, 171 cm] or [Xander, Xena]). But we face problems in practice if we use such

arrangements to make moral judgements. According to the physical theories cited above,

our universe contains infinitely many tokens of every local phenomenon. This includes

infinitely many persons who go by Xavier, Xander, or Xena, as well as infinitely many

people with heights falling within any interval [a− d, a + d]. A non-zero proportion of

them will have valuable lives, so these expansions would give an infinite (or undefined)

cumulative sum at every stage. But not so if we use the spatiotemporal arrangement—

for most plausible forms of moral value (such as pleasure), it is only physically possible

to fit a finite amount of value into finite spacetime. This is one reason to expand over

the spatiotemporal arrangement. Another is simply that it seems far more plausible
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that moral evaluation depends on spatiotemporal position than that it depends on the

heights, names, or other properties of persons or locations.

(2) The principle applies only if local value is additively separable.

This is an assumption which I expect Vallentyne and Kagan would agree with, but I

want to make it explicit. It is also well-justified. For one, it is implied by all minimally

aggregative views in the finite setting, and these are the views that we want to extend

to the infinite setting. It is also very useful in practice—it allows us to simplify cases

enormously, as we’ll see in the following sections. Since local value is additively separa-

ble, we can add or subtract the same value to the same positions in each of two worlds,

even infinitely many positions, and we wouldn’t affect the ranking of those worlds. This

means that, when comparing worlds, we can cancel out the local values that they have

in common. For instance, if W1 < W2, then W1 + W < W2 + W for all W ∈ W , and vice

versa (where the world Wa = Wb + Wc is the world defined by Va(l) = Vb(l) + Vc(l) for

all l ∈ L and La = Lb = Lc = L).

(3) Expansions begin with points rather than regions.

This is equivalent to restricting initial regions, and expansions, to circles on the two-

dimensional diagrams above—or, in four dimensions, hyperspheres—rather than any

nasty old shape one can imagine. This is a costless strengthening of the principle—it

allows us to judge in more cases without, as far as I can tell, giving incorrect judgements

in any. (Note that the problems described in the following section emerge with or without

(4), but their solution requires it.) It is also in the spirit of Vallentyne and Kagan’s

approach: their regions were already uniform in the way one expands to the next; now

each region is uniform in its boundary as well.

In effect, this means that each region in the expansion is the set of all points within

some fixed distance r of a central point p: a ball of radius r centred on p.

Examiners’ Copy – 24 June 2021



32 Expanded addition

(4) The distance between locations is defined by geometric distance.

For expansions to be uniform, we need to define distance, which brings us to (5). The

natural way to do this in the spatiotemporal setting is geometric distance d, given by d2 =

∆x2 + ∆t2 for any two endpoints separated by spatial distance ∆x and temporal distance

∆t. On the two-dimensional diagrams used above, this corresponds to the distance given

by placing a ruler on the page. And it results in each uniform expansion of a circle (or

hypersphere) also being a circle (hypersphere).20

(5) The principle provides a sufficient condition for equality (') between

worlds, rather than just strict betterness.

Vallentyne and Kagan’s principle only stated a sufficient condition for strict betterness

�. I want to add one for ', along the same lines.

With those modifications in hand, here is what I take to be an initially plausible

principle of spatiotemporal expansionism (SE).

SE1: For worlds W1 and W2 with the same set of locations21, W1 � W2 if, for
20Geometric distance may seem the most natural way to do this, but it is not the only way. Since time

and spatial distance measure fundamentally different quantities, and use different units, there are many
different ways we might choose to combine the two into a common metric. But to allow us to construct
useful expansions, such a metric does need to satisfy three conditions. i) For every pair of points, the
distance between them must be defined (or else expansions from one point will never reach the other point).
ii) If we start with a bounded region, any uniform expansion of that region must also be bounded (or else
our cumulative sums may be infinite). And (iii) Distance must increase for increasing changes in space
and increasing changes in time, so that the expansions become larger in the natural sense. Together, these
conditions imply that our distance metric must satisfy dp = |∆x

a |p + |
∆t
b |

p for some positive, real a, b and
p. (For instance, Arntzenius (2014, p. 44) describes an approach which effectively uses a = b = 1.) If
we apply an additional condition—iv) that regions of fixed distance are invariant under rotation—then we
obtain geometric distance.

Note that, in a non-Euclidean space, there may be no definition of distance which satisfies (i)-(iii), let alone
(i)-(iv), so we would need to abandon one of them. So in Chapter 4 I will move away from this definition
of distance and, in doing so, sacrifice requirement (iii). But even with the distance metric I describe there,
we obtain the same verdicts in the problem cases below. Likewise, if we adopted any metric which satisfies
dp = |∆x

a |p + |
∆t
b |

p, we would obtain the same verdicts, so we can simplify the discussion by using geometric
distance.

21In practice, these sets will always be the same if we use positions as locations. If we use persons merely
positioned in spacetime, they may not be.
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all starting points p, there exists r′ ∈ R such that for all r > r′,

∑
{x|d(x,p)≤r}

(
V1(x)−V2(x)

)
> 0

And W1 'W2 if, for all p and all r > r′ the sum equals 0.

SE1 matches the method we used at the start of this section. When comparing any two

worlds, start at any point you like (p). Generate larger and larger circles (hyperspheres)—

circles with increasing r—centred at that point. Those are the regions {x|d(x, p) ≤ r}.

Take the cumulative sum of value within each of those circles (hyperspheres). Is there

a stage at which one world takes the lead (where the difference in cumulative sums is

greater than 0)? Does it remain in the lead for all greater r? And does this happen no

matter where you placed p? If so, that world is better. Or is there a stage beyond which

the cumulative sums remain equal? If so, the worlds are equally good.2223

So we have a way of comparing infinite worlds which isn’t clearly implausible. In the

remainder of this chapter, I’ll test SE1 on examples that demonstrate that it needs to be

stronger. That stronger version will come in §2.6.

22With SE1, we can extend minimally aggregative moral theories to make comparisons of infinite worlds.
But does that extension itself count as minimally aggregative? Recall that a minimally aggregative theory
must say that a world is at least as good as another if and only if it contains at least as great a total
aggregate of value (impartially construed). If we were to interpret ‘total aggregate’ as being a real-valued,
one-dimensional sum of value, then no, a theory satisfying SE1 would not be minimally aggregative. But
a total aggregate can be any combination of the local values in a world, so long as every such value is
incorporated into the aggregate and is incorporated in an impartial manner. (I take this impartiality as
requiring only that any such value could be switched with any other and the aggregate would not be
increased or decreased.) And SE1 does indeed determine betterness on the basis of such a total aggregate:
the cumulative sum of value over a given expansion. This cumulative sum is a more complicated aggregate
than the one-dimensional totals we can use in the finite context, but it forms an aggregate nonetheless. (The
same holds for the SE2 principle introduced below.)

23Note that SE1, and other expansionist approaches, can be expressed in terms of linearly ordered abelian
groups and filters. Pivato (2014) shows this for all < relations which satisfy basic conditions resembling
Finite Anonymity and Pareto. I won’t attempt to express SE1 in such terms here, but note that it is not
necessarily inconsistent with approaches which use such representations (e.g. Bostrom, 2011, p. 20-4).
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2.5 Problem cases

In the last section, I gave a seemingly plausible principle of spatiotemporal expansion-

ism: SE1. Now, I’ll test it on three fairly mundane cases, more complex versions of

which would not be uncommon in our own universe. As it turns out, SE1 fails to give

judgements in these cases; it falls silent.

Why is silence a problem? After all, SE1 is guaranteed to give us a < relation which is

incomplete. Otherwise it would violate Pareto or Finite Anonymity. But incompleteness

comes in degrees—an incomplete relation may still be minimally complete, and deliver

verdicts in cases which agents face in real life. And some agents will likely face cases

resembling the three I describe below (absent some of my simplifications). So a principle

which falls silent in these cases is unsatisfactory. This is why SE1 isn’t quite enough, and

why I’ll strengthen it further in the next section.

2.5.1 Spatial shifts

Consider Christmas.

Example: Christmas

Each year the Consistent family celebrates Christmas. The Consistents always

celebrate at their family home (at the exact same spatial location) and continue

to celebrate at that home over successive generations. Celebrating Christmas

brings joy to the Consistents, producing a brief, localised quantity of value.

And the Consistents are lucky enough to have their family line persist forever,

so there will be an infinite sequence of Christmases celebrated at their home.

One generation of Consistents have the option of moving to a new address.

If they move, every future Christmas will be celebrated at the new address.

But they’re a consistent family—they’ll still celebrate at the same time, and
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produce the same amount of value. Everything else in the world will remain

unchanged.

Staying at their current address can be represented by the zero world, W0, with local

value 0 at all locations. The option of moving would then be represented by W1, pictured

below. W1 contains a sequence of local values -1 where they moved from, and values

+1 where they moved to. And, since local values are additively separable, we ignore all

other value in the world and just record the differences.

+1

+1

+1

+1

+1

+1

-1

-1

-1

-1

-1

-1

p

r

q

x

t

Figure 2.5: W1 in Christmas

Let’s apply SE1. Starting our expansion at point p, we get the following cumulative

sum for W1. W0 has a cumulative sum of 0 at all stages of the expansion.
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−1
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r
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Figure 2.6: Cumulative sums for W1 and W0, with expansions starting from p

Starting at p, our expansion always reaches the next -1 before its partner +1.24 The

expansion never reaches a stage at which the cumulative sum of W1 remains greater than,

less than, or equal to that of W0; it will always alternate among these. And likewise if we

start at point q – the cumulative sum of W1 will still alternate, but between greater than

and equal to.

So SE1 is silent. If our betterness relation is fully described by SE1, these worlds

remain incomparable. And that’s a problem, because this case seems fairly mundane.

We’re just shifting a sequence of local value in space by a fixed amount. All the more

mundane is that we didn’t specify the distance we shifted it – it could be just a millimetre,

and SE1 would still be silent. It seems plausible that agents really could make such an

arbitrarily subtle change to the future, at least in addition to countless other changes,

which would make the case all the more complicated. So I find it implausible that we

cannot compare such worlds. Further, I find it implausible that these two worlds aren’t

24This holds even though the delay between reaching the -1 point and the partner +1 point approaches 0.
To see this, simply compare the distance from p to a -1 point to the distance from p to its partner +1 point
– the latter is always strictly greater.
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equally good, as intuition suggests. Since SE1 cannot compare the two, nor justify our

indifference between them, we have a problem.25 But worry not—we’ll see below that it

can be solved.

2.5.2 Temporal shifts

Consider Public Holiday.

Example: Public Holiday

A prophecy reveals that the kingdom of Alethkar will persist forever. To

celebrate this, the queen will establish a new public holiday. This holiday

will be accompanied by grand festivities and will be held on the same date,

forevermore. Once it’s established, its date will never be changed.

There are two dates to choose from, half a year apart. No matter when the

holiday is held, it produces a fixed amount of value in every year except

the first—in the first year, the delay will result in a slightly more enjoyable

festival. The choice of date has no other effects.

The world in which the queen chooses the earlier date can be represented by the zero

world W0. The world in which the queen chooses the later date is then W1 (pictured

below). W1 differs from W0 in two ways: there is local value -1 at every point the holiday

25Could SE1 be modified to avoid this verdict, while leaving intact its core features? Yes, but such modi-
fications bring on other nasty implications.

One option is to abandon the requirement that expansions be uniform. For instance, we might replace
them with sequences of square-shaped (hypercube-shaped) regions, as Askell (2019, p. 208-11) does. This
alternative may avoid the problem in Christmas, but it still faces the problems below. I should also note that
this solution also appears somewhat arbitrary – it remains sensitive to some changes in ∆x and ∆t but not
others.

Here is another option, indeed the only option if we hold fixed the uniform expansions and the depen-
dence of < on the cumulative sums over those expansions. When making judgements, do not require that
all starting points agree on judgements. Instead of supervaluating over starting points, we could subvaluate.
After all, in the Christmas case, there is some starting point (r) for which the cumulative sums of W0 and W1
are equal for all expansions (and there are none which give a conflicting verdict). Why not then judge them
as equally good? I address this approach in an appendix at the end of this chapter, and show that it results
in an intransitive < relation.
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would otherwise have happened (once per year); and there is local value 1 at every point

the holiday happens instead, half a year later, with the exception of the first holiday in

W1 which is made slightly better by the delay. All of this happens at the same spatial

position where the festivities traditionally take place.

-1

1.01

-1

1

-1

p
x

t

Figure 2.7: W1 in Public Holiday

If we start the expansion at p, these are our cumulative sums:

−1

W0

W1

r

Cumulative sum

Figure 2.8: Cumulative sums for W1 and W0, with expansions starting from p

This pattern repeats indefinitely. So, no matter how far we expand, there’s always a

later stage at which W0 has the greater cumulative sum, and one at which W1 does. And

this happens no matter where we start our expansion. So SE1 is silent in this case (as is
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SE1* from above) – these two worlds are incomparable.

This is odd. We only made a fairly mundane change to the world, one that agents

might realistically achieve. But we still get incomparability? Again, we have a problem.

(And again, as we’ll see, it can be solved.)

2.5.3 Chaotic effects

In practice, cumulative sums will almost always alternate, as in Christmas and Public

Holiday. To see why, consider Writing or Netflix.

Example: Writing or Netflix

Rita has a choice to make. She can either spend the next hour writing the

last of an important paper on ethics, or spend that hour watching a television

show. If she finishes the paper in the next hour and submits it for publication,

it will be read by a policymaker. The policymaker will increase funding to

some international aid intervention and thereby save k people from painful

deaths. If Rita doesn’t finish her paper within the hour, those k people will

die. She knows all of this.

Unlike above, her actions have lasting, chaotic effects on the world. Saving

those k people will, e.g., produce random effects stretching indefinitely into

the future (described in detail in Lenman, 2000; Greaves, 2016, and Chapter 3

below). If Rita takes one action rather than the other, this will cause random

changes to many future events, continuing infinitely far into the future.

We can represent the actual outcome of Rita watching television by the zero-world

by W0 and the actual outcome of her finishing the paper by W1, as below. This world W1

contains all of the differences between the two outcomes.26 These differences consist in:
26As above, this simplification is allowed by the assumption that value is additively separable.
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the initial benefit of saving k lives, proportional to k; and an infinite sequence of random

differences X1, X2, ... (more on these shortly). For simplicity, I’m modelling the effects

of Rita’s actions as changing the value at one location per unit time, rather than at all

times. I’m also pretending that these changes all occur at the same spatial position, rather

than spread across her future as is more realistic. These simplifications won’t change the

verdicts below.

k

X1

X2

X3

X4

X5

p
x

t

Figure 2.9: W1 in Writing or Netflix

Since we are assuming that Rita’s actions make chaotic, seemingly random changes

to the world, the differences Xi are given by random variables which are independent,

identically distributed, and symmetric about 0.

Those variables’ probability distributions may reflect any of: Rita’s subjective uncer-

tainty about the exact effects of her actions; the evidential probabilities of the different

outcomes; or their objective chances, whichever is morally relevant. Either would work

here. But note that, despite the mention of probabilities, we are not suddenly comparing

lotteries over outcomes. This is still a comparison of ex post outcomes—of what would

actually end up happening if Rita took a given action. But let’s pick out outcomes typical
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of this situation, given the uncertainty and chanciness present. We can do this by gener-

ating local values using the random variables Xi, and comparing whatever they give us.

Due to the way they’re generated, these Xi will be random but still determinate. And,

as we’ll see below, using these random variables allows us to draw much more general

conclusions.

To compare the outcomes, let’s run our expansions, starting from p (or any other

point, which will give the same result). Here is our cumulative sum for a typical,

randomly-generated W1.

−k

− k
2

0

k
2

k

3k
2

2k

W0

W1

r

Cumulative sum

Figure 2.10: Cumulative sums for W1 and W0, with expansions starting from p

Within this diagram, the cumulative sum of W1 returns to 0 twice. But it will keep

doing so: no matter how large r gets, it is guaranteed to return to 0 eventually. Why?

The cumulative sum (∑{x|d(x,p)≤r}(V1(x)−V0(x))) forms a symmetric random walk over

the reals, with starting point k and each step in the walk given by Xi. This random walk

has an unfortunate property: it’s recurrent (Chung and Fuchs, 1951). For any r, no matter

the value of the cumulative sum of W1 at that stage, it will return to 0 again eventually.

(It has probability 1 of doing so.) And this holds no matter how big k is.

What does this mean for Writing or Netflix? It means that SE1 won’t be satisfied for
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this W1 and W0—it will remain silent. Nor will SE1 be satisfied in any situation like Rita’s

with values generated the same way, with probability 1. And that means that, whenever

our actions cause lasting and independent chaotic changes to the world, the outcomes of

our actions are practically guaranteed to be incomparable by SE1.27

This is a problem. In real life, the differences between actual effects of our actions

will often be widespread and, to epistemically limited agents like us, will seem random.

As I argue in the next chapter, in almost any realistic decision scenarios, these random

differences will continue endlessly into the future. And so most moral decisions faced by

agents like us will resemble Writing or Netflix—the worlds that the agent might produce

differ randomly and independently at infinitely many locations. And SE1 won’t be able

to compare them.

2.6 Solution

Fortunately, all three problems are solvable. We can replace SE1 with a stronger, modified

principle that gives all of SE1’s judgements and more.

But first, to help make sense of that principle when I present it, consider a typical case

in which SE1 says that W1 � W2 (illustrated below). For SE1 to say that, the graph of

W1’s cumulative sum must end up above that of W2 at some point, and then stay above it

for all greater values of r. The graph for W2 might be above that of W1 for some values of

r (shaded with vertical lines), but only for finitely long—if we added together the lengths

of every interval for which W2 is in the lead, we’d get a finite length. Meanwhile, since

W1 will stay in the lead for all r above some finite bound, the total length that W1 spends

in the lead will be infinite. Note that the total area between the curves when W1 is in the

lead will be infinite too.
27I am indebted to Christian Tarsney for raising this problem.
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W2

W1

r

Cumulative sum

Figure 2.11: Typical cumulative sums for W1 �W2

Consider also some W1 and W2 which SE1 judges as equally good, as below. Beyond

some finite value of r, their cumulative sums must be equal. So there can be at most a

finite total length for the intervals during which W1 is in the lead (shaded with horizontal

lines) and likewise for the intervals during which W2 is in the lead (shaded with vertical

lines). Note also that the total area between the curves for the intervals during which W1

is in the lead is finite, as is the total area for when W2 is in the lead.
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W2

W1

r

Cumulative sum

Figure 2.12: Representative cumulative sums for W1 'W2

We could generalise this to worlds which SE1 fails to compare. We could propose:

take all the intervals of r values for which W1 has the greater cumulative sum, and the

intervals for which W2 does; sum up the lengths of those intervals for each; if both total

lengths are merely finite, then W1 and W2 are equally good; and, if the total length is

infinite for W1 and merely finite for W2, then W1 is the better world.

This proposal would strengthen SE1 substantially. For instance, it gives us the correct

judgement in Christmas. Below we have graphs of the cumulative sums for both worlds

from that case. On those graphs, we frequently have intervals during which W0 has

greater cumulative sum (shaded with horizontal lines), but the lengths of the intervals

become shorter and shorter as r increases. As it happens, the length of these periods

shortens quickly enough that their total length converges to a finite sum. Meanwhile,

there are no intervals during which W0 has greater cumulative sum, so they have total

length 0, which is finite too.
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−1

−6

W0

W1

r

Cumulative sum

Figure 2.13: Cumulative sums for W1 and W0 in Christmas, with expansions starting from

p

And the same holds for all starting points in that case. For all of the intervals of r

values during which either world has the greater cumulative sum, their total length is

finite. So we might say that the two worlds in Christmas are equally good. And this is the

correct answer, by intuition – the only difference between the two worlds is that we’ve

shifted a sequence of values across in space slightly, which surely makes the world no

better or worse.

But we’re still in trouble in Public Holiday. As illustrated below, we have regular

intervals of r values during which W0 is in the lead (vertical lines) and regular intervals

during which W1 takes the lead. Since the cumulative sums repeat in this pattern without

end, both sets of intervals will have infinite total length. So we fall silent yet again.
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r1 r2 r3

−1

W0

W1

r

Cumulative sum

Figure 2.14: Cumulative sums for W1 and W0 in Public Holiday, with expansions starting

from p

This seems odd. We may just as frequently have intervals during which W1 leads, but

its lead is always tiny. And recall from above that the very first holiday in W1 obtained

slightly higher value than the others. If we reduced its value to 1, like all the others, then

W1’s cumulative sum would never take the lead. We could then say that W0 is better, but

we cannot because of this tiny addition.

But we can overcome this. It seems important not only how frequently each cumula-

tive sum is in the lead, but also how great that lead is. The occasional lead of W1 (such as

between r2 and r3) is one hundredth as big as the lead that W0 takes (between r1 and r2),

so it seems plausible that it should count for one hundredth as much. And this correlates

exactly with the area between the curves during those intervals—the area of each interval

during which W1 is one hundredth the area of each interval during which W0 leads. If

we were to take a cumulative sum of the area between W0 and W1, subtracting the area

for intervals when W1 leads, that sum would rapidly approach positive infinity. And

likewise, for the exemplar comparison in Figure 12, the area between the curves when

W1 leads minus the area when W2 leads approaches positive infinity. Likewise for all

cases in which SE1 says that one world is better than another. Meanwhile, in Christmas

and the exemplar comparison in Figure 13, that sum of areas would be merely finite.

We might thereby say which world is better in Public Holiday and other cases, by
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considering the cumulative sum of area between the curves. In Public Holiday, that sum

rapidly approaches positive infinity (and it does so no matter where we put our start-

ing point). So we could say that W0 is better—the world in which the queen delays the

public holiday is worse than the world in which she doesn’t. This verdict may be coun-

terintuitive, but I think it is the right one. After all, if the holiday were delayed by an

entire year, then the world would only differ from the undelayed world in two ways: it

would have one fewer holiday at the start (valued at -1), and a slight increase of value

to the first holiday (0.01); the rest of the holidays would be identical between worlds.

That would clearly be a worse outcome; roughly, it just involves removing value from

the world. And since delaying a full year would be worse, it makes sense that delaying

by less than a year would also make the world worse.

We can formalise this approach with SE2. Here, the sum on the right is the very same

as what appeared in SE1: the difference in cumulative sums between W1 and W2. But we

want the area, so we need to multiply each of those sums by the length ri+1 − ri that it

spends at that level. The start and finish of those intervals are given by {r1, r2, r3, ...}, the

distances between the starting point p and each point x at which there’s a difference in

value between W1 and W2. And summing the areas between the curves over each such

interval [ri, ri+1], from r1 out towards +∞, we can see whether the total area is bounded

or infinite.28

SE2: Let W1 and W2 be worlds with the same set of locations. For any start-

ing point p, let {r1, r2, r3, ...} be the strictly increasing sequence of distances

between p and each x such that V1(x)−V2(x) 6= 0.

Then W1 �W2 if the following sum diverges unconditionally to +∞.

28SE2 can be stated more generally to allow for value spread densely over a region rather than concen-
trated at discrete points. To do so, we need only replace the sum with an integral:

∫ ∞
0 ∑{x|d(x,p)≤r}

(
V1(x)−

V2(x)
)
dr.
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lim
r→∞

r

∑
i=1

(ri+1 − ri)
(

∑
{x|d(x,p)≤r}

(
V1(x)−V2(x)

))
And W1 'W2 if the sum is bounded both above and below.

Based on the same reasoning as above, SE2 gives the verdict in Public Holiday that

it’s better to schedule the holiday sooner rather than later. Likewise, it gives the same

verdict in Christmas. And it implies SE1, so it implies all of the verdicts of it too, such as

in Firing line. It also maintains the advantages of SE1 that it implies Finite Anonymity

and Pareto over spacetime positions.

It also resolves our one outstanding problem case: Writing or Netflix (illustrated be-

low).

−k

0

k

2k

W0

W1

r

Cumulative sum

Figure 2.15: Cumulative sums for W1 and W0 in Writing or Netflix, with expansions

starting from p

The problem here was that the cumulative sum of W1 formed a symmetric random

walk over the reals, which was guaranteed to be recurrent and so guaranteed to pass

through 0 over and over without end. But the area between the cumulative sums forms

no such random walk. Rather, it’s guaranteed to not be recurrent—it’s guaranteed to

diverge unconditionally to ±∞. To see this, take any finite upper and lower bounds: it
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can be shown that the probability that the area under a symmetric random walk is within

those bounds approaches 0 as r → ∞ (Lipkin, 2003). So the probability that the integral

approaches ±∞ as r → ∞ is arbitrarily close to 1. And the same holds no matter where

we start the expansion. So W1 is guaranteed to be comparable to W0 by SE2. In fact, it’s

guaranteed that one of the worlds is strictly better.29

Thus, SE2 resolves all three cases. Spatiotemporal expansionism is back on firmer

ground.

2.7 Remaining problem cases

I leave you with two more problem cases, lest you accept spatiotemporal expansionism

too quickly.

The first involves local values alternating between positive and negative over time.

But the cumulative sum also alternates, as does its integral. Compare the following W1

to the zero world W0.

29Admittedly, there’s a probability of 1
2 that W0 is the better world, so Rita would still be very uncertain

of which act would turn out better. But this is just the same conclusion we face in the finite case (Greaves,
2016).
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Figure 2.16: W1

Here are the cumulative sums for W1 and W0. As you can see, the areas between the

curves grow from segment to segment. Each of them exceeds the total area before it.

And they grow so quickly that the magnitude of the area grows too. The area will not

approach positive or negative infinity, nor will it remain bounded above or below. SE2

says nothing about this pair of worlds.
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W0

W1

r

Cumulative sum

Figure 2.17: Cumulative sums for W1 and W0, with expansions starting from p

But this is a silence I can live with. This pattern of differences between worlds is

carefully gerrymandered and, I would claim, we are unlikely to face such a pattern in real

life. To achieve a world like this, we would need the universe to be neatly arranged into

regions of overwhelmingly positive value alternating with regions of overwhelmingly

negative value, of increasing length or intensity, in some sequence which is just right.

And from the previous section we know that, if we model local values as random, this is

guaranteed to not happen.

I am happy to put aside cases this exotic. We knew that SE2 wouldn’t cover all cases,

thanks to impossibility results. I would be happy for it exclude only cases like this.

Here is a more puzzling case. Suppose you have a sequence of local values at a

single spatial position. This might be the Consistent family’s Christmas celebrations.

And suppose you can either leave them where they are or set them moving at a constant

speed, maybe by launching their household through space (represented by W1 below,

compared to the zero world W0). The same amount of value is obtained at the same time
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intervals, but the path of the sequence will be diagonal rather than vertical.
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Figure 2.18: W1

Starting our expansions at p, we obtain the following cumulative sums (with similar

results for all other starting points.)

W0

W1

r
Cumulative sum

Figure 2.19: Cumulative sums for W1 and W0, with expansions starting from p

This is puzzling. Spatiotemporal expansionism (either SE1 or SE2) states that W0 is

better – the world is better if you leave the Consistents where they are rather than sending

them into space at constant speed. But, intuitively, it doesn’t seem like putting them in
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motion makes any moral difference. Worse still, in general, SE1 and SE2 will weigh

stationary sequences of value more heavily than moving sequences of value, and slower

moving sequences more heavily than faster moving sequences. This is counterintuitive.

Worse again, it is a matter of perspective which sequence is moving and which is

stationary. In this coordinate system, relative to which I’ve defined geometric distance,

it appears that the Consistents are in motion. But for an observer standing in the Con-

sistents’ new house rocketing through space, watching their old house shrink into the

distance, it will appear that the old house is the one in motion. They are no less justified

in choosing a coordinate system (with corresponding distance measure) which says that

their new address is stationary. We have no principled reason to adopt one coordinate

system or the other.

Does that mean that the true betterness relation relies on an arbitrary choice of co-

ordinate system?30 Or that it does not hold at all in the real world, since no unique

coordinate system exists?

I will return to this problem in Chapter 4. But, for now, I will just briefly note that

SE2 can indeed be modified to avoid such relativistic implications. With a more carefully

chosen coordinate system and distance measure than I gave here, we can reach the verdict

that the worlds W0 and W1 above are equally good—we can judge that it is no better to

leave the Consistents be than to send them rocketing off into space.

2.8 Summary

The basic challenge we faced was finding a way to extend minimally aggregative views

to compare worlds containing infinite or undefined total value (and, ideally, to do so

in a remotely plausible manner). We now have at least one way of doing so: with

spatiotemporal expansionism. And we have seen that spatiotemporal expansionism can

30Cain (1995) and Arntzenius (2014) make similar points.
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deal with various basic cases, at least if we choose our expansionist principle carefully.

But you might think that spatiotemporal expansionism is an odd view to adopt. It

gives ethical significance to the spatiotemporal position of value. It even implies that it

may sometimes be better not to make Pareto improvements to persons’ wellbeing. I hope

to have convinced you that these objections are not decisive—the circumstances are dire

enough, and the alternatives disturbing enough in their implications, that a spatiotem-

poral view can still be a live option. In the next chapter, we will see an argument for the

claim that such spatiotemporal views are the only plausible options.

2.9 Appendix: Subvaluative expansionism

As we saw in §2.5.1, the principle SE1 fails to give a plausible verdict in the Christmas

case. As pointed out in a note, we can give the desired verdict without strengthening

our principle all the way to SE2, by modifying SE1 to subvaluate over expansions from

different starting points. I’ll show here that such a modification gives an intransitive <

relation and so we should reject it.

Here is the subvaluative principle that we might adopt instead of SE1.

SE1*: For worlds W1 and W2 with the same set of locations, W1 � W2 if, for

some starting point p, there exists r′ ∈ R such that for all r > r′,

∑
{x|d(x,p)≤r}

(
V1(x)−V2(x)

)
> 0

and there is no p or r′′ ∈ R such that this sum is negative.

And, W1 'W2 if the sum is 0 for all r > r′.31

31There is an alternate version of SE1*, in which we use the < relation (W1 < W2 if there’s some starting
point such that W1’s cumulative sum ≥ W2’s cumulative sum beyond some stage of the expansion). This
alternate version gives the correct judgement in Christmas. Unlike SE1*, it also gives the correct judgement
(of equal goodness) in Christmas 2 below. But it then fails if we increase any one of those instances of value
by even a small amount. It then fails in a manner analogous to SE1* in Christmas 2.
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Good news: SE1* does give us a verdict in Christmas, and the right one at that – that

the worlds are equally good. (See Footnote 32.) But it doesn’t in Christmas 2.

Example: Christmas 2

As in Christmas, the Consistents may either move to a new address or stay

where they are. But, if they move, the Persistent family will be inspired to

move to a new address as well. If they stay, the Persistents will stay too.

The Persistents are similar to the Consistents. They celebrate every year at

their family home, successive generations maintain this tradition, and their

family persists forever, but they happen to enjoy Christmas twice as much as

the Consistents.

The world in which both families stay can be represented by the zero world W0. And

the world in which they move by W2, pictured below. W2 is much like W1 from above,

but features a second spatially-shifted sequence.
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Figure 2.20: W2

The cumulative sum of W0 will always be 0, wherever we start our expansion. But in
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W2, depending on where we start our expansion, it may alternate between negative and

0 (at Q, R, and T), or among positive, negative and 0 (p and U). For example:

W0

W1

r

Cumulative sum

Figure 2.21: Cumulative sums for W2 and W0, with expansions starting from p

There is no starting point which will give a cumulative sum which is consistently

0 beyond some stage of the expansion. Nor is there a starting point which gives a

cumulative sum which is consistently positive, or consistently negative. So SE1* cannot

say that these worlds are equally good, nor that either world is better.

Recall from the case of Christmas in Section 5: SE1* would say that W0 ' W1. But

the difference between W1 and W2 is analogous – we just made another spatial shift of

a sequence of local values. We’ll get the analogous result W1 ' W2. Transitivity then

implies that W0 ' W2. But SE1* cannot say this. So SE1* fails to uphold transitivity.32

And so we must reject it.

32In a footnote, Vallentyne and Kagan (1997, p. 14) entertain a subvaluative version of their SBI3, but
dismiss it as it cannot be shown to preserve transitivity. As demonstrated here, the spatiotemporal version
most certainly does not preserve it.
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Chapter 3

The argument from chaos

3.1 Introduction

Consider a seemingly simple moral decision. While out walking, you see a child stepping

onto the road to cross to the other side. Until recently, this was a one-way street. And it

seems the child does not know that traffic now runs both ways, because they are looking

in just one direction. Meanwhile, a long line of traffic bears down on them from the

other side. If the child continues their crossing, it is clear that they will be squashed by

the leading car. (Perhaps you can see that the driver is rummaging in their glove-box,

oblivious to the child before them.) But, fortunately, you are not far from the child. If

you dash forward, you can grab them in time to stop them stepping into the path of

traffic. If you do, they will be saved. If you do not, they will die.

It seems obvious that the outcome in which the child survives will be better than that

in which they die. And we might expect minimally aggregative views to confirm this—it

seems that the former will contain more moral value in total, resulting from that child

going on to enjoy the rest of their (presumably good) life.

But minimally aggregative views cannot say this, even if we suppose that the world

will contain only finite total value. Why not? Because saving the child will have causal

ramifications far beyond producing just one additional life that is worth living. In par-

ticular, it will have large-scale, lasting, and seemingly random effects, via the ways it

influences physical systems that are chaotic. Small interventions on such systems typi-

57
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cally result in wildly different outcomes in the future. One such system is the traffic flow

in a sufficiently dense city (see Lighthill and Whitham, 1955). By allowing or preventing

the child being hit by that car, you would allow or prevent a temporary standstill in traf-

fic on that street. Over the following hours, this would alter traffic flow throughout the

system, momentarily delaying or advancing countless other drivers. Depending on the

size and density of your city, this would change which other traffic accidents occur and

where. And beyond this, saving the child means that they will continue their life, with

all the street-crossing and driving they will ever do, and so you will alter the traffic flow

on countless other evenings too. Likewise for the street-crossing done by every one of

the child’s descendants. Effectively, by saving that child, you have caused and prevented

many, many other traffic accidents and the resulting deaths, likely far outweighing the

value of the child’s life. And that’s merely through disrupting traffic, rather than the

disruptions you cause to many other chaotic systems (see §3.2 below). So you cannot

say with much confidence at all that saving the child will result in an outcome of greater

total value—you are clueless as to whether the long-run effects of your action will do

more harm or good overall. So you will be clueless as to whether it is better to save the

child or not (Greaves, 2016; MacAskill and Mogensen, n.d., see also). And this is deeply

counterintuitive—our intuition suggests that it is clearly better to save the child.

Chaos poses one problem for comparing outcomes by their total values. And we

know from above that we may face another if our universe is infinite: if the universe

will contain infinitely many valuable lives whether you save the child or not, it may be

that neither outcome has a finite total sum of value; and so, at first glance, it seems

that minimally aggregative theories may be unable to compare them. But, fortunately,

we already have plenty of proposals for comparing outcomes with infinite or undefined

total values, such as that in the previous section.

In this chapter, I discuss a further problem, which has for the most part been over-

Examiners’ Copy – 24 June 2021



§3.1 Introduction 59

looked in the literature. If our universe is both infinite and widely chaotic, we find

ourselves in a more difficult spot. Our solutions to the problem of chaos fail if outcomes

also contain infinite value. And most of our solutions to the problem of infinite value

fail too—they can only compare highly idealised pairs of outcomes, not those that differ

by lasting chaotic effects, ad infinitum, such as every pair of outcomes we ever must com-

pare in practice. In the decision of whether to save the child or not, most of our existing

methods say that the outcomes are incomparable. Neither is better. And, if the value of

outcomes is all that weighs in favour of either choice, we have no reason to choose one

rather than the other. And the same holds in many of the moral decisions you or I will

ever make. Effectively, chaos and infinite value together undermine a large swathe of

our moral decision-making.

This problem is avoided by some, but not all, theories of infinite aggregation. Specif-

ically, it is avoided by select spatiotemporal theories, including SE2 from the previous

chapter. All extant non-spatiotemporal theories fail in chaotic settings. And so we have a

compelling argument in favour of accepting a spatiotemporal theory.

Alternatively, you might interpret the argument given in this chapter as a reductio ad

absurdum against minimally aggregative theories. You might think it absurd that whether

one outcome is morally better than another depends on where value is positioned in

space and time in each outcome. And so, if minimally aggregative theories require such

dependence, you might conclude that such theories must all be false. It seems to me that

this goes too far—abandoning even minimal aggregation in one’s moral theory seems

too great a cost to pay to avoid dependence on spatiotemporal position. But you may

disagree, depending on which conclusion you consider more absurd. I will leave it to

you to decide which conclusion to draw.

The chapter proceeds as follows. In §3.2, I explain in greater depth how our actions

almost always result in chaotic, long-lasting changes to the world—this goes far beyond
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just affecting traffic flows. Then, in §3.3, I lay out the further problem of chaos ad in-

finitum, demonstrating how the problem arises for each of several classes of aggregative

theories tailor-made for the infinite setting: strongly anonymous theories (§3.3.1); weakly

anonymous theories (§3.3.2); and position-dependent theories (§3.3.4). I will demonstrate that,

of the existing proposals, only position-dependent theories can overcome the problem.

Indeed, accepting position-dependence is by far the most plausible way to overcome the

problem. Section 5 concludes.

3.2 Chaos

Many of the physical systems in our universe are chaotic. Chaos has a technical definition

(see Feldman, 2019, p. 83) but, for our purposes, we can focus on just one of the condi-

tions necessary for a system to be chaotic: its states at all later times are highly sensitive

to its initial states.1 They are highly sensitive in that if we were to ever-so-slightly alter

the properties of the system in the earlier state—perhaps in an arbitrarily small way—the

later states would change in a much more significant way. For instance, consider the sys-

tem of a pendulum, with the initial state given by where and when you release it to begin

swinging. If the pendulum is a chaotic system, releasing it from a millimetre higher may

result in it swinging in a wildly different, seemingly random manner.2 But this need

not be because the pendulum system is indeterministic—systems may be governed by

deterministic laws (and indeed must be, for the system to meet the technical definition

of chaos), but those laws and the factors they depend on may still be extremely complex,

1Of course, a system need not be chaotic for its later states to be highly sensitive to initial conditions.
Systems which are not chaotic may even be more sensitive to those conditions—as Gleick (1987, p. 292)
points out, given the attractor states observed in chaos theory, chaotic systems often follow similar large-
scale patterns regardless of what happens at a small scale. But the systems I describe here are all genuinely
chaotic ones. And, although their chaotic nature is not necessary for demonstrating the problem I have in
mind, it is sufficient. (Less importantly, the phrase ‘sensitive dependence to initial conditions’ is also far less
catchy than simply ‘chaos’.)

2This is exactly what occurs with double-rod pendulums, even though they are governed by quite simple,
deterministic laws. See Rubinsztejn (2018) for a helpful demonstration.
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resulting in chaotic and unpredictable behaviour.

Three such chaotic systems are: the composition of the human population; the Earth’s

atmosphere; and the positions of the planets in our solar system. And our actions fre-

quently change all of these, now and indefinitely far into the future.

3.2.1 Identities

Recall the case in which you can either save or not save the child from walking into

traffic. If you save the child, they will live out the rest of their life. Conditional on that

life being sufficiently long, they may have children of their own, who then may have

children of their own, and so on. If they would have a long line of descendants, your

choice changes whether or not those descendants come to exist. You would thereby

change the composition of the human population well into the future.

How likely is it that that child would spawn a long line of descendants? Very likely,

it turns out. At least in the United Kingdom, 97.9% of 5-year-old children live to at least

45 (Office for National Statistics, 2019). And, by the age of 45, 82% of people in England

or Wales have had at least one child (Office for National Statistics, 2018). Supposing that

the child is 5 years old and that assuming that current rates hold3, it can be shown that

the child’s lineage will last forever, in expectation. Not just that, but the probability that

they have at least some genetic descendants at a given time (conditional on humanity

surviving until then) converges to 0.7 as the time elapsed approaches infinity.4 So there

3Current rates may not hold, but they are still a reasonably good predictor of future rates. We can
anticipate that UK birth rates will be a particularly good predictor, as the mean number of births is very
close to 2. In the long run, for humanity to not die out from too low a birth rate, the long-run mean will
need to be roughly 2.

4From ONS (ibid), by the age of 45, 18% of Britons have had no children, 18% have had 1 child, 37% have
had 2, 17% have had 3, and 10% have had 4 or more. And from ONS (2019), 97.4% of Britons live to the
age of 45. For simplicity, I’ll assume that no one has children after the age of 45. And, conservatively, I’ll
assume that no one who dies before 45 has any children, everyone who has 4 or more children just has 4,
and that the child’s descendants aren’t any more likely to have (many) children just because their forebears
did. Then, conditional on that first child living to 45, we can represent the number of their descendants
in each subsequent generation n by Zn = ∑Zn−1

i=1 Xi, where the Xis are independent, identically-distributed
random variables with P(Xi = 0) = 0.201, P(Xi = 1) = 0.175, P(Xi = 2) = 0.360, P(Xi = 3) = 0.166, and
P(Xi = 4) = 0.097.
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is a probability of at least 0.7 that your choice in that situation will change the genetics

of some portion of humans for as long as humanity exists.

And this will change the events that happen in those descendants’ lives and the lives

of those they interact with. With differences in genetics come countless differences in

heritable traits, including height, body mass index (Wainschtein et al., 2019), intelligence

(Plomin and Deary, 2015), empathy (Melchers et al., 2016), and plenty of others. At least

some of these traits affect the quality of a person’s life to a significant extent, and at least

some (e.g., empathy) affect the quality of the lives of others. So significantly changing the

genetic composition of humanity millennia into the future will also, at least occasionally,

affect the moral value that particular humans obtain and the times at which they obtain

it.

But this is not the only way your choice will affect the future of humanity. As noted

earlier, saving that child would prevent a delay to the vehicle that would have hit them,

as well as those that follow it. This will change the positions of those vehicles at each

time throughout the remainder of their journeys. As well, due to the dynamics of traffic

flow, this will change the positions of countless vehicles throughout your city for the rest

of the afternoon. At least a small number of the lucky drivers on the road that afternoon

would be on their way home to conceive a child. And you will almost certainly delay

or advance the moment at which their child is conceived, by delaying or advancing their

parent’s journey. But, as pointed out by Parfit (1984, ch. 16) and Greaves (2016), delaying

or advancing conception by even a fraction of a second will likely change which sperm

fertilises the egg, and so too the genetics of the resulting child. And just like the child

you saved (or failed to save), that child is likely to spawn an indefinitely long line of

Readers familiar with stochastic processes may notice that this is a Galton-Watson process and that, as
such, the probability of any descendants remaining by generation n is given by P(Zn > 0) = 0.201 +
0.175× P(Zn−1 > 0) + 0.36× P(Zn−1 > 0)2 + 0.166× P(Zn−1 > 0)3 + 0.097× P(Zn−1 > 0)4 (Grimmett and
Stirzaker, 1992, §5.4). That probability converges to p as n → ∞ if there is some p such that P(Zn > 0) =
P(Zn−1 > 0) = p solves that equation. Here, it does, for p = 0.715. Multiplying that by the probability that
the first child lives to 45 (0.979), we have a probability of (at least) 0.700 that the child has descendants for
as long as humanity survives.
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descendants.

So too, similar changes will be made by that child you saved (or failed to save)

throughout their life, and by every one of their descendants. Every time they delay

traffic by crossing a road, or encourage (or dissuade) their friends from having children,

or introduce someone to their future co-parent, they make similar changes to genetic

composition of humanity indefinitely far into the future. And so the scale of the effects

of your choice is amplified many times over.

In this sense, the composition of the human population is a chaotic system. By

making the tiniest of changes—adding or removing just one person—you will typically

make widespread, unpredictable, and permanent changes to the system as a whole.

3.2.2 Weather patterns

Another archetypal chaotic system, and one which we constantly interact with, is the

Earth’s atmosphere. It was this system, and its behaviour under small perturbations,

that inspired Edward Lorenz’ work on chaos theory (e.g. Lorenz, 1963).

Suppose you save the child from walking into traffic. By doing so, you will move your

body and disturb the air around you, such that the air flow around you will be slightly

different from how it would have been had you not dashed forward. The oncoming

traffic will continue unhindered, and disturb the air even more. Likewise, your action

will result in the child continuing to go about their life for many years, disturbing the

air around them with every movement they make. If they end up ever driving a car

themselves, they will make even greater disturbances.

But even quite small disturbances to the air within the Earth’s atmosphere results in

major, unpredictable changes to weather patterns, indefinitely far into the future (ibid).

Lorenz (1972) claimed, iconically, that changing even an event as trivial as whether a

butterfly in Brazil flapping its wings at a given time and place is often enough to change
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whether and when a tornado occurs in Texas. As Broome (2019) points out, Lorenz may

be wrong—it is unclear whether the disturbance of a mere butterfly flap is dampened

out by the air’s viscosity or not—but it is clear that larger-scale disturbances do have

this effect (Palmer et al., 2014). Some such disturbances are: each human breath, which

releases 140 times as much energy as a butterfly’s wing flap; and running an electric fan

for a single second, which releases 10 million times as much.5

Your choice of whether to save the child will change whether, when, and where count-

less human breaths, uses of electric fans, and other atmospheric disturbances take place.

And so you will affect the timing and location of tornadoes, cyclones, wind gusts, rain-

fall, and so on indefinitely far into the future. And likewise by affecting the lives of the

child’s descendants—they too will take breaths, use fans, and so on. But tornadoes and

other weather events have significant effects on the lives of many people. So, by chang-

ing the timing and location of these events, you affect the moral value that particular

humans obtain at particular times indefinitely far into the future.

3.2.3 Planetary motion

Yet another chaotic system is the position of the planets in our solar system under the

gravitational influence of one another (Malhotra et al., 2001).6

Suppose yet again that you save the child from walking into traffic. By doing so, you

cause the child’s body to continue moving about the Earth’s surface for the remainder

of their life, rather than perhaps remain stationary in a cemetery. (Likewise, you change

the positions of yourself and a great many cars in your city.)

Like all objects with mass, a human body casts a gravitational field. Move a human

body and that field changes. At the most extreme, you might move that body from one

5These ratios are calculated from figures given in Dasgupta (2008, p. 78-9), Putensen and Wrigge (2007),
Tang et al. (2013), and the packaging of an electric fan I had on hand.

6In fact, it was while studying a similar system that Henri Poincaré (1890) inadvertently laid the founda-
tions for chaos theory.
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side of the Earth to the other. By doing so, you would slightly change the distribution

of mass of the Earth and its inhabitants. But this distribution is important—since the

Earth’s mass occupies more than a single point, the strength of the gravitational field

from other planets and celestial bodies will differ from one side of the Earth to the

other. So changing the distribution of mass can change the gravitational force applied to

the Earth and its inhabitants. Just from the gravitational field exerted by Mercury (the

planet most often closest to the Earth), moving an 80 kilogram human body from one

side of the Earth to the other has an effect equivalent to changing the Earth’s mass by 1.6

milligrams.7 Over the course of 24 hours, that results in the Earth’s position changing by

4× 10−30 metres (or 40 ‘attometres’).

That distance may seem trivial. But the celestial bodies in our solar system form a

chaotic system: small disturbances bring large changes, at least over long enough periods

of time. If the Earth’s position is shifted by some distance now, it is overwhelmingly

likely that its future position is shifted by an even greater distance, although we cannot

predict exactly where it will end up. Typically, if you shift the Earth by some distance

now, its position in 10 million years will end up shifted by approximately ten times that

distance (Laskar, 1989). If you shift the Earth’s position by 4× 10−30 metres today, you

will typically cause a 4 metre difference in the Earth’s position in 300 million years—still

trivial, perhaps. But wait another 120 million years and the difference will typically grow

to about 4 billion kilometres. For reference, that is roughly the distance of Neptune from

7The calculation for this is somewhat complex, but follows from the following facts: the gravitational
force exerted on one object with mass m1 by another of mass m2 and at distance r is given by F = 6.674×
10−11 × m1m2

r2 ; the Earth has a mass of 5.972× 1024 (kilograms); Mercury has a mass of 3.285× 1023 and lies
at an average distance of 7.7× 1010 (metres) from the Earth; and the Earth’s radius (and so the distance of
the 80kg human from the centre) is 6.371× 106. Assume that Mercury lies at its average distance from us,
that the human body will be positioned at either at the point on the Earth’s surface nearest to Mercury or
the point furthest away, and that the system of the Earth and the human body will have the same centre of
gravity regardless of the human’s position. Using the formula for gravitational force, it is straightforward
to show that the force applied to Mercury (and, likewise, to the joint body of the Earth plus the human
body) increases when the human body is placed on the opposite side, equivalent to increase in mass of
1.569 milligrams. Applying the equation for acceleration, F = ma, this gives us a change in acceleration
of 9.713× 10−40 ms−2. Integrating twice for the difference in position, and letting time be the number of
seconds in a day, we obtain a difference in position of 3.625× 10−30 metres.
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the sun. And, as you might guess, this would have some serious effects on what occurs

here on Earth—for comparison, the full range of temperature variations we experience

each year are a result of varying our distance from the sun by a mere 5 million kilometres.

That’s what happens if we move a human body from one side of the planet to the

other. But similar effects occur if the child you save (or any of their descendants) spends

a day in another city or country. The initial difference in the Earth’s position will be

smaller but, over long enough time spans, it will grow ever larger. And this applies not

just to the Earth’s position—the bodies in our solar system also exert gravitational fields

on neighbouring systems and beyond. Over long enough time spans, these changes

would ripple out to affect other planets, any civilisations which inhabit them, and any

moral value which arises there. By this route, your choice of whether to save the child

will affect events indefinitely far into the future and into remote space. From some time

onward, your choice will change the moral value which arises for almost every person

at every future time.8

3.2.4 The problem of cluelessness

Why are any of these effects a problem for our moral evaluations?9

Let us stick with the seemingly clear-cut decision of whether to stop the child from

walking into traffic. If you let the child die, the future of the world will proceed in

one particular way. If you save them, the future will proceed very differently, now and

8This continues to hold even if the future lasts infinitely long and contains infinitely many persons. On
the constant cosmological constant model mentioned in Footnote 1, infinitely many future persons will be
the product of quantum fluctuations which arise after our universe enters its ‘heat death’ era. The manner
and timing of these fluctuations will be affected—although not predictably—by even subtle changes in
gravity (as by the Hawking effect), electric field strength (as by the Casimir effect), and, plausibly, many
other factors too. And we can easily influence the gravitational properties of an infinite region of points in
the post-heat-death vacuum—by radically changing the positions of planets and star systems over millions
of years, as described above, we would produce gravitational changes that ripple outwards in spacetime,
infinitely far into the future. So the choice to save the child from traffic, for instance, would continue to have
ramifications infinitely far into the future.

9The following argument originates with Greaves (2016) and, before that, was hinted at by Lenman
(2000).
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continuing far into the future: the genetic composition of much of humanity will be

altered; the Earth’s weather patterns will be altered; and the trajectory of each planet in

our solar system will diverge further and further from where they would otherwise be,

indefinitely into the future.

To compare these outcomes on an aggregative ethical theory, we look to the total

value of each. Assume for now that each has a finite total sum of value, and so too does

each interval of time—that those values can be represented on a cardinal scale with a

finite real number. (Infinite totals can wait until the next section.) Then we can obtain

the total value of each outcome by summing up the value obtained over each consecutive

interval of time.10 For some outcome W1, we can write the values for those intervals like

this.

t0 t1 t2 t3 t4 t5 t6 ... tN

W1 : X0 X1 X2 X3 X4 X5 X6 ... XN

Suppose W1 is the world that results from letting the child die. Apart from the death

of the child, we will, and should, be uncertain about many of the events from then on.

So we will be uncertain of the moral value at each later time. This means that, when

making judgements about the actual outcome of your action, each Xi will be a random

variable with some probability distribution.11 (The probability distributions will differ

for different times—different Xis—based on what you do know about the future.) And

when you say that the total value of the world will probably be such and such, you

effectively say that the sum of all Xis will probably be such and such, if we draw each Xi

randomly from their respective probability distributions.

10If the totals did not admit a finite cardinal representation, we would not necessarily be able to obtain the
correct totals by summing over a partition of times. As Cain (1995) shows, with non-finite totals, summing
over one partition rather than another may give a different total. So we then must ensure that we choose
the right partition.

11These distributions may be determined by either your subjective or evidential probabilities. All of what
follows can be read in terms of either.
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Let’s use W2 to denote whatever happens if you save the child. This outcome too will

contain a random value Yi at each time ti. This outcome will be better if and only if the

sum of all of those Yis is greater than the sum of all of the Xis in W1. Or, equivalently, if

the sum of Yi − Xi over every time ti is positive. But what would those differences be?

To simplify matters, we can suppose that the only difference in value at t0 is whether

the value in the life of that child—represented as value 1—occurs or not. And then the

difference at each future ti is at least somewhat unpredictable—your choice will result in

seemingly random differences in value at each future time via changes in traffic flow, in

the genetic makeup of humanity, in the weather, and in planetary positions. And, since

we have no reason to think that each of these differences will favour one outcome or the

other, we know that each Yi is distributed identically to its corresponding Xi. So each

difference Yi − Xi will be drawn from a probability distribution that is symmetric about

0.

Adding up all of those differences, the difference in total value between W1 and W2

will look like this:

V(W2)−V(W1) = 1 +
n

∑
i=1

(Yi − Xi)

And, by this equation, the difference follows a random walk, and a symmetric one at

that. As we sum the differences Yi − Xi up to some large tn, it will typically look like

this.
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1

n

V(W2)−V(W1)

Figure 3.1: The difference in total value between W1 and W2, given by 1 + ∑n
i=1(Yi − Xi)

Notice that this walk passes above and below 0 sporadically. In fact, any random

walk generated from any sum of symmetric, independent, identically-distributed random

variables will continue to return to 0 no matter how far along the walk we go—no matter

how great a tn we choose, we know that such a walk will return to 0 at some later

time, and that it is then just as likely to rise above 0 as it is to dip below it (Chung and

Fuchs, 1951). This entails that, for large n, we cannot predict whether it will be above

or below 0. We have no clue. The theory of random walks tells us that the probability

that V(W2)−V(W1) is positive (or negative) approaches 0.5 as n approaches infinity. In

fact, the probability already approximates 0.5 for modest n of even 10 or 100, at least in

cases like this where we are certain of just one small, initial difference. But no matter

that initial difference, over a long future, it is as likely as not that either outcome turns

out worse.

As it happens, the variables Yi − Xi may not be entirely independent and identically-

distributed. After all, the scale of differences between the two outcomes may grow

over time. And some later differences will be (at least partially) dependent on earlier

differences—e.g., if you cause the Earth’s orbital path to pass nearer to the sun and the

resulting increase in temperature does harm, its effects at later times are more likely to
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be harmful too. But the above results will still hold—over long enough time spans, the

walk will be guaranteed to return to 0, and the probability of being above (or below) 0

will approximate 0.5.12 So it will still be as likely as not that either outcome turns out

worse than the other.

This seems like bad news for the aggregationist. Even in seemingly simple decisions

like this—as well as many of the decisions we ever face in practice—we are radically

uncertain as to whether an action will actually turn out better than its alternatives. And

if we make decisions based even partly on our reasons to promote (actual) moral value,

then those reasons seem to give no guidance at all.

But this uncertainty isn’t fatal for the aggregationist project. We are deeply uncertain

about which action will actually turn out better, but we may not be uncertain about

which action looks better in expectation, given our uncertainty—we cannot say which

action produces a better world, but we might still be able to say which action produces

a better lottery over possible worlds. And we can indeed do so for cases like this, as

Greaves (ibid: 8-9) demonstrates. Take the expectation of the total value for each world,

and compare them, as below.

E(V(W2))−E(V(W1))

= E(Y1) + E(Y2) + E(Y3) + ...−E(X1)−E(X2)−E(X3)− ...

= E(1) +
n

∑
i=1

E(Yi − Xi)

= 1

Perhaps unsurprisingly, the difference is positive; saving the child brings the greatest

expected total value. This is because all we have to tell the two lotteries apart is that

we’re certain we’ll save the one child under one, and certain that we won’t under the
12For a survey of what are termed reinforced random walks like this, see Pemantle (2007).
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other. What of the future events, with values represented by Xi and Yi? We know

nothing about the effects of our actions on them; we place the same probabilities on each

possible value of Xi as we do on each possible value of Yi. And so of course the difference

in their expected values is 0, since they’re identical. And so, in expectation, the value

at every future time cancels out, and all we are left with is the guaranteed value of the

child’s life.

So, if we switch from comparing actions by the whatever total value their actual

outcomes contain, to comparing actions by the total expected values of their lotteries over

outcomes, we can say that it is better to save the child. This is the approach defended

by Jackson (1991) and other subjective aggregationists, who would say that the outcome

is subjectively better if you save the child, and that this is the normatively relevant sense

of betterness. We may be uncertain of which outcome is objectively better, but that need

not trouble us. So, on at least some aggregative views, we can still say that saving the

child is better in a relevant sense and that you should save them, despite the presence of

widespread chaos.13

3.3 Chaos, with infinite value added

As we saw above, if the universe is finite then chaos poses a problem for aggregation.

Unpredictable chaotic effects lead to uncertainty over which act will actually have the

better outcome. But that need not stop us from making practical judgements—after all,

we still know that some outcome will be better (or that they will be equally good). We

just need to respond to uncertainty over which outcome that will be. And we can do

that, by taking the expectations of their (finite) total values.

But if the universe is infinite, chaos poses a greater problem. As we will see, in the

infinite context we are not just uncertain of which act will turn out better. Rather, we
13The situation is different for objective aggregationist views, such as that defended by Railton (1984). Such

objective aggregationists will still find themselves clueless as to what they should do.
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are certain that neither act will. We can say with certainty that the outcomes of any two

available acts will be incomparable or else equally good. Those are the verdicts given by

almost every aggregative view that has been proposed in the infinite setting. So, by those

views, we again cannot say which is better—to save the child from walking into traffic,

or not to save them.

How we reach those verdicts will differ according to the aggregative theory we adopt

in the infinite context. We can separate the available theories into three categories:

strongly anonymous theories; weakly anonymous theories; and position-dependent theories. I’ll

explain why each of these commits us to implausible verdicts, in turn.

3.3.1 Strongly anonymous theories

A strongly anonymous theory is one which says that, when comparing one world to an-

other, the comparison depends only on how many14 persons obtain each level of value. It

does not matter which persons obtain value in each world, nor their positions in space

and time, their hair colour, their height, nor any other such qualitative properties except

for whether they exist and the level of value they obtain (see §3.3.3 for further discussion).

So if two worlds look identical after we censor the identity and those other qualitative

properties of each and every person, then those worlds must be equally good.15

To put this precisely, call a view strongly anonymous if it satisfies the following

condition.

Strong Anonymity: Let Wa, Wb, and Wa′ be any possible outcomes. If Wa′ can

be obtained from Wa by replacing the identities and qualitative properties of

14Specifically, I mean the cardinality of each such set of persons, rather than another notion of size like
containment or density.

15Strictly speaking, this last claim requires not just Strong Anonymity but also that the < relation is
transitive.

Take the worlds Wa and Wa′ from the definition of Strong Anonymity and let Wb be any world which is
equally good as Wa. Strong Anonymity implies that it is equally good as Wa′ too. Then, by the transitivity
of <, Wa 'Wa′ .
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some subset of persons in Wa, holding fixed the value they each obtain, then

Wa <Wb if and only if Wa′ <Wb.

When all possible outcomes contain only finitely many persons, Strong Anonymity is

satisfied by all plausible aggregative views. But it is less widely endorsed in the infinite

setting. This is because, in the infinite setting, Strong Anonymity clashes with other

highly plausible principles, e.g., the Pareto Over Persons principle (van Liedekerke, 1995),

which I’ll discuss below. As a result, many views reject Strong Anonymity, including all

of the weakly anonymous and position-dependent theories that I mention below. But at

least two authors do still endorse Strong Anonymity in this setting: Bader (n.d., p. 85-90)

and Clark (n.d.).16

What do strongly anonymous theories say about realistic cases involving chaos? It

turns out that they say cannot say that any outcome is better than any other.

Returning to the case of saving or not saving the child from walking into traffic, we

can represent the two outcomes as below. In each outcome, each person obtains some

amount of value. For the child p1, they obtain value 0 if they die, and 1 if you save

them. Then we have some (perhaps finite) number of persons p2, p3, p4, and so on who

are unaffected by your choice and so who obtain the same value in both outcomes. For

those persons, you are (at least somewhat) uncertain of the values they each obtain, given

by random variables X2, X3, and so on, but these are the same in both outcomes. Then

we have infinitely many persons pi, piii, and so on who exist in both outcomes but who

are affected by your choice. They also obtain random values but, importantly, different

random values in each outcome (e.g., Xi as against X′i). And then we have two distinct

sets of infinitely many persons—pa, pb, etc and pα, pβ, etc—whose existence is affected

16Interestingly, Clark (n.d.) denies Pareto Over Persons as an axiological principle but does still endorse
an analogous Pareto principle for choiceworthiness. This makes the view strongly anonymous in terms of
axiology but only weakly anonymous in terms of choiceworthiness (under a definition of Weak Anonymity
different to the one below, which replaces all mention of ‘better than’ with ‘more choiceworthy than’). It
also rules out Clark’s proposal as a suitable axiology for a purely consequentialist moral theory.

Examiners’ Copy – 24 June 2021



74 The argument from chaos

by your choice. In one outcome, one of the two groups exists and obtains some random

values. In the other, the other group exists.17

p1 p2 p3 p4 ... pi pii piii ... pa pb pc ... pα pβ pγ ...

W1 : 0 X2 X3 X4 ... Xi Xii Xiii ... Xa Xb Xc ... − − − ...

W2 : 1 X2 X3 X4 ... X′i X′ii X′iii ... − − − ... Xα Xβ Xγ ...

What do we know about each of these random X values which make up the bulk of the value

in the universe? We don’t know exactly what each of them will be, as each is random. But we do

know that each will be drawn from some probability distribution, perhaps one of those illustrated

below.

Value
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ty
de

ns
it

y

Figure 3.2: Probability distributions for some random variables

We know a few other things about these distributions. For one, we know that at least infinitely

many of these X values will be drawn from distributions which give non-zero probability density

to the values 0 and 1. After all, if these are possible values of the life of that child on the street,

then these values are well within the realm of epistemic possibility for persons in the future

17Here, we have three infinite subgroups of persons in each world (and possibly four, if {p2, p3, ...} is
infinite too). Why would these all be infinite? The chaotic effects of your action will extend infinitely far
into the future. (See Footnote 9 above.) These include identity effects, so infinitely many people ({pa, pb, ...}
and {pα, pβ, ...}) will exist in each outcome but not in the other. But, as well, infinitely many persons
({pi, pii, ...}) will have their identities unchanged—for any given future person in one outcome, there is at
least a non-zero probability that their identity will remain the same regardless of your action, even if the
value they obtain is changed. With infinitely many such persons out there, infinitely many will therefore
have their identities remain unchanged.
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and anywhere else in the universe. For two, we know that the distributions in W1 and W2

will be similar—we should have the same distributions for Xi and X′i and for Xa and some

corresponding Xα (even their actual value turns out differently). After all, we have no reason

to think that a particular one of the outcomes will be better for each person. For three, it then

follows that, for any value v, if W1 contains infinitely many X values whose distributions give

non-zero probability density to v, then so too will W2. And for four, it also follows that neither

outcome will contain merely finitely many X values with some probability of obtaining any given

v.

And that gives us enough information to compare W1 and W2. By the law of large numbers,

if a world contains infinitely many X values with non-zero probability of v, then it also contains

infinitely many persons who actually obtain value v (with probability arbitrarily close to 1). And

so that number is infinite for every value v that could possibly be obtained in either outcome,

including 0 and 1. If, for each outcome, we graph the number of people who end up actually

obtaining each value, both graphs will look like this.

vmin 0 1 vmax
0

ℵ0

Value

Po
pu

la
ti

on

Figure 3.3: The size of the population obtaining each possible level of value

Here, ℵ0 is an infinite cardinality.18 And vmin and vmax are whichever are the greatest and

smallest possible X values, which will be the same for both outcomes W1 and W2. In short, for

every possible value a person can obtain, both outcomes contain the same infinite number of

18In fact, this is the one infinite cardinality which is possible for a set of persons. Why? Any metaphysi-
cally possible person must take up at least some minimum volume of space and non-zero duration of time.
As spacetime is a four-dimensional manifold with at least one dimension which extends infinitely far, we
can only fit countably many persons into spacetime (or ℵ0 persons).
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persons obtaining that value.19

But strongly anonymous theories compare worlds based only on how many persons obtain

each level of value. In those terms, the worlds W1 and W2 are identical. And so strongly anony-

mous theories must say that they are equally good.

Thus, all such theories say that the outcome of saving the child from walking into traffic is

no better than the outcome of not saving them. Indeed, the outcomes are equally good. And

this carries over to almost every moral decision that agents like you or I will ever face in this

universe—we can represent the outcomes as we did above and, by similar reasoning, reach the

same verdict.

And that verdict is implausible. Surely the world in which the child is saved is better, or at

least it could be. And likewise for every pair of available outcomes in almost every other moral

decision we ever face. It is a failure on the part of strongly anonymous theories that they cannot

say this, at least not in this chaotic, infinite universe of ours. I take this as a great enough failure

that we should reject all such theories.

3.3.2 Weakly anonymous theories

But there are other theories of aggregation in the infinite setting to which we can turn. Another

major category is weakly anonymous theories. These are the theories which satisfy the following.20

Weak Anonymity: Let (Wa, Wb) and (Wc, Wd) be any two ordered pairs of possible

worlds. If (Wc, Wd) can be obtained from (Wa, Wb) by replacing some persons across

both Wa and Wb with other persons (and the same other persons in both worlds), or

19As stated, this argument assumes that there are finitely many possible levels of value, and therefore
that possible levels of value are discrete. This assumption is plausible, as small differences in duration and
length are discrete multiples of Planck time (or length), and so measures of value are likely to be discrete as
well.

But a similar argument can still be made if possible values are continuous. In the continuous setting, it
seems highly plausible that Strong Anonymity can be strengthened to say that two worlds must be equally
good if, for any arbitrarily short interval of possible values, they have exactly the same number of persons
obtaining a value within the interval. (This is an additional assumption but, I think, a modest one.) But
all possible pairs of available outcomes will satisfy this—for any such interval somewhere between vmin
and vmax, infinitely many persons will have non-zero probability of obtaining value in that interval, in both
outcomes. So infinitely many persons will obtain a value in that interval, in both outcomes. Therefore, the
outcomes must be equally good, at least according to Strong Anonymity.

20In the literature, principles equivalent to this are also called relative anonymity (Asheim et al., 2010, p.
10) and qualitativeness (Askell, 2019).
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by altering some persons’ qualitative properties across both worlds, then Wc <Wd if

and only if Wa <Wb.

This says something subtly (but crucially) different from Strong Anonymity. Worlds need not

be equally good just because they have the same number of persons obtaining the same values.

Instead, any two world pairs must be compared the same way if those pairs contain the same

number of persons obtaining the same pairs of values across the two worlds. If two world pairs

look identical once we censor the identities and those other qualitative properties for each person,

but we don’t censor the facts of which persons are the same across worlds, then those world pairs

must be compared the same way.

To illustrate the difference between Strong and Weak Anonymity, recall the principle of Pareto

Over Persons from the previous chapter.

Pareto Over Persons: Let Wa and Wb be any two possible worlds which contain pre-

cisely the same persons. If every person obtains at least as much value in Wa as in

Wb, then Wa < Wb. If, as well, there is some person who obtains more value in Wa,

then Wa �Wb.

In other words, if two worlds contain precisely the same persons all obtaining the same

values, then those worlds are equally good; and if we made one of the worlds better for some and

worse for none, then we would make that world better. By intuition, this principle is hard to deny.

But deny it you must if you endorse Strong Anonymity—the two principles are incompatible

(van Liedekerke, 1995).21 And perhaps this shouldn’t be surprising. After all, Strong Anonymity

forbids us from considering how any specific people do in a world, even compared to another; so

we cannot track identities between worlds. But Weak Anonymity does permit it—we can say that

one world is better than another based on how individuals do in one compared to the other, just

as long as we say the same whenever we face a structurally identical pair of worlds, which Pareto

Over Persons always will. So whether they satisfy Pareto is one feature which distinguishes many

weakly anonymous theories from strongly anonymous theories.

Like Strong Anonymity, both Weak Anonymity and Pareto are endorsed by all plausible ag-

gregative views when our outcomes contain only finitely many persons. But neither is universally

21More precisely, they are incompatible if < is transitive.
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accepted in the infinite setting. Like Strong Anonymity, each clashes with other highly plausible

principles (such as Pareto Over Positions, from Chapter 2). But unlike Strong Anonymity, Weak

Anonymity (and Pareto too) is widely endorsed e.g., in at least some of the proposals in Val-

lentyne and Kagan (1997, p. 11), Lauwers and Vallentyne (2004), Arntzenius (2014, p. 55), and

Askell (2019).

So what do weakly anonymous theories say about realistic cases, in which the available

outcomes are infinite and also differ by chaotic effects? Unfortunately, they stumble, following

in the footsteps of their strongly anonymous counterparts. They cannot say that any outcome is

better than any realistic alternative.

To see why, first consider again the same representations of W1 and W2 as above. To simplify

matters, we can label the relevant subgroups of persons in each: A) those who obtain the same

value in each world; B) those who obtain different random values but exist in both worlds; C)

those who exist only in W1; and D) those who exist only in W2..

A B C D︷ ︸︸ ︷ ︷ ︸︸ ︷ ︷ ︸︸ ︷ ︷ ︸︸ ︷
p1 p2 p3 p4 ... pi pii piii ... pa pb pc ... pα pβ pγ ...

W1 : 0 X2 X3 X4 ... Xi Xii Xiii ... Xa Xb Xc ... − − − ...

W2 : 1 X2 X3 X4 ... X′i X′ii X′iii ... − − − ... Xα Xβ Xγ ...

We can construct a third possible world, W3, such that the pair (W2, W3) is structurally iden-

tical to (W1, W2) and so is (W3, W1). (This construction is somewhat complex, so uninterested

readers may wish to skip ahead to just after the comparison of W3 and W1.)

p1 p2 p3 p4 ... pi pii piii ... pa pb pc ... pα pβ pγ ...

W3 : − X2 X3 X4 ... − − − ... 0 Xβ Xγ ... 1 Xb Xc ...

To see why this construction is useful, first note that each of the subsets of locations B, C, and

D and their local values will end up being structurally identical to one another—for the same

reasons as in the previous subsection, each contains an infinite number of persons obtaining each

possible level of value. That includes infinitely many persons obtaining value 0, 1, and whatever

else is possible. So, without loss of generality, we can let pα be some person from the set D who
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obtains value 0 in W2, and let pa be some person from C who obtains value 1 in W1. We can also

let Xi = Xβ, Xii = Xγ, and so on, as well as X′i = Xb, X′ii = Xc, and so on, since the labelling of

persons within each set are entirely arbitrary. (Note that Xa and Xα have both been skipped, as

those were already specified as 1 and 0.)

Now compare W3 to each of W2 and W1, with a slight rearrangement of how we list the

persons. Both comparisons may look familiar.

A B′ C′ D′︷ ︸︸ ︷ ︷ ︸︸ ︷ ︷ ︸︸ ︷ ︷ ︸︸ ︷
pα p2 p3 p4 ... pβ pγ pδ ... p1 pi pii ... pa pb pc ...

W2 : 0 X2 X3 X4 ... Xi Xii Xiii ... 1 Xb Xc ... − − − ...

W3 : 1 X2 X3 X4 ... X′i X′ii X′iii ... − − − ... 0 Xβ Xγ ...

A B′′ C′′ D′′︷ ︸︸ ︷ ︷ ︸︸ ︷ ︷ ︸︸ ︷ ︷ ︸︸ ︷
pa p2 p3 p4 ... pb pc pd ... pα pβ pγ ... p1 pi pii ...

W3 : 0 X2 X3 X4 ... Xi Xii Xiii ... 1 Xb Xc ... − − − ...

W1 : 1 X2 X3 X4 ... X′i X′ii X′iii ... − − − ... 0 Xβ Xγ ...

Each of these pairs is analogous to the pair (W1, W2) above. By replacing the specific identities

in that pair of worlds (in the same way in both worlds), we can obtain the pair (W2, W3). Likewise,

we can obtain (W3, W1). And so weakly anonymous theories must say that W1 is at least as good

as W2 only if the same holds for those other pairs. And therein lies the problem. There is no way

that W2 can be better than W1, given that any plausible < relation must be transitive. If W2 were

better, we would have a cycle: W2 � W1 � W3 � W2. And similarly if W1 were better. To avoid

cycles, we must accept that either W1 'W2 or they are incomparable.

But both verdicts are implausible. Recall that these are the outcomes of saving the child from

walking into traffic and of not saving them. We cannot say that it is better to save the child. As

above, that is implausible. And so weakly anonymous theories are implausible.

Believe it or not, the problem gets even worse than this for most weakly anonymous theo-
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ries. Most such theories endorse Pareto Over Persons, as defined above. And so they should,

it seems—it’s an overwhelmingly intuitive principle and, on the face of it, a compelling reason

for abandoning strongly anonymous theories for their weakly anonymous brethren. Indeed, it

is treated as axiomatic by each of the authors mentioned above. But if we accept Pareto Over

Persons, then the worlds above cannot even be equally good; they must be incomparable. We

cannot even evaluate them!

To see why, we can construct another pair of possible worlds, W4 and W5. Again, this pair

may look familiar. (And again the construction is complex, so uninterested readers may wish to

skip the next paragraph.)

A B C′′′ D′′′︷ ︸︸ ︷ ︷ ︸︸ ︷ ︷ ︸︸ ︷ ︷ ︸︸ ︷
p1 p2 p3 p4 ... pi′ pii′ piii′ ... pα p

β
pγ ... pa pb pc ...

W4 : 0 X2 X3 X4 ... Xi Xii Xiii ... Xa Xb Xc ... − − − ...

W5 : 1 X2 X3 X4 ... X′i X′ii X′iii ... − − − ... Xα Xβ Xγ ...

As before, this pair of worlds are carefully constructed to be structurally identical to the pair

(W1, W2). But they are constructed to also ensure that each world is related to one of the previous

worlds by Pareto Over Persons. This is achieved by first giving p1 the same pair of values as in

(W1, W2). Then every person in A, B, C, and D obtains the same value in W4 as in W2, and in

W5 as in W1. On the same reasoning as above, we can assume without loss of generality that

Xa = Xα, Xb = Xβ, and so on for all of C and D. By similar reasoning, we also know that B can

be rearranged to the above: for every possible value between vmin and vmax, there are infinitely

many persons in B obtaining that value; but since every pair of values Xi and X′i are independent,

there will also be infinitely many persons obtaining each pair of possible values across those two

worlds; so, for any person pi who obtains Xi and X′i in W1 and W2 respectively, there is some

pi′ who obtains X′i and Xi respectively. And so we can rearrange B as it has been immediately

above, without changing the values obtained by any individual.

And so Pareto Over Persons compares W4 to W2 and W5 to W1. For W4 and W2, the same

persons exist in both worlds; every person does just as well in W2 as W4 (everyone in A, B, C, and
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D just equally well in both), and p1 does strictly better; so Pareto implies that W2 is strictly better.

Similarly, Pareto implies that W1 is strictly worse than W5.

From above, we know that weakly anonymous views allow only that either W1 'W2 or they

are incomparable. Suppose that they are equally good. Then, again by Weak Anonymity, W4 and

W5 are equally good. But this generates a cycle once again: W1 is equally good as W2, which

is strictly better than W4, which is equally good as W5, which is strictly better than W1. This is

impossible, since < is a transitive relation. And so W1 and W2 cannot be equally good. They

must instead be incomparable.22

Again, this is implausible, and even more implausible than previous implication: the disjunc-

tion that the two outcomes are either equally good or incomparable. Surely it is better to save

the child from the traffic accident rather than not save them. And surely, at the very least, our

moral theory can say something about how those outcomes compare. But weakly anonymous the-

ories which endorse Pareto Over Persons—all of those I have seen seriously proposed—cannot

compare them. So we should reject them, just as we did with strongly anonymous theories.

3.3.3 What’s left?

We’ve ruled out both strongly anonymous and weakly anonymous theories. What’s left? In

a sense, we still have available the entire space of possible theories of aggregation which are

not even weakly anonymous: those which provide comparisons of worlds which are at least

occasionally dependent on the specific identities of the persons in the world pair, or dependent

on some qualitative properties of those persons beyond those mentioned above. But many of

those possible theories are clearly implausible.

Suppose we adopt a theory which allows dependency on the specific identities of the persons

in the world pair but not on any further qualitative properties. On such a theory, whether some

world Wa is better than Wb depends not just on whether it’s better for some people (de dicto); it

depends on whether it’s better for specific people. For instance, some Wa may be better than Wb

because it is better for Alexander, Bert, and however many other people. But, in the qualitatively

identical pair of worlds Wa′ and Wb′ containing instead Alexandra, Beth, and however many

22This argument is adapted from Askell (2019). Askell takes arguments like this as showing that outcomes
are often incomparable, rather than as showing that Weak Anonymity and Pareto Over Persons must be
false.
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others, Wa′ is not better. And this is absurd.

So we are left with theories by which comparisons depend on some qualitative properties

of the persons within them (beyond just the value they obtain and whether they exist). And

persons have plenty of qualitative properties to choose from, e.g., their name, height, hair colour,

ethnicity, gender, and so on. But, of course, making our moral evaluations sensitive to changes

in any of these things is counterintuitive. Doing so seems to run counter to a basic motivation of

aggregative theories: that they remain impartial in an important sense. But making our evalua-

tions sensitive to changes in more than one of those properties is even more counterintuitive, and

an even clearer failure of impartiality. So I will assume that, at worst, a theory of aggregation can

have their comparisons depend on just one of these further qualitative properties.

But which such property is it plausible that moral evaluations may depend on? I can see only

one: position in time and(/or) space.

Why? Suppose you have a world containing infinitely many persons each obtaining such and

such values. And suppose we could change some qualitative property (and only that property) of

some number of those persons. But the value each person obtains and whether they exist remain

fixed. For which property is it least implausible that those changes would mean that those two

worlds are no longer equally good?

Suppose we changed the hair colour of some (or even all) of those people. It is clearly absurd

that that would produce a world not equally good as the original. Likewise for a great many

properties, name, height, ethnicity, and gender included.

But suppose instead that we changed the positions of some (or even all) of those people in

space and time. Perhaps we spread them out to be astronomically far from one another. If the

original world has value 100 per unit of spacetime volume, the new world might have just value

1 for the same volume. The universe is thereby packed far less densely with value. It seems at

least somewhat plausible that this makes the world worse, as a similar reduction in value density

in any universe of finite dimensions would result in a reduction in value. (The same cannot be

said of the changes in hair colour and so on, no matter how small the universe.)

And so I would suggest that the only remotely plausible theories of infinite aggregation which

are neither strongly nor weakly anonymous are those which are position-dependent: those by

which comparisons of worlds at least sometimes depend on the positioning of persons in space
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and time. This is not to say, at least for now, that these theories are anywhere near as plausible

as strongly or weakly anonymous theories; they are merely the most plausible of the remaining

alternatives and, of those alternatives, the most plausible by far. So the one category of theory I

will seriously consider here is position-dependent theories.

3.3.4 Position-dependent theories

Some, but not all, position-dependent theories have difficulty with chaos too.

We saw one such theory in the previous chapter: SE1, my earlier proposal for a plausible

principle of spatiotemporal expansionism. For a simpler such theory that works in a similar way,

consider Overtaking (originally from von Weizsäcker (1965)).

Overtaking: Let Wa, Wb be any possible outcomes, and let Va(t), Vb(t) be the corre-

sponding functions for the value that arises at each time t ∈ R.

Then Wa <Wb if and only if there exists t such that, for all t′ > t,

∑
0≤t≤t′

(
Va(t)−Vb(t)

)
≥ 0

How does Overtaking fare with outcomes which differ by chaotic effects? As you might have

guessed by now, it fares poorly.

Consider once again the decision between not saving and saving the child from walking into

traffic, with outcomes W1 and W2 respectively. As we’ve seen, those outcomes differ by chaotic

effects which continue forever. All that distinguishes them in the agent’s eyes is that one contains

that child living out the rest of their days, and the other does not. They will also contain a lot of

the same events with the same values in both outcomes. And so too will they contain infinitely

many events which differ in value in a seemingly random manner. As in §3.2, we know that the

equation which appeared in the definition of Overtaking will be equivalent to:

∑
0≤t≤t′

Va(t)−Vb(t) = 1 +
n

∑
i=1

(Xi −Yi)

Here, the values of Xi −Yi are partially independent random variables that are all symmetric

about 0. And so this sum has the same key property as we saw in §3.2: it forms a symmetric
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random walk. So, as we sum it up over time, it will again typically look like this.

1

n

1 + ∑n
i=1(Xi −Yi)

Figure 3.4: A typical sum of 1 + ∑n
i=1(Xi −Yi)

As above, any such random walk will pass above and below 0 sporadically. It will never stop

doing so, no matter how large n grows (with probability arbitrarily close to 1).23 But we need the

walk to stay at or above 0 from some point onwards (or else at or below 0); otherwise, Overtaking

cannot say that either outcome is at least as good as the other. For outcomes which differ this

chaotically, Overtaking implies that they are incomparable.

And so we have one of the same implausible verdicts we reached above. As we did with the

previous views, we must reject Overtaking too. (Similarly, we must reject SE1.)

So chaos poses just as serious a problem for some position-dependent theories; some, but

thankfully not all. There is at least one proposal which does succeed in comparing outcomes as

badly behaved as W1 and W2: namely, SE2. Recall the definition from the previous chapter.

SE2: Let W1 and W2 be worlds with the same set of locations. For any starting point

p, let {r1, r2, r3, ...} be the strictly increasing sequence of distances between p and

each x such that V1(x)−V2(x) 6= 0.

Then W1 �W2 if the following sum diverges unconditionally to +∞.

23Crucially, the walk will be recurrent: for any value it passes through, it has probability arbitrarily close
to 1 of returning to that point, indeed infinitely many times (Chung and Fuchs, 1951).
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lim
r→∞

r

∑
i=1

(ri+1 − ri)
(

∑
{x|d(x,p)≤r}

(
V1(x)−V2(x)

))

And W1 'W2 if the sum is bounded both above and below.

To use SE2 to compare outcomes analogous those above, set p at, for instance, the position of

the agent making the decision. Much like the difference in value at a time ti above, the difference

in value at precisely distance ri from p will be given by some random variable Xi − Yi. So that

long equation in the definition will become:

lim
r→∞

r

∑
rj=0

(rj+1 − rj)
(
1 +

rj

∑
ri=0

(Xi −Yi)
)

Here, the term in the second set of brackets (1 + ∑
rj
ri=0(Xi − Yi)) matches the equation used

by Overtaking above, which we saw returned to 0 over and over again as rj increased. The full

equation here represents the area under that graph. While a random walk may return to 0 over

and over again, the area under the graph of that walk typically will not. If we plot the area under

the cumulative sum we obtained above, we see that that area rises sharply (as given by the black

curve).

1

1+∑r
ri=0(Xi −Yi)

∑r
rj=0(rj+1 − ri)

(
1 + ∑

rj
ri=0(Xi −Yi)

)

r

Figure 3.5: A typical sum of 1 + ∑
rj
ri=0(Xi −Yi), as well as the area under that sum

As its graph suggests, this area under the random walk does not follow the walk itself in
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returning to 0 over and over again. In fact, it’s guaranteed to not do so—it has probability

arbitrarily close to 1 of diverging unconditionally to either positive or negative infinity.24 And,

if it diverges to +∞, then W2 is strictly better than W1. Likewise, if it diverges to −∞, then W1

is better. So, for outcomes like these, SE2 is guaranteed to be able to compare them. In fact, it

is guaranteed to say that one is strictly better. Good news: at last, we have a theory which can

discriminate between such outcomes.

But there is also bad news. We know that the area will diverge to +∞ or −∞, but what is

the probability that it goes to each? It is only 0.5. So, even if you adopt SE2, you will be radically

uncertain as to which outcome will turn out better. We cannot confidently say that it is better to

save the child from the traffic accident. As before, this is worrying—we may want our theory of

aggregation to let us say confidently than one outcome is better than another.

But this result matches the situation we faced in the finite context (see §3.2.4). There too it was

just as likely that one outcome would turn out better as it was for the other. As in that setting, we

are left uncertain of which outcome is better but, since we know at least that some outcome is, the

possibility is left open that we can apply some principle of subjective, instrumental betterness to

give judgements under that uncertainty.

And, fortunately, this is easy to do. If we combine SE2 with even a very weak, uncontroversial

principle for comparing lotteries, it can be shown that it is subjectively better to save the child than

it is to let them walk into traffic. (See §5.6 for details.) So SE2 can easily be extended to say not

only that some action turns out better, but also which of them does, at least in terms of subjective

betterness. And that is as much as we could hope to be able to say, given that we cannot say more

than that in finite chaotic cases (Greaves, 2016) or even in some much simpler cases (see Jackson,

1991).

3.4 Summary

We saw in previous chapters that minimally aggregative moral theories face difficulties if the

future is bound to contain infinitely many valuable lives. The situation becomes all the more

difficult when the universe is as widely chaotic as ours is: by almost all of the theories of infinite

24To see this, take any finite upper and lower bounds. It can be shown that the probability that the area
under a symmetric random walk is within those bounds approaches 0 as r → ∞ (Lipkin, 2003).
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aggregation we have at our disposal, we face the implication that, for almost every pair of actions

ever available to us, neither will have a better outcome than the other. Even when the comparison

of outcomes seems clear-cut, we must still almost always accept that the outcomes of those actions

are either equally good or entirely incomparable.

But, unfortunately, both widespread chaos and an infinite future population are (to the best

of our scientific knowledge) facts of life. So must we abandon all attempts to generate moral

judgements based on the total value an action results in? No. Some theories of infinite aggrega-

tion still allow us to frequently say that one available outcome is better than another. We can still

provide plausible moral verdicts.

But even the most plausible of those theories of infinite aggregation have a counterintuitive

implication: that comparisons of outcomes can depend on the positions in space and/or time of

the people within them. In any given outcome, move sufficiently many people around and you

may make the outcome better or worse. That seems a bizarre implication for a moral theory. But,

for a minimally aggregative theory to make even remotely plausible judgements in a physical

setting like ours, we must bite the bullet of position-dependence. Otherwise, we must accept

that the world cannot be made better by almost any action we can ever take, which is even more

implausible.

But you can also draw a different conclusion from the argument in this chapter. After all, one

philosopher’s modus ponens is another’s modus tollens. So too, one philosopher’s bullet to bite is

another’s ammunition. You might think it more plausible that all aggregative theories are false

than that moral evaluation depends on the positioning of value in spacetime. If so, you may take

the argument above as showing that we should reject minimally aggregative theories entirely.
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Chapter 4

Problems of relativity

4.1 Introduction

At this point, spatiotemporal expansionism may seem to be on firm footing. Its most objectionable

characteristic is that its rankings of worlds are position-dependent (and so will sometimes violate

Pareto Over Persons). But, as we saw above, position-dependence is unavoidable. Deny position-

dependence and we must accept that, for almost any pair of outcomes ever available to us, neither

is better.

But position-dependent theories, for the most part, face a further problem that weakly and

strongly anonymous theories do not.

Thanks to the physical properties of our universe, the position in space and time that we

assign to an event is relative. Precisely how far in the future, and how far in the distance, an event

is observed to occur can vary with the velocity of whoever does the observing (Cohn, 1904). So

too, whether two events occur at the same time or not can depend on that velocity (Einstein 1905;

see also Comstock 2010). If you were to simply speed up, the set of events that are happening

‘now’ (as well as the set happening ‘here’) for you would shift; it would include events that a

slower observer would claim lie in the distant past or distant future. And that isn’t to say that fast-

moving observers are wrong—we have no good reason to accept one observer’s perspective as

more valid than another, since we have no scientific experiment which distinguishes one constant

velocity over any other as ‘at rest’. There simply is no absolute perspective—no absolute time—

by which we can measure the duration or distance between any two events, nor by which we can

judge which events occur at the same time. And so the positions we assign to events may vary

too.

89
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This relativity of spacetime poses a serious problem for position-dependent theories like spa-

tiotemporal expansionism. If observers can disagree about the positions of events, it seems they

can disagree about the rankings of worlds as well. But such disagreement is implausible. Facts

of moral betterness must be absolute. When evaluating worlds—rather than judging acts, where

agent-relative considerations might be relevant—we are interested only in goodness simpliciter.

And when evaluating outcomes based on their goodness simpliciter, we usually think that there

can be only one correct evaluation for any pair of outcomes.1 But we may have multiple, equally

valid ways to assign positions to events, and multiple, equally valid rankings of worlds. If so, we

will not be able to obtain a unique evaluation, at least not in an extremely arbitrary manner—

there simply is no absolute perspective from which observers can apply their position-dependent

theory, so there can be no absolute evaluation of outcomes. It seems we must abandon position-

dependent theories entirely.

The relativity of spacetime isn’t just a problem for position-dependent theories in the infinite

setting. An analogous problem arises for some views of betterness in the finite setting. Take the

view, common among economists, that value must be discounted purely by its remoteness in time

from the agent—an outcome is at least as good as another if and only if its sum of time-discounted

value is at least as great (Arrow, 1999; Dasgupta, 2008). Under such views, it is better for valuable

events to occur sooner than to occur later; the sooner they occur, the less their value is discounted.

But, in our universe, the duration that elapses between two events is relative to the observer’s

perspective. So there will often be many different, equally valid time-discounted total values that

can be assigned to any given world. By this view, there will be no unique, non-arbitrary total,

and so no absolute moral ranking of worlds.2

This problem has been raised before in the infinite setting, by Cain (1995) and Arntzenius

1The problem raised above might be overcome if we simply allow that evaluations are relative to the
perspectives of individual agents. This is rather more extreme than agent-relativity as it usually appears in
ethical theory: for one, it would extend into evaluations of outcomes rather than just deontic considerations;
and, for two, it would allow judgements to be relative to the agent’s velocity, which seems absurd.

2Or consider the view of (Temkin, 2015) that it is better for a world to have a more equal distribution
of value over time. By this view, a world with a more consistent level of value over time will be better
than another with the same total sum of value but which brings long periods of time devoid of any value
at all. But of course how we evaluate the distribution of value over time will, in our universe, be relative
to the observer’s perspective. It can be shown that this view too will fail to provide an absolute moral
ranking of worlds. For examples of cases in which this view (as well as temporal discounting) fails to give
absolute rankings, see §4.2. The cases I use there are just as problematic for these two views as they are for
spatiotemporal expansionism.
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(2014). Both Cain and Arntzenius show that forms of spatiotemporal expansionism, in particular,

fall prey to it. Several solutions have been proposed as well: Arntzenius (ibid.) suggests two

modifications of spatiotemporal expansionism that appear to avoid the problem. But neither of

those modifications succeed, for reasons I present in §4.3 below. We still need a solution to the

problem. And, fortunately, I have one, which I describe in §4.4 and §4.5.

In short, the relativistic nature of space and time in our universe poses a serious problem for

position-dependent theories. Without a solution to this problem, we would have a compelling

reason to abandon position-dependent theories. Given the argument of the previous chapter, this

would also give us a compelling reason to abandon minimally aggregative theories entirely. But,

as I show in this chapter, the problem can be solved—with some further modification, we can

continue to use a form of spatiotemporal expansionism for our moral evaluations.

4.2 The basic problem

Recall the definition of SE2, my proposed version of spatiotemporal expansionism from above.

SE2: Let Wa and Wb be worlds with the same spacetime points. For any starting

point p, let {r1, r2, r3, ...} be the strictly increasing sequence of distances between p

and each x such that Va(x)−Vb(x) 6= 0.

Then Wa �Wb if the following sum diverges unconditionally to +∞.

lim
r→∞

r

∑
i=1

(ri+1 − ri)
(

∑
{x | d(x,p)≤r}

(
Va(x)−Vb(x)

))

And Wa 'Wb if the sum is bounded both above and below.

Recall also that the distance metric d used here is simply the geometric distance between two

points, given by d2 = ∆x2 + ∆t2. As it turns out, this distance metric will give radically differ-

ent measurements depending on how we assign coordinates to each event in spacetime. Using

different, equally-valid, methods of assigning coordinates to events, we can end up obtaining dif-

ferent rankings of worlds. And we cannot pick out just one ranking as correct without arbitrarily

selecting one ranking over another.
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Note that, in what follows, I demonstrate the problem only for SE2. But the examples I use

bring on the same problem for SE1 and for the proposals of Vallentyne (1993), Bostrom (2011,

p. 16), Arntzenius (2014, p. 56), and Jonsson and Voorneveld (2018). So we cannot avoid these

problems by simply switching to a different one of the position-dependent theories currently on

offer in the literature.

4.2.1 Galilean relativity

Problems emerge even if space and time are not relative in the Einsteinian sense. We can consider

a simpler physical context in which Galilean relativity is present and still encounter serious

problems.

To illustrate those problems, consider a seemingly straightforward case. Suppose there will

exist an infinitely long-lived civilisation that produces constant amounts of moral value at regular

intervals of time. You can either 1) leave that civilisation at a fixed spatial position, producing

world Wstationary; or set the civilisation moving at some moderate (perhaps very slow) speed

relative to yourself, producing Wmoving. The same values will occur at the same times whether or

not you set the civilisation in motion, and your choice will not alter any other events.

Figure 2.19 represents the difference between the two worlds (which is analogous to the dif-

ferences we saw in Figure 4.1 back in Chapter 2). This world of differences, Wmoving−Wstationary,

has negative values where the civilisation would have been left in place in Wstationary, and positive

values at the positions it occupies while in motion in Wmoving.
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Figure 4.1: Wmoving −Wstationary

If we apply SE2, it turns out that this world is worse than the world of zero value; and so

Wmoving is worse than Wstationary. To see why, expand from starting point p; and (naively) use

the distance metric d based on the coordinate representation in Figure 4.1. The cumulative sums

we obtain are as plotted below. As you can see, they quickly fall below 0, and will remain there

indefinitely as r approaches positive infinity. And so the area under the graph will approach −∞.

−4

−2

2

r
∑{x | d(x,p)≤r}

(
Vmoving(x)−Vstationary(x)

)

Figure 4.2: Cumulative sum of Wmoving −Wstationary, with expansions starting from p

The same holds no matter which starting point we choose. So it seems that SE2 judges

Wstationary as better than Wmoving. And this verdict is strange. The only change from the former

world to the latter is setting (some of) its inhabitants in motion. They all still live and obtain moral

value at the exact same times, but at different spatial positions. It is odd that this could make a
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moral difference; that events in the life of a person (or civilisation) in motion can effectively be

worth less than if they remained at rest.

But this case produces even greater strangeness if we recognise the Galilean principle of

relativity: roughly that, under the laws of Newtonian mechanics, an observer cannot distinguish

any particular velocity as being at rest, by any mechanical experiment they perform. So any

observer travelling at constant velocity might as well be treated as at rest; the observer may well

think they are. So, in our comparison of the civilisation at rest and the civilisation in motion,

there is a symmetry between the two outcomes—in each, the resulting civilisation may consider

themselves at rest, and that it’s the inhabitants of the other outcome who would have been in

motion.

Suppose the civilisation’s inhabitants in Wmoving consider themselves at rest. As far as they

can tell, they would be. Then, from their perspective, the comparison we performed above would

look like this.

1

1

1

1

1

-1

-1

-1

-1

-1
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t

Figure 4.3: Wmoving −Wstationary, with the regions centred on p as above, but plotted in a

coordinate system under which the velocity of the inhabitants of Wmoving is treated as at

rest.

Those regions around p now look awfully gerrymandered. To the inhabitants of Wmoving,

they don’t look like circles of fixed distance around p; instead they are these strange skewed
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ellipses. Were the inhabitants of Wmoving to compare the worlds themselves, and treated their

own velocity as the one at absolute rest and measured distance accordingly, they would draw

those regions quite differently (as circles rather than ellipses in Figure 4.3). And, applying SE2

using those regions, they would reach the opposite verdict: that Wmoving is the better outcome.

So we have a serious problem. The distance measure d, the regions of fixed distance around

a given p and, it seems, the verdicts of SE2 all depend on which velocity counts as being at

absolute rest. In Figure 4.3, I assumed that it was the velocity of the inhabitants of Wstationary.

But the inhabitants themselves may not know that—there’s no mechanical experiment they could

perform that would distinguish their own velocity as any more ‘at rest’ than any other. Indeed,

modern physics now tells us that there is no experiment at all which would distinguish one

velocity over another (Einstein, 1905; Michelson and Morley, 1887)—there is no non-arbitrary

way to say what counts as absolute rest. So we have no reason to think there is any such thing.

And what does this mean for SE2? Depending on our interpretation of d, it means either: there

simply is no distance metric d, and so SE2 gives no verdicts at all; or else d is relative to the

perspective of the agent (or perhaps the observer), and so the verdicts of SE2 are relative too. But

our moral judgements must be absolute, not relative to perspective, so the latter interpretation is

implausible. (Even those who endorse moral relativism, who might allow moral judgements to

be relative to the cultural setting they are made in, would be unlikely to allow judgements to be

relative to the agent’s speed!) And so SE2 gives no verdicts at all—we have no absolute distance

measure, we cannot construct absolute regions of distance d around a point, and so we cannot

give absolute judgements. It seems we must abandon SE2 and, along with it, any minimally

aggregative moral theory.

4.2.2 Special relativity

Although this problem arises with just Galilean relativity, that isn’t the full story. Our under-

standing of space and time did not stop with Galilean relativity and Newtonian mechanics. We

now know that observers at different velocities disagree about much more than what counts as

at rest; they also disagree about measurements of spatial distance, about measurements of time,

and even about whether two given events are simultaneous. Their perspectives differ far more

than they would under Galilean relativity (and, surprisingly, this greater difference will help later
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in developing solutions).

To see such a disagreement in action, consider a pair of worlds analogous to before: in

Wstationary, a civilisation stays ‘at rest’ and produces moral value at regular intervals; and, in

W ′moving, that civilisation is instead set in motion. (On this diagram, its relative speed would be 4
5

of the speed of light, but the same result arises even if the difference in velocity is minuscule.)

-1

-1

-1

-1

-1

1

1

1

1

1

p

x

t

Figure 4.4: W ′moving −Wstationary

In both outcomes, the inhabitants of the civilisation produce one unit of value for each one

unit of time, according to their own experience of time. But, as you can see in Figure 9, they

will not agree that the inhabitants of the other outcome would produce value as quickly as they

do. The above figure treats the inhabitants of Wstationary as at rest and, from their perspective,

those valuable events that would occur in W ′moving are spaced further apart in time; in the time

it takes Wstationary to produce three units of value, W ′moving appears to produce only one. In fact,

the inhabitants of W ′moving would observe the exact reverse, that Wstationary produces value more

slowly!

This is due to time dilation, a phenomenon implied by Einstein’s special theory of relativity

(Cohn, 1904). If one observer watches t seconds tick by on their own wristwatch, any observer

moving at speed v (as a fraction of the speed of light) relative to them will see that same ticking

take t′ seconds, where t′ = t√
1−v2 .
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Since no velocity is any more at rest than another, the reverse holds as well: the first observer

will also see the ‘moving’ observer’s wristwatch tick more slowly. So of course the inhabitants of

W ′moving and Wstationary will disagree about which outcome produces value more quickly. And,

so too, they will disagree about which events in their own outcome would be simultaneous with

which events in the other: an inhabitant of Wstationary will observe the first valuable event in

Wstationary occurring before the first such event would occur in W ′moving; an inhabitant of W ′moving

will observe the reverse. Like duration, there is no such thing as absolute simultaneity.

Suppose we try to apply SE2 again. If we were to (naively) apply the distance measure d as

defined earlier, based on the perspective of Wstationary’s inhabitants, we would obtain the regions

around p plotted in Figure 4.5 above: a sequence of nice concentric circles. But if we switched

to the perspective of W ′moving, those regions would appear as below—with an even greater skew

than last time.
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Figure 4.5: W ′moving −Wstationary, with regions centred on p as above, but plotted in a

coordinate system under which the velocity of the inhabitants of W ′moving is treated as at

rest.

As before, those regions around p now look awfully arbitrary. And again, if the inhabitants

of W ′moving were to draw the regions of fixed distance d from their own perspective, they would

do so very differently. This is because the distance d they would measure between any two (non-
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identical) points x and p will be different. The measure d, taken in this manner, is not absolute;

it is relative to the velocity at which the measurement is taken.

But the deeper problem is this: the definition d2 = ∆x2 +∆t2 makes no mention of perspective

or velocity; instead, it was implicitly assumed that there were some such absolute quantities ∆t

and ∆x. But there aren’t. Any measurements of time or spatial distance will be relative to the

velocity of the observer measuring them, by special relativity. So we have no measure d with

which to construct regions of fixed distance, we have no such regions, and so we have no verdicts

at all from SE2. The principle is silent in all cases.

But we might modify the definition of d, and of SE2, ever so slightly to still deliver some

judgements. Here is one way we might do that. Define the measures ∆t and ∆x as quantities

relative to the velocity of the agent making the moral comparison. Then d will be relative to their

velocity too. And, so too, SE2’s verdict will be relative—in the case above, an agent travelling at

the velocity of W ′moving’s inhabitants would judge W ′moving as better than Wstationary, and an agent

travelling at the velocity of Wstationary’s inhabitants would say judge Wstationary as better. And both

are right, since SE2’s verdicts are relative to the velocity of the judge. But this is absurd. An agent

in motion could judge the outcomes one way, while an agent at rest could judge the outcomes in a

contradictory way, even when the outcomes are identical in each case? Or, alternatively, an agent

could change which verdict is correct in an upcoming decision by simply moving faster? Moral

‘relativism’ of this kind is implausible, especially when we are seeking to compare outcomes

impartially, as is a basic motivation of aggregative moral theories. And this relativism is all the

more implausible given that these verdicts can change based on arbitrarily small differences in

velocity—the same phenomena arises in the case above when the civilisations in W ′moving and

Wstationary differ by any non-zero velocity. So this modification is a non-starter.

Here is an alternative one. Again, let the metric d be relative to the velocity of the agent

comparing two outcomes. But, for SE2 to make a judgement, don’t just require that all starting

points p deliver the same verdict. Also require that all measurements of d deliver the same verdict.

The agent must produce the same ranking of the worlds regardless of their velocity. Otherwise,

let SE remain silent: the two worlds under consideration are simply incomparable. But this

approach is implausible too. The example above was a fairly mundane one: you can either leave

be or set (ever so slightly) in motion some infinite sequence of value. If a method of aggregation
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cannot compare these two outcomes, it seems seriously inadequate. And SE2 cannot—it falls

silent, even in cases as mundane as this. So, again, it seems we must abandon SE2.

4.3 Existing solutions (and their problems)

This relativistic problem may seem fatal to the expansionist approach. SE2, and its nearby mod-

ifications, are either universally silent or otherwise implausible. So must we abandon it entirely,

and moral aggregation along with it? I hope not. Here are two other proposals of how we might

salvage it, both from Arntzenius (2014). Unfortunately, each of these proposals faces further

problems, and serious ones at that.

4.3.1 Double lightcones

Here is one suggested solution, described by Arntzenius (ibid.: 44) and credited to Cian Dorr.

In the definition of SE2, forget about any distance measure d. All we need is a sequence of

expanding regions of spacetime, each neatly bounded and each containing all of the regions that

came before it. And, to overcome the relativistic problem, we need that sequence of regions to

not vary with the perspective of the observer.

Under special relativity, we can obtain such regions as follows. Select two spacetime points,

one earlier in time than the other according to all observers—perhaps two points with the same

spatial position, as illustrated below. For the earlier point, draw its future lightcone: the region of

points you could reach if at that point you emitted particles travelling at or below the speed of

light in any direction. And, for the later point, draw its past lightcone: the region of points from

which you could emit such particles and have them reach the later point. The intersection of those

two regions—their ‘double lightcone’—forms a diamond-shaped region with both endpoints as

vertices. Repeat this process with additional pairs of points to obtain your sequence of expanding

regions. One such sequence of regions is illustrated below, expanding around p, applied to the

same example of W ′moving versus Wstationary from above.
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Figure 4.6: W ′moving −Wstationary with a sequence of double lightcones around p

We can apply a modified version of SE2 with this sequence of regions instead of the expand-

ing circles of fixed radius. If we did, we would sum the −1s faster than the +1s, and so our

cumulative sum would approach −∞. We would be led to the verdict that W ′moving is worse than

Wstationary. But is this verdict absolute, no matter the observer’s velocity?

It is true that these regions would be constructed the same way by observers moving at any

velocity, as long as those observers use the same pairs of endpoints to construct them. But the

challenge lies in selecting those pairs of endpoints in the first place. To get a sense of why

different observers or agents might disagree about which endpoints to use—and hence which

double lightcones to use—consider that same sequence of regions from the perspective of an

observer moving at the same velocity as the inhabitants of W ′moving.
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Figure 4.7: W ′moving −Wstationary with the same sequence of double lightcones, viewed

from the perspective of the inhabitants of W ′moving

Much like in the previous section, these regions now look awfully arbitrary. And we could

easily construct very different ones. For instance, suppose we followed the same method as

above and selected endpoints at the same spatial position as p, but did so from the perspective of

W ′moving. We would generate very different regions which, from the perspective of W ′moving, would

have the same nice diamond shape as we saw in Figure 11 (and the same strange rectangles as

in Figure 12 if we switched back to the previous perspective). But this would give us a different

verdict: summing over such a sequence of regions we would sum the +1s much faster than the

−1s; our cumulative sum would approach +∞; and so we would conclude that W ′moving is better

than Wstationary.

In short, there is no non-arbitrary way to select the endpoints from which we construct the

sequence of double lightcones.3 Simply placing them at some particular position relative to your

starting point p (e.g., at the same spatial position at an earlier/later time) will always result in

different regions for agents travelling at different velocities. And different selections can deliver

3One way we might try to select those endpoints without arbitrariness is to set them at the positions of
the valuable events in each world—at the +1s and −1s in the diagram. But setting each of those points as
the later endpoint of a double lightcone will produce regions which overlap only partially and so do not
form a sequence of expanding regions.
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different verdicts, as demonstrated above. So this solution does not succeed; the problem remains.

4.3.2 The spacetime metric

Here is another suggested solution, also from Arntzenius (ibid.: 43).

In the definition of SE2, simply replace the distance measure d with a better measure of 4-

dimensional distance: one that is invariant across changes in velocity. In the most basic spacetime

of special relativity we have one such metric—the spacetime metric s—which is defined as follows.

s2 = ∆x2 + ∆y2 + ∆z2 − ∆t2

As before, ∆y and ∆z will be 0 in the examples below, so this simplifies to s2 = ∆x2 − ∆t2.

But what does s represent, other than some abstract mathematical quantity? It actually mea-

sures the ‘proper time’, or ‘proper distance’, between any two points in spacetime. The proper

time between a pair of points is the duration of time we’d record on a clock travelling from one

to the other at constant velocity. (Note that this only exists if you could reach one from the other

by travelling at less than the speed of light.) Meanwhile, the proper distance is the spatial distance

that you’d measure between them if you were travelling at just the right velocity to see those

points as simultaneous. (And this only exists if there is such a velocity—if neither lies in the

other’s future lightcone.)

If we replace d with s in the definition of SE2, the regions we generate around p will look like

those in Figure 4.8 below.4 Each of these hyperbolic regions corresponds to the set of all points

within some constant proper time (or distance) of p. Effectively, each region is the set of points

that you could reach from p within some time |s2| (from your own perspective) by travelling at a

constant speed, or that would look like they were within distance |s2| of p from some perspective.

But recall that time passes more slowly for fast-moving observers, and lengths appear shorter.

So, for two future points which seem to you to lie at the same time, the one further from you

in space would actually be the smaller proper time from your position. Likewise, for two points

which seem to you to lie at the same spatial position but at different times, the one further from

you in time would be the smaller proper distance from you.

4Unlike d, s sometimes takes on imaginary values (whenever ∆t > ∆x). So |s2|, or
√
|s2|, actually serves

as an appropriate replacement for d.
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Figure 4.8: A sequence of regions each comprised of points within some fixed |s2| of p.

Crucially, the shape of each of these regions will not differ at all between the perspectives of

observers at different velocities. So too, the value of s between any two points will not change. So

any two observers would draw precisely the same regions no matter their velocity. They would

draw specific points in different places, but they would still draw them within precisely the same

regions as one another. So we have an expanding sequence of regions that everyone can agree

on, and over which we can apply SE2 without controversy.

For instance, in the problem case of W ′moving versus Wstationary from above, we would construct

our regions as below. And as you can see, each −1 and its corresponding +1 lie on the boundary

of the same region—they lie at the same distance from p, according to the spacetime metric, and

this would be the case even if we switched perspectives.
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Figure 4.9: W ′moving −Wstationary

So, if we applied SE2 using these regions instead of the circles from earlier, each of those −1s

would cancel out the corresponding +1. Our cumulative sum would be 0 at all times (and, if we

started from a point other than p, it would be 0 for all sufficiently large regions). So we would

judge W ′moving and Wstationary as equally good. And recall that this comparison was between a

world in which a sequence of valuable events was left stationary, and one in which those events

were moving but still occurred at the same frequency (from the perspective of those involved in

the events). As it turns out, we will obtain the same verdict for any such pair of worlds, no matter

their difference in velocity. And that seems like the right verdict; changing the velocity of your

descendants shouldn’t make the world better or worse!

But, as you might guess, this supposed solution faces a serious problem of its own: any of

those regions around p can contain infinite value (or undefined total value). For instance, consider

a comparison of worlds Wright and Wleft which differ according to the diagram below. Wright

contains a sequence of valuable events extending off towards the right, while Wleft contains a

sequence extending off towards the left.
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Figure 4.10: Wright −Wleft

In Wright −Wleft, every single one of those points with value +1 or −1 lies at s = 0 from p.

Suppose we try to take a cumulative sum, starting from p and summing value in order of its

distance s from p. That cumulative sum will break down immediately: we cannot assign a finite

value on the region with distance 1 of p, or even the region within distance 0.000001 of p; the

sum of value in each region doesn’t converge to any value, nor does it diverge unconditionally

to +∞ or −∞.

So this modified version of SE2 that uses the spacetime metric s brings us to a position

similar to where we started: we wanted to compare worlds containing infinite value, but standard

addition on the real numbers does not allow us to do so. For the same reason, we cannot compare

worlds like these.5 So this proposal is inadequate.

5Why not just accept that worlds like this are exotic enough that it is fine if our theory cannot compare
them? The key reason is that I suspect that every comparison we ever need to make, in practice, resembles
this case. As argued in Wilkinson (n.d.), almost every significant moral decision we ever make will affect
infinitely many future persons and an infinite quantity of future value. For some such decision between two
acts, let W1 and W2 be the resulting worlds, and W1 −W2 the world composed of the differences between
them. And suppose we take some region of spacetime which has an infinite volume lying in our future
lightcone (our causal future). Within that region, we should expect W1 −W2 to contain infinitely much
positive value and infinitely much negative value; the total sum of value in W1 −W2 within that region will
be undefined. We face the same problem as in the case above. So I want a theory which deals with the case
above because, without one, we likely cannot compare the actual outcomes of everyday decisions.
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4.4 A better solution

That last solution was inadequate, but there is a promising solution in its near vicinity.

As Arntzenius diagnoses it, the problem with the last solution is that each of those regions

we identified has infinite 4-dimensional volume.6 And thanks to this fact and their shape, we can

arrange infinitely many valuable events within each of them, as we say in Figure 15 above.

To avoid this problem, it is sufficient to have a sequence of expanding regions each of which

has only finite 4-dimensional volume (and which observers won’t disagree about). Then each

of those regions will contain only finite value, and we can proceed with our comparisons as

before. But why is finite volume enough to guarantee finite value? I assume—quite plausibly,

I think—that we can only ever fit finite moral value into a finite volume. Certainly on most

standard accounts of what constitutes moral value, we cannot produce infinite value in merely

finite space and time. For instance, a person takes up some finite spatial volume and, to undergo

some extremely valuable experience, they require some duration of time over which to experience

it; so the valuable event requires some non-zero four-dimensional volume. There are ways we

can produce more and more value—we can make that person’s valuable experience last longer,

and/or we can add additional people having valuable experiences of their own—but to do so we

must effectively use up a larger and larger volume of spacetime. You cannot scale up the amount

of value to an infinite quantity without also scaling up the volume of spacetime involved to some

6There are two notions of volume we might use here. The first is the standard Euclidean notion, ex-
tended to four dimensions—a region with constant spatial volume V and duration in time t simply has
4-dimensional volume V × t. The alternative is ‘Riemannian volume’, which is generated from the metric
s. Fortunately, in flat spacetime, the Riemannian volume of any given region will simply be −1 times its
Euclidean volume. So, if one is finite, so will be the other. And, interestingly, since the Riemannian volume
is the same for all observers, so will be the Euclidean volume.

Sticking with the Euclidean volume, we can calculate the volume within one of those regions as follows.
Take the region centred on p and containing all points within |s2| = 1 of p—the innermost region in
Figure 4.10 above. And, for simplicity, adopt a coordinate system such that p = (0, 0, 0, 0) and that the
boundary of the region intersects (1,0,0,0) and (0,0,0,1). Then note that the spatial volume of the region at
any t will be 4π

3 ∆x3, where ∆x is the total length of the intervals of possible values of x > 0 within the
region at that time t. (Equivalently, ∆x is the width of the region at t on the right of p on the graphs above.)
We can then obtain the volume by taking the following integral.

volume =
∫ +∞

−∞

4π

3
∆x3dt

= 2
∫ 1

0

4π

3

√
t2 + 1

3
dt + 2

∫ +∞

1

4π

3

(√
t2 + 1

3
−
√

t2 − 1
3
)

dt

And that second integral diverges unconditionally to +∞. Likewise for any of the regions bounded by
|s2| = k; simply replace the 1s within the square roots with ks.
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infinite volume; you cannot fit infinite value into finite volume.7

But, actually, there is a sufficient condition for making expansionism work which is even

weaker than this. We don’t need our regions to have finite volume; we just need them to have

only a finite portion of their volume lying in the agent’s future lightcone. Recall from earlier that

a point’s future lightcone is the region of all points you could reach by travelling from that point

at or below the speed of light. To the best of our knowledge8, all of the events in the universe that

you or I can affect lie in our future lightcone—to change events anywhere else, we would need to

send a signal faster than the speed of light, or else back in time. So in practice, whenever an agent

chooses between two actions, the outcomes of those actions cannot differ at any points outside the

future lightcone of where and when the agent takes the action. That means that, at any point x

outside the lightcone, the difference in value between the two outcomes will be Va(x)−Vb(x) = 0.

So, going back to our expanding regions, it won’t actually matter if such a region contains an

infinite volume, as long as it only has finite volume within the agent’s future lightcone. This is

enough for any of the pairs of outcomes we ever actually need to compare—those that arise from

the alternative actions of a real-world agent.

With this knowledge in hand, we can solve the problems of the previous section. As before

(and as depicted by the dotted lines below), we can use regions given by the spacetime metric,

each consisting of all points within some fixed distance of |s2| from some central point p. But

suppose that p must be in the agent’s past. Then each region around p will only have finite

7Here is one benign exception. Suppose a person lives for an infinite duration and, during their life,
obtains infinite total value. If we treat their entire life as a single event and associate it with a single point
in spacetime, then any region containing that point will contain infinite value, even if the region has only
finite volume. And so there would be no sequence of expanding regions which could sensibly compare this
outcome to another.

This possibility may seem problematic, but the problem is due to the simplicity of how I have so far
modelled the world. We need not treat entire lives as single events; we could instead decompose them into
smaller events. Nor do we need to associate events with discrete points in spacetime. We could instead
distribute the value across the entire densely-packed regions of spacetime that they occupy. Admittedly,
this would bring complications. For instance, the natural way to divide value evenly across infinitely many
densely-packed points in a region would be via a value density function. To sum the value across a dense
region, we would then need to take the (Lebesgue) integral of value density across the region, rather than
simply taking a discrete sum. But we can overlook this complication here—for simplicity, I will stick with
examples involving only finite values at discrete points.

8One of the stranger findings of quantum physics is that two entangled particles can be separated by
significant distance but still behave in a strongly correlated manner. But, thankfully, this ‘spooky action at
a distance’ (as Einstein called it) does not involve any transfer of information from one location to another,
nor any transfer of force or physical work (see Eberhard and Ross, 1989). Rather, a measurement on one
particle returns a random result and the same measurement on its entangled twin yields a correlated value.
So we would not be able to causally affect events outside our future lightcone using quantum entanglement.
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volume within the agent’s future lightcone, as we needed.
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Figure 4.11: Wright −Wleft

Suppose we used this sequence of regions to sum the value in Wright −Wleft. The cumulative

sum of value would remain at 0 at every stage—each region contains precisely as many 1s as −1,

so they’ll cancel one another out. Likewise if we start at any starting points in the agent’s past

lightcone and expand out far enough, the events in each sequence all cancel one another out. If

only every allowable sequence of regions said this, we might be able to say that Wright and Wleft

are equally good.

And they can, if we restrict the allowable sequences of regions to those like this, that contain

only finite value in each region. That brings us to my preferred modification of SE2, which I’ll

call Relativistic Spatiotemporal Expansionism (RSE).

RSE: Let Wa and Wb be worlds with the same spacetime points. For any starting

point p, let {r1, r2, r3, ...} be the strictly increasing sequence of distances (according

to the spacetime metric) between p and each x such that Va(x)−Vb(x) 6= 0.

Then Wa � Wb if there is some starting point p such that the following sum diverges

unconditionally to +∞, and no starting point q for which it is bounded both above
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and below or diverges unconditionally to −∞.

lim
r→∞

r

∑
i=1

(ri+1 − ri)
(

∑
{x | |s(x,p)2|≤r}

(
Va(x)−Vb(x)

))

And Wa 'Wb if for there is some starting point p such that the sum is bounded both

above and below, and no starting point q for which it diverges unconditionally to

+∞ or −∞.

Although it seems complex, RSE has us follow almost exactly the same procedure as SE2: sum

the value in Wa and Wb in order of its distance from p; and, if Wa’s sum takes the lead and stays in

the lead beyond some distance r′ (or if the area under the graph of ∑{x | |s(x,p)2|≤r}
(
Va(x)−Vb(x)

)
is otherwise infinite), then Wa is better; and, if the sums are equal and stay equal beyond r′ (or

the area under the graph is otherwise bounded), then the worlds are equally good. The only

differences are: we use the distance given by the spacetime metric (via |s2|) to avoid problems

with relativity; and, crucially, we don’t need all starting points p to agree. To say that Wa is better,

it’s enough to have just one starting point p that gives Wa the winning sum, as long as there is

no other starting point q that disagrees. Similarly, to say that the worlds are equally good, it’s

enough to have just one point p that says that the sums become equal, as long as there is no q to

disagree.

In the case of Wleft and Wleft in Figure 4.11 above, we have a starting point p which generates

a sequence of expanding regions over which the differences between worlds sum to 0 no matter

how far we expand. And, as it turns out, there is no starting point that says that the sum is

strictly positive or strictly negative (and finite)9 beyond some distance r′. So RSE judges Wleft

and Wleft as equally good. And, intuitively, so they should be! One world involved sending off

some sequence of value into space in one direction; the other involved sending it off in another,

precisely mirrored, direction at the same speed; so neither world should be any better than the

other.

So RSE delivers a judgement here, and the intuitively plausible one at that. And, since it

uses a distance metric on which all observers can agree, it gives consistent verdicts no matter the

9There are some points we might choose that give an infinite value at every single stage of the sum: those
precisely in line with either of the two sequences of value (but not both). This is why RSE specifies that
starting points are only allowable if they give finite sums.
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velocity we are travelling at while comparing outcomes. The problem is solved.

4.5 General relativity

The basic problem posed by relativity was that, once we considered the implications of the special

theory of relativity, SE2 delivered verdicts very different from what we anticipated (or else no

verdicts at all). So it is natural to ask at this point: what happens to this new aggregation

method, RSE, if we consider the implications of the general theory of relativity?

Under special relativity alone, spacetime is flat: objects not subject to any force travel in

straight lines, which respect some basic properties of Euclidean geometry; if those paths are

parallel at some stage, they will never meet; if orthogonal, they will only ever meet once. But

under general relativity, depending on the matter and radiation present, spacetime may be curved:

those same objects may follow curved paths which are parallel (or orthogonal) at some stage but

still meet eventually (or again). This curvature corresponds to what we might otherwise think

of as a gravitational ‘field’—massive objects appear to accelerate towards one another. But, given

the discrepancies we observe in measuring distance and time (e.g. Hafele and Keating, 1972), we

know that this is not due simply to a field of force; it is due to curvature of spacetime itself.

In particular, in a curved spacetime, the metric s from will no longer apply universally. Over

small enough regions, it will often still deliver measurements which approximate proper time

and proper distance. But over larger regions it will not, and so different observers will measure

different values of s. So we have a problem: when spacetime is curved, RSE as defined above will

fail to deliver verdicts on which all observers will agree.

But this problem is easily solved. Every curved spacetime we encounter will have a close

analogue of s, often simply called its metric, or g. This metric depends on the distribution of

matter and radiation across spacetime. And so the measurements it produces between two points

may depend on the absolute position of those points. But this is fitting, since the proper times

(or proper distances) between those points depend on curvature, and so on absolute position, as

well.

Here is one example of a metric for a curved spacetime. Suppose that spacetime contains just
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one massive object10, which approximates the shape of spacetime close to the Earth or to our sun.

This is called a Schwarzschild spacetime, and has the associated Schwarzschild metric g given by the

following complicated-looking equation (Schwarzschild, 1916).

g =
r

r− k
dr2 + r2dθ2 + r2 sin2 θdφ2 − (1− k

r
)dt2

For readers who are curious, g is given in polar spherical coordinates, with r our distance

from the centre of the object, θ and φ our polar coordinates on the sphere at that radius r, t

the position in time, and k a positive constant determined by the object’s mass. And we have g

defined in terms of dr, dt, and so on. Why not ∆r, ∆t, and so on? Since the curvature varies from

across spacetime, so will the equation for g from point to point. What this equation gives us, for

each point x, is the rate of change of the distance measure at x. To actually obtain the distance

measure between two points, we need to take the integral of g along a straight path between the

two points, and then we need to choose the lowest value given by all of those paths—call it g′.

Equations aside, this is what that metric actually looks like (holding θ and φ fixed). The

massive object is positioned at r = 0. And around the point p we have the regions of points

within various fixed distances g′. There is also an agent placed slightly in the future of p, just to

show how their future lightcone intersects with those regions.

10By assumption, this body has no electric charge nor angular momentum, and the cosmological constant
is 0.
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p

agent

r

t

Figure 4.12: A sequence of regions each comprised of points within some fixed g′ of p.

Much as we did with other regions in flat spacetime, we can use this sequence of regions

to apply RSE in curved spacetime. The sequence of expanding regions generated by distance

measure g′ is very similar to those generated by s, just skewed a bit by gravitational curvature—

they bend towards t = ±∞ as r approaches 0 and we get closer to the massive body. And when

we place a lightcone starting just a little later than the central point p, as we can see here, only

a finite portion of that lightcone will lie within each region (since the lightcone skews just as the

regions do). So, with the right choice of p, these regions will each only contain finite value, as we

need them to. On top of that, these regions will be constructed the same way by all observers,

regardless of their velocity, since g′ is a distance measure independent of the observer’s velocity

(as it measures proper time and proper distance). And so, by simply switching our distance

metric from |s2| to g′, it seems that we can easily modify RSE to work in curved spacetime.

But will this always work? Sure, we will always have a distance metric g′ on which all

observers can agree. But will we always be able to choose a point p such that only a finite volume
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of each region will fall in the agent’s future lightcone?

Yes, as it turns out. The Schwarzschild spacetime above approximates spacetime in the vicin-

ity of just about any massive body. And a universe containing many such bodies would simply

have the warping of spacetime that occurs around such a body (illustrated on the left side of

Figure 4.17) happen at lots of different positions. But that warping didn’t stop us from having

only a finite volume of each region overlap with the agent’s future lightcone; nor would hav-

ing that same warping occur elsewhere stop us. And other realistic spacetimes appear not to

stop us either. Whether we face a spacetime under which the universe is expanding or contract-

ing (e.g., a Friedmann-Lemaître-Robertson-Walker spacetime), or in which massive bodies are

rotating (as approximated by, e.g., Kerr spacetime) or have charge (as approximated by, e.g., a

Reissner-Nordström spacetime), or even in which entropy is so great that curvature is approxi-

mately constant (e.g., a de Sitter or anti-de Sitter spacetime), we will still have only a finite overlap

between those regions.11 No matter which of the many plausible spacetimes our future might

resemble, it seems that (a slightly modified form of) RSE will still be able to deliver comparisons.

Before I wrap up, there is a further problem that arises for aggregation under general rel-

ativity. Recall the method I suggested in Section 2 for identifying the ‘same’ (or counterpart)

spacetime points across worlds: first we identify all of the events outside the agent’s future light-

cone with the same points in each outcome, since these events will be fixed no matter what the

agent does; then we map each of the points within the future lightcone to whichever points have

matching distances in space and time from all of those points outside the lightcone. But, from

the last four sections, it is abundantly clear that this relation won’t work—there are no absolute

distances between points, in space and in time, that do not differ with the velocity of the ob-

server. So we must reformulate the relation: instead, perhaps, we replace “distances in space and

time” with “distances according to the spacetime metric s (or, in curved spacetime, g′)”; we map

each future point x to whichever of the points in other worlds have matching distance |s(x, p)|

from every point p outside the future lightcone (or, in curved spacetime, whichever points have

matching distance g′ between them). All observers can agree on these measures of distance, so

all observers can agree on which points are the same (or counterparts) under this relation.

11A full discussion of each of these is beyond the scope of this thesis, but I would refer interested readers
to Carroll (2004) for technical descriptions of each of these forms of spacetime.
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But this relation still has trouble with general relativity. Curved spacetime works very dif-

ferently from Euclidean space, and differently even from flat spacetime—we may have a point x

that is such and such distance (given by g′) from each of several other points, but if we changed

the curvature of spacetime then it might be that multiple points are such and such distance from

each of those several other points, or it might be that no points are! So it is conceivable that the

above counterpart / transworld identity relation will sometimes say that a point x in the agent’s

future lightcone in one world is the same as (or counterpart to) multiple points in another world,

or no points. Thus, whenever we compare worlds in which the agent’s action produces just the

right changes in how matter and radiation are distributed, and so how spacetime is curved, our

relation for saying which points are which breaks down.

This may seem problematic for RSE, but it isn’t really. Which spacetime points are the same

and which aren’t enters into the definition of RSE in two places. The first: we need to be able to

start our expansions at the same point p in each world. But we can do this even with our wonky

relation—simply pick a point p outside the agent’s future lightcone, which will always have a

unique identity/counterpart across the worlds under comparison. The second: for each point

x, we want to identify the same point (or its counterpart) across worlds to take the difference

in value at that point, which we will then sum up over all such points within each region. But

nothing much hangs on whether some value lies at x or at another point in the region; we really

just need the (difference in) value across the whole region. So we can avoid any problem here by

simply assigning Va(x) = 0 (on whichever cardinal representation we are using for local values)

whenever x is absent from world Wa; and, when x has multiple identities/counterparts in Wa,

simply let Va be the sum of their values. This allows us to sum the differences in value across

each region without needing to worry whether each point has a unique identity/counterpoint in

every world. RSE works just fine despite this.

4.6 Summary

In this chapter, we saw a potentially devastating problem for position-dependent theories of

infinite aggregation: thanks to special relativity, many such theories either cannot compare any

outcomes at all, or else they must allow their comparisons to be dependent on the velocity of
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whoever is doing the comparing.

To compare outcomes, under most such theories, we need standard Euclidean distance over

four dimensions to be absolute and observer-independent. But it isn’t. So such theories cannot

make any judgements at all. Even on a charitable reading, by which we let the distance mea-

sure depend on the velocity of the observer, this approach leads to an absurd form of moral

relativism—the correct judgement may differ if you just travel fast enough.

But as demonstrated above, this problem can be overcome. With careful consideration of the

geometry of spacetime, we can modify spatiotemporal expansionism to deliver judgements, and

plausible ones at that, even in a relativistic universe.
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Chapter 5

Problems with risk

5.1 Introduction

The previous three chapters have been focused on determining the correct method of comparing

outcomes. But we need more than this if we are to provide practical moral judgements.

In practice, human agents like us are never certain of how our available actions would turn

out. Particularly over an infinitely long future, we can never know with certainty what would

happen at a given time in the distant future. From our limited perspective, each action is not

associated with a single outcome but instead with a risky lottery over outcomes. So, even when

we face decisions in which the only relevant considerations are those of moral betterness, making

practical judgements requires more than just being able to judge outcomes as better than one

another. We must also be able to judge lotteries over outcomes as better than one another.1

For those who hold minimally aggregative views, the standard method for extending moral

comparisons of outcomes to comparisons of lotteries is expected value theory: we evaluate the ex-

pected total value produced in each lottery, and one lottery is at least as good as another if and

only if its expected value is at least as great (Jackson, 1991).2 But, for infinite worlds, we often

don’t have finite total values over which we can take expectations. And by spatiotemporal ex-

1Put differently, even though we may have a solution to the axiological question of how to compare worlds,
we do not immediately have an answer to the instrumental axiological question of how to compare lotteries,
or to the subjective normative questions of which risky actions are permissible and which are forbidden.

2Note that expected value is distinct from the frequently-used notion of expected utility, and expected
value theory distinct from expected utility theory, a widely accepted view in normative decision theory
more broadly. Under expected utility theory, utility is given by some (indeed, any) increasing function of
value—perhaps a concave function, such that additional value contributes less and less additional utility.
The utility of an outcome may even be bounded, such that arbitrarily large amounts of additional value
contribute arbitrarily little additional utility. Where expected value theory says that a lottery is better the
higher its expected value, expected utility theory says that it is better the higher its expected utility. Expected
value theory can be considered a special case in which that utility function is linear.

117

Examiners’ Copy – 24 June 2021



118 Problems with risk

pansionism (along with every other position-dependent view mentioned so far), we don’t obtain

any cardinal measure of worlds’ value so, even then, we cannot construct expected values. So it

may seem that such views cannot be extended to compare lotteries, and that they will be useless

in practice.

In this chapter, I propose one method of extending such views to compare lotteries: what

I will call the ‘Expectations of Differences’ approach. This method allows us to adhere to the

spirit of expected value theory without explicitly assigning expected values to lotteries (the tra-

ditional, ‘differences of expectations’ approach).3 But, in doing so, we must satisfy certain crucial

desiderata for any plausible ranking of lotteries. This is surprisingly difficult to do, as I demon-

strate in §5.4. And the one solution proposed so far, by Bostrom (2011), Arntzenius (2014), and

Meacham (2020), does not satisfy them all. Fortunately, the Expectations of Differences approach

does satisfy them.

5.2 Comparing worlds: Additivity

As it happens, the method of comparing lotteries that I will propose below is not only compatible

with spatiotemporal expansionism. It can be applied in conjunction with any plausible betterness

relation over worlds. So even if you might disagree with the expansionist principles I introduced

in earlier chapters, what follows should still be of interest.

Specifically, my proposal below will be compatible with any betterness relation over worlds

that satisfies Additivity. What’s Additivity? It’s an extremely weak condition of betterness, which

says the following. Suppose two worlds contain the same locations. Some locations might obtain

more value in one world, some more in the other. Sum up all of those increases from one world

to the other, minus all of the decreases. If that total sum of all differences is positive, then one

world is better.

For instance, compare worlds W1 and W5, which share the locations la, lb, and so on. (It does

not matter what we take as the relevant type of locations - they might be persons, for instance.)4

3The difference between the two approaches closely resembles a similar difference between expected
value theory and ‘relative expectation theory’ (Colyvan, 2008; Colyvan and Hájek, 2016).

4Note that Additivity as I’ve put it may consist of any of a number of different principles—one for each
type of location you might take as relevant. As I’ve put it, if a betterness relation satisfies Additivity for any
type of location, then it satisfies Additivity.
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The only differences between worlds are that location la does better in W1, and that locations lb to

l f do better in W5. Perhaps this comparison represents a decision in which we can either rescue

one person from death, or rescue five others (with all else equal).

la lb lc ld le l f lg lh li lj · · ·

W1 : 1 0 0 0 0 0 1 1 1 1 · · ·

W5 : 0 1 1 1 1 1 1 1 1 1 · · ·

We cannot say much about the total value of either world, but we can say something about

the subtotal over any finite subset of locations. For instance, take the set of all locations which

differ between worlds: la through l f . The subtotal over these is 1 for W1 and 5 for W5. The worlds

have equal values at all other locations, so let us ignore those. And, left with only those first few

locations, the difference between W5 and W1 is 5− 1 = 4. Thus we might claim that W5 is the

better world.

This reasoning matches the rule of Additivity. Put precisely:

Additivity5: For any worlds W1 and W2 with the same locations L, W1 <W2 if

∑
l∈L

(
V1(l)−V2(l)

)
≥ 0

(either by converging unconditionally, or by diverging unconditionally to +∞).

Note that Additivity is not biconditional—some worlds may be better than others even

though Additivity doesn’t hold. After all, Additivity by itself does not give us a complete bet-

terness < relation. Nor does it give a < relation that compares even a significant fraction of the

pairs of worlds our actions might produce in practice. It is just a minimal condition, and one that

is satisfied by almost every proposal in the literature.

It is also well-justified—a < relation that violated it would be a strange betterness relation

indeed. As (Lauwers and Vallentyne, 2004, p. 39) show, any transitive < which satisfies all three

of the following highly plausible principles will also satisfy Additivity.

Pareto Over Any Locations: For any worlds W1 and W2 with the same locations L, if

5This principle is presented and defended by Vallentyne and Kagan (1997, p. 11), Lauwers and Vallentyne
(2004, p. 21), and Basu and Mitra (2007).
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for all l ∈ L, V1(l) ≥ V2(l), then W1 <W2.

If, as well, some li ∈ L has V1(li) > V2(li), then W1 �W2.

This Pareto principle is weaker than either the Pareto Over Persons or Pareto Over Positions

principles introduced in Chapter 2. It will hold if either of those two principles are satisfied—

Pareto need only hold for some type of location, not a specific type of location. And it is over-

whelmingly plausible that Pareto holds for at least some type of location.

Separability of Value: If W1 and W2 contain the same locations and W1 < W2 then,

adding their corresponding local values, W1 + W < W2 + W for all W ∈ W with the

same locations.6

This principle, also called Translation Scale Invariance in the literature, ensures that betterness

is sensitive only to differences in local value. If between one pair of worlds there is the same

pattern of differences as between another pair of worlds, we must rank both pairs the same way.

It does not matter what local values we start with in a world; all that matters is what we add or

take away; if a certain combination of additions and removals is an improvement to a world, it

would count as an improvement to any world. This is a key distinguishing feature of aggregative

theories in the finite context (such as any which endorse totalism or total prioritarianism). And,

moving to the infinite context, Separability of Value seems a necessary condition for staying true

to the spirit of aggregation.

And the final condition we need, Finite Sum, requires only that < remains consistent with

what our judgements would be if the universe could contain only finite total value. I take this as

a crucial requirement for extensional adequacy.

Finite Sum: If there is a finite total sum of local values in both W1 and W2, and the

sum in W1 is at least as great as that in W2, then W1 <W2.

Each of these principles (and their conjunction) is hard to deny. And so Additivity is hard to

deny. Given this, it is unsurprising that every one of these principles—and hence Additivity too—

is satisfied by each of the plausible proposals in the literature (e.g. Vallentyne and Kagan, 1997;

Bostrom, 2011; Arntzenius, 2014; Jonsson and Voorneveld, 2018, and my proposal in Chapter 2).

6Define addition of worlds as follows. For all worlds W1 and W2 with the same locations L, the world
W3 = W1 + W2 is given by V3(l) = V1(l) + V2(l) for all l ∈ L. Later, I’ll define subtraction similarly.
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Given this broad agreement, I will assume in what follows that Additivity holds for <. But I still

remain agnostic as to how we should strengthen it, so my conclusions will still be relevant for all

of those stronger views.

5.3 Comparing lotteries: Local expectations

We don’t just want to compare worlds; we want to compare lotteries over worlds.

Formally, a lottery L is represented as a probability measure onW—it maps all sets of possible

worlds to probabilities in the interval [0, 1], while obeying the standard probability axioms. The

set of all such probability measures on W (the set of all possible worlds) is denoted by P . We

can also define the domain of each lottery Li by Wi = {W ∈ W|Li({W}) > 0}. For two lotteries

Li and Lj, the union of their domainsWi ∪Wj can be abbreviated toW(i,j).

I will make a few other abbreviations to keep the notation in check. L({W}) will be abbrevi-

ated to L(W) when the input to L is a set {W} with only one element. And Li(<W) will be used

as an abbreviation for the probability that Li gives to the set of all worlds inWi that are at least as

good as W (or, equivalently, {W ′ ∈ Wi|W ′ < W}). And, last, when a lottery has only one world

W in its domain, mapped to probability 1, I’ll use W to denote both world and lottery.

To compare such lotteries, we need another ‘at least as good as’ relation: a binary relation

<L, this time on P . As before, strict betterness (�L) and equality ('L) are represented as the

asymmetric and symmetric components, respectively. And again, as basic desiderata, I will

assume that <L must be reflexive and transitive. It must also be consistent with <: if W1 < W2

then W1 <L W2 too.

With this notation in hand, how might we compare lotteries in a plausible way? In the

remainder of this section, I’ll describe one proposal, made by both Arntzenius (2014) and Bostrom

(2011) and also endorsed by Meacham (2020).

Consider the following two lotteries: W1, which delivers world W1 for sure; and L, which

brings even odds of W2 or W3, as specified below.

la lb lc ld le l f lg lh li lj lk · · ·

W1 : 1 0 1 0 1 0 1 0 1 0 1 · · ·
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L


L(W)

1/2

1/2

∣∣∣∣∣∣∣∣∣∣
la lb lc ld le l f lg lh li lj lk · · ·

W2 : 2 2 2 2 2 2 2 2 2 2 2 · · ·

W3 : 0 0 0 0 0 0 0 0 0 0 0 · · ·

Note that the labelling of locations here may be arbitrary: it need not represent any special

structure in our locations (e.g., their position in time). So we can say that W1 contains infinitely

many locations with local value 1, and infinitely many with value 0, but we cannot say anything

else about which of those sets of locations is larger.

If Additivity holds, then W2 � W1 � W3. But it says nothing about W1 versus the risky bet

L. Using only Additivity, we cannot straightforwardly construct expected values: the differences

between W1 and each of the others have infinite sums, so there’s no clear way to assign a real

value to each option.

But here is one way we might still compare the two. In lottery L, each location l has its own

prospects: probability 1
2 of 2, and probability 1

2 of 0. So we can list the expected local value for

each l under lottery L.

la lb lc ld le l f lg lh li lj lk · · ·

EL(V(li)) : 1 1 1 1 1 1 1 1 1 1 1 · · ·

This defines a new object with the same structure as a world—an ‘expected world’, with

the same set of locations and with a value function given by the expected local values under the

lottery. Equivalently, EWL = 〈L, EL(V)〉.

This ‘expected world’ can easily be compared to W1, via Additivity (indeed, by Pareto alone).

And it’s strictly better. So we might say that L �L W1.
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In effect, this matches the proposals made by Arntzenius7 , Bostrom8 , and Meacham. To an

approximation, they all endorse Local Expectations. (See notes for how they differ.)

Local Expectations: For any lotteries L1 and L2 such that all W ∈ W(1,2) contain the

same locations L, L1 <L L2 if EWL1 < EWL2 .

If both Local Expectations and Additivity hold, then we can make the comparison between the

above lotteries W1 and L, as demonstrated. And, in general, we then have the result that L1 �L L2

if the following sum is (unconditionally) greater than or equal to 0 (or diverges unconditionally

to +∞).

∑
l∈L

(
EL1(V(l))−EL2(V(l))

)
This seems promising: it appears we can sidestep the whole problem of taking expectations

over infinite totals. We just need to lower our expectations, down to the local level.

7Arntzenius (2014, p. 55-6) proposes the following.

Weak Location Criterion: For lotteries A and B, A � B iff ∑l∈L (EA(V(l))−EB(V(l))) “...is
absolutely convergent and > 0, where we are summing over all (epistemically possible) [loca-
tions]...” l ∈ L.

This is almost equivalent to the conjunction of Local Expectations and Additivity. Except: 1) it defines only
a strict betterness relation �L, so does not imply that L1 'L L2 for any lotteries; 2) it remains silent if the
sum diverges unconditionally to +∞, even in cases of certainty in which Additivity gives a verdict. And 3)
it allows worlds in both lotteries to contain different locations (e.g., the same people) summing value instead
over all epistemically possible locations, which requires that we assign some value to the non-existent lives. I
don’t want to take a stand on such cases here, and my modifications to (1) and (2) should be uncontroversial.

8Bostrom’s (2011:20-4) proposal is more complicated. He describes (but doesn’t explicitly endorse) an
approach by which we represent the total value of each world with a hyperreal number: a vector of (countably)
infinite length which consists of the cumulative sums of local values, summed in some common order. In
the example above, if we chose to sum in the order la, lb, lc, etc, then we would represent the total value of
W1 by the hyperreal (1, 1, 2, 2, 3, 3, ...) and of W2 by (2, 4, 6, 8, 10, ...). And we can say that W2 is better: if one
hyperreal has entries larger than another at ‘sufficiently many’ positions, then it is the larger number. W2
has larger entries than W1 at all positions, so it has the larger total.

The standard of ‘sufficiently many’ can vary here but one very minimal condition is that, if the entries of
one hyperreal are greater than another in all but finitely many positions, then that the former is the larger
hyperreal. In effect, this condition is equivalent to Additivity. (There are stronger conditions we might
apply too, but those can be chosen to make the hyperreal approach equivalent to any plausible aggregation
rule we want—see Pivato (2014).)

We can also sum hyperreals and multiply them by real probabilities just as we can with vectors, and
so they can give us expected values in roughly the old-fashioned way. L would then have expected value
(1, 2, 3, 4, 5, 6, ...), which is identical to the hyperreal total value of EWL from above. Since this is larger than
the total value of W1, we could say that L �L W1. In effect, this is equivalent to applying Local Expectations
as above, but under a different formalism.
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5.4 The problem

But there’s a problem with Local Expectations. Consider the example of Egregious Energy.

Example: Egregious Energy

A new energy source has been discovered, and you must decide whether humanity

takes advantage of it.

If we do use it, once we get it working we will obtain enormous amounts of energy

and many lives will be improved. But there are a few downsides. One is that the

fuel needed is limited—we will only reap its benefits for a short time. Another is

that it may take a while to get it working but, the longer it takes, the longer that

cornucopia of energy will last. But the greatest problem is pollution—this energy

source produces a novel form of pollution which will badly harm human health. That

pollution and its effects will decrease over time, but we will never be able to eradicate

it. If we use this source of energy, that pollution will continue to harm human well-

being for the entire future of humanity, which I’ll assume will be infinitely long.

In short, using this energy source will produce some finite benefit, but also cause

an infinite total amount of harm. (The relevant probabilities and values are given

below.)

And, for simplicity, exactly the same persons (and person-time-slices, and other pos-

sible types of locations) will exist at exactly the same physical positions whether or

not we adopt this new energy source.

Since the same persons exist at the same physical positions either way, we can treat the

resulting worlds as having the same locations. Then we can represent your options as W0 and the

lottery L. If you forego the energy source, you produce W0, a world with constant cardinal value 0

at all locations, simply representing the baseline of what would have happened otherwise.9 And

if you choose to have humanity adopt it, you produce L, a lottery over infinitely many worlds

9Note that local values of 0 here do not imply that the lives in question are right on the boundary of
not worth living. They might be extremely valuable lives. But these local values are here represented
cardinally—the numbers only capture the relative size of the differences between them. So these same
representations of W0 and L could describe worlds in which everyone has a blissful life and suffers only a
slight reduction in quality of life due to the pollution. Or they could describe worlds in which everyone
suffers terribly and that pollution makes life even worse.

Examiners’ Copy – 24 June 2021



§5.4 The problem 125

{W1, W2, ...Wj, ...} (each with probability 1
2j ). You’re uncertain of how long it takes the energy

source to start working, during which time everyone just obtains the same value 0 as in W0. Once

it’s working, some number of people obtain some greater value, represented by 2. And then,

once the fuel runs out, every person obtains less value than the baseline, represented by some

negative number. Note that, in every single one of these worlds in L, the total value diverges

unconditionally to −∞. So they’re all worse than W0—infinitely worse, in fact.10

l1 l2 l3 l4 l5 l6 l7 l8 · · ·

W0 : 0 0 0 0 0 0 0 0 · · ·

L



L(W)

1/2

1/4

1/8

1/16

...

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

l1 l2 l3 l4 l5 l6 l7 l8 · · ·

W1 : 2 −1/2 −1/2 −1/4 −1/4 −1/4 −1/4 −1/8 · · ·

W2 : 0 2 2 −1/4 −1/4 −1/4 −1/4 −1/8 · · ·

W3 : 0 0 0 2 2 2 2 −1/8 · · ·

W4 : 0 0 0 0 0 0 0 2 · · ·
...

...
...

...
...

...
...

...
...

We can use Local Expectations to compare L to W0. As above, we take L’s expected value for

each location. We obtain EWL as below.

l1 l2 l3 l4 l5 l6 l7 l8 · · ·

EWL : 1 1/4 1/4 1/16 1/16 1/16 1/16 1/64 · · ·

The expected local values are all greater than 0, so Additivity (or just Pareto alone) implies

that EWL �W0. And, together with Local Expectations, that implies that L �L W0. It is allegedly

better to adopt the energy source, even though that is guaranteed to leave infinitely many people

worse off.

But this is implausible. Every single world in L is worse than W0 (by Additivity). So L guaran-

10In each world Wi, the local value at lj is given by:

0 for i < 2i

Vi(lj) = 2 for 2i ≤ j < 2i+1

− 1
2k for 2k ≤ j < 2k+1, ∀k > i

Note also that the sequence of locations (l1, l2, ...) may be chronological, but that need not have any moral
significance.
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tees us a worse outcome. Yet Local Expectations still says that it is the better choice. This means

that Local Expectations clashes with Guaranteed Betterness.

Guaranteed Betterness: If every world in W1 (the domain of L1) is better than every

world inW2, then L1 �L L2.

This conflict can be stated more formally as Theorem 1.

Theorem 1: For any reflexive, transitive relation <L on P , if <L satisfies Local Ex-

pectations then it cannot satisfy both Guaranteed Betterness and Additivity.

To prove this would be straightforward. We would need only compare W0 and L from Egre-

gious Energy. Any relation<L on the set of all lotteries which satisfies both Guaranteed Betterness

and Additivity must give the verdict that W0 is better. And any such relation which satisfies Local

Expectations and Additivity (or just Pareto) must disagree: it will say L is better. So such relations

can only satisfy Guaranteed Betterness and Additivity if they do not satisfy Local Expectations.

Is this so bad? Yes. Although Local Expectations seems plausible, Guaranteed Betterness

seems undeniable. Why? One of the most basic claims of decision theory is: if we must decide

between two outcomes of which one is strictly better, and there is no risk involved, of course

we ought to choose the better one. Likewise for minimally aggregative views in ethics—in the

ethical cases we’re interested in, we ought to choose the better outcome. Intuitively, this shouldn’t

change if we add a little uncertainty to the outcomes of each, but little enough that every outcome

of one option L2 is still worse than every outcome of the other, L1. No matter the result of L1 or

of L2, no matter the state of the world, no matter if we swap those states around, no matter how

lucky or unlucky we are, we are certain that L2 will turn out worse. For goodness’ sake, we had

better not choose it!

Further, the motivation of expected value reasoning (at least in contexts in which it is appro-

priate to use) is to help us obtain what we ultimately care about. As Schoenfield (2014, p. 268)

forcefully points out in another context, we ultimately care about obtaining outcomes that are

valuable, not outcomes that are merely expectedly valuable. We should only be interested “...in

expected value insofar as it helps [us] obtain what is actually important: value. . . . Any theory of

expected value that makes demands that don’t make sense given our concern with value can’t do

what expected value theory is meant to do.” (ibid.) With the goal of promoting value, a demand
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that we abandon Guaranteed Betterness make no sense all.

In my view, this goal of promoting value also places a stronger requirement on our rules for

comparing lotteries. Suppose that one lottery L1 has at least as great a probability of turning out

at least as good as some world W as some other lottery L2. And suppose that this holds for all

worlds W—for any world, L1 has as high or higher probability of resulting in W or something

even better. If our goal is to promote value, surely L1 must be at least as good a lottery as L2. So

says Stochastic Dominance.

Stochastic Dominance: Let L1 or L2 be any lotteries on W with W(1,2) totally ordered

by <. If L1(<W) ≥ L2(<W) for all W ∈ W(1,2), then L1 <L L2.

If, as well, L1(<W) > L2(<W) for some W ∈ W , then L1 �L L2.

This is a strengthening of Guaranteed Betterness. But it is not a radical one. When our

decision theory deals with finite payoffs, both principles are consistent with, but weaker than,

standard expected value theory—for instance, they do not rule out risk aversion (see Buchak,

2013). Accept expected value theory and you must accept Stochastic Dominance. But, while

expected value theory is somewhat controversial in the existing literature, Stochastic Dominance

and its kin are not. Only in rare circumstances have philosophers proposed normative decision

theories that violate this form of Stochastic Dominance.11

But Local Expectations violates Stochastic Dominance, along with its weaker siblings. So we

must reject it. But how then can we compare lotteries over infinite worlds?

5.5 My proposal: Expectations of Differences

The challenge is to provide a rule for comparing lotteries over infinite worlds which avoids the

above problems, and which satisfies Stochastic Dominance. This challenge is greater in some

cases than in others. I’ll start by giving a weak version of my rule which can handle easy cases.

Then, I’ll give a stronger version which can handle harder cases too.

11Examples include Seidenfeld et al. (2009); Smith (2014) and Lauwers and Vallentyne (2016). Schoen-
field (2014) rejects a similar, but distinct, form of Stochastic Dominance which gives verdicts even when
outcomes in the domains aren’t totally ordered by the betterness relation. She raises no objection to weaker
formulations like mine.
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5.5.1 Version 1

We start with a class of easy cases: comparing lotteries in which each pair of worlds differ by at

most a finite sum of local differences. L1 and L2 are two such lotteries.

L1


L1(W)

1/2

1/2

∣∣∣∣∣∣∣∣∣∣
la lb lc ld le l f lg lh · · ·

W0 : 0 0 0 0 0 0 1 1 · · ·

W6 : 1 1 1 1 1 1 1 1 · · ·

L2


L2(W)

1/2

1/2

∣∣∣∣∣∣∣∣∣∣
la lb lc ld le l f lg lh · · ·

W2 : 1 1 0 0 0 0 1 1 · · ·

W3 : 0 0 0 1 1 1 1 1 · · ·

Here’s how we might proceed. First, with just Additivity, we can rank the worlds W6 �W3 �

W2 �W0.

Next, we might pick a world at random—say, W0—and represent these worlds by their sum

of differences with that baseline world. For W0, that’s 0. For W6, it’s 6. For W2, it’s 2. And for

W3, it’s 3. So we have a nice finite, cardinal ‘total’ to represent each world. And that gives us all

we need to represent each lottery with an expected ‘total’ value.

L1(W0) · 0 + L1(W0) · 6 =
1
2
· 0 + 1

2
· 6 = 3

L2(W2) · 2 + L2(W3) · 3 =
1
2
· 2 + 1

2
· 3 = 2

1
2

Calculated this way, the expected ‘total’ of L2 is less than that of L1, so we might claim that

L1 is the better lottery. Putting this approach more precisely, we have Expectations of Differences 1.

Expectations of Differences 1 (ED1): Let L1 and L2 be any lotteries on W for which all

worlds in W(1,2) contain the same locations L. If there exists a world W∗ ∈ W(1,2)

such that the sum

∑
Wi∈W1

L1(Wi)
(

∑
l∈L

(
Vi(l)−V∗(l)

))
is at least as great as the corresponding sum for L2, then L1 <L L2.

ED1 resembles the way we calculate finite expectations, but with crucial tweaks. In the finite
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setting, we take the expectation of the total value in each world and see how they differ. Here,

instead, we represent the value of each world by the sum of all its differences from some ‘baseline’

world W∗. And then, for each lottery, we take the expectation of that sum.

The standard approach compares expected totals to see which is larger—effectively, it relies

on the differences of expectations. My approach is to instead use the expectations of differences. If

we wanted, we could do this in finite cases. We would reach the same verdict as we get with

expected total values—in finite cases, the approaches are equivalent. But in infinite cases like

this, they come apart, and one of the two clearly does better.

But this approach won’t always succeed. For some pairs of lotteries, the expectation of dif-

ferences will not exist for any W∗. Then my rule often falls silent. But it won’t always fall silent

in such cases. Consider a further class of easy cases: when one of those sums diverges uncondi-

tionally to (positive or negative) infinity. As long as only one of them does, then we can still say

which lottery is better. For instance, we can do so in the case of Egregious Energy. Recall W0 and

L.

l1 l2 l3 l4 l5 l6 l7 l8 · · ·

W0 : 0 0 0 0 0 0 0 0 · · ·

L



L(W)

1/2

1/4

1/8

1/16

...

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

l1 l2 l3 l4 l5 l6 l7 l8 · · ·

W1 : 2 −1/2 −1/2 −1/4 −1/4 −1/4 −1/4 −1/8 · · ·

W2 : 0 2 2 −1/4 −1/4 −1/4 −1/4 −1/8 · · ·

W3 : 0 0 0 2 2 2 2 −1/8 · · ·

W4 : 0 0 0 0 0 0 0 2 · · ·
...

...
...

...
...

...
...

...
...

Unlike the Arntzenius-Bostrom-Meacham approach, Expectations of Differences implies that

W0 is better than L. How? First, let our ‘baseline world’ be W0. Then the sum of differences

between W0 and W0 is simply 0. Meanwhile, between each world in the domain of L and W0, the
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sum diverges unconditionally to −∞.12

We have unconditional divergence for one lottery (L) but not the other (W0), so we face the

sort of situation mentioned above. And ED1 can still say, thankfully, that W0 < L. After all,

−∞ is a lot less than 0. So we seem to be doing better than the Arntzenius-Bostrom-Meacham

approach.

ED1 has other arguments in its favour too. Intuitively, it seems a plausible and natural way to

judge lotteries. It’s a rough analogue of Additivity for this new setting of comparing lotteries. In

fact, in cases of certainty, it implies Additivity. And, like Additivity, the most compelling reason

to accept it is that it is entailed by some highly plausible conditions. (All proofs appear in an

appendix at the end of this chapter.)

Theorem 2: For any reflexive, transitive relation <L on P , if <L satisfies Stochas-

tic Dominance, Finite Expectations, and Separability of Value (for Lotteries) then it

satisfies ED1.

Stochastic Dominance will be familiar from the previous section. Recall that it is consistent not

just with standard expected value theory but also with risk aversion. To impose risk neutrality,

we can use Finite Expectations. This is the analogue of Finite Sum (from Section 3) for comparing

lotteries. It requires only that <L remains consistent with what our judgements would be if our

lotteries contained only finite expected total value. If <L doesn’t satisfy this, then it’s not an

adequate extension of finite expected value theory.

Finite Expectations: Let L1 and L2 be any lotteries such that the expected total sum

of local values converges unconditionally to finite values k1 and k2, respectively.

L1 <L L2 if and only if k1 ≥ k2.

Then there’s the highly plausible Separability of Value (for Lotteries). As did Separability of

12The calculation is:
∑

Wi∈W
L(Wi)

(
∑
l∈L

(
Vi(l)−V0(l)

))
= ∑

Wi∈W

1
2i

(
∑
l∈L

(
Vi(l)− 0

))
= ∑

Wi∈W

1
2i

(
0 + 0 + ... + 2 · 2i−1 +

∞

∑
k=1
−1
)

=−∞
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Value above for comparisons of worlds, this says that we can take any two lotteries and add

whatever string of local values we want to (all of the worlds in the domain of) them, and the

resulting lotteries are ranked the same way. This implies that comparisons of lotteries are only

sensitive to differences in the local values of the worlds in their domains, and that local values

are additively separable. This is a direct analogue of Separability of Value for the lottery context,

so much so that I’ll abbreviate it to ‘Separability of Value’ in what follows.

Separability of Value (for Lotteries): For any lotteries L1 and L2 and world W ′ ∈ W

with the same locations as all worlds in W(1,2), let lottery L′1 on W be defined as

L′1(W) = L1(W −W ′) for all W ∈ W1 + W ′, and similarly for L′2. If L1 <L L2 then

L′1 <L L′2.13

I find Stochastic Dominance, Finite Expectations, and Separability of Value, as well as their

conjunction, hard to deny. So ED1 is on firm ground as a minimal principle for comparing

lotteries, just as Additivity is for comparing worlds. And it seems to me to be on strictly firmer

ground than Local Expectations, which implies Finite Expectations and Separability of Value but

violates all three of the dominance principles we saw above.

5.5.2 Version 2

But that first principle doesn’t get us far. Consider L1 and L2.

L1


L1(W)

0.1

0.9

∣∣∣∣∣∣∣∣∣∣
la lb lc ld le · · ·

W4 : 4 4 4 4 4 · · ·

W1 : 1 1 1 1 1 · · ·

L2


L2(W)

0.2

0.8

∣∣∣∣∣∣∣∣∣∣
la lb lc ld le · · ·

W2,1 : 2 1 2 1 2 · · ·

W0 : 0 0 0 0 0 · · ·

Take any pair of those worlds and sum their local differences; the result is infinite. If we apply

ED1 here, no matter which baseline-world we pick, the expected sums are undefined. Using ED1

alone, we cannot compare these lotteries. Yet, intuitively, we can. So we need a stronger rule.

13This also implies the converse since, for all W ′, the condition also applies to −W ′.
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Before I present that rule, consider how little we need to compare two lotteries over finite

payoffs. We can make judgements without knowing the probabilities in each lottery—we just

need to know the differences in probability of each outcome between one lottery and the other.

And we can make judgements without knowing the values of the payoffs—we just need to know

the (scale of the) differences between them. We can even make judgements often without knowing

the precise differences in probabilities and values—upper and lower bounds may be enough.

Here are two lotteries over finite payoffs which we can compare with incomplete information.

L′1: value v + u + 1 with probability p; value v with probability 1− p.

L′2: value v + 1 with probability 2p; value 0 with probability 1− 2p.

Here, v and u are some real numbers such that v > 0 and u > 2. And p is some probability in

(0, 1
2 ). We cannot assign precise values to any of them, perhaps because those values are vague or

indeterminate. But we can still judge which lottery is better. Take their expected values: L′1 has

expectation v + p(u + 1), which is greater than v + 3p; and L′2 has expectation 2p(v + 1), which

is less than v + 2p. So L′1 is better. Imprecision is no problem here.

We have similar information when comparing the above lotteries L1 and L2 over infinite

worlds—it turns out that they are structurally equivalent to the finite lotteries L′1 and L′2. So we

can take a fairly similar approach.

First, take the difference in probabilities of obtaining a world at least as good as each Wi

between L1 and L2, given by ∆pi = L1(<Wi)− L2(<Wi). Where this is positive, L1 has a greater

probability of delivering Wi or better; where it’s negative, L2 has the greater probability.

∆p4 = L1(<W4)− L2(<W4) = 0.1

∆p2,1 = L1(<W2,1)− L2(<W2,1) = −0.1

∆p1 = L1(<W1)− L2(<W1) = 0.8

∆p0 = L1(<W0)− L2(<W0) = 0

Second, take the difference between each world and the next best world in the domain. If

our worlds had finite total values, we would represent those differences with finite values. But,

with infinite worlds, we must represent differences as worlds themselves—worlds given by the

differences in local values. For each world Wi which has some distinct next best world Wj in
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W(1,2), the difference between them is given by Di = 〈L, Vi − Vj〉, with local values Vi(l)− Vj(l)

at every location. (Note that if there is no world in W(1,2) that is strictly worse than Wi, then Di

is undefined.)

la lb lc ld le · · ·

D4 : 2 3 2 3 2 · · ·

D2,1 : 1 0 1 0 1 · · ·

D1 : 1 1 1 1 1 · · ·

Third, compare how large those differences are relative to one another. Again, this would be

straightforward with real, finite differences, but less so when the differences are infinite worlds.

Fortunately, we can compare their size. To start with, we can use the same old < relation that we

would use to compare the size of worlds. By Additivity (or just Pareto), we’ll have D4 � D1 �

D(2,1).

And, further, we can judge their relative size by comparing them to scalar multiples of one

another.14 A scalar multiple can be defined as k ·W = 〈L, k×Vi〉 for any real k, with local values

each k times that in W. Then we have:

2 · D1 ≺ D4 ≺ 3 · D1

0 · D1 ≺ D2,1 ≺ 1 · D1

So we can say that D4 is more than twice, but less than three times, as great as D1. And D2,1

is less than D1, but greater than 0 times D1. And that’s all we need. The information we have

here is analogous to what we had for L′1 and L′2 above, and the lotteries L1 and L2 are analogous

to them as well. D1 is analogous to v, D4 analogous to u, and D2,1 analogous to the value 1. We

know that D4 � 2 · D2,1, much like we knew that u > 2 before. And so, if these lotteries can be

compared in an analogous way, we can say L1 �L L2.

And we can make judgements much more generally, even for lotteries that do not resemble

L′1 and L′2 specifically. To see why, note that, if we were dealing with any lotteries L1 and L2 over

14Since the local values in the original worlds Wi and Wj are represented on a common interval scale, the
local values in Di can be represented on a ratio scale—they have an absolute zero, 0. So it makes sense to
compare their absolute size via scalar multiplication, and likewise for the difference-worlds at large.
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finitely-valued outcomes w ∈ W(1,2), we would say that L1 <L L2 if and only if L1 had at least as

great an expected value as L2:

E(L1)−E(L2) = ∑
w∈W(1,2)

((
L1(w)− L2(w)

)
×V(w)

)
≥ 0

And this equation rearranges to the following, where the outcomes (w1, w2, w3, ...) are ordered

from least to most value. Here, we use the probability of each lottery turning out at least as good

as each wi, rather than the probability of wi alone.

E(L1)−E(L2) = ∑
wi∈W

((
L1(<wi)− L2(<wi)

)(
V(wi)−V(wi−1)

))
≥ 0

That difference in probabilities between L1 and L2 is just ∆pi from above. And the difference in

values is equivalent to Di. If we can represent the Dis with some real values ki which measure

their relative size, then we can use this equation as is. But we don’t even need their precise

relative size. We can get by with kis which capture an upper or lower bound on the relative size

of each Di.

In effect, we can apply Expectations of Differences 2, which goes like this.

Expectations of Differences 2 (ED2): Let L1 and L2 be any lotteries on W such that all

W ∈ W(1,2) have the same locations.

If, for some W∗ ∈ W(1,2), and for all Wi ∈ W(1,2) such that ∆pi 6= 0, there exists

ki ∈ R such that

ki∆pi · D∗ 4 ∆pi · Di and ∑
Wi∈W(1,2)

ki∆pi ≥ 0

then L1 <L L2.

Here, W∗ is just some world in the domain, and D∗ the difference between it and the next

best world, against which the size of each Di will be compared.

The first equation constrains the ki that we can use as a stand-in for each Di. It represents

an upper or lower bound on how many times greater Di is than D∗. To say that L1 <L L2, we

need ki to give an upper bound on the size of Di when Wi (or better) is more likely under L1—
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when ∆pi > 0. And we need ki to give a lower bound when it’s more likely under L2—when

∆pi < 0. That’s why ∆pi appears on both sides of that equation—it allows the inequality to

switch direction when ∆pi < 0.

Once we have those kis to represent the size of the differences, the second equation runs the

same probability-weighted sum we saw above. Like above, when it’s positive, L1 is better. And

that’s ED2.

But should we accept ED2? I think so, and not just based on that analogy with imprecise

values. For one, it implies all of the (very plausible) judgements of ED1, as long as < obeys

Additivity.

Theorem 3: For any reflexive, transitive relation <L on P , if <L satisfies Expectations

of Differences 2 and Additivity, then it satisfies Expectations of Differences 1.

Given the compatibility of ED2 with ED1, we already know that this version of Expectations

of Differences will deal with cases like Egregious Energy better than rival views. But it’s also

stronger than the previous version, as demonstrated in the example above.

Also in its favour, the rule is implied by the conjunction of several highly plausible principles.

Theorem 4: For any reflexive, transitive relation <L on P , if <L satisfies Stochastic

Dominance, Separability of Value (for Lotteries), Independence, and Extrapolated

Expectations, then it satisfies Expectations of Differences 2.

You’ll recognise Stochastic Dominance and Separability of Value from above. Then we have

two newcomers.

First, Independence is the same principle that is often used to axiomatise expected utility theory.

Suppose we evaluate L1 is at least as good as L2. Independence says that we could mix each

lottery with some third lottery L3, whatever it might be, and the resulting mixed lotteries would

be ranked the same way. Equivalently, take a mixed lottery which gives you probability p of

running lottery L1 as normal, and a probability 1− p of running L3 instead; Independence says

that that mixed lottery is still at least as good as the mixed lottery in which L2 replaces L1. More

formally, it can be stated as follows.
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Independence: Define lotteries L1∨3, L2∨3 onW by

L1∨3(W) = p× L1(W) + (1− p)× L3(W) for all W ∈ W

and L2∨3(W) = p× L2(W) + (1− p)× L3(W) for all W ∈ W

For any lotteries L1, L2, and L3 onW and for any p ∈ [0, 1], L1∨3 <L L2∨3 if and only

if L1 < L2.

We then have Extrapolated Expectations, which should also be uncontroversial for those who

accept expected value theory in the finite context. It merely says that, for any world W ′ � 0

(where 0 is the world with value 0 at every location), a lottery with probability p of W ′ (and 0

otherwise) is precisely as good as p ·W ′.

Extrapolated Expectations: For any world W ′ ∈ W such that W ′ � 0 and any p ∈ (0, 1]

the following lottery L 'L p ·W ′.

L(W) =


p for W = W ′

1− p for 0

0 for W /∈ {W ′, 0}


If we faced a similar lottery over finite payoffs, w and 0, we’d assign it expected value p · w

without hesitation. Extrapolated Expectations requires that we treat infinite worlds in the same

way. And it’s on firm footing of its own—if our < for comparing worlds obeys Additivity, as any

plausible < does, then Extrapolated Expectations follows straightforwardly from Finite Expecta-

tions and Stochastic Dominance. It is also worth noting that it follows from Local Expectations—if

one is tempted to adopt Local Expectations instead of ED2, Extrapolated Expectations must hold

either way.

And if you accept Extrapolated Expectations, Independence, Stochastic Dominance, and Sep-

arability of Value, then you must also accept Expectations of Differences 2, by Theorem 4.
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5.5.3 Weaknesses of Expectations of Differences

You might notice in the definition of Expectations of Differences 2 that the antecedent of the

conditional is awfully strong. The rule, then, is awfully weak. It can only provide judgements

when:

• 1) Every world in the domain of either lottery contains precisely the same locations;

• 2) Every pair of such worlds is comparable;

• 3) Many pairs of such worlds have a difference which is also comparable to many of the

other differences; and

• 4) Those differences are also comparable with certain scalar multiples of other differences

(depending on the probabilities in the lotteries).

To demonstrate my view’s weakness, here is a pair of lotteries similar to those I used earlier

to demonstrate Local Expectations in action, but with slightly different probabilities. (Here, ε is

some small positive number.)

la lb lc ld le l f lg lh li lj lk · · ·

W1 : 1 0 1 0 1 0 1 0 1 0 1 · · ·

L


L(W)

1/2− ε

1/2 + ε

∣∣∣∣∣∣∣∣∣∣
la lb lc ld le l f lg lh li lj lk · · ·

W2 : 2 2 2 2 2 2 2 2 2 2 2 · · ·

W0 : 0 0 0 0 0 0 0 0 0 0 0 · · ·

What does ED2 say? Well, here are our differences-below, and a relevant scalar multiple.

la lb lc ld le · · ·

D(W2, W1) : 1 2 1 2 1 · · ·

D(W1, W0) = W1 : 1 0 1 0 1 · · ·

(1 + ε′) · D(W1, W0) : 1 + ε′ 0 1 + ε′ 0 1 + ε′ · · ·

By Additivity alone, we cannot compare D(W2, W1) to the scalar multiple (1+ ε′) ·D(W1, W0),

since the former does better at locations lb, ld, l f , ... and the latter does better at the rest. The sum of
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their local differences is undefined. And given the probabilities here, there is no way to generate

kis that satisfy both of the equations needed for ED2.

Thus, ED2 and Additivity together say nothing about how we should compare W1 to L. And

this is even though every pair of worlds at play is comparable and, on top of that, so are the

differences between each of them. Even worse, we only made the smallest of changes to the

lottery—all we did was give a mere +ε of probability mass to one outcome, and now we cannot

say a thing!

My first response to this silence is simply: tu quoque. Suppose we adopt the rival view of

Arntzenius, Bostrom, and Meacham, and we swap out ED2 for Local Expectations. Then we still

cannot compare these two lotteries. So I am doing no worse here. But that is little comfort.

My second response is that this is no shortcoming of Expectations of Differences; it is a

shortcoming of Additivity. Additivity is a very weak constraint on betterness. I have used it so

far because it is so weak—this weakness makes it uncontroversial and, indeed, all of the plausible

stronger principles in the literature are consistent with it. We can treat the conjunction of ED2 and

Additivity similarly: it is just a weak and (hopefully) uncontroversial condition for comparing

lotteries. So it is fitting that it makes no judgement in this case. The correct judgement is not

obvious, so it should remain silent.

My third, closely related, response is that actually ED2 allows us to do even better. It can

be combined with almost any betterness relation we choose—the definition above makes no

reference to Additivity, but instead to some unspecified< relation. We might adopt the< relation

from Vallentyne and Kagan (1997, p. 19), Jonsson and Voorneveld (2018), or whatever else we like.

I suggest that we adopt RSE from the previous chapter. (Or, in cases where relativity presents no

problem, we can just adopt SE2 for simplicity). As we saw in Chapter 3, SE2 (and so RSE as well)

has probability arbitrarily close to 1 of being able to compare any worlds that would result from

each of two actions we might ever need to choose between. And as a result, as I show in the next

section, SE2 (or RSE) can compare the lotteries associated with any two actions we might ever

need to choose between.

And even without a betterness relation stronger than Additivity, ED2 does just fine in the

examples in the previous sections, including Egregious Energy. So this approach is not so weak

after all.
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5.6 Lotteries over chaotically different worlds

Recall from Chapter 3 the sorts of outcomes we actually face in practice, such as W1 and W2

below. These outcomes may differ in an entirely predictable way at some locations: for instance,

the agent may be certain (or near enough) that additional value v arises at location la in W2, as

below. But the agent will be uncertain of the value that arises at infinitely many other locations,

with that uncertainty independent of what the agent chooses and, for at least infinitely many such

locations, independent of what happens at the other such locations. We can represent the actual

outcomes of the agent’s available options as below. Each Xi and Yi is a random variable drawn

from the same distribution as the corresponding variable in the other outcome, and such that their

differences Xi −Yi are distributed symmetrically about 0 and at least partially independently.

xa xb xc xd xe · · ·

W1 : 0 Xb Xc Xd Xe · · ·

W2 : v Yb Yc Yd Ye · · ·

This would be extremely complicated to represent in the form of lotteries L1 and L2, to list each

possible world, or to calculate each and every ∆pi and Di. But we don’t need to.

Take any particular outcome that could result from L2, such as W ′2 = (v, Yb, Yc, Yd, Ye, ...). This

outcome will be strictly better than the corresponding outcome W ′1 = (0, Yb, Yc, Yd, Ye, ...) that

could result from L1 (by SE2, or simply by Pareto Over Positions). And those two outcomes have

precisely the same probability in their respective lotteries. So too, the probability that L2 turns

out at least as good as W ′2 is precisely as great as the probability that L1 turns out at least as well

as W ′1. And the probability that L1 turns out at least that good but worse than W ′2 will be greater

than 0. So we have a strictly higher probability of getting an outcome at least as good as W ′2 under

L2 than we do under L1, and that holds for all such possible outcomes of L2.

This means that every ∆pi will be greater than zero. So ED2 straightforwardly implies that

that L2 is a better lottery than L1. (Even without the full machinery of ED2, Stochastic Dominance

by itself would imply that L2 is better.) And so we can conclude that, in cases of two lotteries that

each contain chaotic effects but have identical probability distributions over those chaotic effects,

the lottery that has better non-chaotic, predictable effects can be judged the better lottery overall.
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In the case from Chapter 3, we can indeed say that it is better to save the child than it is to let

them walk into traffic, even though we are clueless about exactly how either action would turn

out. With a combination of SE2 and ED2, we can indeed obtain plausible practical judgements in

cases like this.15

5.7 Summary

In earlier chapters, the discussion focused on how to compare outcomes with infinite moral value.

But you may have worried that such discussion would be of little help in comparing the options

available to us in practice. After all, when agents like us must make real-world decisions, we

are almost never certain of how our choices will turn out. So it is not enough to know how to

compare outcomes; we need to be able to compare lotteries over outcomes. Being able to do the

former won’t help us much at all unless we have a method of extending comparisons of outcomes

to comparisons of lotteries.

In this chapter, I hope to have addressed this worry. We can indeed extend comparisons to

infinitely-valued outcomes to make comparisons of infinitely-valued lotteries. And we can do

so without bringing on nasty implications such as violations of Guaranteed Betterness (as are

implied by each of the previous proposals). We now have one way of doing so: the Expectations

of Differences approach.

For this approach to deliver plausible judgements, we need our betterness relation over

infinitely-valued worlds to be extremely strong. It is fortunate then we have such a strong rela-

tion from the preceding chapters—that given by spatiotemporal expansionism. Combining that

relation with the Expectations of Differences principle given above, we can compare a great many

lotteries. We can even compare the lotteries that agents face when their available actions produce

widespread chaotic effects. And it’s a good thing that we can because, as we saw in Chapter 3,

we often face decisions between such lotteries!
15Note that, with these principles, the situation is much like that of the finite context. We can compare

actions in terms of instrumental betterness, according to the lotteries they produce. But we cannot compare
them in terms of objective betterness, according to the outcomes they actually produce, at least not with
any confidence. But this is precisely what we can say in similar cases (and even much simpler cases—see
Jackson 1991) in the finite context (Greaves, 2016), so this situation seems satisfactory.
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5.8 Proofs

Theorem 2: For any reflexive, transitive relation <L on P , if <L satisfies Stochastic Dominance,

Finite Expectations, and Separability of Value (for Lotteries) then it satisfies ED1.

Proof: Define the binary relation <ED1 on P by:

L1 <ED1 L2 if and only if there is some W∗ ∈ W such that

∑
Wj∈W1

L1(Wj)
(

∑
l∈L

(
Vj(l)−V∗(l)

))
≥ ∑

Wj∈W2

L2(Wj)
(

∑
l∈L

(
Vj(l)−V∗(l)

))
(i)

This is the relation given by ED1 alone. To prove Theorem 2, it suffices to show that, for any

L1 and L2 such that L1 <ED1 L2, it must also hold that L1 <L L2 if <L abides by Stochastic

Dominance, Finite Expectations, and Separability of Value (for Lotteries).

Let L1, L2 ∈ P be some such lotteries. (We already know that such lotteries exist—see Section

6.) Then there exists some W∗ ∈ W such that (i) holds. So either 1) both sides of the inequality

converge unconditionally to some real values, with the LHS greater than or equal to the RHS, or

2) the LHS diverges unconditionally to +∞, the RHS diverges unconditionally to −∞, or both.

1) If both sides of (i) converge:

Define two additional lotteries L∗1 and L∗2 by L∗1(W −W∗) = L1(W) and L∗2(W −W∗) =

L2(W) for all W ∈ W(1,2) (and L∗1(W), L∗2(W) = 0 otherwise). Since both sides of (i) converge

unconditionally to real values, the expected total sums of local value in L∗1 and L∗2 will be finite,

and the expected total sum for L∗1 will be greater than or equal to that for L∗2 . So L∗1 <L L∗2 , by

Finite Expectations. Then, by Separability of Value (for Lotteries), L1 <L L2, as required.

2) If either or both sides of (i) diverge:

The LHS diverges to +∞, or the RHS diverges to −∞, or both. If both, then define L∗1 as

above and L∗2(W0) = 1. If not both, then define L∗1 , L∗2 as above.

If the LHS diverges to +∞, then there is some lottery L∗∗1 with finite expected sum such that

L∗1 <L L∗∗1 by Stochastic Dominance and L∗∗1 <L L∗2 by Finite Expectations. We can obtain L∗∗1

from L∗1 by replacing any worlds in its domain that have total sums of local value greater than

some chosen large finite bound with some other worlds with totals below that bound.

If the LHS does not diverge but the RHS does diverge to −∞, then there is some lottery L∗∗2
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such that L∗2 4L L∗∗2 by Stochastic Dominance and L∗∗2 4L L∗1 by Finite Expectations.

Either way, L∗1 <L L∗2 . Separability of Value (for Lotteries) then implies that L1 <L L2. �

Theorem 3: For any reflexive, transitive relation <L on P , if <L satisfies ED2 and Additivity, then

it satisfies ED1.

Proof:

Define a binary relation <ED2 on P by:

L1 <ED2 L2 if and only if 1) for all worlds Wa, Wb ∈ W(1,2), La = Lb, and 2) there is

some W∗ ∈ W(1,2) such that, for each Wi ∈ W(1,2), there is some ki ∈ R such that

ki∆pi · D∗ 4 ∆pi · Di and ∑
Wi∈W(1,2)

ki∆pi ≥ 0

This is the relation given by ED2 alone. Define <ED1 as above, and let L1, L2 ∈ P be any

lotteries such that L1 <ED1 L2. And assume that < satisfies Additivity. Then, to prove Theorem

3, it suffices to show that L1 <ED2 L2.

Since L1 <ED1 L2, for some W ′ ∈ W(1,2),

∑
Wj∈W1

L1(Wj)
(

∑
l∈L

(
Vj(l)−V′(l)

))
≥ ∑

Wj∈W2

L2(Wj)
(

∑
l∈L

(
Vj(l)−V′(l)

))

⇒ ∑
Wj∈W(1,2)

(
L1(Wj)− L2(Wj)

)(
∑
l∈L

(
Vj(l)−V′(l)

))
≥ 0 (i)

Assume that the signs of L1(Wj) − L2(Wj) and ∑l∈L
(
Vj(l) − V′(l)

)
differ for some Wj ∈

W(1,2), and hence also that the signs are the same for some other Wi. (ii) (If not, then we imme-

diately have L1 <ED2 L2.)

Given (i), either 1) for at least one Wj, ∑l∈L
(
Vj(l)− V′(l)

)
diverges unconditionally to +∞,

or 2) all of those sums are finite.

1) For at least one Wj, ∑l∈L
(
Vj(l)−V′(l)

)
diverges unconditionally to +∞:

There will be at least one Di with an infinite sum of local values and ∆pi > 0, but none with

∆pi > 0. Given (ii), we also have at least one D∗ with negative ∆p∗. Given that the sum diverges

unconditionally, that D∗ must only have a finite total sum of local values. For all finite-sum Di,

set ki = 0. For all infinite-sum Di, set ki = 1. Then we have ki∆pi · D∗ 4 ∆pi · Di for all Di.
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And ∑Wi∈W(1,2)
ki∆pi ≥ 0, since it will simply be the sum of the (at least one) infinite-sum Di

with positive ∆pi. Both conditions are thus satisfied, and we have L1 <ED1 L2, as required.

2) For all Wj, ∑l∈L
(
Vj(l)−V′(l)

)
is finite:

Then each Di will also have a finite total sum of local value, Si = ∑l∈L Di(l).

Let D∗ = D′. Then let each ki =
Si
S∗ . Since all Si are finite and all Di < 0, Additivity says

that ki∆pi · D∗ ' ∆piDi if and only if ki∆pi × S∗ = ∆piSi. Since ki =
Si
S∗ , this holds for all Di, as

required.

We now seek the second condition. First, note that P(W) ·V + (1− P(W)) ·V′ = V′ + P(W) ·

(V −V′). By iterating that rearrangement, we can obtain the following from (i).

∑
Wi∈W(1,2)

(
PL1(Wi or better)− PL2(Wi or better

)(
∑
l∈L

(
Vi(l)−Vj(l)

))
≥ 0

(
where Wj = max{W ∈ W(1,2)|W ≺Wi}

)
⇔ ∑

Wi∈W(1,2)

∆pi ∑
l∈L

Di(l) ≥ 0

⇔ ∑
Wi∈W(1,2)

∆piSi ≥ 0

⇔ 1
S∗

∑
Wi∈W(1,2)

∆piSi ≥ 0

(since S∗ > 0)

⇔ ∑
Wi∈W(1,2)

∆piki ≥ 0 �

To prove Theorem 4 below, it will help to first establish Lemma 1. If Independence and

Extrapolated Expectations hold, then this lemma effectively implies that we can evaluate any

lottery in which every outcome is some scalar multiple of some world W � 0. And we evaluate

it as equally good as the probability-weighted sum of the scalar multiples of W. Effectively, the

lottery is valued at its expected value, as some multiple of W.

Lemma 1: Let L ∈ P be any finitely-supported lottery such that, for some W ∈ W , L(Wj) > 0 if

and only if Wj is such that Wj = k j ·W for some positive, real k j. If <L is a reflexive, transitive

relation on P which satisfies Independence and Extrapolated Expectations, then:
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L 'L ( ∑
Wj∈W

L(Wj)× k j) ·W

Proof:

Let kmax be the greatest such k j (which exists and is unique, since L is finitely-supported). For

each k j, 0 <
kj

kmax
< 1.

Let Lj be the lottery such that Lj(kmax ·W) =
kj

kmax
and Lj(0) = 1− kj

kmax
. (So the remaining

probability mass goes to 0.) Since k j ·W =
kj

kmax
· (kmax ·W), Extrapolated Expectations implies

that:

k j ·W 'L Lj (i)

By Independence, we can replace each world k j ·W in L with the lottery Lj. In other words,

by (i) and Independence, L 'L L′, where:

L′(W ′) =

 ∑kj∈R

(
L(k j ·W)× kj

kmax

)
for W ′ = kmax ·W

1− L′(kmax ·W)

By Extrapolated Expectations, L′ 'L

(
∑kj∈R

(
L(k j ·W)× kj

kmax

))
· (kmax ·W).

∴ L 'L

(
∑Wj∈W

(
L(Wj)× k j

))
·W, as required. �

Theorem 4: For any reflexive, transitive relation <L on P , if <L satisfies Stochastic Dominance,

Separability of Value, Independence, and Extrapolated Expectations, then it satisfies ED2.

Proof:

Define <ED2 as above, and let L1, L2 be any lotteries such that L1 <ED2 L2. To prove Theorem

4, it suffices to show that L1 <L L2.

If ∆pi ≥ 0 for all Wi ∈ W(1,2), then L1 <L L2, by Stochastic Dominance, as required.

If not, there are some Wi, Wj ∈ W(1,2) such that ∆pi < 0 and ∆pj > 0. Assume from here on

that such Wi and Wj exist.

From the definition of <ED2, there is some W∗ ∈ W(1,2) such that, for each Wi ∈ W(1,2) there

is ki ∈ R such that:

ki∆pi · D∗ 4 ∆pi · Di (i)
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and ∑
Wi∈W(1,2)

ki∆pi ≥ 0 (ii)

For some such kis and W∗, define lotteries LD
1 , LD

2 ∈ P by

LD
1

((
∑

{Wj∈W(1,2) |Wj4Wi}
k j

)
· D∗

)
= L1(Wi) for all Wi ∈ W1

and likewise for LD
2 , mutatis mutandis.

And D∗ � 0 since it is the difference between some world and a worse world, by Separability

of Value. So Lemma 1 applies to both LD
1 and LD

2 .

∴ LD
1 'L

(
∑

Wi∈W1

L1(Wi)
(

∑
{Wj∈W(1,2) |Wj4Wi}

k j

))
· D∗ (by Lemma 1)

and likewise for LD
2 (mutatis mutandis).

So LD
1 <L LD

2 iff that scalar multiple of D∗ is as good or better than the corresponding world

for LD
2 . Since D∗ � 0, that holds if and only if:

∑
Wi∈W1

(
L1(Wi)

(
∑

{Wj∈W(1,2) |Wj4Wi}
k j

))
≥ ∑

Wi∈W2

(
L2(Wi)

(
∑

{Wj∈W(1,2) |Wj4Wi}
k j

))

⇔ kmin + ∑
Wi∈W(1,2)

(
L1(<Wi)× ki

)
≥ kmin + ∑

Wi∈W(1,2)

(
L2(<Wi)× ki

)
for kmin = min{ki|Wi ∈ W(1,2)}

⇔ ∑
Wi∈W(1,2)

ki∆pi ≥ 0, which is given by (ii).

Therefore, LD
1 <L LD

2 .

For some such kis and W∗ as above, define lotteries L∗1 , L∗2 onW by

L∗1(W −W∗) = L1(W) for all W ∈ W1
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and likewise for L∗2 (mutatis mutandis).

These lotteries resemble L1 and L2; they have the same probabilities, but W∗ is subtracted from

each outcome. As a result, each outcome W −W∗ can be represented as a sum of differences

W −W∗ = ∑
{Wj∈W(1,2) |W∗4Wj4W}

Dj

(
or, for W ≺W∗, W −W∗ = − ∑

{Wj∈W(1,2) |W4Wj4W∗}
Dj
)
.

But, by (i), whenever ∆pi > 0,

Wi −W∗ = ∑
{Wj∈W(1,2) |W∗4Wj4Wi}

Dj <
(

∑
{Wj∈W(1,2) |Wj4Wi}

k j

)
· D∗.

And, whenever ∆pi < 0, the inequality is reversed.

Therefore, by Stochastic Dominance and (i), L∗1 <L LD
1 and L∗2 4L LD

2 . And, since LD
1 <L LD

2 ,

transitivity implies that L∗1 <L L∗2 .

By Separability of Value, L1 <L L2 if and only if L∗1 <L L∗2 . Therefore, L1 <L L2, as required.

�
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Chapter 6

The question of fanaticism

6.1 Introduction

Where do we now stand? We have a coherent, and fairly strong, method for comparing outcomes

with infinite value. Likewise, we have such a method for comparing lotteries over such outcomes.

But there is one key question about infinitely valuable outcomes that has plagued philoso-

phers all the way back to Pascal (1670) and which none of the preceding discussion has directly

addressed. Specifically, should we prefer any probability (no matter how tiny) of infinite gain

over a sure finite gain (no matter how great)?

To illustrate this worry, consider Dyson’s Wager (a moral analogue of the wager that interested

Pascal).

Dyson’s Wager

You have $2,000 to use for charitable purposes. You can donate it to either of two

charities.

The first charity distributes bednets in low-income countries in which malaria is

endemic.1 With an additional $2,000 in their budget this year, they would prevent

one additional death from malaria. You are certain of this.

The second charity does speculative research into how to do computations using

‘positronium’—a form of matter which will be ubiquitous in the far future of our

1I have in mind the Against Malaria Foundation. As of 2019, the charity evaluator GiveWell estimated
that the Against Malaria Foundation prevents the death of an additional child under the age of 5 for, on
average, every US$3,710 donated (GiveWell 2020). Including other health benefits, a total benefit roughly
equivalent to that is produced for, on average, every US$1,690 donated. Of course, in reality, a donor can
never be certain that their donation will result in an additional life saved. This assumption of certainty is for
the sake of simplicity.

147
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universe. If our universe has the right structure (which it probably does not), then

in the distant future we may be able to use positronium to instantiate all of the oper-

ations of human minds living blissful lives, and thereby allow morally valuable life

to survive indefinitely long into the future.23 From your perspective as a good epis-

temic agent, there is some tiny, non-zero probability that, with (and only with) your

donation, this research would discover a method for stable positronium computation

and would be used to bring infinitely many blissful lives into existence. Assume that

there would be no morally relevant difference between the outcomes except whether

that child dies of malaria and whether those infinitely many lives in the far future

come to exist or not. (There are, for instance, no chaotic effects here.)

Which is the better option here: saving a life with certainty, or generating a tiny probability

of bringing about infinitely many future lives?

My proposals in the preceding chapters entail that the better lottery is the one that results

from donating to the speculative research. And, in general, they say that it is better to have a slim

probability of producing a world with infinite additional value than it is to have a merely finite

gain (even with certainty). Combine spatiotemporal expansionism with the ED2 principle from

the previous chapter4 and you reach this verdict.

But this verdict is not unique to my proposal. We can reach much the same verdict on the

standard views of the finite setting. Suppose that, if the positronium research does not succeed,

the universe will otherwise contain only finite total value. Any minimally aggregative view will

say that this is vastly worse than producing those infinitely many valuable lives. Then we might

take the standard theory of moral decision-making under risk—expected value theory—which

says that one option is better than another if and only if it has the greater probability-weighted

2Dyson (1981) was the first to suggest positronium as a medium for computation and information stor-
age. This follows Dyson (1979), wherein it is argued that an infinite duration of computation could be
performed with finite energy if the computation hibernates intermittently, and if the universe has a partic-
ular structure. Tipler (1986) suggests an alternative method which may work if the universe has a different
structure. Sandberg (n.d.) argues that both Dyson and Tipler’s proposals are unlikely to work, as our uni-
verse appears to match neither structure. Nonetheless, it is still epistemically possible that the universe has
the right structure for Dyson’s proposal. And possibility is sufficient for my purposes.

3Would such artificially-instantiated lives hold the same moral value as lives led by flesh-and-blood
humans? I assume that they would, if properly implemented. See Chalmers (2010) for arguments supporting
this view. And note that, for the purposes of the example, all that’s really needed is that it is epistemically
possible that the lives of such simulations hold similar moral value.

4In fact, the weaker ED1 principle implies this too.
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sum of value (i.e., the greater expected value).5 Given that the value of producing infinitely many

lives is positively infinite, the expected value of funding the speculative research is positively

infinite too, while the expected value of saving the child from malaria is merely finite. So the

combination of these views will say that it is better to fund the research and let the child die.

And this verdict is thought to be counterintuitive by many. All the more counterintuitive is

that it can still be better to donate to the speculative research no matter how low the probability

is (short of being 0), since there are so many blissful lives at stake. For instance, the odds of

your donation actually making the research succeed could be 1 in 10100. (10100 is greater than the

number of atoms in the observable universe). The chance that the research yields nothing at all

would be 99.99... percent, with another 96 nines after that. And yet my proposal (and expected

value theory) says that it is better to take the bet, despite it being almost guaranteed that it will

actually turn out worse than the alternative; despite the fact that you will almost certainly have

let a person die for no actual benefit. Surely not, says my own intuition. On top of that, suppose

that $2,000 spent on preventing malaria would save more than one life. Suppose it would save

a billion lives, or any enormous finite value. My proposal would say that it’s still better to fund

the speculative research—it says that it would be better to sacrifice those billion or more lives for

a minuscule chance at the infinitely many blissful lives (and likewise if the number of blissful

lives were finite but still sufficiently many). But endorsing that verdict, regardless of how low

the probability of success and how high the cost, seems fanatical. Likewise, even without infinite

value at stake, it would also seem fanatical to judge a lottery with sufficiently tiny probability of

arbitrarily high finite value as better than getting some modest value with certainty.

But my proposal could be modified to avoid such fanatical verdicts, just as expected value

theory has previously been modified to avoid them. Many have proposed that expected value

theory be modified to ignore outcomes with small enough probabilities (e.g. le Rond d’Alembert,

1984; de Buffon, 1777; Monton, 2019; Smith, 2014), as is often done in applied contexts such as

5Recall from above that expected value theory is distinct from expected utility theory. Under the latter,
utility is given by some (indeed, any) increasing function of value—perhaps a concave function, such that
additional value contributes less and less additional utility. The utility of an outcome may even be bounded,
such that arbitrarily large amounts of additional value contribute arbitrarily little additional utility. And, if
the utility function is bounded, then the expected utilities of lotteries will be bounded as well. As a result,
expected utility theory can avoid the fanatical verdict described here. But, if it does, it faces the objections
raised in Sections 6.4, 6.5, and 6.6. Where relevant, I will indicate in notes how the argument applies to
expected utility theory.
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law and risk management, and we could do the same to ED2.6 Others have proposed that we

evaluate outcomes not by their expected values but by their expected utilities (given by some

increasing function of an outcome’s value), and that the correct utility function is bounded above

so as to keep the expectation of utility bounded as well (e.g. Arrow, 1971, p. 64). Again, we

could do the same to ED2.7 Or we could simply abandon ED2 in favour of a weaker principle

like Stochastic Dominance, as Tarsney (n.d.) does for expected value theory.

Should we abandon ED2 in favour of one of these alternatives? Likewise, in the finite context,

should we abandon expected value theory in favour of one of its rivals? No, we shouldn’t, as

I argue in this chapter. As it turns out, there are compelling arguments in favour of accepting

fanatical verdicts such as those above.

I will focus on a particular claim that is sufficient to imply fanatical verdicts—namely, Fanati-

cism.8

Fanaticism: For any tiny (finite) probability ε > 0, and for any finite value v, there

is some finite V that is large enough that Lrisky is better than Lsafe (no matter which

scale those cardinal values are represented on).9

Lrisky: value V with probability ε; value 0 otherwise

Lsafe: value v with probability 1

The lotteries Lrisky and Lsafe closely resemble the options in Dyson’s Wager: one gives a slim

chance of a potentially astronomical value V; the other a certainty of some modest value v. But,

in a deviation from the previous four chapters, there is no need for any of the outcomes here to

6In the sum that appeared in the definition, simply replace all sufficiently small probabilities ∆pi with 0.
7Simply modify the first equation in the definition to discount ki somewhat so it’s bounded above.
8This use of the term ‘fanaticism’ seems to originate with Bostrom (2011) and Beckstead (2013, ch. 6)

(however Beckstead uses the term ‘Fanaticism’ for a similar claim specific to infinite values and instead uses
‘Recklessness’ for a claim more akin to my version of Fanaticism). My formulation is slightly stronger than
each of theirs but also, unlike theirs, applicable even if infinite total value cannot exist.

9Note that this parenthetical makes Fanaticism quite a strong claim. As defined here, it requires that the
ranking of Lrisky above Lsafe holds not only when the number of lives in each outcome is proportional to V,
v, and 0. It must hold whenever outcomes can be cardinally represented with those values. Recall that cardinal
representations of value are unique only up to positive affine transformations—two outcomes represented
by 0 and v on one scale could instead be represented by 0× a + b and v × a + b (for any positive a and
real b). Conversely, an outcome that contains many happy lives might still be represented cardinally with
value 0. So Fanaticism doesn’t apply only to risky lotteries in which some possible outcome contains zero
valuable lives, or zero value on net. It also applies to lotteries that can be represented as Lrisky and Lsafe even
though every one of their outcomes contains enormous numbers of blissful lives, or enormous amounts of
suffering, as long the differences in value between those outcomes are proportional to 0, v, and V.
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have infinite total value—V and v are explicitly finite numbers.

But whether Fanaticism of this form holds true will still have important ramifications in the

infinite context. Suppose that just the value V in Lrisky were replaced with a positive infinite

value, much like it is in Dyson’s Wager. The resulting lottery would be strictly better than Lrisky

by Stochastic Dominance (see §6.3). And, by Fanaticism, it would also be better than any such

Lsafe. So we would have a fanatical verdict. And this verdict would carry over to the infinite

context. Simply add the same values to the same infinitely many locations in all three outcomes;

as long as lotteries over infinite outcomes are compared on the basis of only their differences (or,

equivalently, if the principle of Separability of Value (for Lotteries) from Chapter 5 holds), then

the lottery with a chance of infinite gain will still be better.

Given this, I will streamline the discussion in this chapter by focusing on the claim of Fa-

naticism and on lotteries over finitely-valued outcomes. If Fanaticism is true, we are still led to

fanatical verdicts in the infinite setting. And, conversely, to avoid fanatical judgements in the in-

finite setting we must deny Fanaticism. But Fanaticism also has force outside the infinite setting,

and so should be of broader interest too.

So, is Fanaticism true? You might think not. It may seem deeply counterintuitive, just as the

fanatical verdict in Dyson’s Wager was, and so you might think it easy to reject. Many decision

theorists have done so (e.g. le Rond d’Alembert, 1984; de Buffon, 1777; Arrow, 1971; Monton,

2019; Smith, 2014; Tarsney, n.d.), while few have been willing to explicitly accept fanatical ver-

dicts.10 But, as I argue in this chapter, there are compelling arguments in favour of Fanaticism.

In particular, there are compelling arguments that do not rely on expected value theory, and so

we have good reason to accept it even if we reject that particular theory.

The chapter proceeds as follows. §6.2 addresses some common motivations for rejecting

Fanaticism. §6.3 briefly introduces the formal framework for what follows. And §6.4 through

§6.6 present arguments in favour of Fanaticism, each premised on weaker claims than expected

value theory, and each (by my reckoning) more compelling than the last. The first is a basic

continuum argument. The second is that, to deny Fanaticism, we must accept either what I’ll call

10Examples include Pascal (1670) himself, Parfit (1984, §3.27), and Hájek (2014). And even they most often
endorse such verdicts only because they are a consequence of expected value theory, not because they see
good independent justification for them. I suspect that even many diehard adherents of expected value
theory are uncomfortable with the fanatical verdicts supplied by their theory.
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‘scale dependence’ or an absurd sensitivity to arbitrarily small differences in probability. And the

final nails in the coffin are an updated version of Parfit’s classic Egyptology Objection and what

I’ll call the Indology Objection, by which those who deny Fanaticism must make judgements which

appear deeply irrational. Together, these arguments show that, if we reject Fanaticism, we face

disturbing implications. Better to just accept it. And if a theory implies Fanaticism, we should

consider that a point in favour of the theory rather than a point against.

6.2 The case against fanaticism

You might think that Fanaticism is simply absurd, and nothing more needs saying about it. I

have often heard this response. So, before presenting arguments in favour of Fanaticism, let us

address a sample of the most common and compelling arguments against it: the argument from

intuition; the argument from impossibility; the argument from tolerance; and the argument from

mortality.11 Although each argument seems initially plausible, I don’t think any of them turn out

to be compelling. And even if you find them more compelling than I do, they certainly do not

rule decisively against Fanaticism; the arguments in favour are still worth hearing.

6.2.1 The argument from intuition

The one objection to Fanaticism that I suspect is the most persuasive of all, despite its extreme

simplicity, is this: Fanaticism is just so frightfully counterintuitive that it must be false.12 It

seems so very implausible that I should give up a certainty of a good payoff for a tiny chance of

something better, no matter how tiny the chance. Rather, intuition says that an event with such a

tiny chance can never tip the scales against the sure payoff.

But the psychology literature tells us that our initial intuitions about matters of probability are

often misguided. We frequently commit the Conjunction Fallacy (Tversky and Kahneman, 1983),

the Gambler’s Fallacy (Chen et al., 2016), the Hot Hand Fallacy (Gilovich et al., 1985), and the

11There are others which I won’t address here, both for brevity and because I find them even less com-
pelling. See de Buffon (1777), Monton (2019), Smith (2014), Schwitzgebel (2017), and Monton (2019) for
other arguments which can be applied against Fanaticism. See also Hájek (2014), Isaacs (2016), Monton
(2019), and Hájek (n.d.) for some compelling responses.

12In effect, this is a core point of Bostrom’s (2009) objection. Meanwhile, Bostrom (2011), Beckstead (2013),
and Tarsney (n.d.) all treat Fanaticism as implausible for, it seems, the same reason.
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Base Rate Fallacy (Kahneman and Tversky, 1982). Perhaps worst of all, we are prone to simply

ignoring facts of probability—many of us choose based entirely on how we anticipate things will

actually turn out, with no regard for risks of loss or chances of gain (Baron et al., 1993; Gurmankin

and Baron, 2005). Even when we do account for probability, we often radically overestimate some

probabilities due to availability bias (Tversky and Kahneman, 1974), and underestimate others out

of indefensible optimism (Hanoch et al., 2019).

And our intuitions are no better with decision-making in the face of low-probability events.

For instance, jurors are just as likely to convict a defendant based primarily on fingerprint evi-

dence if that evidence has probability 1 in 100 of being a false positive as if it were 1 in 1,000, or

even 1 in 1 million (Garrett et al., 2018). In another context, when presented with a medical op-

eration which posed a 1% chance of permanent harm, many respondents considered it no worse

than an operation with no risk at all (Gurmankin and Baron, 2005). And in yet another context,

subjects were unwilling to pay any money at all to insure against a 1% chance of catastrophic loss

(McClelland et al., 1993). So it seems that many of us, in many contexts, treat events with low

probabilities as having probability 0, even when their true probability is as high as 1% (which is

not so low). Upon reflection, this is clearly foolish. We may have the raw intuition that we may

(or should) ignore all outcomes with probability 1% but it does not hold up to scrutiny, and so is

likely mistaken.

Given how widespread these mistakes are, we should give little weight to our intuitions

about what we should do in cases of low probability, including those which lead us to recoil

from fanatical verdicts—with a little more scrutiny, those intuitions may appear foolish too.

6.2.2 The argument from impossibility

Here is another objection to Fanaticism. We might confidently claim that: ‘any event with a

sufficiently low probability will not happen’. This claim is known as Cournot’s Principle, and was

endorsed by many leading figures of probability theory, including not just Cournot (1843) but

also Markov (1900), Levy (1925), Kolmogorov (1950), and Borel (1962). If they’re right that such

events simply won’t happen, then it may seem fine to ignore them in our decision-making.

Why might we believe Cournot’s Principle? One reason might be that we should believe to

be false any proposition which has probability sufficiently close to 0 (but not necessarily equal to
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0) of being true. So, for any sufficiently unlikely event, we should believe that it won’t happen.

But this isn’t reason enough. A low probability of an event may be enough to believe that it will

not happen, but belief—at least in a binary form like this—is not enough for decision-making.

We can believe a proposition without being entirely confident in it. And it would be foolish to

ignore all possibilities which we believe won’t occur, but nonetheless may well occur.

A second reason to accept it is this. Suppose there are only finitely many distinct ways that

the full history of the universe could turn out. You might think that this is the case if all events

can be fully specified by the properties of finitely many discrete particles at finitely many discrete

times, and if all such properties admit discrete values (as do length and duration, in multiples of

the Planck length and Planck time). Then, since there are only finitely many possible histories of

the universe, in any given lottery there can be only finitely many outcomes with chance greater

than zero. So there must be some minimum probability ε. And indeed no event with probability

less than this will ever happen. There are no such events!

But this justification is unpersuasive. For one, for it to hold, every single physical property

must admit discrete values, rather than continuous values. Perhaps that is true, but it quite

plausibly isn’t. For two, the universe would need to contain only finitely many particles, finitely

many distinct times, and finitely many spatial positions. For three, not only must the universe be

finite in all of these respects, but it must also be guaranteed to not to exceed some specific finite

bound in each respect. It might not only be certain that the universe has, say, some finite number

of particles, de dicto, but it may not be certain that it has some specific finite number of particles,

de re. There could still be infinitely many possible numbers of particles just as there are infinitely

many integers, even though each of them is finite. And that would give us infinitely many

possible outcomes, thereby quashing the justification above. And finally, for three, Fanaticism

wouldn’t be ruled out even if we granted all of these required assumptions. After all, it’s a

claim about what we should do if we faced such a decision. The mere fact that we do or do not

face such decisions in practice does not imply anything about what we should do if we did. A

fully general normative theory—one that applies to a broader range of possible outcomes and

probabilities—could well still be fanatical.

But no matter its justification, we can reject Cournot’s Principle and the objection from im-

possibility. The normatively relevant notion of probability, I should think, is the agent’s subjective
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degree of belief (their credence) in the outcome.13 And there are events to which we should assign

arbitrarily low credence, but which have occurred or will occur. For instance, consider the out-

come that the Sydney Opera House is presently the exact distance that it actually is (de re) from

the Golden Gate Bridge.14 As an agent myself, I am wildly uncertain of what that distance is.

Perhaps I know that it must be an integer multiple of the Planck length, based on my understand-

ing of physics. But I am uncertain even of exactly how long a Planck length is. (I admit I had to

look it up.) You should be too, since there is no way we can measure the Planck length down to

an arbitrarily precise value (nor is there any way we can be sure that the textbook we consult is

accurate). An agent like you or me, even if we are epistemically rational, should place arbitrarily

low credence on the exact distance between the two monuments being within an arbitrarily small

interval of length. But there is some such precise length between the two sites, which lies within

some arbitrarily small interval to which we’ve given credence arbitrarily close to zero. And yet

that outcome has happened! So Cournot’s Principle is demonstrably false.

6.2.3 The argument from tolerance

Here is another argument against Fanaticism, originally from Smith (2014, p. 471-2) and discussed

at length by Monton (2019, p. 9-10).

Decision theories that reject Fanaticism aren’t the only ones that say that we can ignore some

outcomes. Every (remotely plausible) decision theory says that we can at least sometimes treat

an outcome as having probability 0 in a given lottery: at the very least, when that outcome does

have probability 0.

But decision-making is a practical activity, as Smith points out; it is done by agents with

limited time and computational resources. Such agents cannot assign arbitrarily precise proba-

bilities to every possible outcome in every lottery, so we must not require them to. Any norms

of decision-making must be tolerant: they must allow agents at least a small margin of error in

the conditions required for the norm to apply (at least for conditions like probability that have

continuous values). And that includes the norm that we may permissibly ignore events with

13Alternatively, it might be the evidential probability of the outcome, which carries the same implications
below.

14To avoid some of the possible vagueness here, we might replace ‘the Sydney Opera House’ with ‘the
centre of gravity of the Sydney Opera House’, and similarly for the Golden Gate Bridge.
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probability 0—we must allow some imprecision in that probability being 0, up to some margin

of error ε. So, if an outcome has probability less than some ε in a given lottery, we must permit

an agent to ignore it too.

An immediate response is that this conclusion, interpreted in a particular way, does not rule

out Fanaticism. The value of ε—the non-zero probability below which outcomes may permissibly

be ignored—may not be absolute. It might vary by lottery, by decision scenario, or by context.

For instance, whenever we are comparing lotteries over only finitely many outcomes, ε might

be set lower than the least probable outcome. This is still compatible with Fanaticism, and

Smith appears to favour this version.15 But what if we interpret the conclusion the other way?

Then there is some ε such that, in all lotteries, agents are permitted to ignore outcomes with

probabilities less than ε. This does rule out Fanaticism, and is explicitly endorsed by de Buffon

(1777).

Whichever interpretation we adopt, Smith’s argument faces various objections (see Hájek,

2014; Isaacs, 2016; Monton, 2019, p. 10). Here are two of my own preferred objections to the

Buffon interpretation.

By Smith’s assumption, a theory of normative decision-making must be tolerant. And, to

be tolerant, each norm it endorses must require only some non-arbitrary level of precision (in

the probabilities involved). And if we accept this assumption of tolerance, our theory will also

endorse the norm that, when evaluating a lottery, we may permissibly ignore outcomes with

probabilities below ε. But tolerance requires that we tolerate imprecision in this norm as well.

How much imprecision must we tolerate? I see no reason—at least, no reason that is not ad hoc—

why we must be any more precise with this norm than with the norm of ignoring outcomes of

probability 0. So a tolerant theory will also permit us to ignore outcomes with probabilities below

2ε.16 And that too will constitute a norm, so we can extend this to outcomes with probabilities

below 3ε, 4ε, and so on all the way up to 1. We may permissibly ignore all outcomes! But this is

absurd. So the assumption of tolerance must be false. Precision in probabilities must be required

for at least some norms, and it is not clear why this would not include the norm that we may

permissibly ignore outcomes with probability 0. After all, the difference between a probability of

15It also still rules out the problems with which Smith is more concerned: avoiding counterintuitive
judgements in the St Petersburg and Pasadena games.

16Note that Smith’s own proposal does not imply this. But then it is not a tolerant theory after all.
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0 and one greater than 0 seems categorical, unlike most probability differences.

Along similar lines, take any norm that says that some particular lottery La is better than some

Lb—perhaps La is some moderately risky lottery with probability 0.9 of value 0 and probability

0.1 of a better outcome, and Lb is just some small positive value with certainty. If our decision

theory is tolerant, then the norm that La is better than Lb must not require precision. We must

also accept that we are permitted to choose a lottery with the same outcomes as La but with

slightly lower probability (0.1− ε) of success. And, as above, we will also be permitted to choose

lotteries with even lower probability (0.1− 2ε, 0.1− 3ε, and so on). We will be permitted to choose

these riskier lotteries even though they do not have outcomes any more valuable than in La. In a

way, this result is even more extreme than what Fanaticism tells us—we are sometimes permitted

to choose some risky lotteries that even many fanatical theories (such as expected value theory)

would forbid. For anyone who finds Fanaticism unacceptable, this too should be hard to accept.

By either argument, tolerance of this sort leads to unacceptable conclusions. We should reject

it, even if that removes our justification for neglecting small probabilities and thereby rejecting

Fanaticism.

6.2.4 The argument from mortality (or YOLO)

A further, more compelling, argument against Fanaticism comes from Monton (2019, p. 14-6).

Before that, a bit of context: a common argument in favour of expected value theory is that

maximising expected value is a good policy in the long run (Feller, 1968). Take any decision

between some lotteries La and La, and suppose you faced that decision not once but many, many

times in succession, and that the lotteries were run independently each time. Suppose you choose

La every time. Then, as long as the decision is repeated sufficiently many times, the values you

actually end up obtaining each time will average to the expected value of La, with probability

extremely close to 1. Thanks to the weak law of large numbers, the same applies to any lottery,

no matter how small the probabilities involved. So it seems a good idea for an agent to adopt

the policy of maximising expected value, even when it gives fanatical verdicts—in the (very) long

run, the agent will actually do better than under many of the alternatives.

Monton’s ‘YOLO’ argument stands in contrast to the classical long run argument for expected

value theory. In practice, agents like us only live once, and for a relatively short time. We don’t
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have arbitrarily many decisions over which to average our gains and losses. And, if we care about

how our lives actually go, then maximising expected value is not such a good policy. Especially

when expected value theory recommends fanatical verdicts, there just won’t be enough time in

a human life to repeat the decision sufficiently many times to have much chance of getting the

astronomical value. A policy that would almost certainly turn out much better is to reject the

more fanatical verdicts of expected value theory.

On the face of it, this does seem like good reason to reject fanatical verdicts when making

prudential decisions. Specifically, when an agent compares lotteries based on how much they

improve the agent’s own life, it seems quite appropriate for them to care about how their life

actually goes.

But I am interested in Fanaticism in the moral context. And there the argument is less com-

pelling. How well the world as a whole goes is not determined by just a few decisions by a single

agent, but instead by countless different agents making separate small-scale moral decisions—

indeed, perhaps infinitely many agents. In this setting, having all of those agents maximise ex-

pected value seems quite a good policy—as by the long run argument, it would produce greater

actual value than many alternative policies. And that includes maximising expected value even

when the verdict seems fanatical. Repeated enough times, even fanatical choices will pay off

eventually.

Of course, these comments are not a decisive objection to Monton’s argument applied in the

moral context. It still seems at least somewhat plausible that an agent ought to be concerned

with how much moral value they actually produce, rather than whether they adhere to a sensible

policy for the entire group of agents. But I hope it also seems at least remotely plausible that

Monton’s conclusion doesn’t hold in the moral context, and that Fanaticism may be true. As it was

for the previous two arguments, Monton’s argument against Fanaticism is not quite rock-solid.

Overall, the case against it is wobbly enough to seriously consider whether Fanaticism might be

true.
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6.3 Background assumptions

In a departure from previous chapters, here I will be considering outcomes with finite total

values rather than those containing infinite total value spread across infinitely many locations.

This allows for some simplifications in the formalism.

As before, we have some set of epistemically possible outcomes, but we can restrict that set to

only those outcomes with finite total value. Denote that set by O. As before, there is an ‘at least

as good as’ relation <O on the set of outcomes, which will be reflexive, transitive, and complete.

And this relation can be represented by a cardinal value function V : O → R which outputs

the total value of the outcome. And as a cardinal value function, V is unique only up to affine

transformations—for any V1 or V2 we might use here, V2(O) = a×V1(O) + b for some positive a

and real b.

But, as in the previous chapter, what we are really interested in are lotteries. As before, I’ll

assume that the relevant aspects of a lottery can be fully described by a (real-valued) probability

measure L on a set of outcomes.17 The set of all lotteries on O is denoted by L.

As before, I’ll use several abbreviations. The probability of a single outcome, L({O}), can

be shortened to L(O). When a lottery L gives a certainty of an outcome O (when L(O) = 1), L

can be written as O. To represent a lottery with the same probabilities as L, but outcomes which

have precisely k times the value (on the same cardinal representation), I’ll write k · L.18 And I’ll

write La + Lb to represent the lottery obtained from adding together the values of the outcomes

of lotteries La and Lb, run independently.19

Fanatical verdicts, and their rejection, consist in comparisons of lotteries. So we need another

‘at least as good relation’. Let < be a binary relation on L. Strict betterness (�) and equality (∼)

are defined as the asymmetric and symmetric components, respectively.

17As before, this probability can represent either the agent’s subjective degree of confidence or the ev-
idential probability of each outcome arising. Almost all of what follows can be read in terms of either.
With minor changes, what follows could also be read in terms of objective chance or whatever notion of
probability you consider relevant for decision-making.

18Formally, define k · L as a probability measure on O such that, for all O ∈ O, k · L(Ok) = L(O) for some
Ok that has k times the value of O (i.e., V(Ok) = k×V(O)).

19This can be made more precise. Let Vi denote the random variable corresponding to a given lottery Li,
which outputs the total value of the outcome—equivalently, the probability that Vi takes on a value in the
interval [a, b] is given by Li({O|V(O) ∈ [a, b]}). Then, for any La, Lb ∈ L, define La + Lb as some lottery
on O—there may be several—which corresponds to the random variable (Va + Vb). Equivalently, La + Lb
is some lottery such that the probability La + Lb({O|V(O) ∈ [c, d]}) is always equal to the probability that
(Va + Vb) takes on a value in the interval [c, d].
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I won’t assume that < is complete on L, but I will assume that it is reflexive and transitive. As

before, both of these properties are overwhelmingly plausible.

Note also that I will assume throughout that Stochastic Dominance holds. Recall from above

that it states the following (where O<O′ denotes the set of outcomes in O that are at least as good

as O′).

Stochastic Dominance: For any La, Lb ∈ L, if La(O<O′) ≥ Lb(O<O′) for all O′ ∈ O,

then La < Lb.

If, as well, La(O<O′) > Lb(O<O′) for some O′ ∈ O, then La � Lb.

In a setting like this, Stochastic Dominance is fairly uncontroversial among decision theorists,

including some who reject expected value theory. As far as I know, no serious proposal has

been made in normative decision theory which violates Stochastic Dominance (at least in this

setting).20

And Stochastic Dominance ties together the fates of Fanaticism and the fanatical verdict in

Dyson’s Wager. Recall the lotteries Lsafe and Lrisky from the definition of Fanaticism. In Lsafe, we

can set v = 1. And define Linfinite as follows.

Linfinite: an outcome containing infinitely many blissful lives with probability ε; value

0 otherwise

Lrisky: value V with probability ε; value 0 otherwise

Lsafe: value 1 with probability 1

Linfinite and Lsafe should look familiar—these match the lotteries you must choose between

in Dyson’s Wager, if we represent the outcome in which one life is saved with value 1 and the

outcome in which no lives are saved with value 0. By Fanaticism, Lrisky is better than Lsafe, at least

for large enough finite V. And Stochastic Dominance implies that Linfinite is better than Lrisky.21

20Schoenfield (2014) rejects a similar principle, but only for lotteries over outcomes for which we don’t
have a complete ordering. With our complete <O relation on O, even Schoenfield would endorse Stochastic
Dominance here.

21The reasoning behind this is as follows. We represented the value of one additional life being saved with
a 1 and additional lives saved with a 0. Any finite positive V will hence correspond to V additional lives of
equal value being saved (or produced). This implies that the outcome in which infinitely many blissful lives
are produced cannot be represented on the same scale, and indeed it is better than any outcome that can be.
But, had that outcome been representable on the same scale with some finite number, this wouldn’t hold.
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6.4 A continuum argument

You might argue for Fanaticism in the following way: expected value theory is true; expected

value theory implies Fanaticism; therefore, Fanaticism is true. And likewise for verdicts which

seem fanatical, like that which the expected value theorist must accept in Dyson’s Wager. Such

verdicts are rarely defended on any grounds other than ‘That’s what expected value theory says’.

But we can do better than this. Fanaticism is far weaker than expected value theory in all its

strength (and weaker even than expected utility theory), so it should be easier to justify.

In this and the next two sections, I’ll give four arguments for Fanaticism but not for expected

value theory. Here is the first, which originates in Beckstead (2013, p. 149-47) and reappears in

Beckstead and Thomas (n.d., ) p. 4-6).

Take the lottery L0, which might represent a stranger’s life being saved.

L0: value 1 with probability 1

And take another lottery L1 by which vastly more strangers are saved, with a very small proba-

bility of failure—perhaps 1010 lives saved with probability 0.999999 of success.

L1: value 1010 with probability 0.999999; value 0 otherwise

Intuitively, L1 seems better. Accepting a slightly lower probability of success for a vastly

greater payoff seems a good trade. But then consider L2, which has a slightly lower probability

of success but, if successful, results in many more lives saved.

L2: value 101010
with probability 0.9999992; value 0 otherwise

This seems better than L1, or at least it seems that there is some number of lives high enough

that it would be better. And so we could continue, with L3, L4, and so on until some Ln, such

that 0.999999n is less than ε, for any arbitrarily small ε you want. Intuition suggests that vastly

increasing the payoff can compensate for a slightly lower probability; that each lottery in the

sequence is better than the one that precedes it. So the final lottery in the sequence must be

better than the first. But the final lottery has a probability less than ε of any positive payoff at all.

So we have Fanaticism.22

22Even for readers who reject aggregative theories of betterness, much the same argument can be made
in terms of averageism, pure egalitarianism, maximin, maximax, and narrow person-affecting views. For
instance, if we assume averageism, we can start with L0, by which the average value of all lives will be 1
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As I see it, this argument rests on two intuitively plausible principles: the first, the transitivity

of <; the second, Minimal Tradeoffs.

Minimal Tradeoffs: There is some real r < 1 such that, for any real value v and any

probability p, there is some real r∗ such that, on any cardinal representation, the

lottery represented by La is better than that represented by Lb (as defined below).

La: value v with probability p; 0 otherwise

Lb: value r ∗ ×v with probability r× p; 0 otherwise

This principle has intuitive force. For any given lottery with the form of La, surely there is

any lottery with only that ever-so-slightly lower probability of success that is better. Intuition

suggests that we can always make at least some tradeoff between probability and value: we can

always compensate for a, perhaps, 0.000001% lower probability of success with a vastly greater

payoff.

But you might be unconvinced by the continuum argument. You may find it far more in-

tuitively plausible that Fanaticism is false than that Minimal Tradeoffs is true. And, other than

clashing with intuition, I see nothing obviously problematic about denying Minimal Tradeoffs.

Perhaps we should just reject it; perhaps there is at least one threshold of probability p′ between

p and 0 (which might be unknown or vague) at which we have a discontinuity, such that no value

with probability below p′ is better than any value with probability above p′. One way to do this

is by adopting expected utility theory with a bounded utility function which, if the bound is low

enough, would imply that the former lottery is better than the latter. But, whichever approach we

use to reach that conclusion, there is some point at which we can no longer trade off probability

against value, no matter how great the value. And what of it? It seems a little counterintuitive,

but perhaps less so than Fanaticism.

If you accept Minimal Tradeoffs then you must accept Fanaticism. And, conversely, to reject

Fanaticism you must also reject Minimal Tradeoffs and the continuum argument it generates. But

you might think that a small price to pay.

with near certainty, and 0 otherwise. L1 can be the lottery which gives probability 0.99999 of an outcome
in which the average value of all lives will be 1010, or 0 otherwise. We can rapidly scale up the average
value of lives just as we scaled up the total values above, while gradually scaling down the probability of
non-zero value. Eventually, we reach a lottery Ln with probability ε of some astronomical average value, or
0 otherwise, but transitivity says that it must be better than L0.
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6.5 A dilemma for the unfanatical

The next argument for Fanaticism comes in the form of a nasty dilemma that you face if you

deny it. In brief, if you deny Fanaticism then you must accept at least one of: abandoning Scale

Independence, as defined below; and allowing comparisons of lotteries to be absurdly sensitive to

tiny changes (even more so than if you accepted Fanaticism).

Scale Independence23: For any lotteries La and Lb, if La < Lb, then k · La < k · Lb for

any positive, real k.

I find Scale Independence highly plausible.24 Take any pair of lotteries, perhaps a pair that

can be cardinally represented by L1 and L2.25

L1: value 1 with probability 1

L2: value 2 with probability 0.9; value 0 otherwise

I’ll remain agnostic on which is better; < might recommend either (or neither). But suppose

we scaled up each lottery by 2, to obtain 2 · L1 and 2 · L2—lotteries with the same probabilities as

above, but with the value of each outcome doubled (on the same cardinal scale). If we ranked L1

as better then, intuitively, that ranking shouldn’t change as we double the values. After all, the

scaled-up lotteries have the same structure as the originals. Whatever general principles lead us

to say whether L1 is better than L2 should plausibly also lead us to say the same about k · L1 and

k · L2, for any positive k you like.

It would be rational to deviate from Scale Independence if the values we were dealing with

were dollars, or apples, or some other commodity that is merely instrumentally valuable—it would

make sense for your first dollar, or apple, to be far more valuable than your hundredth. But when

we are dealing with moral value itself, it is incoherent to say that additional units of value are

worth less and less—by definition, adding one unit of value is always an improvement of one

23Ramsey (1964, p. 182-3) endorses a similar principle, which he simply calls “...a certain measure of
consistency...".

24One way to violate it is to adopt expected utility theory with a bounded utility function (see Rabin,
2000). I find this good reason to reject such a form of expected utility theory. On the other hand, there are
also theories that avoid Fanaticism without a bounded utility function and hence scale dependence, e.g., the
de Buffon (1777) and Smith (2014) methods of ignoring outcomes with sufficiently low probabilities, and a
similar proposal from Buchak (2013, pp. 73-4).

25For readers unsympathetic to totalism, these payoffs could just as easily represent: the average values
of lives in each outcome; the priority-weighted total value in each outcome; the total value in the lives of all
persons who would exist regardless of the agent’s choice; and so on.
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unit of value. And under any aggregative theory of value, at least some version of which I’m

assuming here to be true, units of value can correspond to tangible objects such as (identical)

human lives. By the lights of aggregative theories and by at least my own intuition, an additional

(identical) human life is always worth the same amount no matter how many lives already exist—

and of course it always contributes precisely the same amount to the total value of the outcome.

So, in keeping with intuition, it should not matter in the slightest whether we are comparing the

lotteries L1 and L2 above or instead some scaled-up multiples k · L1 and k · L2. In the latter pair,

we have done the equivalent of adding k− 1 additional copies to the contents of each outcome

(perhaps k− 1 additional lives to L1 and 2k− 2 additional lives to that outcome in L2). But each

additional copy should be no more or less valuable than the first; they should contribute the same

to our evaluation of the lottery.26 So, I would claim, we should rank the resulting lotteries just

the same way as we ranked them without those k− 1 copies added in.

A further reason to accept Scale Independence here is that most aggregative theories that have

been proposed in the finite context (including total utilitarianism) provide only that value may

be represented cardinally, not that it can be represented on a ratio or unit scale.27 They typically

do not provide any absolute zero of value, nor any unique scale on which to represent it. A

pair of outcomes represented with values 1 and 2 on one scale can just as easily be represented

with any values k and 2k (for positive k) on other scales. When evaluating those outcomes

aggregatively, we cannot say that any such representation is more valid than any other. Suppose

we took lotteries L1 and L2 above; their outcomes could just as easily have been represented on

another scale such that they had values k, 2k, and 0—the same values as k · L1 and k · L2 had

on the previous scale. On that new scale, we of course still say that L1 is better than L2 if and

only if we said so on the original scale, else we would be inconsistent. But why not judge k · L1

and k · L2 similarly? For us to be able not to, our evaluations of lotteries must depend on more

than just the probabilities of outcomes and cardinal values that our aggregative theory assigns

26A similar story can be told for averageism and other theories of betterness, although a little more
awkwardly. On plausible versions of averageism, an additional period of bliss given to everyone contributes
the same amount to the average value of all lives no matter how many such periods of bliss have already
been experienced. We can copy the experiences each person has in much the same way we can copy the
number of additional lives in the totalist scenario. It seems plausible then that we should rank lotteries
with k− 1 copies of each experience added into outcome just the same way as we rank them without those
copies.

27This holds not only for aggregative theories but also for averageism, maximin, maximax, and narrow
person-affecting views.
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them; they must also depend on which cardinal representation is being used when those values

are assigned. In effect, they depend on richer details of the value of outcomes than is provided

by the cardinal representation given by the aggregative theory. And this makes for a troubling

shift in how we evaluate lotteries—doing so is no longer a matter of using our axiology to assign

values to outcomes and then using our theory of instrumental rationality to turn those values

and each outcome’s probabilities into an evaluation. Instead, our evaluation is sensitive to facts

about the values of outcomes that even our theory of value is not sensitive to. That is awfully

strange and, I think, absurd. We should be able to apply our theory of rationality to the verdicts

of our axiology without ‘double-dipping’ into facts about the value of outcomes. And so we

should reject the suggestion that k · L1 and k · L2 not be compared in a similar way to L1 and L2;

we should accept Scale Independence.28

For those who reject Fanaticism, the dilemma they face is between rejecting Scale Indepen-

dence as well and accepting an absurd level of sensitivity to tiny changes in lotteries. I’ll illustrate

below what I mean by ‘sensitivity to tiny changes’ but, for now, be assured that it’s just as im-

plausible as violating Scale Independence.

The argument for the dilemma goes like this. First, for Fanaticism to be false, there must be

some probability ε > 0 and some cardinal value v such that some lottery Lrisky as defined below

is no better than Lsafe, no matter how big V is.

Lrisky: value V with probability ε; 0 otherwise

Lsafe: value v with probability 1

But what about values below v? How would getting some lower value with certainty compare

to an ε-probability of arbitrarily enormous V? There are only two distinct possibilities (at least if

we maintain Stochastic Dominance and transitivity). The first is: there is some smaller v′ > 0 for

which Lrisky is better than a sure outcome with value of v′, for sufficiently large V. The second

is: for any such v′, Lrisky isn’t better than any sure outcome with value v′, no matter how large V

is.29 As we’ll see, each possibility impales us on a respective horn of the dilemma.

28An alternative to endorsing Scale Independence is to adopt an aggregative theory that assigns more
than just a cardinal value to outcomes—perhaps a version that values outcomes on a ratio or unit scale.
That version would be far less parsimonious, and I cannot think of any compelling independent justification
for it. It seems at least a considerable cost to adopt such a version to avoid endorsing Scale Independence
and the implication of Fanaticism.

29This difference is analogous to the difference between weak and strong superiority in Arrhenius and
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Assume that the first possibility holds. Lrisky is better than a sure outcome with value v′,

for some 0 < v′ < v and some large V. Still, Lrisky won’t be better than a sure outcome with

value v—i.e., Lsafe—or any sure outcome with even greater value (by Stochastic Dominance). But

somewhere below v this changes—for some positive v′, the same doesn’t hold.

Since that v′ is a positive real number, we know that there will be some real k such that

k× v′ ≥ v. And that means that a sure outcome with value k× v′ is no worse than L1, no matter

how great V is. But here is the problem: a certainty of k× v′ is the scaled-up counterpart of v′;

and the counterpart of Lrisky, which is k · Lrisky, is just Lrisky with V replaced by another value

which is k times higher. That still has the same form as Lrisky. So it cannot be better than the sure

outcome, not if we reject Fanaticism. But then our verdict for v′ versus Lrisky doesn’t match our

verdict for k× v′ versus k · Lrisky. So we violate Scale Independence.

But there was a second possibility: that there is no such v′ > 0; that Lrisky is no better than

a certainty of any v′ > 0. If so, we can avoid the problem of scale dependence: there’s no

inconsistency between the judgements for v and judgements for any ‘scaled-down’ counterpart

v′, since all such v′ compare the same way to lotteries like Lrisky.30 But we then face another

serious problem.

Take the probabilities ε and 1. We can give a sequence of increasing probabilities in between ε

and 1, spaced evenly apart and as finely as we want: ε < p1 < p2 < . . . < pn < 1. By assumption,

no amount of value with probability ε (and value 0 otherwise) is better than any (positive) amount

of value with probability 1. But then there must be some pair of successive pi, pi+1 such that no

amount of value at pi is better than any amount of value with probability pi+1. If there were no

such pair, we could give a sequence of better and better, and less and less likely, lotteries much

like that in the previous section.

Crucially, that pi and pi+1 can be arbitrarily close together, since the same result holds no

matter how finely spaced the sequence was. No amount of value at pi is better than any amount

of value at pi+1. We could have some astronomical value at pi, and an imperceptibly small amount

of value at pi+1, and the latter would still be better. So we have a radical discontinuity in how we

value lotteries.

Rabinowicz (2015).
30The comparison won’t be the same for values 0 and below, but that’s okay. Such values cannot be scaled

up to v; multiply 0 or any negative number by any real positive value you want and you still won’t reach v.
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This will make our judgements of betterness absurdly sensitive to tiny changes in probability.

To illustrate that sensitivity, consider the following four lotteries. Here, ε′ > 0 is some arbitrarily

small number. And, again, pi and pi+1 are some tiny probabilities that are arbitrarily close

together.

L0: value 0 with probability 1

L1: value 101010
with probability pi; 0 otherwise

L2: value ε′ with probability pi+1; 0 otherwise

L3: value 101010
with probability pi+1; 0 otherwise

By the above, if we reject Fanaticism and maintain Scale Independence, then we are forced

to rank these lotteries as follows: L0 ≺ L1 ≺ L3 and L0 ≺ L2 ≺ L3, but L1 ⊀ L2. And that’s

a peculiar ranking. L1 and L3 are almost indistinguishable; their probabilities may differ by an

arbitrarily tiny amount. Likewise for L0 and L2, except it’s their payoffs that differ slightly. For

each pair, we must say that one is better than the other, but does not seem much better—in a

sense, the better lottery is only a trivial improvement over the other, whether by a slight increase

in payoff or in probability. But, despite appearances, we must accept that L3 is much better than

L1, as well as that L2 is much better than L0. How so? Between L1 and L3 comes L2. The lottery

L2 has an astronomically smaller payoff than L3 and so (in a sense) is vastly worse than L3, and

yet we cannot say that it is so bad so as to be worse than L1. Effectively, we must accept that,

starting from L3, it is no worse to lose almost all of the potential value via L2 than it is to lose that

sliver of probability via L1. And similarly for L0 and L2: between them must come L1. L1 has

astronomically greater potential payoff than L0 (and much higher probability of positive payoff

too), yet we cannot say it’s better than L2. Effectively, we cannot say it is any better to gain that

enormous value with probability pi than it is to gain an ever-so-slightly more probable shot at

tiny value ε. So those lotteries are not just made worse by those tiny changes in probability or

payoffs—they are made far worse (in an intuitive sense). That is the level of sensitivity we must

accept if we reject Fanaticism and maintain Scale Independence. But such extreme sensitivity

in our evaluations of lotteries seems absurd. Evaluations of lotteries should not change quite so

wildly—so discontinuously—with arbitrarily tiny changes in probability or payoff.31 So I do not

31One might object here, along lines similar to Smith (see §6.2.2), that accepting Fanaticism results in
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think this sensitivity—this horn of the dilemma—is any less absurd than what we faced earlier.

I should briefly note that, beyond its intuitive implausibility, this sensitivity will likely lead

to practical difficulties. The probabilities that human agents have access to are subjective degrees

of belief and evidential probabilities. In practice, we are often unable to pin down either sort of

probability with arbitrary precision, at least not with our merely finite capacity for calculation.32

But we’ll need to be arbitrarily precise when it comes to whether an outcome has probability pi

or the slightly greater pi+1 to be able to compare lotteries, at least by this horn of the dilemma.

If not, in cases like that immediately above, we would have no idea whether a lottery is as good

as L3 or as bad as L1. We must either require (unrealistically) that agents be arbitrarily precise

in their probabilities33, or else accept that in practice our decision theory will be unable to tell

agents that (at least some of) these lotteries are better than others.

This is a dilemma we must face if we reject Fanaticism: we must accept either scale depen-

dence, by which our judgements of lotteries can vary without any structural reasons for doing

so, or that those judgements are sensitive to imperceptibly small differences in either probability

and value. Both options seem absurd to me, indeed more absurd than Fanaticism itself.

similar sensitivity—for outcomes of sufficient value, varying their probability between 0 and some tiny ε in
some lottery can radically change the instrumental value of the lottery. But I think this objection has less
intuitive force than the above. Changing an outcome’s probability from 0 to something other than 0 is a
categorical change, while changing it from pi to pi+1 is a mere difference in degree. It seems to me less
worrying for the former to be able to radically change a lottery’s value than for the latter to do so. But,
even if you find both forms of sensitivity troubling, the discussion above at least demonstrates that rejecting
Fanaticism (at least by this horn of the dilemma) brings little respite from problems of absurd sensitivity or
intolerance.

32For discussion of why we often cannot require epistemic agents to settle on precise probabilities, see
Schoenfield (2012) and Joyce (2010). For discussion of how to evaluate lotteries with imprecise probabilities,
to which much of the discussion in this chapter can be translated, see Seidenfeld (2004), Huntley, Hable &
Troffaes (2014), Bradley & Steele (2015), and Bradley (2015). On any of the proposals therein, agents with
access only to imprecise probabilities will face serious practical problems if rankings are sensitive to the
degree described above. On so-called ‘liberal’ proposals (see Joyce 2010: 314), agents will be indifferent
among L1, L2, and L3. And on ‘conservative’ or ‘maximal’ proposals (see ibid; Bradley & Steele 2015), agents
must accept that the rankings of those lotteries are indeterminate. And similar indifference or indeterminacy
will often arise when agents decide among lotteries with only small differences in probabilities.

33One might object that accepting Fanaticism will also sometimes require agents to pin down probabilities
with great precision, whenever outcomes have probabilities very close to 0. But it will never require arbitrary
precision. When a lottery features an outcome with a given value, there will generally still be some non-
zero probability below which that outcome can be ignored. (The only exception is when that lottery and
the others in the agent’s option set are then equally good.) But the sensitivity identified above will require
agents to distinguish between probabilities pi and pi+1, no matter how arbitrarily small the difference
between them may be.
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6.6 Egyptology and Indology

But it gets worse. There are even greater costs you must pay to reject Fanaticism: you face either

one or both of the following objections, each of which is intuitively absurd.

6.6.1 The Egyptology Objection

Hailing from population ethics, the Egyptology Objection is a classic argument against various

axiologies, including averageism, egalitarianism, and maximin.34

As a brief refresher, it goes like this. Suppose you are making a moral decision here and

now in the 21st Century, and the available outcomes differ only by some small-scale changes in

the very near future. Your actions will not change what happens in distant galaxies or what

happened in, say, ancient Egypt. Then, intuitively, what you ought to do should depend only on

the events altered by your choice. It should not depend on events in distant galaxies or in ancient

Egypt, at least not if your actions do not change them. Intuitively, it seems absurd that those

unaltered, remote events make any difference to your evaluation.35

But, under some theories of value—thankfully not aggregative theories—what you ought to

do in such cases is dependent on unaltered, remote events. Take a (standard, welfarist) averageist

view. Here and now, should you bring an additional person into existence? It depends—will that

additional life raise or lower the average value of lives that ever exist? Sometimes yes, sometimes

no, depending on what actually happened in ancient Egypt, in distant galaxies, and everywhere

else. Averageism will thus imply that what happened in ancient Egypt can affect whether it is

better to now bring an additional person into existence or not. And, further, to be confident of

which is the better outcome, you may need to do some serious research into Egyptology (along

with plenty of other historical studies). But this is implausible. By intuition, we can ignore events

that are unaffected by our actions and took place millennia ago, as we do under aggregative

theories like totalism, critical-level views, prioritarianism, and aggregative person-affecting views

(and any other axiology which admits an additively separable representation). To me, this is one

of the main appeals of those views.

34It appears earliest in McMahan (1981, p. 115) but is often attributed to Parfit (1984, p. 420).
35Such dependence brings practical problems too. If what you ought to do is dependent on such events—

not just in the remote future but also the remote past, of which we are often clueless—then we have little
guidance for what we ought to do (cf (Mogensen, 2021)). This seems a major disadvantage for a moral view.
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But even if we accept an aggregative theory of value, we may still face much the same ob-

jection in practice.36 Some methods of comparing lotteries give rise to an updated Egyptology

Objection, including all of those that deny Fanaticism. That’s right: to deny Fanaticism, you

must not only endure the costs detailed in the previous two sections, you must also fall prey to a

version of the Egyptology Objection. (As we’ll see below, you may also face another even more

serious objection.)

You will most easily fall prey to it if you reject Background Independence. (And some proposals

do.)37

Background Independence: For any lotteries La and Lb and any outcome O, if La < Lb,

then La + O < Lb + O .

Recall that the sum of two lotteries L +O is simply the lottery you get if you run each lottery

independently and sum up the values of their outcomes. But, here, O is a very simple lottery—it

is just the outcome O with certainty. That outcome has some cardinal value; call it b. The lottery

La + O is simply the lottery La with value b added to the value of each outcome. Background

Independence implies that we can take any two lotteries and add any constant value b to each of

their possible outcomes, and this won’t change their ranking.

Suppose for now that Background Independence is false. Then there is some pair of lotteries,

La and Lb, such that: La is at least as good as Lb; and, if we added a certain constant b to the

value of every one of their outcomes, that would change their ranking. Since we’re assuming an

aggregative theory, the value of each outcome in each lottery must represent the total aggregate of

value that would result, including all valuable events across all of space and time. That includes

the events that occurred in ancient Egypt. And we can assume that the same events occurred in

ancient Egypt in every outcome of either La or Lb.38 With those events included, La is at least as

good as Lb.

36Even on other axiologies, including averageism, we face similar (albeit slightly less compelling) objec-
tions. See Footnote 35.

37One such proposal is expected utility theory with a utility function that is concave and/or bounded (e.g.
Arrow, 1971). As Beckstead and Thomas (n.d., p. 15-6) point out, this results in comparisons of lotteries
being strangely dependent on events that are unaltered in every outcome and indeed some irrelevant to the
comparison.

38If there is some pair of lotteries La or Lb that violates Background Independence, then there is also some
pair that violates it and have the exact same events occur in ancient Egypt. To obtain such a pair, simply
take La and Lb and replace each of their outcomes with an outcome of equal total value but an identical
history of ancient Egypt.
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But what if we consider a different hypothetical pair of lotteries, identical to La and Lb except

that the events of ancient Egypt were different? Would the ranking be any different, had events

gone differently back then? Yes, it would, if Background Independence is false and if those events

differed drastically enough. They might differ in such a way that they increased in value by b.

Then the total value of every outcome would also be increased by b. And, given that La and

Lb were the lotteries that violated Background Independence, we know that this changes their

ranking. So our modified version of La is no longer at least as good as the modified version of Lb.

Thus, if we deny Background Independence, we face a rather severe version of the Egyptology

Objection: when choosing between two lotteries, which is better can vary depending on what

events occurred in ancient Egypt, even if the choice doesn’t change those events at all (cf Beckstead

and Thomas n.d.).39

To avoid this implication, we must at a minimum accept Background Independence. I think

we ought to accept it regardless—I find it highly plausible for much the same reasons as Scale

Independence was. In any case, I’ll assume for the remainder of this section that Background

Independence holds.

But even if we accept Background Independence, if we still reject Fanaticism then it turns out

that a version of the Egyptology Objection still arises, albeit a less severe one.

To see why, first recall the lotteries from the definition of Fanaticism: Lrisky and Lsafe. If we

reject Fanaticism then, for some tiny enough probability ε > 0 and some cardinal value v, some

lottery Lrisky (as defined below) is no better than Lsafe, no matter how big V is.

Lrisky: value V with probability ε; 0 otherwise

Lsafe: value v with probability 1

39This new version of the Egyptology Objection, along with the other objections described in the rest of
this section, can also be applied under non-aggregative theories of betterness as well. It will just look a little
different.

Suppose that (standard, welfarist) averageism is correct. Then to add b to value of an outcome would be
to increase the average value obtained by all persons in that outcome. And to add b to the value of every
outcome in a lottery L would be to increase the average value in every outcome by b. We might imagine
doing this by delivering a gift to every inhabitant of the outcomes of L, with that gift producing the same
boost in value, b, for each recipient. Even by the lights of averageism it seems that, if La is at least as good as
Lb, then delivering that gift to everyone shouldn’t change the ranking—a modified La with additional value
b should still be at least as good as Lb with additional value b. And so we will have an averageist analogue
of the Egyptology Objection presented above. And this objection will still be worrying for averageists, even
if it is not quite as devastating as its analogue is for aggregationists.
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According to Background Independence, it must hold that the lottery Lrisky with any constant

b added to every outcome’s value is also no better than Lsafe with that same b added to every

one of its outcomes’ values. If we face a decision between Lrisky and Lsafe, it would not matter if

events in ancient Egypt were vastly different—we’d compare the lotteries the same way with or

without that additional value b.

But consider a further pair of lotteries: Lrisky + B and Lsafe + B. These are obtained by modi-

fying Lrisky and Lsafe such that, in all outcomes, the events of ancient Egypt are different but you

are uncertain of exactly how different they are. We are no longer dealing with a fixed value b of

which you are certain. We are still adding the same value to all of them, but you are uncertain

of what value it is. And that uncertainty is described by the lottery B. To make these lotteries

more concrete, perhaps you must decide between two lotteries in which the value of all present

and future events match the lotteries Lrisky and Lsafe, but you are uncertain of the value of past

events such as those in ancient Egypt. As a devout aggregationist, you must evaluate outcomes

and lotteries based on the total aggregate of value across all of space and time. And even if you

know that those past events will turn out the same way no matter what you do, your uncertainty

over exactly how they would turn out is a part of your uncertainty over the total value of the

outcome. So you must compare Lrisky + B and Lsafe + B; you cannot simply compare Lrisky and

Lsafe.

As it turns out, there are some possible lotteries B that lead us to say that Lrisky + B is strictly

better than Lsafe + B, even though Lrisky isn’t any better than Lsafe. And this judgement, that

Lrisky + B is better, is implied by even the extremely weak principle of Stochastic Dominance

introduced above.40

As a brief refresher, recall that Stochastic Dominance simply states that: if a lottery La gives

at least as high a probability as Lb of resulting in an outcome which is at least as good as O, for

every possible outcome O, then La is at least as good a lottery; and if La also gives a strictly greater

probability of turning out at least as good as some O, then it is strictly better.

40We can reach a similar result, and thus a similar reductio, with most non-aggregative theories of better-
ness. Following from Footnote 35, we can adopt averageism and, instead of improving/worsening events
in ancient Egypt, distributing an identical and morally valuable gift to each person in the world. You might
be uncertain of the exact value of the gift—your uncertainty of its value might correspond to B. But still it
seems that whether you distribute that gift is irrelevant to whether the risky lottery is better or worse than
the safe one.
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Stochastic dominance is easy to spot graphically. To illustrate, consider the cumulative prob-

ability graphs of the following two lotteries, L1 and L2.

L1: value 1 with probability 1
2 ; value 0 otherwise

L2: value 2 with probability 1
3 ; value 1 with probability 1

3 ; value 0 otherwise

1 2

0.5

1

L2

L1

V(O)

Li(O4OO)

Figure 6.1: Cumulative probability graphs for L1 and L2; here and below, O4OO denotes

the set of outcomes in O as which O is at least as good.

On a graph like this, one can easily see when Stochastic Dominance says that L2 < L1.

Cumulative probability, on the vertical axis, is just the probability that the lottery produces an

outcome no better than an outcome with some particular value. Meanwhile, Stochastic Dominance

says that one lottery is at least as good as another if its probability of producing an outcome as

good or better is just as high for all outcomes—or, equivalently, if the probability of an outcome

as good or worse is at least as low. So Stochastic Dominance will say that L2 < L1 if and only if

L2’s cumulative probability is always as low or lower than that of L1, as it is on this graph. And,

here, L2 often has strictly lower cumulative probability. So Stochastic Dominance says it is strictly

better than L1.41

But accepting Stochastic Dominance doesn’t rule out denying Fanaticism. Lrisky doesn’t

41This relationship between Stochastic Dominance and cumulative probability would break down if some
outcomes were incomparable to others. There would then be a difference between Oa <O Ob and the
negation of Oa ≺O Ob. But, fortunately, aggregative theories give us a total preorder of O, so we can
sidestep this complexity.
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stochastically dominate Lsafe, as illustrated below.

1

1
Lsafe

Lrisky

V(O)

Li(O4OO)

Figure 6.2: Cumulative probability graphs for Lrisky and Lsafe

Sometimes one is higher; sometimes the other. So Stochastic Dominance remains silent. And

it’s a good thing it does—to deny Fanaticism, we must not say that Lsafe is better than Lrisky.

But what about Lrisky + B and Lsafe + B? Stochastic Dominance is not necessarily silent about

that comparison. In particular, suppose that the lottery B looks like this. (I’ll describe the required

properties of B below.)

1

;

B

V(O)

Li(O4OO)

Figure 6.3: An example of background uncertainty B—a Cauchy distribution

When B looks like that, we obtain the following graphs for Lrisky + B and Lsafe + B. Crucially,
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the graph for Lsafe + B is never higher than that for Lrisky + B, and sometimes it is strictly lower.

So Stochastic Dominance says that Lsafe + B is strictly better.

1

;;

Lsafe + B

Lrisky + B

V(O)

Li(O4OO)

Figure 6.4: Cumulative probability graphs for Lrisky + B and Lsafe + B

But how does this happen?

For Stochastic Dominance to hold, we need Lrisky + B to have at least as high a probability as

Lsafe + B of turning out at least as good as an outcome with value u, for all possible values u. So

take any real value u < V. What’s each lottery’s probability of doing at least that well?

Start with Lrisky + B. We know that Lsafe just gives one value (v) with certainty. So the

probability that Lsafe + B gives value u or better is just the probability that B gives value u− v

or better. (This corresponds to the area B2 + B3 on the graph below.) And then, for Lrisky + B,

we’ll get value at least u either if Lrisky gives value V or if B gives at least value u. Denote the

probability that B gives value at least u by B3 (corresponding to that area on the graph below).

Then the probability that Lrisky + B turns out at least as good as value u is ε + B3(1− ε). And,

with a bit of simple arithmetic42, we can see that this will be greater than the corresponding

probability for Lsafe + B if the area B2 is no greater than ε× B1.

42
ε + B3(1− ε) ≥ B2 + B3 ⇔ B3 + ε(1− B3) ≥ B2 + B3

⇔ ε(B1 + B2) ≥ B2

⇔ B2 ≤ εB1 + εB2, for which B2 ≤ εB1 is a sufficient condition.
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u− v u

;

B

B2
B1 B3

V(O)

Li(O'OO)

Figure 6.5: Probability distribution of B

Here we have a probability graph of one possible B (importantly, not a cumulative probability

graph), with areas B1, B2, and B3 corresponding to the areas mentioned in the last paragraph. If

B2 is small enough compared to B1, then Lrisky + B has at least as high a probability of u or better

as Lsafe + B does. And for it to be at least as high for all real u, we just need there to be a tiny

enough area in the interval between u and u− v. And, for that to happen, we just need B to go

down slowly enough as we approach −∞, and rise and fall quickly enough as we pass the peak

of the curve.

And there are some probability distributions that have this property, including many Cauchy

distributions.43 And some is enough. There is some such lottery Lrisky + B that is better than

Lsafe + B, even though Lrisky is no better than Lsafe.

And so we have a new version of the Egyptology Objection, which I think is slightly milder

than the previous version. You may be faced with a decision between two lotteries that, if you

exclude the value of events that occurred in ancient Egypt, correspond to Lrisky and Lsafe. And

which lottery is better overall? That depends on what happened in ancient Egypt, even though

you know the same events will have happened there no matter which you choose. If the events of

ancient Egypt have value 0 (or b), then the risky lottery is no better than the safe one. But if ancient

Egypt might have contained greater or lesser value, and you aren’t certain how much, then it may

be that the risky lottery is better after all. Much like under the classic Egyptology Objection,

43The result holds for any Cauchy distribution with a ‘scale factor’ of at least v
ε . See Tarsney (n.d., §5) and

Pomatto et al. (2018).
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your evaluation is sensitive to facts that seem irrelevant. But, unlike the original version, the

evaluation is not merely sensitive to what actually occurred there; instead, it is sensitive just to

your uncertainty about what happened there. That is perhaps less devastating a problem, as

an agent may know enough about events in ancient Egypt to constrain B to a less troublesome

distribution. Still, for judgements to be sensitive to the agent’s beliefs about events in ancient

Egypt at all is still, I think, rather absurd—absurd enough that we should be willing to accept

Fanaticism to avoid it.44

6.6.2 The Indology Objection

But it gets worse. If you reject Fanaticism, you may also face what I’ll call the Indology Objection.

For context, Indology is the study of the history and culture of India. In particular, clas-

sical Indology includes the study of the Indus Valley Civilisation, a Bronze Age civilisation

which lasted from 3300 BCE to 1300 BCE. Although less well-known and understood than its

contemporaries—ancient Egypt and Mesopotamia—it spanned a greater area than either and ri-

valled them in population, technology, and urban infrastructure (see (Wright, 2009)). We happen

to know even less about what happened in the ancient Indus Valley than in ancient Egypt—

archaeological research and excavations of key sites in India began centuries later than similar

work in Britain, Italy, and Egypt. So there is likely plenty left to learn in Indology.

Take the same Lrisky + B and Lsafe + B from above—lotteries such that the former is strictly

better, and yet Lrisky is no better than Lsafe. Such lotteries must exist, if Fanaticism is false. But

suppose that you are no longer uncertain about the events of ancient Egypt; instead, you are

uncertain of what occurred in the ancient Indus Valley. The lottery B in Lrisky + B and Lsafe + B

represents only those events.

But, in Indology, there is a great deal more work that can be done! Had you the option,

you could spend many years researching the ancient Indus Valley, peeling back that uncertainty

and narrowing B down. Let’s suppose that with enough years of intensive research you could

44This version of the Egyptology Objection loosely resembles one which has been levelled against decision
theories that violate the Sure-Thing Principle (by, e.g., (Briggs, 2015)). It turns out that following such
a decision theory in each of several consecutive, independent decisions will sometimes be inconsistent
with following the theory when deciding on a strategy for all of those decisions at once. Essentially, the
combination of two lotteries can be evaluated quite differently to how we evaluate those lotteries separately.
And that is troubling. It is unclear whether we should evaluate such decisions together or apart, globally or
individually. But the correct verdict depends on which way we do it.
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eventually remove that uncertainty entirely and determine exactly which value to assign to the

events of the ancient Indus Valley—which value b the lottery B actually results in. If you did first

do that research, you would no longer need to choose between Lrisky + B and Lsafe + B. Instead,

you would choose between Lrisky with b added to the value of every outcome and Lsafe with b

added.

Recall Background Independence from above. If it holds, then Lrisky with any b added to

every outcome is better than Lsafe with the same b added if and only if Lrisky is better than Lsafe.

And if it doesn’t, as we saw above, we face an even more severe version of the Egyptology

Objection. So we can safely assume that Background Independence holds.

From Background Independence we know that, whatever you might uncover in your research,

you would conclude that the risky lottery is no better than the safe lottery. For any value of b you

might pin down, you’ll establish that it’s no better to take the risky lottery. To judge otherwise

would be to accept Fanaticism. So you know what judgement you would make if you simply

learned more, no matter what it is you would actually learn. So why do the many years of

research? Why not just update your judgement now and say that Lrisky + B is no better than

Lsafe + B? You cannot. You must accept that Lrisky + B is strictly better, even though you can

predict with certainty that you would change your mind if you knew more. To be able to change

your mind you must go through those years of gruelling research and digging, even though you

already know which judgement you would conclude to be correct.45

This ambivalence seems deeply irrational. Surely we can sidestep those years of research

into how B turns out, and make the judgement required by every possible value of b. Surely

rationality requires that we do so, rather than require that we do not. But, if we deny Fanaticism,

we must accept this inconsistency—an inconsistency which, to me, seems far more absurd than

45Compare van Fraassen’s (1984) principle of Reflection as well as its application by van Fraassen (2010,
p. 17-8). That form of Reflection implies that, if you know that you would set the probability of some
hypothesis to p whether you learned either proposition P or not-P, then its current probability should
already be p. The version I am assuming is somewhat similar but need not be quite as strong.
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simply accepting Fanaticism and even more absurd than the Egyptology Objection.46 47

Taking stock of this section, we have further reasons to accept Fanaticism. If we deny it then

we are forced to accept a version of the Egyptology Objection wherein the judgements of agents

like us will be sensitive to their uncertainty about what occurred in ancient Egypt, even though

their choices do not affect ancient Egypt at all. If we reject both Fanaticism and Background

Independence, then we face an even more severe version of the Egyptology Objection: how

such agents should compare their options will be sensitive to not just their uncertainty but also

what actually occurred in ancient Egypt. And even if we accept Background Independence (as

I think we should), if we try to reject Fanaticism then a bizarre form of inconsistency arises in

how agents should compare their options—agents are sometimes forced to make judgements

which are inconsistent with anything they might learn to resolve their uncertainty about far-off,

unrelated events in the ancient Indus Valley. Any one of these implications—let alone any two of

them—is absurd. In light of these, it seems a lot less appealing to deny Fanaticism.

46Continuing from Footnotes 35 and 36, an analogue of the Indology Objection applies to averageism.
(Analogues can also be constructed for other axiologies.) You might be facing two lotteries—one risky
and one safe—in which you know that, whatever the outcome, an identical gift will be given to everyone
in the world. And you’re uncertain of just how much value that gift will bring, with your uncertainty
corresponding to B. Then, as we saw above, there are some probability distributions for B that mean that
you will judge Lrisky + B as strictly better than Lsafe + B; but, if you opened the gift yourself and discovered
what was inside, you already know that Lrisky with the additional value b would be no better than Lsafe
with the additional value b. And this seems absurd, just as its analogue was for the aggregationist.

47A closely related objection against rejecting Fanaticism is that, even if we do reject it, we will not
be spared from many verdicts that seem deeply fanatical. As we saw in the case above, with the right
uncertainty B about the value of unaffected events you must judge Lrisky + B better than Lsafe + B. In
practice, will we often have the right uncertainty about unaffected events to lead us to judge otherwise
extremely risky lotteries as better than otherwise safe ones? Tarsney (n.d., §6) argues that we often will, for
an epistemically rational agent and for a wide range of cases, including many resembling Lrisky and Lsafe

(where the probability ε is at least 1 in 109, and likely also a lot lower). His reasoning for this is that the
moral value of distant events in our universe will be roughly correlated with the number of inhabited planets
in the universe; and our cosmological evidence and the Drake equation together motivate a probability
distribution over that number of inhabited planets which is relevantly similar to the above B. But even
apart from that reasoning, an epistemically rational agent would still have some uncertainty over which
probability distribution best characterises our cosmological evidence. So they would still put some non-zero
credence in distributions of the right sort. And this is enough—when we take the probability-weighted
average of many such distributions to get our overall distribution, it will then have the right properties (see
ibid.: 37-9 for details). Given this, Stochastic Dominance by itself will lead us to making judgements which
seem fanatical. So we would gain little from rejecting Fanaticism.
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6.7 Summary

These are just some of the compelling arguments for accepting Fanaticism and, with it, fanatical

verdicts in cases like Dyson’s Wager. There are other compelling arguments too—for instance, all

of the arguments for the stronger claims of expected value theory, or for expected utility theory

with an unbounded utility function. A fortiori, these also justify Fanaticism. For a sampling of

these, I refer interested readers to Feller (1968), Ng (2012), Briggs (2015), and Thoma (2018).

Some philosophers still reject expected value theory (e.g., (Buchak, 2013), (Smith, 2014), (Mon-

ton, 2019), (Tarsney, n.d.)), and presumably the arguments that imply it. But this is not enough to

escape Fanaticism. As I have demonstrated here, there are compelling arguments in its favour—

arguments stronger than many of those for expected value theory.

To recap, if we deny Fanaticism then we must deny either Minimal Tradeoffs or transitivity,

and accept the counterintuitive verdicts which follow. Likewise, we must accept either violations

of Scale Independence, or absurd sensitivity to the tiniest differences in probabilities and value.

So too, to deny Fanaticism, we must accept a version of the Egyptology Objection: for agents like

ourselves, which judgement is correct can depend on our beliefs about what occurred in far-off,

unrelated events, such as those in ancient Egypt. And, unless we wish to accept an even more

severe version of the Egyptology Objection, we also face the Indology Objection: we sometimes

ought to make judgements that we know we would reject if we learnt more, no matter what we

might learn.

Given all of this, it no longer seems so attractive to reject Fanaticism. As it turns out, the cure

is worse than the disease. I would suggest that it is better to simply accept Fanaticism. And with

it we should accept fanatical verdicts such as that in Dyson’s Wager and those we encounter in

the infinite setting more widely. It may have seemed a problem that expected value theory—and

that my proposal in earlier chapters—gave such verdicts. But it’s a good thing they did. It turns

out that denying Fanaticism brings far worse implications.
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Chapter 7

Conclusion

Recall where we stood at the beginning of this thesis. We faced a seemingly devastating objection

against any moral theory that is even minimally aggregative—any theory that gives even some

consideration to the total moral value an action will produce.

Our best cosmology gives us reason to expect our universe to be infinite—to contain infinitely

many instances of every possible phenomenon, including valuable (and disvaluable) human lives.

And our standard theories of aggregation cannot handle such outcomes. Even when one’s actions

only effect finite changes in value, those theories cannot tell us that one action results in a better

outcome than another. And so the aggregative part of minimally aggregative theories is entirely

impotent.

This objection may seem to put us in a hopeless position, but it does not. We can modify

minimally aggregative theories to extend their judgements into the infinite setting. We already

have such proposals from Vallentyne (1993), van Liedekerke and Lauwers (1997), Vallentyne and

Kagan (1997), Lauwers and Vallentyne (2004), Bostrom (2011), Arntzenius (2014), and Jonsson and

Voorneveld (2018). I propose my own in Chapter 2, a form of spatiotemporal expansionism. As I

argue there and in Chapter 3, not only is this proposal defensible but it is also more plausible than

any of the other proposals so far. Why? None of those other proposals can compare outcomes

in practice in a plausible way—they are unable to compare outcomes that differ by long-lasting

chaotic differences and, given the ubiquity of chaos in our universe, these include almost every

pair of outcomes an agent will ever need to compare.

But my proposal faces problems of its own. For one, its verdicts depend on the spatiotemporal

positioning of valuable events, but spatiotemporal positioning in our universe is in some sense

relative to the perspective of the observer. Does this mean that my proposal must allow that moral

181
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betterness is also relative to the observer’s perspective? Thankfully, it does not. As I showed in

Chapter 4, the basic proposal can be modified to avoid this.

Another problem is that spatiotemporal expansionism appears unable to easily provide us

with comparisons of lotteries over infinite outcomes. And we need to be able to compare such

lotteries—in practice, agents rarely know the outcomes of their actions with certainty, and so can

at best compare them by the lotteries they produce. But, unlike aggregative theories in the finite

setting, spatiotemporal expansionism fails to give us a cardinal measure of the value of each

outcome. So, when faced with lotteries over such outcomes, we cannot easily apply expected

value theory and evaluate those lotteries by the expectation of their total value. But, as I show

in Chapter 5, we can overcome this obstacle—with a little creativity, we can formulate a more

general version of expected value theory that works well on outcomes like these. Best of all, if

we combine this theory of comparing lotteries with my theory of comparing infinite worlds—

spatiotemporal expansionism—we can compare the lotteries that an agent’s actions will typically

produce in practice, even if the universe is widely chaotic.

You might object to my proposal for comparing lotteries on the basis that it is fanatical: it

implies that it is better to produce a tiny probability of infinite gain over a certainty of finite gain,

no matter how enormous the finite gain or how tiny the probability of infinite gain. You might

find this implication implausible, just as many philosophers have found the fanatical verdicts of

expected value theory (e.g., that of Pascal, 1670) implausible for centuries. I address this worry

in Chapter 6: as it turns out, there are a variety of compelling arguments in favour of allowing

fanatical verdicts. To deny all such verdicts is to bring on even more severe objections to one’s

theory.

Where does this leave us? In a better position than we started, I would suggest. We have a

plausible method of extending minimally aggregative theories to the infinite setting, which de-

livers comparisons in realistic cases and which avoids the most serious problems we encountered

along the way. The possibility of an infinite universe no longer poses such a devastating objec-

tion to the adoption of minimally aggregative theories. So we can retain minimally aggregative

theories, and continue to make moral decisions based on what will promote the good.
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