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XII—A NEW METHOD FOR VALUE AGGREGATION

KENNY EASWARAN

Many axiological theories ground the goodness or badness of options in
the aggregate of the goodness or the badness of these options for individu-
als. Most commonly, this works by summing (or averaging), and taking
the expectation of this result if there is uncertainty. Such theories face
problems dealing with infinite populations, for which sums or averages
are infinite or undefined. They fetishize certain mathematical operations,
in a subject that is not inherently mathematical. The fact that the sum is
the target of maximization is said to mean that the theory ignores the sep-
arateness of persons. I propose an extension of my 2014 paper, ‘Decision
Theory without Representation Theorems’. I illustrate how the resulting
theory can account for a case involving an infinite population, dealing
with the objections. I connect this to the theory of measurement, and ex-
plain why the mathematical operations are co-extensive with the result
without grounding it. Because there is no sum in these infinite populations,
it avoids the worry that aggregative theories treat individuals as secondary
to some aggregate.

I

Introduction. Many axiological theories say that betterness and wor-
seness of options1 is in some sense grounded in the aggregate of the
goodness or badness of these options for distinct individuals. This is
most obviously true for certain consequentialist theories like utilitari-
anism, but at least some non-consequentialist theories have aggrega-
tive axiological components as well. Many such theories aggregate,
not only over the actual goodness and badness of these options for
agents, but also over a range of possible outcomes of these options,
to deal with the normative significance of (subjective or objective)
uncertainty.

1 I use the word ‘option’ to remain neutral about whether the theory is about acts or social
policies or some other sort of option. In this paper I only address the questions of axiology,
about which options are better or worse, and not the questions of deontology, about which
options are permissible or obligatory.

VC 2021 The Aristotelian Society

Proceedings of the Aristotelian Society, Vol. cxxi, Part 3

doi: 10.1093/arisoc/aoab008

D
ow

nloaded from
 https://academ

ic.oup.com
/aristotelian/article/121/3/299/6367834 by U

C
 Irvine School of Law

 user on 10 Septem
ber 2025



The most common method for aggregating these goodnesses and
badnesses is first to represent each numerically, then within each
possible outcome to sum these values for all agents, and then to take
the ‘expected value’ of these totals, which is an average of the totals,
weighted by the probabilities of the possible outcomes (using a sub-
jective or objective probability function). In this paper, I develop a
new method, extending the decision theory of Easwaran (2014a) to
a method for aggregating across multiple agents.2 In §ii, I describe
the general techniques I propose for developing such an ordering of
options. In §iii, I use these techniques to create one example order-
ing. In §iv, I illustrate how this method works for a case with an in-
finite population, showing that this method applies to cases for
which traditional methods do not apply. I also show that when there
is a finite set of agents and a precise, numerical probability for each
outcome, it yields the same verdicts as calculating the expected value
of the sum of the goodnesses for the agents. In §v, I give some sug-
gestions of ways to begin to vary this formal method to accommo-
date alternatives to addition (for instance, to put greater importance
on the well-being of those worse off) and to expected value (for in-
stance, to put some importance on the difference between risk and
certainty), as well as to aggregate across multiple dimensions of
value that might be only partially commensurable, such as health,
wealth and happiness.

One important limitation of the method I describe is that it
requires that the set of agents is identical for each state of the world
and for each option. Thus, as specified, it can’t be used to address
questions of ‘population ethics’ (such as whether it is better for there
to be a large population with moderately good lives or a small popu-
lation with exceedingly good lives). Extending the method to allow
for varying sets of agents is an important project for future research.

The remainder of this section gives several motivations for the
philosophical interest of the case with an infinite population. While
some motivations depend on the possibility or actuality of an infinite
population of agents that are affected by decisions, others merely use
the infinite case to better clarify the metaphysical dependencies of

2 Many authors use the word ‘aggregate’ to refer only to theories where there is some math-
ematical representation such as the sum of individual goodnesses that determines overall
betterness and worseness. As will become clear later, my theory has no natural such repre-
sentation, but it is still ‘aggregative’ in the sense that overall betterness and worseness is de-
termined entirely by individual goodness and badness.
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parts of the method even in finite cases. I claim that these motiva-
tions show some advantages of the new method I propose over either
the simple method of adding and calculating expected value or the
more general method of social welfare functions as in Adler (2019).

Infinite Ethics. The first set of motivations for considering these
cases involving infinity is that various ethicists have thought that
these cases are in fact of direct relevance to ethical theories.
Aggregative theories that sum the goodnesses for individual agents
are often said to suffer from ‘infinitary paralysis’ in such cases, be-
cause the total goodness in any such world will be infinite, and thus
all options will be on a par. Some theorists use this possibility to
motivate non-additive theories of aggregation, while others use it as
a challenge to aggregative ethics, or to challenge the assumptions
that led to the infinite population.

Vallentyne and Kagan (1997) just take for granted that there
might be a world with infinitely many agents, and develop an ethical
theory that could apply to such a world. Nick Bostrom (2011)
supplements this with an appeal to contemporary cosmology to ar-
gue that it is a very real possibility that the actual world is infinite in
extent, and contains infinitely many agents throughout its regions.
Mark Johnston (2017) goes further and argues that four-
dimensionalist metaphysics, or perhaps even just naturalism, implies
that there are infinitely many ‘personites’ that occupy overlapping
temporal extents of a single human body, each with its own moral
consideration, so that even when only a single person is involved,
there is already a threat of infinitary paralysis.

In the economics literature—for instance, Ramsey (1928),
Diamond (1965), and Basu and Mitra (2003)—this infinite popula-
tion is thought of as extending through time. A policymaker making
decisions regarding infrastructure investment, climate change and
contemporary economic consumption is thought of as making deci-
sions that affect the welfare of both current and future generations.
Since there is no known upper bound on the number of generations
that society will last, these decisions are thought of as affecting
infinitely many generations. In this context, infinitary paralysis is
sometimes addressed by applying a ‘discount rate’ to the interests of
future generations; but Ramsey notes that this is ‘a practice which is
ethically indefensible and arises merely from the weakness of the
imagination’, and his successors generally agree.
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Some of this literature focuses on showing the impossibility of
finding a ‘social welfare function’ for an infinite population satisfy-
ing both a Pareto condition and an equity condition. A ‘social
welfare function’ is a function that determines a single number to
summarize the overall social welfare for any particular distribution
of welfare of individuals. Like Vallentyne and Kagan, I avoid the
problem by creating an aggregative method that results in a merely
partial ordering rather than a numerical representation (which
implicitly carries a total ordering). Bostrom and Arntzenius both
challenge the method of Vallentyne and Kagan, saying that a partial
ordering for social welfare is not sufficient to deal with the sort of
aggregation across possibilities that occurs when there is uncertainty
about the outcome. Bostrom proposes a method where persons are
aggregated first, and uncertainty second. Arntzenius proposes a
method where uncertainty is aggregated first, and persons second. I
use an analogy proposed by Harsanyi (1953) (and later associated
also with Rawls) to suggest that either asymmetry is unappealing.
The method I propose is provably commutative, so that there is no
fundamental asymmetry between the two. But the end result is still a
partial ordering, so it avoids the impossibility results of the
economists.

Like the methods proposed by other authors in this literature, my
method depends essentially on the ordering of the agents in an infi-
nite sequence. As these authors note, this is an unappealing feature
of the method. None of these methods can be considered a proper
solution to these sorts of cases unless the normative significance of
this ordering can be justified, which may be easier for the economic
motivation involving a sequence of generations than for Johnston’s
motivation involving ‘personites’.

Mathematical Representation. Another motivation for this method
is to give a proper explanation for the appearance of various mathe-
matical entities and operations in an aggregative ethical theory.
Many standard aggregative theories assume there is such a thing as a
numerical representation of individual goodness, and then say that a
state of affairs is better if and only if the sum (or average) of these
numerical values is greater. However, this often leaves unexplained
why addition (or averaging) is the relevant operation, rather than
multiplication, weighted averaging, or some other social welfare
function. One aim of the method I propose is to show what sort of
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philosophical work needs to be done to ground the particular
mathematical operation that is used.

Work of this sort for mathematical operations in other applica-
tions has been developed for decades in the field of ‘measurement
theory’ (with Krantz et al. 1971 as a classic reference). One impor-
tant result is that there is some conventionality of the choice of
operation: any physical operation that can be represented by the
mathematical operation of addition can also be represented by the
mathematical operation of multiplication, if the numerical represen-
tation is sufficiently altered. (This is the principle by which a slide
rule works: it has at least two sets of numbers on it, one combining
additively and the other combining multiplicatively, enabling easy
conversion between different mathematical operations.) Field (1980)
shows how these methods can even be extended to develop a version
of Newtonian gravitational mechanics without any appeal to mathe-
matical entities, grounding all explanations in the physical. The
particular mathematical operations are then shown to yield results
that are co-extensive with the physical relationships. My aim is to do
something similar for value theory, showing what sort of postulates
are needed to ground the meaningfulness of various mathematical
operations. Even if one disagrees with the particular postulates I
propose, they provide an illustration of the sort of postulates that
are needed.

Easwaran (2014a) shows that a particular preference structure on
acts with uncertain outcomes gives rise to an overall structure that
agrees with expected value decision theory when expected values are
defined, but still yields a consistent theory of preference among acts
for which expected values are not defined. The method developed
later in this paper extends this method to cases of interpersonal
decision, and shows that in cases where they are well-defined, addi-
tive interpersonal aggregation and expected value decision theory
agree with the results of this method, but the method yields results
even in cases where these are undefined. Even the use of numbers to
represent goodnesses can to some extent be abstracted away from,
as discussed in §v.

Separateness of Persons. Another point of my infinite examples is to
refute a certain objection to aggregative theories. This objection
suggests that aggregative theories ignore the ‘separateness of
persons’, and perhaps treat individuals as mere ‘receptacles of value’
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rather than as having value of their own. Norcross (2009) gives both
a metaphysical interpretation of this objection (alleging that utilitari-
anism is committed to all individuals being nothing more than parts
of a single ‘super-person’, whose interests are the ones that matter)
and a moral interpretation (questioning the legitimacy of trading off
the interests of one against the interest of another), and argues that
neither is a proper objection. I don’t have anything to add in
response to these two versions of the objection, but I think there is a
third, subtly different version of the objection between the two
which my method does address. As Chappell (2015) puts this objec-
tion, it is about treating individuals ‘as constitutive means to the
aggregate welfare, rather than as distinct ends in themselves’.
Chappell goes on to argue that utilitarianism is not committed to
this sort of treatment, but can in fact see individuals as ends in
themselves.

Gustafsson (2021) makes this argument more explicitly. He
shows that additive utilitarianism for a fixed finite population is ex-
tensionally equivalent to a theory generated by four axioms that
each satisfy an individualist constraint. However, it remains open to
an opponent to say that these axioms are somehow grounded in the
sum. If two accounts are extensionally equivalent, it is sometimes
hard to say which is prior and explains the other.

One role that the infinite case plays in this paper is to help make
this response to this particular interpretation of the challenge mathe-
matically very clear. In the infinite case, there is no numerical repre-
sentation of the aggregate welfare, but only representations of the
welfare of each individual. One outcome or option will be better
than another because the option is good for particular individuals in
particular states of the world, rather than because this outcome has
some greater aggregate value. My method works exactly the same in
the infinite case as in the finite case, which illustrates that even in the
finite case, the method doesn’t depend on the aggregate value. This
purpose is served even if the infinite cases aren’t actually possible—
they still help illustrate the dependence among the aspects of the
method, and we don’t have to worry about whether the dependence
on the ordering of the agents makes the theory get the comparisons
‘wrong’.

I do not address the more fundamental objection to trading off
goodness for one individual against goodness for another, which
Norcross and Chappell aim to address. On some level, I think there
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is no non-question-begging response to this objection, because on
some level the objection just is the denial of aggregation. However,
because of the parallel my method draws between agents and states,
my method suggests a parallel objection. I say that trading off
goodness for one agent against goodness for another is analogous to
trading off goodness in one possible state (say, if the coin comes up
heads) against goodness in another (if the coin comes up tails). In §v

I outline a few ways that alternative trade-off equivalences could be
defined. There are some formal similarities between the ways that
one might accommodate risk aversion in trade-offs among possible
outcomes and inequality aversion in trade-offs among persons. This
suggests that further work on these analogies might help understand
the full force of the ‘separateness of persons’ worry, and whether an
analogous worry should be considered regarding the ‘separateness
of possible states’. Perhaps the actual world ought to enter differ-
ently into moral theories that deal with uncertainty from the way in
which other possible outcomes do. Modal realists who insist that
every possible outcome is in some sense real might further insist that
it is wrong to trade off the interests of people in one possibility
against the interests of people in another.

II

General Formal Tools. I assume throughout that there is a fixed set
A of agents and a fixed set S of possible states. I assume that each
option yields a well-defined goodness for each agent in each state,
and that these goodnesses can be represented by real numbers. (This
assumption is justified, and alternatives are considered, in §v.) Thus
each option can be represented by a function assigning a real number
to each agent-state pair. I let O be the set of all functions from agent-
state pairs to real numbers. The primary aim of this paper is to
develop a method for defining a betterness relation on O. Even
though many members of O aren’t actually options that anyone has
available, their positions show where options would be if there had
been options with those distributions of goodness, and I claim that
they can help us understand why the actual options are compared as
they are.

If O is a specific member of O, there are two natural classes of en-
tities to associate with it. For any agent A in A, there is a prospect
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for that agent associated with O, which is the amount of goodness
that option will yield for that agent in each state. I represent this
prospect by the function O(A, �), which I will also write as O(A). I
let the set of prospects P be the set of all functions from states to real
numbers.

Similarly, for any state S in S, there is a world for that state associ-
ated with the option, which is the amount of goodness that option
will yield for each agent in that state. I represent a world by the func-
tion O(�, S), which I will also write as O(S). (Since agents and states
are distinct entities, there is no ambiguity about whether a notation
with an option followed by an entity in parentheses denotes a pros-
pect or a world, though this is strictly an abuse of notation.) I let the
set of worlds W be the set of all functions from agents to real
numbers.

The central formal tools I use are partial orderings3 and equiva-
lence relations. These are relations, and each relation has associated
with it a domain, which is the set of entities that are apt to bear the
relation to each other—usually either O, P orW.

A weak partial ordering, which I will always notate with ‘ø’, is a
relation that is reflexive (for all x in its domain, x ø x) and transitive
(for all x, y, z in its domain, if x ø y and y ø z, then x ø z). A strict
partial ordering, which I will always notate with ‘.’, is a relation
that is irreflexive (for all x in its domain, ](x . x)) and transitive
(for all x, y, z in its domain, if x . y and y . z, then x . z). An equiva-
lence relation, which I will always notate with ‘"’, is a relation that
is reflexive (for all x in its domain, x" x), transitive (for all x, y, z in
its domain, if x" y and y" z, then x" z), and symmetric (for all x, y
in its domain, if x" y, then y" x).

When ‘.’ or ‘ø’ appear without a subscript, they will stand for
the underlying relation on goodness for a particular individual in a
particular state, and I will always use a subscript when they are
meant to stand for other partial orderings, including any orderings
on worlds, prospects or options. When ‘"’ appears without a
subscript, it will stand for the relation of strict identity, and I will
always use a subscript when it is meant to stand for another equiva-
lence relation.

Many other methods (notably, anything that falls under the rubric

3 Technically, mathematicians will call these pre-orderings, because distinct objects can
both bear the weak relation to each other.
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of ‘social welfare functions’, as in Adler 2019) require that betterness
be a complete ordering rather than a partial ordering; that is, for ev-
ery x, y in its domain, either x ø y or y ø x. My method does not.
Following my work in Easwaran (2014a), I start with a very limited
pair of partial orderings .OD and øOD on O, and find a set of equiv-
alence relations "i, and use them to extend these partial orderings to
more detailed partial orderings .i and øi that represent the candi-
date for overall betterness. I don’t claim that the particular partial
orderings I end up with tell the full story about betterness, just that
they give part of it. It is plausible that further extensions should be
required, even if all the extensions I have made so far are correct.

However, in addition to allowing the method to proceed sequen-
tially in this way, the partiality of these orderings is not merely be-
cause of the possibility of further extension. It is plausible that any
normatively significant ordering here must be partial. As proved by
Dubey (2011), there is no way to construct a total ordering satisfy-
ing both a ‘weak Pareto condition’ and an ‘anonymity condition’
without using the axiom of choice. As I have said in earlier work
(Easwaran 2014b), I find it implausible that any ordering depending
essentially on the axiom of choice could be normative. Since the
weak Pareto condition and anonymity are parts of any plausible ag-
gregative theory—I show later where they arise in my method—I
think this means we should expect any normative ordering on infi-
nite populations to be partial.

The main equivalence relations I consider are generated by trans-
formation groups on O, P or W. A function from a set to itself is
called a permutation of that set if and only if it is one-to-one, total,
and onto. A set G of permutations of a set is said to be a transforma-
tion group on that set if and only if the identity transformation is in
the set, the inverse of any function in the set is also in the set, and the
composition of any two functions in the set is also in the set. For any
collection of permutations of a set, the transformation group gener-
ated by those permutations is the set of all permutations that result
from composing any finite sequence of permutations or their inverses
from that collection. This is the smallest transformation group con-
taining all those permutations.

If G is a transformation group on a set, then we can define an
equivalence relation ¼G on that set by saying x¼Gy if and only if
there is a g in G with g(x) " y. This relation is reflexive because the
identity transformation is in the group, symmetric because the
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inverse of a transformation is in the group, and transitive because
the composition of any two transformations in the group is in the
group. Intuitively, I will use transformation groups which represent
ways of transforming options into other options that should be
considered equally good (though as I suggest later, at least some
might better be interpreted as ‘almost equally good’).

I say a transformation group G on a set commutes with a strict
(or weak) partial ordering .i (or øi) on the same set if and only if for
every x, y in the set, and every g in G, x.i y (or xøi y) if and only if
g(x).i g(y) (or g(x)øi g(y)).

I say a transformation group G on a set is compatible with a strict
partial ordering .i on the same set if and only if there is no x in the
set and g in G, with x.i g(x). Intuitively, if a transformation group is
supposed to represent ways of transforming options into other
options that are equally good, then it shouldn’t transform one option
into one that is strictly worse than it.

The basic tool I use for extending one pair of partial orderings to
a broader one is to use a transformation group that is compatible
with the strict ordering and commutes with both. If .i and øi are the
initial orderings, and G is the group, then I define x .G y if and only
if there is a g in G with x .i g(y), and x øG y if and only if there is a
g in G with x øi g(y). The central theorem of Easwaran (2014a)
shows that these new relations are also a strict and weak partial
ordering. The basic idea is that if . tells us that x is better than y,
and G tells us that y is equally good as g(y), then x should be better
than g(y).

III

A Worked-Out Example Ordering. This section uses the tools given
above to create a partial ordering of options. I start with a simple
partial ordering of options involving strict dominance, and extend it
with two equivalence relations given by transformation groups—
one giving trade-offs between states and the other giving trade-offs
between persons. The particular ordering I end up constructing by
these means is not a plausible candidate for a complete and correct
axiological theory, but as I show in §iv, it yields plausible results on
a particular space of options, and illustrates the features I mentioned
in §i.
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Dominance. The partial orderings I begin with are based on the con-
cept of dominance, also known in the economics literature as a
‘Pareto condition’. Versions of the partial orderings can be defined
on O; P and W. If O1 and O2 are options, then I define O1>ODO2

if and only if there is some � > 0 such that for every agent A and
state S, O1ðA; SÞ > �þO2ðA; SÞ, and I define O1�ODO2 if and only
if for every agent A and state S, O1ðA; SÞ � O2ðA; SÞ. (>PD and �PD

are defined similarly on P, and >WD and �WD are defined similarly
on W. When referring to a generic relation in these families I will
refer to ‘>xD’ or ‘�xD’.)

There are two slightly weaker strict dominance relations that one
might naturally consider in place of my >OD, and it is important to
note that the one I have defined is distinct from either. One is the
relation >OD1 that holds between O1 and O

2
if and only if, for every

A and S, O1ðA; SÞ > O2ðA; SÞ. (This is the one Dubey calls the ‘weak
Pareto condition’.) Another is the relation >OD2 that holds between
O1 and O

2
if and only if, for every A and S, O1ðA; SÞ � O2ðA; SÞ

and additionally, there exists A0 and S0 with
O1ðA0; S0Þ > O2ðA0; S0Þ. (This is the one Dubey calls the ‘strong
Pareto condition’.) Both of these are plausible candidates for inclu-
sion in a partial ordering of the sort I would like to construct, but
the latter is not compatible with the particular equivalence relations
I include in my example, and I haven’t determined whether the
former is. It is in some ways better to think of the ordering I produce
as representing one option being ‘much better than’ another, while
these other two are better candidates for building a relation that
captures ‘slightly better than’ as well.

World Shifts. To define the first transformation group, I need to
assume a structure on the set S of states. I assume that there is a
numerical probability function P defined on an algebra of subsets of
S. That is, PðSÞ ¼ 1, and if s1 and s

2
are disjoint subsets of S, then

Pðs1Þ � 0; Pðs2Þ � 0, and Pðs1 [ s2Þ ¼ Pðs1Þ þ Pðs2Þ.
Now, for any set X of agents, any two disjoint sets s1 and s2 of

states, and any real number k, I can define a permutation gX;s1;s2;k on
O as follows. If O is any element of O, then I define
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gX;s1;s2;kðOÞðA; SÞ ¼
OðA; SÞ � k S in s1 and A in X
OðA; SÞ þ k S in s2 and A in X
OðA; SÞ otherwise

8<
:

That is, this transformation involves taking away k units of good-
ness from members of X in states in s1 and giving k units of goodness
to members of X in states in s2.

I define GWS to be the group generated by the set of all permutations
gX;s1;s2;k, where X is any set of agents, s1 and s

2
are any two sets of

states with Pðs1Þ ¼ Pðs2Þ, and k is any difference in basic goodness.4

It is straightforward to see that GWS commutes with >OD and �OD.
Proving that GWS is compatible with >OD takes a bit more work.5

It turns out that GWS is not compatible with the strongest version of
dominance, >OD2. If O1 is any option, and O

2
is identical except

that in a set of worlds of probability 0 some set of agents are better
off, then O2>OD2O1, but O2¼WSO1. However, the proof given for
compatibility with >OD in fact shows compatibility with >OD1 as
well.

Person Shifts. There are several normative problems for the second
transformation group I consider, so this should be taken even more
strongly as a placeholder in a proof-of-concept, rather than a candi-
date for a correct normative theory. The first problem is that to de-
fine this group, I need to assume a particular structure on the set A
of agents. For now, I assume the set of agents is countable, and as-
sume a fixed numbering of the agents A0;A1;A2; . . . by the natural
numbers. The dependence on this structure is shared by other aggre-
gative approaches to infinite populations (such as Vallentyne and
Kagan 1997, Basu and Mitra 2003, Arntzenius 2014, and Bostrom

4 It is also possible to define a very similar transformation group on P, the set of prospects,
if X is just the set consisting of the single agent for whom this prospect applies. This is effec-
tively what is done in Easwaran (2014a, §3.5).
5 Proof: Assume that O0 is related to On by a sequence of permutations
g1 ¼ gX1 ;s11 ;s21 ;k1

; g2 ¼ gX2 ;s12 ;s22 ;k2
; . . . gn ¼ gXn ;s1n ;s2n ;kn

, with Oiþ1 ¼ giþ1ðOiÞ, for
0 � i < n. Fix some particular agent A and consider the prospects Oi(A). Although the
prospects Oi(A) may not have well-defined expected values, it is clear that the difference be-
tween prospects Oi(A) and Oiþ1(A) must have expected value 0, and in fact must only take
on the finitely many values þk, – k, and 0. Since the expected value of a sum is the sum of
the expected values, the difference between prospects On(A) and Oo(A) must have expected
value 0 as well, and must also take on only finitely many values. If a function takes on only
finitely many values and has expected value 0, then not all of those values can be positive.
Thus it is not the case that O0 Að Þ>PDOn Að Þ, and so it is not the case that O0>ODOn,
QED.
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2011), so I see this as a shared problem for all methods (like the
problem of interpersonal utility comparison) rather than a distinctive
problem for my method.

The second problem, which I see as more significant, is that with the
new group HPS, it will turn out that although ¼HPS is compatible with
>OD, it is not compatible with >OD2. In particular, if option O1

makes everyone better off in every world than option O2 by at least
�, then we will have :ðO1¼HPSO2Þ; but if there are finitely many peo-
ple that are better off in O1 than O2, and everyone else is equal, then
O1¼HPSO2. I think this makes it plausible to think that ¼HPS doesn’t
mean that the two options are equally good, but perhaps suggests
they are almost equally good. If we let >F and �F be the relations we
get by composing >OD and �OD with ¼GWS and ¼HPS , then this
means that if O1>FO2, we should trust this judgement, but if
O1�FO2 and O2�FO1, then we shouldn’t necessarily trust this
judgement that the two are actually equally good. (I suspect my
proof of compatibility extends to compatibility with >OD1, but I’m
not certain.)

For any set X of agents, and any set s of states, natural number n,
and difference of goodnesses k, I define

hX;s;n;kðOÞðAi; SÞ ¼
OðAi; SÞ � k S in s; Aiþn not in X; and Ai in X
OðAi; SÞ þ k S in s; Aiþn in X; and Ai not in X
OðSÞ otherwise

8<
:

That is, this transformation involves taking away k units of good-
ness from any member of X in states in s, and giving k units of good-
ness to any person ‘n spots to the right’ of a member of X in states in
s. For a person that is both in X and n spots to the right of a member
of X, the net result is no change.

I define HPS to be the group generated by the set of all permuta-
tions hX;s;n;k.6 It is straightforward to see that HPS commutes with
>OD and �OD. Proving that HPS is compatible with >OD takes a bit
more work.7

6 It is also possible to define a very similar transformation group on W, the set of worlds, if
we just ignore s. When X is just a single person, this formalizes the ‘anonymity’ condition
of Dubey.
7 Lemma: If hX;s;n;kðO1Þ ¼ O2, then for any S in s,

Pi¼b
i¼a O1 Ai; Sð Þ

� �
�

Pi¼b
i¼a O2 Ai; Sð Þ

� �
� nk.

We can prove the lemma by noting that the difference between the sum of O1 and
the sum of O2 over a particular interval will ignore any shift in goodness that occurs
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It is also straightforward to see that HPS commutes with GWS.
(The generators of HPS commute with each other, and when com-
muting with a generator of GWS, one just applies the element of GWS

to the set s of states used in that generator.) The proof that the two
groups together are compatible with >OD just puts together the ideas
of the proof of the compatibility of each individually.

To see that HPS is not compatible with >OD2, consider the element
hA;S;n;k. This element takes k units of goodness away from every
agent (since every agent is in A), and gives k units to every agent
who is n spaces to the right of anyone. That is, this takes k units
away from agents A0; . . . ;An�1, and leaves everyone else unchanged.
As a result, this particular equivalence relation treats options as
equally good if they differ only for finitely many people. HPS is there-
fore not a good candidate for telling us when two options are pre-
cisely equally good. But since >F, the composition of >OD with GWS

and HPS, is a strict partial ordering that extends >OD, it is plausible
that its comparisons are correct as judgements that one option is infi-
nitely better than another.

The two transformation groups I propose both work in the same
sort of way. GWS uses probability to determine when two sets of
states are ‘equal’, and says that two options are equal if and only if
they differ by the same amount for some fixed set of agents in those
two sets of states. HPS uses a translation by n spaces to determine
when two sets of agents are ‘equal’, and says that two options are
equal if and only if they differ by the same amount in some fixed set
of states for the agents in those two sets. Different specifications of
when two sets are ‘equal’ will yield natural alternatives to these two
transformation groups. There may also naturally be some transfor-
mations to consider that involve interactions between agents and

entirely within the interval. It tells us how much goodness is shifted into the interval (which
can only be at most k units of goodness per agent in the top n positions in the interval) and
how much goodness is shifted out of the interval (which can only be at most k units of
goodness per agent in the bottom n positions in the interval). Thus, the total difference
can’t have absolute value greater than nk.

Now consider what happens if O0 is related to Om by a set m of individual genera-
tors to get from one to the other, and O0 dominates Om by at least �. If n is the maximum
of the distance of the shifts involved, k is the maximum of the absolute values of the
amount of goodness shifted, and m is the number of steps, then considerXi¼aþ1þmnk=�

i¼a
O0 Ai; Sð Þ

� �
�

Xi¼aþ1þmnk=�

i¼a
Om Ai; Sð Þ

� �
. By m applications of the

lemma, this difference is at most mnk. But if one of them �-dominated the other, then the
difference would be at least mnkþ �. Thus, the group is compatible with the ordering,
QED.
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states that I do not consider here. I do not claim that the particular
dominance relations and particular transformation groups I consider
here are the right ones to use, but just claim that they are plausible,
and illustrate some important features of the particular aggregative
method I propose, as well as of aggregation generally.

IV

An Example Comparison of Options. Nick Bostrom asks us to con-
sider worlds W1;W2;W3 with the following goodnesses for all
persons:

W1ðAiÞ ¼ iþ 2

W2ðAiÞ ¼
iþ 3 i is divisible by 3
i otherwise

�

W3ðAiÞ ¼ 1

Bostrom notes that the methods of Vallentyne and Kagan (1997) al-
low us to say that W1 is better than W2 and that W2 is better than
W3, but also notes that we want to be able to compare options and
not just worlds. We want to know whether an option that yields W2

for certain is better or worse than one with a chance of yielding W1

and a chance of yielding W
3
.

I will consider a situation in which there are nþ1 states
S ¼ fS0; S1; . . . ; Sng, all of equal probability, with O

1
yielding W

3
in

S
0

and W1 otherwise, and O
2

yielding W
2

for certain. I will show
that in >F, the final ordering achieved by composing >OD with GPS

and HWS, we have O2>FO1. That is, even though W1 is infinitely
better than W2, and W2 is infinitely better than W3, W2 is infinitely
better than any non-extreme gamble between W1 and W

3
. (Thus this

sample ordering violates a continuity principle that some authors
endorse.)

First, let W2
0ðAiÞ ¼ iþ 1 for all i. Let X ¼ fA3ig be the set of all

agents whose index is a multiple of 3. Then hX;s;2;1 is the person shift
that shifts 1 unit of goodness from each person whose index is a mul-
tiple of 3 to the person two spaces to their right, and hX;s;1;1 is the
person shift that shifts 1 unit of goodness from each person whose
index is a multiple of 3 to the person one space to their right. Putting
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these two shifts together converts W2 to W2
0. Since

W1>WDW2
0>WDW3, we can recover the initial judgement of

Vallentyne and Kagan. Furthermore, if O2
0 is the option that yields

W2
0 for certain, then O2¼PSO2

0.
Now let W1

0ðAiÞ ¼ i for all i, and let W3
0ðAiÞ ¼ 2nþ 1. Recall

that there are nþ 1 states, S0; . . . ; Sn, and that O1 is the option that
yields W

3
in S

0
and W1 in all other states. Let O1

0 be the option that
yields W3

0 in state 0 and W1
0 in all other states. Let gm ¼ gA;fmg;f0g;2

be the world shift that takes 2 units of goodness from everyone in
state m and gives 2 units of goodness to everyone in state 0. Then ap-
plying g1; . . . ; gn successively to O1 turns it into O1

0. Thus,
O1
0¼GWSO1.
Under O1

0, only if i < 2nþ 1 does agent Ai ever receive more
than i units of goodness (and only in S

0
). Recall that O2

0 is the op-
tion that yields W

2
in every state, so that Ai receives iþ 1 units in ev-

ery state. Thus, O2
0 yields at least a full unit more goodness than O1

0

in every state for all but the first 2nþ 1 agents. From the observation
above that person shifts can change the goodness for any finite set of
agents, we see that O2

0>HPSO1
0.

Putting all these observations together, we see that O2>FO1.
Thus this method is able to provide a comparison of options involv-
ing infinitely many persons, as well as uncertainty, without ever di-
rectly computing a sum or an expectation. We just observe that
some options are equivalent to other options under person shifts or
world shifts, and eventually find options equivalent to the original
ones, where one dominates the other.

Infinite Ethics. Bostrom and Arntzenius both consider this case, and
give examples of methods that can yield the same result that my
method yields. However, both of them describe methods that have
an unpleasant asymmetry, unless one brings in tools from advanced
set theory.

Both authors evaluate options in a three-step process. Arntzenius
(2014) tells us to identify the prospects O(A) for each agent, calcu-
late the expected value of each prospect, and then find a way to com-
pare the resulting infinite sequences (either the method of Vallentyne
and Kagan, or another method described later). Bostrom (2011), by
contrast, tells us to identify the worlds O(S) for each state, find a
way to assign a value to these infinite sequences of goodnesses, and
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then calculate the expectation of these values using the probabilities
of these worlds. Each considers a few ways to aggregate across per-
sons, but makes an arbitrary choice to do this either before or after
applying expected value to aggregate across states.

Harsanyi makes statements suggesting that we should treat states
and agents symmetrically, rather than prioritizing one over the
other: ‘[A] value judgment on the distribution of income would
show the required impersonality to the highest degree if the person
who made this judgment had to choose a particular income distribu-
tion in complete ignorance of what his own relative position (and
the position of those near to his heart) would be within the system
chosen. This would be the case if he had exactly the same chance of
obtaining the first position (corresponding to the highest income) or
the second or the third, etc., up to the last position (corresponding to
the lowest income) available within that scheme’ (Harsanyi 1953,
pp. 434–5). That is, when comparing worlds with different distribu-
tions of goodness across persons, a person should think of the differ-
ent agents as possibilities for who the person will be, and evaluate
these worlds the same way they would evaluate the corresponding
prospects. Versions of this idea have also become famous among
philosophers through the Rawlsian ‘veil of ignorance’, which
involves treating the different agents in the world as if they were dif-
ferent possible states for a person facing an individual decision
problem.

In my method, the world-shift and person-shift trade-offs com-
mute with each other, so we treat states and agents symmetrically.
Neither aggregation has priority over the other, even though they
aren’t done ‘simultaneously’. Arntzenius and Bostrom both observe
that there is a way to make their methods have the same sort of
commutativity.

The way to do this is to use a mathematical construct known as
an ‘ultrafilter’ to assign values from a mathematical structure known
as the ‘hyperreals’ to infinite sequences of real numbers. Three
details of this construction matter here. One is that any form of cal-
culation that can be done on standard reals, such as expected value,
also has a counterpart that can be done on hyperreals. The second
detail is that doing a calculation on the hyperreals resulting from
some infinite sequences always yields the same result as doing that
same calculation on the individual real numbers in the sequence and
then finding the hyperreal corresponding to the resulting sequence,
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so that this restores the commutativity that is lost by applying the
Vallentyne and Kagan method to the expectations. The third, and
most significant for my purposes, is that constructing the hyperreals,
and creating an ultrafilter generally, requires the set-theoretic axiom
of choice, and involves an infinite set of arbitrary choices.

However, as mentioned above and in my Easwaran (2014b), I
claim that no normative theory should depend on any mathematical
entity proof of whose existence requires the axiom of choice.
Although such entities are perfectly legitimate members of whatever
sort of realm mathematical entities occupy, they are too complex to
be relevant to agents in the real world. These entities also typically
have uncountably infinitely many counterparts, each yielding differ-
ent results for the application at hand. If there were some non-
arbitrary way to choose among these counterparts, then the con-
struction would not require the axiom of choice. Thus it seems
unclear how any one of them rather than any other could become
the one that is normative.

Like the methods of Bostrom and Arntzenius, but unlike that of
Vallentyne and Kagan, my method can account for betterness rela-
tions among options with infinite populations as well as uncertainty.
Unlike the methods of Bostrom and Arntzenius, my method can treat
states and persons symmetrically without requiring the axiom of
choice. Thus, I claim, my method yields an account of infinite ethics
superior to these competitors.

Mathematical Representation. Both Bostrom and Arntzenius take
the normativity of certain mathematical operations for granted. In
the case of the expected value calculation, there are various justifica-
tions of it in the literature, but for the use of the ultrafilter to get a
hyperreal representation, there is very little justification. But I claim
that even in the finite case, where instead of an ultrafilter we appeal
to addition, the use of this particular mathematical operation needs
to be justified. I claim that the transformation groups I appeal to can
explain why expectation and addition yield the right comparisons in
finite cases.

If there are only finitely many agents, then >OD and GWS can ap-
ply exactly as in the case with infinitely many agents. However, HPS

needs to be slightly modified to remove permutations moving good-
ness from agents near the end of the list to positions that are beyond
the end of the list. The natural permutation group is in fact generated
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by the set of shifts from any individual agent to any other, or by the
set of shifts from any finite set of individual agents to any other set
of the same cardinality.8 Under this finite version of HPS, it turns out
that every world is equivalent to a world that yields zero goodness
for all agents but the first, who receives goodness equal to the sum of
goodnesses for all agents in the original world.

Thus this person-shift trade-off group explains the use of the
mathematical operation of addition in finite cases. It is because a
world in which one person gets xþk units of goodness and another
gets y units is just as good as one in which the first person gets x
units of goodness and the other gets yþ k units that overall better-
ness tracks the sum of the goodnesses. (This is similar to the argu-
ment of Gustafsson 2021 that his axioms yield a betterness relation
co-extensive with that of additive utilitarianism.) In §v, I give the
beginnings of an exploration of how alternative approaches to
trade-offs might be able to yield results co-extensive with non-
additive theories.

Results in Easwaran (2014a) show that if there is only a single
agent, then if the set of states is divisible—that is, for every set of
states of positive probability, there are two disjoint subsets of posi-
tive probability—then whenever the expected value of two options
are distinct real numbers, the one with the higher expected value is
preferred to the other. In that paper, I argued that this showed that
the world-shift trade-off group explains the use of expected value for
options in which it is defined. The method also yields distinct com-
parisons for options without well-defined expected values, which
may be of further interest if one thinks that a normative theory
should be able to apply to such examples. But even if one thinks that
only finite options with well-defined expected values are relevant,
this method shows that expected value follows from a commitment
to certain trade-offs and doesn’t take this calculation either as primi-
tive, or as a consequence of an abstract mathematical representation
theorem.

The only reason these calculations of addition across agents or
expected value across worlds matter, on this account, is because they

8 As shown by Jonsson (2018), the group I consider in the infinite case is not generated by
either the set of shifts among finite sets of agents or shifts among infinite sets of the same
cardinality. Figuring out precisely which sets of agents to treat as ‘equal’ in the infinite case
is one of the biggest difficulties for identifying a properly normative example of the tech-
nique I develop.
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happen to yield results that agree with the method proposed here.
But because this method yields results in cases where sums or
expected values aren’t well-defined, either because the population is
infinite or because the probabilities line up in a way that defies the
calculation of expected value, we can see that the explanation can’t
go the other way. The work I have done here is not as complete as
the work done in Krantz et al. (1971) to explain the conventional
choice of addition as an operation on distances or masses, but I
claim that it is a step towards this. Like Field (1980), I show that the
use of the mathematical operations is a conservative way to reason
about the underlying facts (normative in my case, physical in his),
but the fundamental facts do not themselves involve mathematical
operations.

Separateness of Persons. The fact that this method works just as well
in the infinite case as in the finite case also enables a response to one
version of the ‘separateness of persons’ objection to aggregative
moral theories. This version of the objection alleges that such theo-
ries take the aggregate to matter primarily, and individuals matter
only in terms of their contribution to that aggregate. However, for
the objection to arise, there must be some aggregate. In this case it is
straightforward to prove that there is no function f : O ! R such
that O1>FO2 only if f ðO1Þ > f ðO2Þ.9 Thus the theory I describe at
least does not work by saying there is some such thing as the aggre-
gate, having a real-number value, such that goodness for individuals
is secondary to this fundamental aggregate goodness. (Note that by
the definitions of Hirose 2013 or Gustafsson 2021, this means that
my theory is not ‘aggregative’. But my point is that a theory can be
aggregative in the sense of saying that overall betterness depends on
only the goodness and badness for each individual, without there be-
ing an aggregate of this sort.)

In the case with a finite population, we can represent this aggre-
gate as just the sum of the goodnesses for the individuals. But I claim
that whatever motivates the aggregation method in the finite case

9 If there were such a function, then there would be a countable set of options such that no
option is strictly preferred to all of them. However, for any countable set of options, it is
straightforward to come up with an option that is strictly preferred to all of them. If
O1,O2,O3. . . are the countable set of options, then we define a new option O by O(An, S)
" � þ maxi , n(Oi(An, S)). For any Oi, O is better than Oi by at least � in every world for all
but finitely many agents, and thus by person-shift equivalence, O is preferred to Oi overall.
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must be the same as whatever motivates the same method in the infi-
nite case. Since there is, in general, no sum of the goodnesses in the
infinite case, this must not be what motivates the method. Thus I
claim that the importance of the sum of goodnesses for agents in a fi-
nite case is grounded in the importance we see for trade-offs between
persons, and not in the aggregate.

One can of course construct some mathematical set X to interpret
as the goodness of the aggregate, and a function f : O ! X such that
O1>FO2 if and only if f ðO1Þ > f ðO2Þ. (For instance, the objects
could be the equivalence classes of options under ¼F.) However,
without any appealing intrinsic characterization of X, it’s implausi-
ble to say that X is more fundamental than the individuals. This
would be especially implausible if in fact the final aggregate ordering
is a partial ordering, while goodness for individuals can be repre-
sented more simply in an ordering like the real numbers.

As argued by Chappell (2015) and Gustafsson (2021), everything
has been defined in terms of goodness for individuals. While some
versions of the ‘separateness of persons’ objection reject even the
possibility of trading off benefits to some against harms to others,
the type of aggregative theory I describe at least still treats the per-
sons as fundamental, and fundamentally distinct, even though their
interests can be traded off against each other.

Even if one objects to the particular way trade-offs have been
implemented in the infinite case, the fact that this method yields con-
sistent comparisons without a numerical representation of aggregate
value indicates that the comparisons do not depend on this aggregate
value. Getting the details of the transformation groups and the par-
tial orderings right is important for the use of this method in actual
infinite ethics. But if one thinks the finite cases are the ones that actu-
ally matter ethically, the fact that some consistent version of the infi-
nite case exists still makes the same point about the dependence of
the axiology on the individuals rather than on some aggregate value.

V

Alternative Formal Settings. Although I have described one particu-
lar example of how to fill out my formal method for aggregation,
the method is quite modular. In this section I describe several consid-
erations that might motivate alternative ways of filling in these parts.
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I have assumed that each option yields, for each agent and state, a
precise level of goodness. Furthermore, I have assumed that these
goodnesses can be understood via real numbers. I then define the
world-shift transformation group GWS and the person-shift transfor-
mation group HPS in terms of these real numbers. One might worry
about the amount of mathematics that has already crept in at this
stage, even before I mention addition or expectation. Savage (1954)
argues that the use of real numbers for goodness only makes sense
when combined with probability. In the absence of probability, clas-
sical utility theory only yields a meaningful ordinal scale of values.

However, what is essential for Savage in probability theory is that
it gives a way to say when two differences of goodness between out-
comes are the same size. Ramsey (1926) is more explicit about this.
Let Æ be some outcome better than �, and c be some outcome better
than d. Let S

1
and S

2
be two states. Ramsey first defines S

1
and S

2
as

equally probable if and only if an option that yields Æ in S1 and � in
S2 is just as good as an option that yields � in S1 and Æ in S2. He then
says that the difference between Æ and � is equal to the difference be-
tween c and d if and only if an option yielding Æ in S

1
and d in S

2
is

just as good as an otherwise identical option yielding � in S
1

and c in
S2. That is, the differences are the same if and only if receiving Æ
rather than � in one state is a sufficient trade-off against receiving d
rather than c in an equally probable state.

Once this concept of ‘equal difference’ of goodnesses is defined,
the claim that goodness has the structure of the real numbers follows
from the assumption that goodnesses are dense (between any two
goodnesses there is another) and unbounded (for any goodness and
any difference, there is another goodness that has that difference
from it), that they have the Archimedean property (that is, for any
two differences of goodness, there is some finite number of copies of
one that are enough to outweigh the other), and that there are limits
for the sequences that ‘should’ converge. (Ramsey is not explicit
about this, but presumably he means Cauchy’s condition.)

If we give up density, unboundedness, or convergence, then good-
nesses can still be represented by real numbers—the only loss is that
not every real number corresponds to some particular realizable level
of goodness. This might make it harder to compare some specific
pairs of options using my methods. For instance, to compare an op-
tion in which three people each receive goodness 4 and a fourth per-
son receives goodness 0 to another option in which all four people
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receive goodness 2, we transform the first into an option in which all
four people receive goodness 3, and then observe that it dominates
the second option. However, if there is no goodness that corresponds
to the real number 3 on this scale, then this is no option at all, and
the comparison is blocked.

But the method already requires the use of ‘options’ that aren’t ac-
tually available. As Dreier (1996) notes, standard decision-theoretic
representation theorems require the consideration of options that
can’t actually be brought about. In addition to the option that yields
an unencumbered wet walk in the rainy state of the world and an
unencumbered dry walk in the sunny state of the world, and the op-
tion that yields an umbrella-encumbered dry walk in both states of
the world, there must be an option that yields an unencumbered dry
walk in the rainy state of the world and an unencumbered wet walk
in the sunny state of the world. I think it is not such a problem either
for theories based on these theorems, or for my method, that they de-
pend on these ‘impractical preferences’ involving impossible
‘options’. On my account, what is essential is just that some options
are better than others, and if one actual option is better than such an
impossible option, and some other actual option is worse, then the
first actual option is better overall, even if we couldn’t establish this
by direct comparison. Similarly, if the ‘option’ that is required for
this comparison requires the use of some goodness level that can’t
actually be realized by any outcome, but occupies a distinct place in
the ordering of goodnesses, I think this reveals the same thing.

Giving up the Archimedean property yields a somewhat more sig-
nificant change in the numerical representation. There could be
some agent for whom each additional dollar of wealth adds the
same non-zero amount of goodness to an outcome, while no finite
number of dollars of wealth adds as much goodness as a single addi-
tional lifelong friendship. If we tried to represent goodness for such
an agent on a real-valued scale, we would need to represent either
the value of a friendship as infinitely large or the value of a dollar as
infinitesimally small. There are mathematical structures that can be
used to represent such sorts of goodness. For some of these non-
Archimedean fields, enough of the mathematics of the real numbers
is doable that the proofs of compatibility of GWS still go through,
but for HPS we might require some modification. Since some objec-
tions to aggregative theories focus on the Archimedean nature of the
additive real numbers (so that if a headache and a death are both
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represented by real values, then some finite number of headaches
must be as bad as one death), giving a fuller account of a non-
Archimedean version of this method would help address some other
objections to aggregation.

But all of this depends on the ‘equal difference’ concept. Ramsey
and Savage cash this out in terms of trade-offs between different
states of equal probability. But in the setting with multiple agents,
this could also be cashed out in terms of trade-offs between different
persons. In the example version of the theory, I took for granted that
there was a pre-existing real-valued representation of goodness for
each agent in each possible state, and both GWS and HPS expressed
the same trade-offs involving differences of the same size, among
corresponding sets of states or corresponding sets of persons. These
relations require an interpersonal (and inter-state) comparison of dif-
ferences of goodness. However, they don’t require an interpersonal
identification of goodness zero. This might be needed for plausible
extensions of my method to options on which populations might dif-
fer, but my method yields the same comparisons between options if
we change our numerical scale of goodness by shifting the zero point
of the goodness scale for some particular set of persons, or some par-
ticular set of states.

However, if we have a single absolute scale of goodnesses fixed
for all persons and states, there are other trade-off concepts we could
use. Prioritarian aggregative ethicists say that differences of goodness
matter more when they occur at lower absolute levels. A world
where two people are both at goodness 100 might be just as good as
a world where one is at 50 and the other 200 because the interests of
someone at goodness 50 matter more than the interests of someone
at goodness 100 or 200. Certain economic theories of risk-sensitivity
in decision theory say the same thing. A prospect of a guaranteed
goodness 100 might be just as good as a prospect with a 1=2 chance
of goodness 50 and a 1=2 chance of goodness 200 because the in-
crease from 50 to 100 matters as much as the increase from 100 to
200.

The use of GWS and HPS assumed that an increase of from good-
ness x to xþ k in one set of states or for one set of persons can al-
ways trade off against a decrease from goodness y to y# k for any
other corresponding set of states or persons. But we could in princi-
ple instead assume that an increase from x to xþ k trades off against
a decrease from y to y� k0, where k and k0 are possibly distinct, but
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related to each other on some schedule dependent on x and y. These
trade-off schedules for world shift and person shift need to be the
same in order for the relevant shifts to be compatible. If not, then
there will be some levels of goodness a > b; c > d, with b, c distinct,
such that a shift from goodness a to b in one set of worlds trades off
with a shift from goodness d to b in another equal set of worlds,
while a shift from goodness a to c for one person trades off with a
shift from goodness d to c for another person. But then an option
where one person gets goodness a if heads and d if tails, and another
person gets goodness d if heads and a if tails, would be world-shift-
equivalent to an option where both people get goodness b with cer-
tainty, and person-shift-equivalent to an option where both people
get goodness c with certainty. If b and c are distinct, then one of
these would dominate the other, so the transformation groups would
not be compatible.

This suggestion that the differences that trade off depend on the
absolute level of goodness for a person in a state, rather than being
fixed at all levels, ends up being less structurally significant than one
might think. Ramsey’s method of declaring two differences equal if
they can trade off against each other yields a way to renumber the
goodnesses so that we basically have the original proposal. If the
change from 1 unit of goodness to 0 units trades off against the
change from 1 unit of goodness up to x units, then we can call x ‘2’.
If the change from 1 unit to 0 also trades off against the increase
from x to y, then we can call y ‘3’. As long as the trade-offs satisfy
the principles Ramsey assumed, we will end up with a unique
renumbering of the whole scale. Any fixed trade-off schedule be-
tween different goodnesses in equal sets of persons or states yields
something very much like the original proposal, with the main varia-
tion effectively coming down to which sets of persons and which sets
of states are considered ‘equal’, and how strong a dominance order-
ing we begin with. This is a kind of ‘diminishing marginal value’ for
goodness, and just indicates that the scale we use for aggregation is
ordinally equivalent but cardinally distinct from the scale we used
for individual goodness.

However, egalitarians about aggregation of goodness, and Lara
Buchak’s (2013) view of risk aversion in decision theory, ask for
something somewhat different which yields a more significant
change. Instead of trading off k units of goodness at level x for k0
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units of goodness at level y, egalitarians trade off k units of goodness
for the best-off person against k0 units of goodness for the nth best-
off person, regardless of the absolute level of goodness each person
is at. Similarly, Buchak has a trade-off schedule that depends on the
probability of being in a better-off state. There may be transforma-
tion group approaches to defining these types of trade-offs, but it
seems less plausible that such groups can be commutative and com-
patible with each other.

In addition to taking absolute goodness or positional goodness
into account when determining trade-offs between persons and
states, one other natural consideration is that goodness might de-
pend on some third (or fourth, or more) parameter as well. For in-
stance, Cain (1995) describes some examples in which, in addition
to an infinite population, there is an infinite set of times. To deal ap-
propriately with these cases, we would have to think of options as
functions assigning goodnesses to three (or more) parameters rather
than just two. There would need to be a transformation group giving
trade-offs among those parameters (as well as perhaps more relating
these parameters). There may be reasons to continue to treat the
parameters symmetrically, or reasons why their aggregation should
not commute. This might end up being a better setting to address the
questions arising in economics, where the infinite population is really
a finite population evolving through unbounded time.

Finally, there might be dimensions of goodness that can’t be com-
pared directly, as some say about health, wealth and happiness.
Again, it seems reasonable to start with dominance, and extend it
with judgements about some trade-offs being equivalences, even if
the resulting ordering is still a partial ordering.

VI

Conclusion. Starting with a strict form of dominance, and extending
with equivalences derived from transformation groups expressing
various trade-offs, I have developed a partial ordering among
options for an infinite population under uncertainty. In previous
work, I suggested that this method can better help explain why
expected value is appropriate for deciding among options for one in-
dividual, by showing how the use of expected value (where it is de-
fined) is grounded in these trade-offs. In this paper, I have suggested
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that it can also help understand the way aggregative ethical theories
are grounded in individual goodness. In finite cases, it explains why
addition is appropriate, but because it extends just as well to infinite
cases, it shows that the grounding is asymmetric—aggregate good-
ness is grounded in individual goodness, and not vice versa.10
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