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Abstract

The utilitarian aggregation rule requires social utility and beliefs to be respectively the

affine aggregation of individual utilities and beliefs. Since, in case of belief heterogeneity, the

standard Pareto condition is incompatible with such a separate aggregation, a new condition,

called the belief-proof Pareto condition, is proposed to alleviate occurrences of spurious agree-

ment by restricting unanimity to beliefs that can be considered ‘reasonable’ by society. Then,

we show, in the Anscombe-Aumann framework (Theorems 1 and 2) as well as in Savage’s

(Theorems 3 and 4), that the belief-proof Pareto condition is equivalent to separate aggrega-

tion under complete or incomplete information of society on individual beliefs.

1 INTRODUCTION

1.1 Outline

Harsanyi [1955] proposes an axiomatic justification of the utilitarian aggregation rule that is based,
on the one hand, on Bayesian rationality and, on the other hand, on the Pareto condition. These
two principles are well known to imply social utility to be a combination of individual utilities
(Harsanyi’s Aggregation Theorem). Nevertheless, in a framework à la Savage [1954] where in-
dividual beliefs are subjective and thus possibly heterogeneous, these two requirements are rather
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problematic. Hylland and Zeckhauser [1979] and Mongin [1995, 2015] prove that a society wish-
ing to aggregate individual preferences into social ones faces an impossibility: in case of belief
heterogeneity, either Bayesian rationality, i.e., subjective expected utility, as imposed on society,
or the standard Pareto condition should be rejected (see, Mongin and Pivato [2015] for a general
discussion of this impossibility result). Unfortunately, many important social decisions involve an
uncertain environment where both individual tastes and beliefs are heterogeneous.

When facing such a substantial impossibility, it is recognized that welfare economics is unable
to reach a true consensus in relation to the evaluation of social options under subjective uncertainty.
At least two main approaches have been proposed to deal with this impossibility. On the one hand,
the ambiguity approach calls for retaining the original Pareto condition in its full strength and
relaxing the assumption of social preferences consistent with the subjective (or Savage) expected

utility model (SEU).1 On the other hand, the Savagian approach advised by Mongin [1995, 2015]
calls for retaining the assumption of SEU social preferences and, consequently, criticizes the Pareto
condition as a normative principle.

However, at first glance, the Pareto condition seems to be uncontroversial. How indeed could
people oppose a society choosing one option against another if every individual prefers the for-
mer to the latter? However, Gilboa, Samet, and Schmeidler [2004] (GSS) produce an example—a
duel—in which both agents prefer fighting to not fighting where this agreement is based on con-
flicting beliefs. Such a unanimity without unanimous reasons—so-called spurious unanimity by
Mongin [1995]—has indeed no true normative standing. It does not translate the existence of an
agreement between individuals. Consequently, none of them can expect to genuinely increase his
welfare. Hence, the standard Pareto condition cannot be considered compelling in case of spurious
unanimity. But then, what could be a defensible and plausible version of this condition that would
be immune to spurious unanimity?

GSS propose an elegant and attractive but demanding solution corresponding to a weakening of
the Pareto condition according to which preferences unanimity can only be considered conclusive
if unanimous preferences are based on agreed-upon beliefs.2 Actually, the basic impossibility in
case of belief heterogeneity reveals the existence of inadmissible profiles of beliefs and tastes,
especially when a spurious unanimity takes shelter behind an apparent unanimity as in GSS’s duel
example. Hence, under a Bayesian rationality, the only way to modify the Pareto condition is
to circumvent these inadmissible profiles in order to take into account the spurious unanimity

1For instance, Crès, Gilboa, and Vieille [2011], Alon and Gayer [2016] and Qu [2017] propose that social pref-
erences admit a maxmin expected utility (MEU) representation while Danan, Gajdos, Hill, and Tallon [2016] propose
that social preferences are of the Bewley type.

2However, for being applied within SEU, this suggestion needs individual priors to conform to countable additivity.
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objection to the ex ante Pareto condition. Recent versions of the Pareto condition are thus all
restricted to specific collection of acts: GSS restrict the Pareto dominance to common-belief acts,
Danan et al. [2016] restrict it to common-taste acts. In the different settings, Gilboa, Samuelson,
and Schmeidler [2014] introduce a No-Betting-Pareto condition requiring the existence of shared
beliefs on top of unanimity preferences, and Gayer, Gilboa, Samuelson, and Schmeidler [2014]
and Brunnermeier, Simsek, and Xiong [2014] adopt the similar kind of restriction, compelling
society to accept any unanimity that concerns acts for which one component is agreed-upon across
individuals.

The purpose of this paper is to suggest a new criterion, according to which society should re-
gard a prior as reasonable only if it is an individual belief. Actually, in our view, a society that
cannot or does not want to discriminate among individuals is basically led to adopt a somehow
‘electoral’ principle: one man, one prior. Consequently, society is here supposed to restrict una-
nimity solely to cases where this principle can be active, that is whenever individual preferences
remain unchanged with respect to any other individual prior. Formally, we assume that both in-
dividuals and society have expected utility preferences and we single out a new Pareto condition,
called the belief-proof Pareto condition, that is supposed to alleviate spurious unanimities. Then,
this condition being sufficiently general to be applied in broader uncertain environments, we show
that, in the Anscombe-Aumann expected utility model (AAEU) and in the Savage model (SEU),
the belief-proof Pareto condition implies social utility to be an affine aggregation of individual
utilities and social beliefs to be an affine aggregation of individual beliefs as well. In addition,
the belief-proof Pareto condition brings us to distinguish two cases in point: in the first case, so-
ciety has complete information on individual beliefs and, in the second one, it has incomplete
information. Of course, most of the contributions in the field of aggregation involve individual
data—preferences and beliefs—that are commonly known. However, recently, Nehring [2004]
and Chambers and Hayashi [2014] developed an aggregation theory under incomplete information
where individuals are assumed to possess private information. For our part, the belief-proof Pareto
condition is shown to be sufficiently effective to resolve the impossibility of separate aggregation
under both environments.

It is useful to address the essential difference between our belief-proof Pareto condition (BPPC)
and GSS’s restricted Pareto condition (RPC). Technically, it is well-known that RPC is equivalent
to separate aggregation only if there exist identical events for all possible probabilities. However,
assuming the existence of such events is very demanding and, in most cases, impractical. In
Anscombe-Aumann’s setting and Savage’s one, RPC is thus basically too weak to imply even
the affine aggregation of individual utilities. BPPC, though stronger than RPC, does not rely on
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the existence of identical events and, therefore, is sufficient to imply separate aggregation. More
deeply, the two conditions envisage social choice situations under which the maximum ‘level of
heterogeneity’ consistent with the utilitarian aggregation is not the same. For GSS, individuals must
share the same probability estimates for at least some events to give any hope to the utilitarian
aggregation rule: in other words, individuals should achieve a minimum prior consensus which
decreases accordingly the level of their heterogeneity. Instead, BPPC does not require such a local
prior consensus. Consequently, it allows more prior heterogeneity. We refer to Section 5 for
detailed discussion.

In terms of political and social implications, these results seem promising. As a matter of fact,
for most important decisions a society has to take, it is quite implausible that there exist identical
individual beliefs over at least some events. In addition, all the conditions introduced above do not
really depict a genuine process of formation of social beliefs: they rather enforce logical bounds
for aggregation of individual beliefs. Consequently, any political representative of a society—for
instance a President—might be tempted to achieve beliefs that are unfettered by individual opin-
ions. This of course contradicts the moral principles of democracy but it also possibly endanger
social efficiency and political stability. By contrast, the condition we propose (according to the
theoretical results) suggests a separate aggregation rule that is respectful of individuals and indi-
vidual opinions and, obviously, provides a more democratic answer to the issue of the genesis of
social decisions.

1.2 Motivation

Let us revisit the famous GSS’s example of a duel, showing that the standard Pareto condition—
requiring that if all individuals agree on preferences between two alternatives, so should society—
may not be very plausible for individuals with heterogeneous priors. Suppose society I to consist
of two duelists, 1 and 2, equipped with SEU preferences u1 and u2. Assume the state space Ω to be
defined by the two following states {1 wins, 2 wins} and the outcome set X by {1 is injured, 2 is
injured, nonduel}. Suppose further that individual utilities and beliefs are defined as follows:

u1,2�X x = 2 is injured y = 1 is injured z = nonduel

u1 1 −5 0

u2 −5 1 0
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and
π1,2�Ω E = 1 wins the duel F = 2 wins the duel

π1 0.9 0.1

π2 0.1 0.9

Compare now the duel act f = xEy with the constant non-duel act z. Since both individual
preferences are assumed to be SEU, it is straightforward that both individuals prefer dueling to not
dueling. Should the society necessarily consider that it is compelling to adopt such a preference,
that is to prefer the duel? Like so many others, especially GSS, we think not necessarily. Ob-
serve that this apparent unanimity is based on conflicting individual utilities and beliefs. Actually,
no single probability could be found such that both individuals prefer the duel to the non-duel.
Even though society would believe ex ante that there exists a ‘reasonable’ prior that supports the
duel, yet, in this example, no hypothetical prior can rationalize such an apparent unanimity. This
unanimity is therefore spurious and indeed it is not appealing for society to comply with it.

Thus, an important question is the following: what are the persuasive reasons for society to
comply with unanimity preferences? One may suggest that if there exists a probability distribution
based on which unanimity preferences can be rationalized, then it should be compelling for society
to adopt these preferences. However, the choice of an arbitrary probability violates methodolog-
ical individualism—since methodological individualism requires society to be essentially neutral
and respectful of individual motives.3 According to this principle, it is necessary for society to
consider reasonable any individual beliefs and to accommodate all individual beliefs rather than
picking at random any discretionary probability. Consequently, the set of individual beliefs consti-
tutes the breeding ground for all reasonable priors. Hence, since, on the one hand, any individual
prior is reasonable for society and, on the other hand, to be compelling, unanimity preferences are
expected to preserve unanimity under reasonable beliefs, unanimity preferences should therefore
preserve unanimity under any individual prior. Actually, this is consistent with the modern pos-
tulate (à la Adam Przeworski, for instance) whereby a democratic society should commit itself
not to discriminate among individuals. Any society aiming to aggregate opinions and upholding
some fairness requirement is basically led to adopt a somehow ‘electoral’ principle: one man, one
prior. Consequently, society is here supposed to restrict unanimity solely to cases where this prin-
ciple can be active, that is whenever individual preferences remain unchanged with respect to any
individual prior.

In fact, in the original GSS’s duel example, unanimity is not always preserved, that is for both

3We refer to Hayek [1948] for a detailed discussion of the epistemological necessity of individualism to study
social phenomenons and Arrow [1994] for a modern discussion.
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priors. Consider now a slightly modified duel example where individual utilities and beliefs are
given as follows:

π1,2�Ω E F

π1 0.9 0.1

π2 0.1 0.9

and
u1,2�X x y z

u1 10 −1 0

u2 −1 10 0

The two duelists improve their respective utilities for x and y, while they maintain the ranking
among x, y and z. Both individuals still prefer the duel act f = xEy to the nonduel act z. However,
this unanimous preference can now be supported by any ‘reasonable’ prior, i.e., π1 and π2: if we
switch individual beliefs (from π1 to π2 for 1 and vice versa for 2), both individual preferences
among f and z remain unchanged—and unanimous. Such a unanimity is clearly independent of
individual beliefs in the sense where all permutations between priors do not modify individual
preferences. Then, it seems sensible for society to adopt it.4

This situation is reminiscent of a strategy-proof game, namely a game that is immune to infor-
mation manipulation. By analogy, we called belief-proof Pareto a condition such that, every time
unanimity preferences can be rationalized by all individual priors, society complies with it—i.e.,
society is immune to belief manipulation. In contrast to the standard Pareto condition where una-
nimity is required with respect to individual rationality, the belief-proof Pareto condition rather
requires a kind of social rationality in the sense that none of the individual priors prevents unanim-
ity preferences. To a certain extent, in our view, it constitutes a minimal democratic requirement
for a society made of individuals with heterogeneous beliefs.

The paper proceeds as follows: in Section 2, the normative background is described and the
belief-proof Pareto condition is displayed. Then, we prove (under a mild assumption of minimal
agreement) it implies affine separate aggregation in the Anscome-Aumann model. In Section 3,
the belief-proof Pareto condition is updated for the fully subjective expected utility model. Then,
we prove that it is also equivalent to affine separate aggregation. In Section 4, the assumption of
minimal agreement is relaxed. Two slightly stronger conditions are introduced and we show that
these conditions are also equivalent to separate aggregation. In Section 5, the way these conditions
relate to alternative conditions is studied. Especially, we speculate on the meaning of the choice
between a ‘pure’ Savage setting or a ‘Savage-Arrow’ one.5 This difference appears to be central
while understanding the relation between our results and those of GSS. Finally, the paper closes

4It is as if, overall, society (or the social planner) knows individual utilities and priors but, however, is unable to
associate each individual with his prior.

5A Savage setting endowed with a σ-additive probability measure over events may be called a ‘Savage-Arrow’
setting.
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by pointing out how the belief-proof Pareto condition can be extended to address the aggregation
issue within ambiguity models.

2 ANSCOMBE-AUMANN PREFERENCES

Consider the AAEU model. Let X be the set of outcomes and ∆ be the set of all simple probability

distributions on X . Let Ω be a set of states, which could be either finite or infinite. Let F (∆)

be the set of all simple functions from Ω to ∆. Society I is a finite set of I individuals, i.e., I =

{1, . . . , I}. Any individual i ∈ I has a preference relation %i⊂ F (∆)×F (∆) whereas society’s
(or social) preferences are denoted by %0⊂ F (∆)×F (∆). For all i ∈ {0, 1, . . . , I}, the relations
∼i and �i are defined as the symmetric and asymmetric part of %i as usual. It is assumed, for any
i ∈ I, that %i admits an expected utility representation. A function Ei : F (∆)→ R is an expected
utility function if there exists a continuous affine utility function ui : X → R and a finitely additive
probability measure πi : Ω→ [0, 1] such that, for all f ∈ F (∆): Ei(f) =

∫
Ω
ui(f)dπi.6

Moreover, a minimal agreement condition is assumed (it will be relaxed in Section 4).

MINIMAL AGREEMENT ON THE OUTCOMES (MAO)
For all 0 ≤ i ≤ I , there are z, z′ ∈ X such that z �i z′.

The Anscombe-Aumann framework is first considered for technical convenience and ease of
interpretation.

Exploring the conditions under which social beliefs and utility come from the affine aggrega-
tion of individual beliefs and utilities amounts to asking whether there exist nonnegative numbers
{αi}Ii=1 summing up to one such that π0 =

∑I
i=1 αiπi and nonnegative numbers {βi}Ii=1 summing

up to one such that u0 =
∑I

i=1 βiui.
In our setting, two cases arise:

(i) individual beliefs are observable and perfectly known by society (or, equivalently, by the social
planner): that is the case of complete information,
(ii) individual beliefs are no longer observable by society, that is the case of incomplete informa-

tion.
The two next subsections (and that of Section 3, below) are devoted to these two polar situa-

tions.

6Actually, Ei(f) =
∫
Ω

(∑
x∈X ui(x)f(ω)(x)

)
dπi(ω). By a slightly abusive notation, we also define ui : ∆→ R

by ui(P ) =
∑

x∈X ui(x)P (x). Using this definition, Ei can be written exactly as above.
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2.1 Complete information on individual beliefs

Assume that society (or a social planner) knows individual beliefs {πi}Ii=1 and values {ui}Ii=1. In
the presence of heterogeneous beliefs, it is important for society to form an acceptable probability
measure in order to evaluate every possible act. However, we assume that society does not possess
any extra information. Therefore, social beliefs have only to rely on the individual probability
estimations. Without taking a stand on which individual beliefs are correct, society could not rule
out any individual prior by proving it wrong. Instead, it is natural for society to consider each
individual prior being a reasonable probability estimation. The insight of the following Pareto
condition is that the unanimity condition applies if this unanimity is invariant with respect to every
reasonable probability measure—i.e., any individual prior. In that sense, as already said above, it
recalls strategy-proofness in game theory since this form of unanimity is immune from any belief
manipulation. More specifically, we propose that if each individual prefers an act to another one
under every reasonable beliefs, then so does the society. Denote by Eij =

∫
ui(f)dπj , the i’s

virtual expected utility of f with respect to j’s prior.

BELIEF-PROOF PARETO CONDITION (AA1)
For any f, g ∈ F (∆), if Eij(f) ≥ Eij(g), ∀i, j ∈ I, then E0(f) ≥ E0(g).

If individuals have common beliefs, as in Harsanyi [1975], that is, if πi = π for every i ∈ I,
then the belief-proof Pareto condition (BPPC) coincides with the standard Pareto one. Standard
Pareto condition states that if every individual prefers one act to another act, then so does the soci-
ety. However, unanimity is not compelling for society whenever such a unanimity of preferences
are led by conflicting beliefs and values. To rule out spurious unanimities, our criterion requires
that every individual should not change her choice between two options even if her prior is replaced
by any other individual prior. This principle makes social choices depending not only on the direct
preferences comparison, but also on the belief-adjusted preferences comparison—which leaves no
room for spurious unanimity.

Theorem 1. BPPC(AA1) is satisfied iff π0 is an affine combination of {πi}Ii=1 and u0 is an affine

combination of {ui}Ii=1.

Proof. The necessity part is straightforward. Therefore, we have just to show the sufficiency
one. Suppose BPPC(AA1) is satisfied. It is clear that every individual virtual expected utility
E11, . . . ,E1I , . . . ,EI1, . . . or EII is an affine function on F (∆). Since the set F (∆) is convex,
according to the Harsanyi Theorem (for more rigorous result, see, De Meyer and Mongin [1995]),
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there exist γij ≥ 0 with
∑

ij∈I γij = 1 such that (s.t.), for all f ∈ F ,

E0(f) =
∑
i,j∈I

γijEij(f).

Therefore, let αi =
∑

j γij , then for any x ∈ X:

u0(x) =
∑
ij

γijui(x) =
∑
i

αiui(x).

Since there are z, z′ ∈ X s.t. ui(z) > ui(z
′), for all i, we can normalize ui, without loss of

generality, s.t. ui(z) = 1 and ui(z′) = 0, for all i. Take any event E ∈ A . Then,

π0(E) = E0(zEz′)

=
∑
ij

γij(ui(z)πj(E) + ui(z
′)πj(E

c))

=
∑
ij

γijπj(E).

Let βj =
∑

i γij . It is then straightforward that π0 =
∑

j βjπj .

Theorem 1 illustrates the relationship between BPPC(AA1) and the separate aggregation rule.
Note that BPPC(AA1) is more general than the standard Pareto because the unanimity condition
is applied to both I individuals and I(I − 1) phantom individuals. In addition, note that it is not
always possible to decompose γij into αi and βj consistently with separate aggregation. Therefore,
MAO is necessary since, under this condition, probabilities make become equal to restrictions of
suitably normalized expected utility functions. To achieve separate aggregation without MAO, the
Pareto condition must be further strengthened. The discussion about this last topic is postponed to
Section 4.

2.2 Incomplete information on individual beliefs

The potential usefulness of BPPC(AA1) depends on its ability to allow deducing individual priors
from individual preferences. This concern with tractability motivates the analysis of a behavioral
expression of BPPC(AA1).

Consider that individuals beliefs are not observable by society, i.e., society’s information is
incomplete. For any i ∈ I, given a prior πi over events, the individual lottery over outcomes X
that is induced from a constant act c ∈ ∆ or a general act f ∈ F (∆) with respect to πi is a pure
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lottery, denoted by λf
i
, and given by:{

λci = c = (x1, p1; . . . ;xn, pn) for c = (x1, p1; . . . ;xn, pn) ∈ ∆,
λfi = πi(E1) · c1 + · · ·+ πi(En) · cn for f = c1E1c2E2 · · · cnEn ∈ F (∆).

Since individuals are assumed to subjectively represent the uncertainty they face through prob-
abilities, then, for each act f , there exists an induced certainty equivalent (ice) act, denoted by cif ,
such that cif and λfi are identical. An ice-act cif is both a lottery over outcomes induced from f with
respect to πi and a certainty equivalent. Hence, it allows to capture differently belief heterogeneity
through certainty equivalents.

Formally, if f = c1E1 · · · cnEn ∈ F (∆), we can identify cif as follows:

c1E1 · · · cnEn ∼i (α1c1 + (1− α1)c2)E1 ∪ E2 · · · cnEn(1)

∼i [α2(α1c1 + (1− α1)c2) + (1− α2)c3]E1 ∪ E2 ∪ E3 · · · cnEn.

Inductively, we get

f ∼i
n−1∏
i=1

αic1 +
n−1∑
j=2

(1− αj−1)
n−1∏
i=j

αicj + (1− αn−1)cn

≡ cif .

Remark that, since it just involves two constant acts, i.e., c1, c2, the value α1 that can satisfy the
very first indifference condition (Eq.1) is the value at which the two acts imply identical induced
lotteries—i.e., α1 should satisfy:

ui(c1)πi(E1) + ui(c2)πi(E2) = ui(α1c1 + (1− α1)c2)πi(E1 ∪ E2).

Since ui is an affine function, it implies:

α1 =
πi(E1)

πi(E1) + πi(E2)
.

Similarly, for any n′ = 1, . . . , n− 1, we have:

αn′ =
πi(E1) + · · ·+ πi(En′)

πi(E1) + · · ·+ πi(En′+1)
.
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Therefore, the induced lottery λfi is equivalent to the ice-act cif . Besides, it is clear that cif is
uniquely determined by %i. BPPC(AA1) can then be rewritten accordingly:

BELIEF-PROOF PARETO CONDITION (AA2)
For any f, g ∈ F , if ice-acts cif %j c

i
g for all i, j ∈ I, then f %0 g.

BPPC(AA2) means that, if each individual thinks every reasonable ice-act of f to be preferred
to every reasonable ice-act of g, then society prefers f to g. However, ice-acts typically vary
across individuals. What unites them all in this context is the fact that each ice-act cf is induced by
a common act f . Since individuals may have different beliefs, these ice-acts may be different from
one individual to another. Moreover, it is easy to see that BPPC(AA2) is equivalent to BPPC(AA1):
for all f = c1E1 · · · cNEN ∈ F (∆), and for all i, j ∈ I, Ej(c

i
f ) =

∫
uj(f)dπi = Eji(f). Hence,

Theorem 1 implies the following result:

Theorem 2. BPPC(AA2) holds iff π0 is an affine combination of {πi}Ii=1 and u0 is an affine com-

bination of {ui}Ii=1.

This result also proves that, for society, complete information of individual beliefs and values
is not necessary to aggregate tastes and beliefs separately.

3 SAVAGE PREFERENCES

We consider now the separate aggregation rule in a Savage framework, namely when both individ-
uals and society are SEU.

Let Ω be a set of states ω and A be an algebra of events E. Let X be a set of outcomes. An
act is a simple7 and A -measurable function f : Ω → X . Denote by F the set of all acts and
identify x ∈ X with the constant act f = x. For a sequence E1, . . . , En of events belonging to
A , f1E1 · · · fnEng denotes the act that pays off fi(s) if s ∈ Ei and g(s) if s /∈

⋃n
i=1 Ei. Society

is a finite set of I individuals: I = {1, . . . , I}. Individual i ∈ I has preferences %i⊂ F ×F ,
whereas social preferences are denoted by %0⊂ F × F . For all i ∈ I, the relations ∼i and
�i are defined as the symmetric and asymmetric part of %i as usual. Assume that all preference
relations admit a representation by a subjective expected utility Ei : F → R: for any i ∈ I,
there exist a nonconstant and bounded function ui : X → R and a unique, finitely additive and
nonatomic8 probability measure πi : A → [0, 1], such that individual i evaluates every act f ∈ F

as Ei(f) =
∫

Ω
ui(f(ω))dπi. Moreover, as in the preceding section, MAO is assumed.

7We say a function f is simple if its outcome set {f(Ω) = {f(ω) | ω ∈ Ω} is finite.
8A probability measure π is said nonatomic if, for every event E with π(E) > 0 and any α ∈ (0, 1), there exists

an event F ⊂ E such that π(F ) = απ(E).
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Note that, while searching for an appropriate form of BPPC for SEU preferences that may imply
separate aggregation, the technique used in the proof of Theorem 1 would not be valid either, since
the set of acts F is no longer convex.

3.1 Complete information on individual beliefs

Consider the case where society (or a social planner) has access to individual beliefs {πi}Ii=1, i.e.,
society’s information about individual beliefs is complete.

Given an individual subjective prior πi over events, for each act f ∈ F , define again the
induced lottery λfi as

λfi =
(
x1, πi ◦ f−1(x1); . . . ;xn, πi ◦ f−1(xn)

)
,

where {x1, . . . , xn} is the outcome set associated with the act f . In words, as in the previous
section, λfi is the lottery over outcomes induced by an act f with respect to πi. Let ∆(X) the set
of simple probabilities on X . Then, the following result holds.

Lemma 1. For any i ∈ I, {λfi = πi ◦ f−1 | f ∈ F} = ∆(X).

(See Theorem 14.3 in Fishburn [1970] for the proof.)

For any i ∈ I, according to Lemma 1, if p ∈ ∆(X), there always exist an act f ∈ F and a
prior πi such that p = λfi . So, for p, q ∈ ∆(X), let f, g be such that p = λfi and q = λgi . Then, we
can define a preference relation %∗i over lotteries ∆(X) by:

(2) p %∗i q ⇐⇒ λfi %
∗
i λ

g
i ⇐⇒ f %i g.

To motivate BPPC within SEU, consider the following example. Suppose that individuals i ∈ I
are unanimous in considering that an act f is preferable to another act gi with respect to every
reasonable beliefs in {πi}Ii=1. That is, for every i ∈ I, λfj %∗i λ

gi
j , for all j ∈ I. Suppose now

that there exist two acts g and g in F such that gi can be decomposed into a half-half subjective

mixture of g and g with respect to πi, i.e., λgii ≡ 0.5λgi + 0.5λ
g

i . Equivalently, for every i, λfj %∗i
0.5λgj + 0.5λ

g

j , for all j ∈ I. This means that each individual regards the act f as preferable to a
half-half hedging between g and g. Therefore, we suggest that this preference can be adopted by
society: λf0 %∗0 0.5λg0 + 0.5λ

g

0.
The following axiom generalizes this example: if all individuals prefer a given subjective mix-

ture of acts (f1, . . . , fN) to another subjective mixture of acts (g1, . . . , gM) with respect to every
reasonable beliefs, then so does the society.
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BELIEF-PROOF PARETO CONDITION (S1)
For every act fn, gm ∈ F , n = 1, . . . , N , m = 1, . . . ,M , and every nonnegative numbers αn and
βm such that

∑
n αn = 1 and

∑
m βm = 1, if for all i, j ∈ I,∑

n

αnλ
fn
i %∗j

∑
m

βmλ
gm
i , then

∑
n

αnλ
fn
0 %∗0

∑
m

βmλ
gm
0 .

Since every lottery λfni belongs to ∆(X), all mixtures
∑

n αnλ
fn
i also belong to ∆(X). Con-

sequently, BPPC(S1) means that, if each individual prefers a hedging of acts to another hedging of
acts irrespective of the reasonable beliefs he chooses, then society also prefers the former hedge to
the latter one. By Lemma 1, we know that there exists an act whose lottery induced from πi is the
same as

∑
n αnλ

fn
i . Actually, these acts typically differ across individual beliefs, as well as social

beliefs. However, each of these acts is obtained from the same mixture (αn) of the same acts (fn).
Note that BPPC(S1) implies BPPC(AA1).

Theorem 3. BPPC(S1) is satisfied iff π0 is an affine combination of {πi}Ii=1 and u0 is an affine

combination of {ui}Ii=1.

Proof. For every i, j ∈ I and every f ∈ F , Eij(f) =
∫
ui(f)dπj . Let ∆(F ) be the set of

simple probability distributions over acts. Clearly, ∆(F ) is a convex set. Therefore, for any
fn ∈ F , n = 1, . . . , N , and any nonnegative numbers αn with

∑
n αn = 1,

∑
αnfn ∈ ∆(F ).

Define now Ẽij as follows: for every
∑
αnfn, Ẽij(

∑
αnfn) =

∑
n αnEij(fn). Ẽ0 can be defined

in a similar way. Hence, consider any pair of acts
∑
αnfn and

∑
βmgm in ∆(F ) and suppose

that, for every i, j ∈ I, Ẽij(
∑

n αnfn) ≥ Ẽij(
∑

m βmgm). By definition, it is equivalent to∑
n αnEij(fn) ≥

∑
m βmEij(gm), i.e.,

∑
n αn

∫
ui(fn)dπj ≥

∑
m βm

∫
ui(gm)dπj . By linearity

of the expected utility, it is also equivalent to∫
ui(x)d

∑
n

αnλ
fn
j ≥

∫
ui(x)d

∑
m

βmλ
gm
j ,

which means that the necessity part of the axiom is satisfied. Then, we must have∫
u0(x)d

∑
n

αnλ
fn
j ≥

∫
u0(x)d

∑
m

βmλ
gm
j ,

that is: Ẽ0(
∑

n αnfn) ≥ Ẽ0(
∑

m βmgm). We have already proved that the unanimity condition
is satisfied with respect to (wrt) ({Ẽij}i,j∈I , Ẽ0) on the convex set ∆(F ). Since each Ẽij is an

13



affine function, the Harsanyi Theorem applies: there exist nonnegative numbers γij for i, j ∈
I s.t., for every f̃ ∈ ∆(F ), Ẽ0(f̃) =

∑
ij γijẼij(f̃). In restricting acts f on F , we have:

E0(f) =
∑

ij γijEij(f). Let αi =
∑

j γij and βj =
∑

i γij . As shown in Theorem 1, it is
therefore straightforward that u0 =

∑
i αiui and π0 =

∑
j βjπj .

3.2 Incomplete information on individual beliefs

Separate aggregation seems to be related to the assumption according to which individual beliefs
are ‘sufficiently’ reasonable. What happens now if individual beliefs are not observable by soci-
ety? In AAEU, we already know that complete information on individual beliefs is not necessary to
aggregate tastes and beliefs separately (see above, Theorems 1 and 2). In SEU, the last result (The-
orem 3) confirms that, under complete information, BPPC is a necessary and sufficient condition
for separate aggregation. Then, the strategy, in case of incomplete information, is intuitively based
on the same kind of argument: reformulating utilitarianism in a way that allows separate aggrega-
tion of SEU preferences by means of an appropriate version of BPPC. This can be done by means
of a detour via several concepts (symmetric and exchangeable partitions, γ-division...) which are
needed before writing BPPC in a relevant way for SEU preferences and incomplete information on
beliefs. This is the goal of the next definitions and preliminary lemmas.

Definition 1. Given an expected utility preference % on F , for any f, g ∈ F , a partition {Em}Mm=1

is a (f, g)-symmetric M -partition if for all x, x′, y, z ∈ X and m,n ∈ {1, . . . ,M},

x(Em ∩ f−1(y) ∩ g−1(z))x′ ∼ x(En ∩ f−1(y) ∩ g−1(z))x′.

For any 1 ≤ m ≤M , the event Em,M := E1 ∪ · · · ∪ Em is said to be a m/M -division of (f, g).

Suppose π is a probability measure on A with respect to %. For any two acts f and g, if there
exists a (f, g)-symmetric M -partition {Em}Mm=1, then, for all 1 ≤ m ≤M :

π(E1) = · · · = π(EM) =
1

M
, while

π(Em ∩ f−1(x)) =
π(f−1(x))

M
and π(Em ∩ g−1(y)) =

π(g−1(y))

M
.

14



Therefore, the act fEm,Mg would induce a probability distribution over outcomes as following:

π ◦ (fEm,Mg)−1 =
(
x1, π(f−1(x1)) · m

M
); · · · ;xn, π(f−1(xn)) · m

M
);

y1, π(g−1(y1)) · M −m
M

); · · · ; yk, π(g−1(yk)) ·
M −m
M

)
)

,

where (x1, . . . , xn) and (y1, . . . , yk) are sets of outcomes associated to f and g, respectively. If the
function V represents %, then

V (fEm,Mg) =
m

M
· V (f) +

M −m
M

· V (g).

The following lemma establishes that any finite symmetric partition always exists.

Lemma 2. For any f, g ∈ F and any M ∈ N, there exists a (f, g)-symmetric M-partition.

Proof. This follows easily from the fact that {λfi = πi ◦ f−1 | f ∈ F} = ∆(X).

For each individual preference %i, if x1, . . . , xN are in X , we can always find a sequence
of events {Ei

n}N−1
n=1 such that event Ei

n is a mn/Mn-division of (x1E
i
1 · · ·xn−1E

i
n−1xn, xn+1), for

every 1 ≤ n ≤ N − 1.
An act profile (f1, . . . , fI) = (x1E

i
1 · · ·xn−1E

i
n−1xn)Ii=1 is called rationally identical if, for all

i ∈ I and all 1 ≤ n ≤ N − 1, Ei
n is a mn/Mn-division of (x1E

i
1 · · ·xn−1E

i
n−1xn, xn+1) with

respect to %i. A probability p ∈ ∆(X) is said to be rational if p(x) is a rational number, for all
x ∈ X .

Denote by ∆r(X), the set of all rational and simple probabilities.

Lemma 3. An act profile (f1, . . . , fI) is rational iff there is p ∈ ∆r(X) s.t. πi ◦ f−1
i = p, for all

i ∈ I.

Proof. (⇒) Suppose the act profile (f1, · · · , fI) = (x1E
i
1 · · ·xN−1E

i
N−1xN)Ii=1 is rationally iden-

tical. Then, by definition, for all 1 ≤ i, j ≤ I:

πi ◦ f−1
i =

(
x1,

N−1∏
n=1

mn

Mn

;x2,
M1 −m1

M1

·
N−1∏
n=2

mn

Mn

; . . . ;xn,
MN−1 −mN−1

MN−1

)
= πj ◦ f−1

j .

This probability is rational since every mj and Mj are integers.
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(⇐) Let p = (x1, p1, . . . , xN , pN) ∈ ∆r(X). Clearly, p1, . . . , pN are rational numbers. Ac-
cording to Lemma 2, for 1 ≤ i ≤ I , we can find a sequence of events {Ei

n}N−1
n=1 s.t., for each n, Ei

n

is a
p1 + · · ·+ pn
p1 + · · ·+ pn+1

-division of (x1E
i
1 · · ·xn−1E

i
n−1xn, xn+1) wrt %i .

Through this construction, it is always possible to find an act profile associated with probability
p.

Definition 2. We say that events E and F in A are exchangeable wrt preference % if E and F are
disjoint and, for all x, x′ ∈ X and all f ∈ F , xEx′Ff ∼ x′ExFf .

A partition {Em}Mm=1 is a M-exchangeable partition if, for every 1 ≤ m, k ≤ M , the events
Em and Ek are exchangeable.

Definition 3. An act profile (f1, . . . , fI) = (x1, E
i
1; . . . ;xN , E

i
N)Ii=1 is identical if, for any M ∈

N and any M -exchangeable partition {F i
m}Mm=1 wrt %i, there exists a M -exchangeable partition

{F j
m}Mm=1, for each j 6= i, s.t., for every y ∈ X and every function f̃k defined by:

f̃k(ω) =

xn if ω ∈ F k
m ⊆ En, for some m

y otherwise
, for every 0 ≤ k ≤ I ,

the profile (f̃0, f̃1, . . . , f̃I) is rationally identical.

Lemma 4. An act profile (f1, . . . , fI) is identical iff there is p ∈ ∆(X) s.t. πi ◦ f−1
i = p, for all

0 ≤ i ≤ I .

Proof. (⇐) Let p ∈ ∆(X). For all 1 ≤ i ≤ I , let fi = (x1, E
i
1; . . . , xN , E

i
N) ∈ F be s.t.

πi ◦ f−1
i = p. That is, for all 1 ≤ n ≤ N and all 1 ≤ i, j ≤ I: πi(Ei

n) = πj(E
j
n). Pick

M ∈ N. Suppose {F i
m}Mm=1 is a M -exchangeable partition wrt %i. For every 1 ≤ n ≤ N , define

λn = #{m : F i
m ⊆ Ei

n}, i.e., the number of events F i
m that belong to Ei

n. Therefore, for any
y ∈ X , the induced probability of f̃i is given by

πi ◦ f̃−1
i =

(
x1,

λ1

M
; . . . ;xN ,

λN
M

; y,
M −

∑N
n=1 λn

M

)
.

It is clear that πi ◦ f̃−1
i is a rational probability. To complete the proof of necessity, it suffices to

show that for every j 6= i, we can construct aM -exchangeable partition s.t. the induced probability
of f̃j equals to πi ◦ f̃−1

i .
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Now consider individual j 6= i. Since for every 1 ≤ n ≤ N , πj(Ej
n) = πi(E

i
n), by nonatomic-

ity of πj , there exist λn disjoint and exchangeable events Ej
n1, . . . , E

j
nλn
⊆ Ej

n s.t.

πj(E
j
n1) = · · · = πj(E

j
nλn

) =
1

M
.

Repeat this process for all 1 ≤ n ≤ N , we can finally findM -exchangeable partition (Ej
11, . . . , E

j
1λ1

,
. . . , Ej

N1, . . . , E
j
Nλn

,Ω \∪Nn=1E
j
nλn

) wrt %j . According to the definition of f̃j , we have πj ◦ f̃−1
j =

πi ◦ f̃−1
i .

(⇒) Suppose an act profile (f1, . . . , fI) = (x1, E
i
1; . . . ;xN , E

i
N)Ii=1 is identical. We want to

show that there exists p ∈ ∆(X) s.t. πi ◦ f−1 = p for all 0 ≤ i ≤ I . We consider two cases.
Case 1: for any 1 ≤ i ≤ I , there exists a M -exchangeable partition s.t. fi = f̃i. Therefore,
(f1, . . . , fI) is rationally identical and Lemma 3 says that there exists a rational probability p ∈
∆(X) s.t. πi ◦ f−1

i = p, for all 1 ≤ i ≤ I .
Case 2: for any 1 ≤ i ≤ I , there does not exist a M -exchangeable partition s.t. fi = f̃i. Fix
1 ≤ i ≤ I . For M ∈ N, consider a specific way to construct the M -exchangeable partition through
fi = (x1, E

i
1, . . . , xN , E

i
N). Let p = π◦f−1

i with pn = π(Ei
n), for all 1 ≤ n ≤ N . For 1 ≤ n ≤ N ,

if
1

M
≤ πi(E

i
n) ≤ mn

M
, for some 1 ≤ mn ≤M ,

then, the nonatomicity of πi allows to construct mn disjoint exchangeable events f in1, . . . , f
i
nmn

in
Ei
n. Let m̄ = M −

∑N
n=1mn. Then, the induced probability of the act f̃i,M is given by:

π ◦ f̃i,M = (x1,
m1

M
; . . . ;xN ,

mN

M
; y,

m̄

M
).

According to the definition of f̃i,M , for all 1 ≤ n ≤ N ,

0 ≤ pn − πi ◦ f̃i,M(xn) <
1

M
.

Let ε > 0. For any M >
[
N+1
ε

]
+ 1, we have, for any 1 ≤ n ≤ N :

pn − πi ◦ f̃i,M(xn) <
ε

N + 1
and πi ◦ f̃i,M(y) <

N · ε
N + 1

.

Therefore, πi ◦ f̃i,M weakly converges to p for M →∞.
Finally, suppose there is some j 6= i s.t. πj ◦ f−1

j = q 6= p. Since the act profile is identical, for
any M ∈ N, we can always find a M -exchangeable partition s.t. the induced probability of f̃j,M
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has a probability distribution identical to that of f̃i,M . In other words, the sequences of probability
{πi ◦ f̃i,M}M and {πj ◦ f̃j,M}M are the same. Hence, they must converge to the same probability.
Thus, for any j 6= i, the induced probability of the act fj must be p.

Definition 4. For any γ ∈ (0, 1), an event E is a γ-division of (f, g) if, for any (f, g)-symmetric
M -partition and any m,m′ < M with m′

M
≤ γ ≤ m

M
and for all constant acts x � x′ and y, z,

x(EmM ∩ f−1(y) ∩ g−1(z))x′−1(y) ∩ g−1(z))x′ % x(Em′M ∩ f−1(y) ∩ g−1(z))x′.

Lemma 5. For γ ∈ (0, 1) and acts f, g, if event E is a γ-division of f and g, then π(E) = γ and

π ◦ (fEg)−1 = γ · π ◦ f−1 + (1− γ) · π ◦ g−1.

Proof. Suppose π(E) 6= γ. Assume π(E) > γ. Then, by Lemma 2, for acts f, g, there exists an
event EmM being the m/M -division of f, g s.t. γ < m

M
< π(E). By Definition 4, we must have,

for any y, z ∈ X ,

π(EmM ∩ f−1(y) ∩ g−1(z)) ≥ π(E ∩ f−1(y) ∩ g−1(z)).

Since (f−1(y) ∩ g−1(z))y,z∈X is a partition of Ω, we have: π(EmM) ≥ π(E). This stands in
contradiction to m

M
< π(E). For the case π(E) < γ, a similar process would also lead to a

contradiction. Therefore, π(E) = γ.
Now, let {Em}Mm=1 be a (f, g)-symmetric M -partition. Let m,m′ < M be s.t. m′

M
≤ γ ≤ m

M
.

By definition, for any y, z ∈ X ,

m

M
· π(f−1(y) ∩ g−1(z)) ≥ π(E ∩ f−1(y) ∩ g−1(z)) ≥ m′

M
· f−1(y) ∩ g−1(z)),

which leads to
m

M
≥ π(E ∩ f−1(y) ∩ g−1(z))

π(f−1(y) ∩ g−1(z))
≥ m′

M
.

So, for any y, z ∈ X ,
π(E ∩ f−1(y) ∩ g−1(z))

π(f−1(y) ∩ g−1(z))
= γ.
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Therefore, for any x ∈ X ,

π(fEg)−1(x) = γ ·
∑
z

π(f−1(x) ∩ g−1(z)) + (1− γ) ·
∑
y

π(f−1(y) ∩ g−1(x))

= γ · π(f−1(x)) + (1− γ) · π(g−1(x)).

Finally, the induced probability of fEg is a γ-combination of the induced probabilities of f and
g.

Lemma 6. For any γ ∈ (0, 1) and any f, g ∈ F , there always exists an eventE that is a γ-division

of (f, g).

Proof. Take any γ ∈ (0, 1) and acts f, g. For any y, z ∈ X , by nonatomicity of π on A , there
always exists a subevent Eyz ⊂ f−1(y) ∩ g−1(z) s.t. π(Eyz) = γ · π(f−1(y) ∩ g−1(z)). Let
E = ∪y,z∈XEyz. It is straightforward that such an event is indeed a γ-division of f, g.

Clearly, iterated divisions of acts such as E can be considered as a 1/2-division of f, g and
F as a 1/2-division of fEg, h, which is then tantamount to consider a (1/4 : 1/4 : 1/2) mixture
of f, g, h. More generally, for any nonnegative numbers {γn}Nn=1 with

∑N
n=1 γn = 1 and acts

f1, . . . , fN , denote by
N∑
n=1

γn ⊗ fn

a short-hand for the iterated mixture of acts f1, . . . , fN , namely a γ1, . . . , γN mixture of f1, . . . , fN .
Then, for every πi, we have:

(3) πi ◦ (
N∑
n=1

γn ⊗ fn)−1 =
N∑
n=1

γn · πi ◦ (f−1
n ).

For any act fn and any i ∈ I, denote by (fn,1, . . . fn,i, . . . , fI) the act profile where fn,i = fn. Now,
BPPC(S2) can be rewritten accordingly:

BELIEF-PROOF PARETO CONDITION (S2)
For every act fn, gm ∈ F , n = 1, . . . , N , m = 1, . . . ,M , and every nonnegative numbers αn and
βm such that

∑
n αn = 1 and

∑
m βm = 1, if for all i, j ∈ I,∑

n

αn ⊗ fn,j %i

∑
m

βm ⊗ gm,j , then
∑
n

αn ⊗ fn %0

∑
m

βm ⊗ gm,j .
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Thanks to the above discussion, the following result is immediate.

Theorem 4. BPPC(S2) holds iff π0 is an affine aggregation of {πi}Ii=1 and u0 is an affine aggrega-

tion of {ui}Ii=1.

This last theorem shows that even in a pure Savagian context, it is not necessary for society to
acknowledge individual beliefs or utilities to implement affine aggregation.

4 DISAGREEMENT

In Section 2, a standard notion of minimal agreement (MAO) among individuals was assumed for
technical reasons. Here, we want to release it since separate aggregation should sometimes be an
appropriate rule for social contexts without minimal agreement. For that purpose, suppose again
that individuals are AAEU and society has a complete information on their beliefs. If individual
beliefs are known, it is possible for society to transform each act into a lottery. Therefore, individ-
ual preferences over acts can be automatically translated into individual preferences over lotteries.
Whenever preferences over lotteries are provided, the Pareto condition over lotteries should be ap-
plied: that is, unanimous preference comparison for lotteries are compelling. Recall the definition
of %∗i in (2). A first Pareto condition can then be formally stated.

LOTTERY PARETO CONDITION (LPC)
If for all i ∈ I, p %∗i q, then p %∗0 q.

Since LPC coincides with the original Harsanyi’s Pareto condition, the utilitarian result follows
clearly.

Proposition 1. LPC is satisfied iff u0 is an affine combination of {ui}Ii=1.

Samuelson [1963] (see also, Arrow [1994]) appears to consider that a failure of individualism
questions its normative demand. Consequently, he suggests that it is not necessary for society to
fully respect individual beliefs. In this case, LPC could be a plausible condition imposed upon
such a society. Hence, society would not only be utilitarian with respect to individual tastes but
also free to choose the beliefs it thinks reasonable. Further, if society believes in methodological
individualism and respects individual beliefs, it is then rational to regard any individual beliefs as
reasonable. Finally, whenever two acts are compared, if this comparison is invariant regardless of
any reasonable beliefs, then it is compelling for society to adopt this preference.

SOCIETAL PARETO CONDITION (SPC)
For all f, g ∈ F (∆), if λfi %

∗
0 λ

g
i , for all i ∈ I, then f %0 g.
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SPC is actually equivalent to affine aggregation of individual beliefs.

Proposition 2. SPC is satisfied iff π0 is an affine combination of {πi}Ii=1.

Proof. Denote by E0i(f) =
∫
u0(f)dπi, the social virtual expected utility of f wrt individual

i’s prior. SPC can be rewritten: for all f, g ∈ F (∆), if E0i(f) ≥ E0i(g), for all i ∈ I, then
E0(f) ≥ E0(g). Thanks to a property of SEU, any E0i of {E0i}Ii=1 is an affine function on the
convex set F (∆). Then, according to De Meyer and Mongin [1995], it implies that there exist
positive numbers {βi}Ii=1 with

∑
i βi = 1 s.t. E0(f) =

∑
i βiE0i(f). Hence, π0 =

∑
i βiπi.

Actually, these two conditions imply BPPC(AA1), but the opposite is not true. In other words,
getting separate aggregation either requires MAO or has recourse to the two above conditions.

Proposition 3. LPC and SPC imply BPPC(AA1).

Proof. Let f, g ∈ F (∆). Suppose that, for all i, j ∈ I, Eij(f) ≥ Eij(g). Then, for all positive
numbers αi with

∑
i αi = 1, we have for all j,

∑
i αiEij(f) ≥

∑
i αiEij(g). Equivalently,

∫ (∑
i

αiui(f)

)
dπj ≥

∫ (∑
i

αiui(g)

)
dπj .

According to LPC, this implies E0j(f) ≥ E0j(g), for all j. Hence, E0(f) ≥ E0(g) follows directly
from SPC.

Following the same technical strategy as in Sections 2 and 3, one can update the different
versions for LPC and SPC with various states of information or frameworks.

5 DISCUSSION

5.1 Alternative principles

Under Bayesian environment, where both individuals and society are SEU, many alternative prin-
ciples to guide society in its choices are found in literature. However, not every principle shares
the same methodological approach. To the best of our knowledge, the first alternative principle
is suggested by Mongin [1997] which embodies a somewhat different requirement for genuine
unanimity preferences: unanimous preference comparisons are considered compelling for society
if and only if individuals agree on both probabilities and utility rankings underlying these prefer-
ences. Nevertheless, such a homogeneous approach seems to confuse ordinal and cardinal prefer-
ences. Actually, ordinal rankings do not convey any quantifiable information about the difference
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between two evaluations. Therefore, unanimity preferences fail to be compelling for society, in-
sofar as homogeneous ordinal rankings do not constitute a persuasive basis for social reasoning.
Alternatively, Billot and Vergopoulos [2016] think that society should not always share the state
space with individuals. Consequently, they propose to allow the social space to be defined as the
Cartesian product of individual ones. In such a setting, a somewhat extended Pareto principle
would lead society to be utilitarian. Another approach is provided by Mongin and Pivato [2016].
They distinguish objective and subjective uncertainty and suggest possible solutions for situations
where Pareto conditions can be translated throught weighted additive utility representations.

Finally, the most well-known alternative principle, perhaps the most relevant one for compar-
ison with ours, is given by GSS. Let us begin with a formal restatement of their restricted Pareto

principle: define an act f as a GSS-lottery if πi ◦ f−1(x) = πj ◦ f−1(x), for all i, j ∈ I and all
x ∈ X .

RESTRICTED PARETO CONDITION (RPC)
For any pair of GSS-lotteries f and g, if f %i g for all i ∈ I, then f %0 g.

First, GSS define GSS-lotteries and then propose to apply the Pareto condition to GSS-lotteries
only. One consequence of this approach is that their principle holds only for preference profiles
that admit identical probability estimates over at least some events—thus excluding profiles where
no such events prevail globally. At a practical level, it appears as a limitation. It is apparent that if
one GSS-lottery is unanimously preferred to another one, then, according to BPPC, society should
also adopt such a preference. Clearly, BPPC is stronger than RPC. The economic meaning of the
difference between these two conditions can be expressed like this: BPPC does not require the
existence of events that are equally estimated by all individuals. Moreover, in our view, RPC is
a too demanding condition for a reliable interpretation of the Pareto principle: for instance, there
may not be GSS-lotteries required by RPC, even when an act unanimously first order stochastically

dominates another one. In contrast, under BPPC, in case of unanimity preferences respectful of
first order stochastic dominance, society would evidently adopt these preferences. Indeed, this
is not to dispute the usefulness of RPC. Gilboa et al. [2004] show that RPC is a necessary and
sufficient condition for separate aggregation in a ‘Savage-Arrow’ setting, i.e., a special Savage
setting with σ-additive probability measure over events. The extension of the Savage domain to the
‘Savage-Arrow’ domain is particularly welcome in this context, because σ-additivity guarantees
the existence of identical events for all possible probabilities. However, both De Finetti [1974] and
Savage [1954] point out that σ-additivity is not a natural requirement for behavior.9 In fact, the
RPC is not equivalent to affine aggregation of individual beliefs if the individual beliefs are not σ-

9See Seidenfeld [2001] for a recent discussion of σ-additivity.
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additive. At last, a closing remark about the justification of RPC. Actually, GSS implicitly assume
that society has a complete information on individual priors and, therefore, could identify GSS-
lotteries before applying RPC. This assumption does not seem to be very practical and, moreover,
does not cover the case of incomplete information on individual beliefs. Hence, GSS stand in need
of a preference-based RPC.

5.2 State-dependent expected utility

A trend in Bayesian theory emphasizes that state-independence is not a proper assumption for
expected utility theory. Mongin [1998] and Chambers and Hayashi [2006] show that possibility
result for aggregation can be achieved if society is a state-dependent expected utility maximizer
while Karni [2007] provides a set of axioms characterizing the state-dependent expected utility
representation. However, social beliefs are not unique whenever society is of that type. Therefore,
the normative stand for belief aggregation is not clear. Also, the results for state-dependent ex-
pected utility are developed within Anscombe-Aumann framework only and it is not straight to see
what can be achieved in Savage framework.

6 CONCLUDING REMARKS

The choice of a pertinent principle for aggregation of individual preferences has long been the core
debate among social choice theorists. This paper propose a new principle which characterizes sep-
arate aggregation within AAEU and SEU, under complete or incomplete information on individual
beliefs. However, we consider exclusively SEU preferences. Yet, to be satisfactory in itself, an
aggregation principle should not be tied to a particular model—not even SEU. Actually, BPPC can
be naturally applied to all models in which beliefs and tastes are represented separately. An an
illustration, consider application of our principle to the model of maxmin expected utility ( MEU)
(Gilboa and Schmeidler [1989]) and to the model of Choquet expected utility (CEU) (Schmeidler
[1989]). Firstly, focus on preferences that conform to CEU. This is a more general model than
SEU. Therefore, it is appropriate to illustrate the malleability of BPPC and to demonstrate its fun-
damental relationship with separate aggregation. The same process can be reproduced for MEU

and, therefore, we confine ourselves to CEU. Hence, for 0 ≤ i ≤ I , preferences %i are represented
by Wi(f) = C

∫
Ω
ui(f)dνi, where νi : A → [0, 1] is a Choquet capacity and ui : X → R, a util-

ity function. Recall now that BPPC requires unanimity preferences to endure interchange beliefs.
Based on this, we can write this principle with respect to CEU. Denote by Wij(f) = C

∫
ui(f)dνj ,

the individual i’s virtual CEU of f with respect to j ’s capacity.
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BELIEF-PROOF PARETO CONDITION (CEU)
For every act fn, gm ∈ F , n = 1, . . . , N , m = 1, . . . ,M , and every nonnegative numbers αn and
βm such that

∑
n αn = 1 and

∑
m βm = 1, if for all i, j ∈ I,∑

n

αnWij(fn) ≥
∑
m

βmWij(gm), then
∑
n

αnW0(fn) ≥
∑
m

βmW0(gm).

The formal logic being similar to that of our previous theorems, we can state the result without
proof: BPPC(CEU) is equivalent to affine separation rules.
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