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Abstract
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with choices (involving monetary outcomes) in three domains: risky personal choices,
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these errors.
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1 Introduction

Many individuals make choices that have consequences only for themselves — choices in the
personal domain—and choices that have consequences both for themselves and for others—
choices in the social domain. Many of these choices involve risk, so a full understanding
of choice behavior in these domains requires a commensurate understanding of both the
individual’s preferences over consequences and the individual’s attitude toward risk. It is
then natural to ask: Is there a connection between an individual’s attitude toward risk in
the personal domain and the same individual’s attitude toward risk in the social domain?
This paper offers formalizations of this question, theoretical responses to this question, and
an experimental test of the theory.

Our motivation for asking (and answering) this question arises not only from intellectual
curiosity but also from pragmatism because we often choose— or at least influence—
which individuals will be in a position to make choices that have consequences for us
(and for themselves): Chairs, Deans, Mayors, Governors, Congresspersons, Senators—even
Presidents. And we certainly care not only whether the President prefers peace to war and
seeks tax and civil rights reforms, but what actions the President would be prepared to take
to alter the risks of peace or war and the likelihood of achieving those reforms. Blockading
Soviet ships bound for Cuba (as John Kennedy did) risks war, and putting forward both tax
reform and civil rights legislation simultaneously (as Kennedy also did) risks accomplishing
neither/T]

But can we draw any inferences at all about the President’s risky choices in the social
domain from the fact that the President chooses to conduct an illicit affair or smoke in secret
or invest aggressively or exaggerate his accomplishments (to mention just a few personal
choices that have made headlines in recent memory)? What these personal choices have
in common is that they involve (personal) risk—to the President’s marriage or health, or
finances or reputation. Drawing inferences about (present and future) risky social choices
from knowledge of (past and present) risky personal choices would seem useful, and also
possible—provided that there is a linkage between attitude toward risk in the personal
domain and attitude toward risk in the social domain.

In this paper, we establish a theoretical linkage between preferences and risk attitudes
in the social domain and in the personal domain, and provide an experimental test of this
theoryﬂ We formulate our problem abstractly by assuming that the individual Decision

'In fact, Kennedy accomplished neither tax reform nor civil rights legislation; both were pushed through
by Lyndon Johnson after Kennedy’s assassination.

20ne important qualification needs to be remembered when interpreting our results. As the examples
above illustrate, there is a question that seems both puzzling and important: what is the meaning of an
individual’s “attitude toward risk” in a domain in which the consequences are not monetary—or more
generally, involve consequences other than consumption? We confess that we have no answer to offer to
this question; indeed we suspect it has no entirely satisfactory. Keeping this in mind, we formulate an
abstract model that avoids this issue entirely (we explain below) but we construct our experiment so that
the consequences are monetary (for the subject and for one other).



Maker (DM) has preferences over risky choices in the social domain but that that we
can observe only preferences over risky choices in the personal domain and preferences
over non-risky choices in the social domain. (It is convenient to view the personal domain
as a subset of the social domain in which the consequences for others are fixed.) We
then ask under what assumptions it will be possible to deduce—on the basis of these
observations— preferences over risky choices in the social domain. Our theoretical results
provide necessary and sufficient conditions that such deduction be possible. The required
conditions depend on what is observed and, in one setting, about our assumptions as to
the DM'’s degree of rationality.

The formal model considers a DM, characterized by a fixed preference relation > over
the set L(2) of lotteries on a set 2 of social stat@sﬁ A subset P C w of these social states
have consequences only for the DM-—these are personal states—while the others have
consequences both for the DM and for others. We do not observe the entire preference
relation = on L(€2) but only some portion of it. In our main theoretical result, and in our
experimental work, we assume that we can observe the restrictions =g of > to 2 and to
L(P). That is, we observe comparisons between social states (including personal states)
and comparisons between personal lotteries, but we do not observe comparisons between
social states and personal lotteries[]]

We ask: in what circumstances it is possible to deduce the entire preference relation
> from restriction =¢? In other words, in what circumstances does =g admit a unique
extension to the preference relation > over the full domain of lotteries L(2) on social states?
If we assume that the DM’s preferences obey the usual axioms of individual choice under
uncertainty — Completeness, Transitivity, Continuity, Reduction of Compound Lotteries
and the Sure Thing Principle—together with a (relatively weak) axiom that we call State
Monotonicity, then a necessary and sufficient condition that it be possible to deduce the
complete preference relation > from the incomplete relation > is that the DM finds every
social state to be indifferent to some personal state. We offer an interpretation of this
condition in Section 3

This theoretical result seems clean and satisfying but it is another question entirely
whether is also descriptive of reality. To address this latter question, we designed and
executed an experiment in which subjects were confronted with choices in three domains:

e PERSONAL RiIsk The objects of choice are risky personal choices (equiprobable binary

3To make the analysis simpler and sharper, we assume that  is finite. This avoids subtle issues about
the topology of 2 and the continuity of .

4For completeness, we do provide theoretical analysis of the setting in which we observe comparisons
between social states and personal lotteries—that is, we observe the restriction >=; of > to QU L(P)—but
we do not have any experimental evidence in that setting.

5As we discuss below, State Monotonicity is a much weaker assumption than Independence because it
compares only lotteries whose outcomes are primitives—social states—rather than lotteries whose outcomes
are themselves lotteries. Almost all decision-theoretic models that have been proposed as alternatives to
Expected Utility obey State Monotonicity.



lotteries whose consequences are monetary outcomes for self alone).

e SocCIAL CHOICE The objects of choice are riskless social choices (deterministic divi-
sions of money between self and one other).

e SocIAL Risk The objects of choice are risky social choices (equiprobable binary
lotteries whose consequences are divisions of money between self and other).

In the experimental setting, we present each decision problem as a choice from a budget
line using a graphical interface developed by |(Choi et al. (2007b)). The PERSONAL Risk
domain is identical to the domain in the (symmetric) risk experiment of Choi et al. (2007a).
The SOCIAL CHOICE domain is identical to the domain in the (linear) two-person dictator
experiment of |[Fisman et al. (2007)@ The SociAL RISK domain is new; it represents the
choice problem over lotteries over pairs of consumption for self and for other.

This approach has a number of advantages. First, the choice of a bundle subject to
a budget constraint provides more information about preferences than a typical binary
choice. Second, because the interface is extremely user-friendly, it is possible to present
each subject with many choices in the course of a single experimental session, yielding
rich individual-level data. This makes it possible to analyze behavior at the level of the
individual subject, without the need to pool data or assume that preferences are identical
across subjects. Finally, the rich individual-level data allow us to make direct comparisons
of choices across the three domains using an attractive nonparametric econometric approach
that builds on classical revealed preference analysis.

To test the predictions of our theory, we need to know the particular personal state to
which each social state is indifferent—not just the fact that every social state is indifferent
to some personal state. For some of our subjects, this would require making additional
assumptions about the form of the underlying preferences. However, for two important
classes of subjects, the predictions of our theory are testable:

e For subjects who are selfish—those who, in the SOcIAL CHOICE domain give nothing
to other—the theory predicts that choice behavior in the PERSONAL RISK domain
should coincide with choice behavior in the SOCIAL RISK domain.

9Ahn et al|(2014) extended the work in Choi et al.| (2007a) on risk to settings with ambiguity. Building
on the experimental methodology and utilizing the CentERpanel (a nationally representative panel of
households in the Netherlands), |Choi et al.| (2014) relate findings on individual-level behaviors from the
experimental data with economic information and socio-demographic information on individuals. These
datasets have also been analyzed by others, including Halevy et al.|(2018]) and [Polisson et al.| (Forthcoming).
Fisman et al.| (2015alb} 2017)), and |Li et al.| (2017) build on the work in |[Fisman et al.| (2007)) to study social
preferences with different samples, including the American Life Panel (ALP) (a nationally representative
U.S.-based sample). Because all experimental designs share the same graphical interface, we are building
on expertise we have acquired in previous work.



e For subjects who are impartial—those who, in the SOCIAL CHOICE domain, treat
other symmetrically to self— the theory predicts that choice behavior in the SOCIAL
CHOICE domain should coincide with choice behavior in the SocIAL Risk domain[’]

Among our subjects, we find many who are completely (or at least extremely) selfish
and a number who are completely (or at least extremely) impartial. For these subjects,
the theory of revealed preference allows us to provide an individual-level nonparametric
permutation test of these predictions, based on the observation that if preferences in two
domains are the same then choice behavior in those two domains must also be the same, and
hence any random selection of choices from the union of the choices in those domains should
be indistinguishable from the actual choices in the two domains. This test shows that for the
overwhelming majority of selfish or impartial subjects the theoretical predictions are well
supported by the experimental data, but for a significant number the theoretical predictions
are rejected. According to the theory, these subjects’ preferences are not consistent across
the various choice domains.

The analysis is complicated by the fact that individual choices frequently involve at least
some errors: subjects may compute incorrectly, or execute intended choices incorrectly, or
err in other less obvious ways. Because of these “mistakes” subjects’ preferences need
not be consistent within a choice domain—i.e., their choices need not conform perfectly
with the Generalized Axiom of Revealed Preference (GARP)—so these “mistakes” must
be taken into account in the permutation test for consistency across the various choice
domains; the discussion in Section 7 explains how we do this.

The remainder of the paper is organized as follows. Section 2 provides the theoreti-
cal framework for our analysis. Section 3 contains our main theoretical result and proof.
Section 4 provides the transition from the general theory to the implications for the ex-
perimental setting. Section 5 describes the experiment, Section 6 describes the data, and
Section 7 presents the tests of the theory. Section 8 presents an extension of the theoretical
analysis to the setting in which we can observe comparisons between social states and per-
sonal lotteries. Section 9 describes how the paper is related to prior research and provides
some concluding remarks.

2 Framework

We consider a DM and a given set of outcomes 2 with a distinguished proper subset
P C Q. For convenience, we refer to elements of 2 as social states and to elements of P

"The objects of choice in the SOCIAL CHOICE domain are payout pairs (z,y) where z is the payout to
other and y is the payout to self. In the experimental setting, we offer choices from linear budget lines
pr + qy = w. We define behavior in the SOCIAL CHOICE domain to be selfish if the choice subject to the
budget constraint pz + qy = w is always of the form (0, y) (payout to other is 0). We define behavior in the
SociAL CHOICE domain to be impartial if (a,b) is chosen subject to the budget constraint pz 4+ gy = w if
and only if (b,a) is chosen subject to the mirror-image budget constraint gz + py = w.



as personal states. In the interpretation discussed in the Introduction, a social state has
consequences for society (of which the DM is a member) as a whole; a personal state has
consequences only for the DM. We stress, however, that this is only an interpretation:
our abstract formalization is quite general and encompasses many other interpretations.
We are agnostic about the specific natures of 2, P in part because outside observers may
differ with respect to their knowledge of the relevant social and personal states and with
respect to what they observef]

We assume (2 is finite; this avoids subtle issues about the topology of €2 and the conti-
nuity properties of preferences. We assume that P C w contains at least two states that the
DM does not find indifferent (there are states A, B € P with A > B) and that Q\ P # 0;
this avoids degeneracy. For any subset © C w, we write L(0O) for the set of lotteries over
states in ©. We frequently write ), pjw; for the lottery whose outcome is the state w; with
probability p;. We refer to lotteries in L(P) as personal lotteries and to lotteries in L(£2)
as social lotteries.

We assume that the DM has a preference relation = on L(2) that satisfies the familiar
requirements: Completeness, Transitivity, Continuity, Reduction of Compound Lotteries
and the Sure Thing Principle. These imply that we can—and do—identify the lottery
>, piw with the certain state Q. Throughout, we also assume that > obeys the following
requirement, which we call State Monotonicity.

State Monotonicity If w;,w, € w for i = 1,...k, w; > w, for each i and p =
(p1,...,pk) is a probability vector, then

k k
Z Piwi = Zpiwg
i=1 i=1

State Monotonicity is equivalent to a condition that |Grant et al. (1992) call Degener-
ate Independenceﬂ For ease of comparison, recall that the familiar (von Neumann and
Morgenstern), 1947)) Independence Axiom is

Independence If W;, W/ € L(Q) for i = 1,...k, W; = W/ for each i and p =
(p1,...,pk) is a probability vector, then

k k
sz'Wz = ZPiW{
i—1 i—1

81n earlier versions of this paper we were more specific about the nature of 2, P. We assumed that
had a product structure: Q@ C X X Z; where, given a state w = (x,z) the component = represents the
personal component of 2 and z represents the social component of 2. We assumed a given reference social
component zo € Z and identified P with the product X x {z0}. However, because the particular structure
played no role in the actual analysis, we prefer to use the more abstract formulation given here.

9As we do here, |Grant et al.| (1992)) asks to what extent all preference comparisons can be deduced from
a subset of preference comparisons. However, because our intent is different from |Grant et al. (1992) we
face quite different issues so the differences are greater than the similarities. We elaborate on this in the
discussion of the related literature in Section 9.




We have formulated State Monotonicity in terms of weak preference, rather than in-
difference, because the two formulations are not equivalent. We have formulated Indepen-
dence in terms of weak preference, rather than indifference, despite the fact that the two
formulations are equivalent,in oder to highlight the difference between State Monotonicity
and Independence. Notice that the difference between these two Axioms is precisely that
Independence posits comparisons between lotteries over lotteries, while State Monotonicity
only posits comparisons between lotteries over states. As we discuss below, the difference
is enormous. We note that almost all decision-theoretic models that have been proposed as
alternatives to Expected Utility of which we are aware obey State Monotonicity, including
Weighted Expected Utility (Dekel, [1986; Chew, |1989), Rank Dependent Utility (Quigginl,
1982, 1993), and (much of) Prospect Theory (Tversky and Kahneman, [1992)).

To understand the relationship of our system of Axioms to others, suppose that 2
consists of three mutually non-indifferent states Q = {A, X, B}; without loss, assume that
A = X > B and picture the familiar Marschak-Machina triangle in which each point
represents a lottery aA + xX + bB over the states A, X, B (a = 0 on the horizontal edge,
x = 0 on the hypotenuse, and b = 0 on the vertical edge). Continuity requires that
X be indifferent to some lottery over A, B; say X ~ %A + %BE Assuming the other
Axioms, Independence implies that the preference relation > admits an Expected Utility
representation, so that the indifference curves in the triangle are parallel straight lines.
Hence knowledge that X ~ %A + %B completely determines >~ on the entire triangle. In
particular, A+ X ~ 24+ 1B, X + 1B ~ 1A+ 2B and so forth (see Figure 1A).

Betweenness, which is a weaker axiom than Independence (and is the central Axiom
in Weighted Expected Utility), implies that all indifference curves are again straight lines
but they need not be parallel; in particular, it may be that %A + %X ~ %A + gB and
%X + %B ~ %A + 1%3 (see Figure 1B). In this example, the indifference curves “fan out,”
becoming steeper (corresponding to higher risk aversion) when moving northeast in the
triangle. Rank Dependent Utility and Prospect Theory allow for indifference curves that
are not straight lines and can “fan out” or “fan in,” especially near the triangle boundaries
(see Figure 1C).

Our system of axioms is weaker than any of these, but our system still has bite. To see
this, consider a lottery aA + X + bB and the lottery (a +¢)A + (z — €)X + bB obtained
by shifting € of the probability mass from X to A. State Monotonicity—together with
Transitivity and the Sure Thing Principle—entails that

aA+zX+bB ~ aA+(r—e)X+eX +bB
= aA+eA+(x—e)X +bB
~ (a+e)A+(x—¢e)X +bB.

Thus our axioms imply that the preference relation > is increasing (from bottom to top)

10Some caution is needed here. In the absence of the Independence Axiom, which we do not assume, the
Continuity Axiom is stronger than the Archimedean Axiom.



along vertical lines. Similarly, > is decreasing (from left to right) along horizontal lines.
Put differently, State Monotonicity implies that shifting probability mass from lower-ranked
states to higher-ranked states is considered an improvement. Hence the indifference curves
of > must be “upward sloping” (pointing northeast in the triangle) but can otherwise be
quite arbitrary (see Figure 1D).

[Figure 1 here]

The DM'’s preference relation > over all lotteries L(2) is fixed, but not known (to us).
We seek to deduce »= but must base this deduction on observation/inference of only a subset
of all comparisons. Our main focus is on a setting in which we observe only the DM’s
comparisons between social states and the DM’s comparisons between personal lotteries—
but not the DM’s comparisons between social states and personal lotteries. That is, we
observe the incomplete relation =g whose graph is:

graph(=o) = graph(>=) N ([L(P) x L(P)]U[©2 x Q)

In Section 8 we consider a setting in which we observe the DM’s comparisons between
social states and personal lotteries. That is, we observe the sub-preference relation >
whose graph is:

graph(>1) = graph(=) N ([QU L(P)] x [QU L(P)])

Observing > means observing the restriction of > to w and the restriction of > to
L(P), whereas observing =1 means observing the restriction of > to Q U L(P). Our main
focus is on the setting in which we observe =g rather than >; because the former seems
more natural (see Footnote 11) and can more be easily presented in an experimental setting.

To discern the difference between observing = and =1, consider once again the setting
in which Q consists of the three states A, X, B with A = X = B and picture the Marschak-
Machina triangle in which each point represents a lottery (pa,px,pp) over the states
A, X, B. Suppose that A, B are personal states and X is a social state (and hence is not
equivalent to any personal state). If we observe = we observe the ordering A =9 X ¢ B
and the ordering of lotteries between A, B (shaded gray in Figure 2A), but no others. State
Monotonicity assures us that from these observations we can infer the ordering of lotteries
between A, X and lotteries between X, B (see Figure 2B). Continuity assures us that X
is indifferent to some lottery aA + (1 — a)B, but we do not observe which lottery. If we
observe > then we do observe which lottery—but that is all (see Figure 2C). However, if
we observe =1 and we assume that > obeys Independence—and hence has an Expected
Utility representation—then observing which lottery completely determines > (see Figure
2D).

[Figure 2 here]



This illustrates that the deducibility of the DM’s entire preference relation > from an
incomplete sub-relation depends not only on the amount that can be observed/inferred
about = but also on the degree of rationality we ascribe to the DM—in particular on
whether the observer believes/assumes that the DM ’s preferences obey the Independence
Axiom.

3 Deducing Preferences

We can now formalize our question in the following way: If we observe the incomplete
relation > can we deduce the entire preference relation =7 In different words: is > the
unique complete preference relation that extends the incomplete relation > and obeys the
same axioms (Completeness, Transitivity, Continuity, Reduction of Compound Lotteries,
the Sure Thing Principle and State Monotonicity)?

We show that a necessary and sufficient condition that it be possible to deduce the
complete preference relation > from the incomplete relation > is that the DM finds every
social state to be indifferent to some personal state. When this necessary and sufficient
condition is not satisfied, there will be many lotteries in L(€2) over which the preference
ordering of the DM > cannot be deduced from >g.

Theorem 1 Assume that the DM ’s preference relation = satisfies Completeness, Transi-
tivity, Continuity, Reduction of Compound Lotteries, the Sure Thing Principle and State
Momnotonicity. In order that = can be deduced from =g it is necessary and sufficient that
the DM finds every social state w € Q\ P to be indifferent to some personal state & € P.

Remark Before proceeding to the proof, it may be useful to provide some interpretation
of the condition that the DM finds every social state w € Q \ P to be indifferent to some
personal state @ € P. Suppose social states are allocations of (additional) money to society,
of which the DM is a member, and that the personal states are those social states in which
no (additional) money is allocated to others. (This is the setting in our experiment.) To
say that the DM finds every social state to be indifferent to some personal state means
that, for every possible allocation of money to society, there is some other allocation that
gives nothing to others and that the DM finds equally desirable. Put loosely in political
terms: no matter what is proposed for society, there is a “bribe” that the DM could be
offered that would leave him/her indifferent between accepting the bribe and implementing
the social proposal—and, implicitly, some “bribe” that the DM would strictly prefer.

Proof. To see that this condition is sufficient, assume that every social state w admits a
personal state equivalent @. State Monotonicity implies that >  pw; ~ > pw; for every
lottery > piw; € L(2). Hence given two lotteries ) | pjw;, Y . qjw; it follows from transitivity

that
D piwim Y qiws e > pili = Y g Y pildi mo Y 4@;.

That is, = can be deduced from >g.



To see that this condition is necessary, we suppose that there is some social state X
that the DM does not find indifferent to any personal state and construct a preference
relation that agrees with = on L(P) and on € but not on all of L(2). Note that we must
take some care to ensure that the preference relation we construct obeys Continuity and
State Monotonicity.

Because > is continuous (by assumption) and L(€2) can be identified with a finite-
dimensional simplex, which is a separable metric space, we can use Debreu’s representation
theorem (Debreu 1954) to find a utility function w : L(£2) — R that represents =, that is

forall )TV € L(Q) : T = T" & «(T) > u(I).

Without loss, assume that the range of u is contained in the interval [0,1]. We construct
a new utility function U : L(2) — R that agrees with u on L(P) and induces the same
ordering as u on w but does not induce the same ordering as u on L(£).

To make the remainder of the proof easier to follow, suppose for the moment that
QO ={A X,B}, P={A,B} and that X is a social state that is not indifferent to either
A or B. As our earlier discussion of State Monotonicity suggests, it is easy to construct a
utility function U on L(2) with the desired properties in this setting—but it is less easy
to do so in a way that generalizes to the general setting with more than three states. We
may assume without loss that A > B, and it is convenient to distinguish three cases: (i)
A>X > B, (i) X > A> B, and (iii) A > B > X:

e Case (i) A > X > B: Continuity guarantees that there is some v € (0,1) such
that X ~ vA + (1 — v)B; equivalently, u(X) = u(yA + (1 — v)B). We construct
a continuous utility function U on L(2) that agrees with u on L(P) and for which
U(A) > U(X) > U(B)—so that U induces the same ordering as u on w—but U(X) #
u(X) = u(yA + (1 — v)B)—so that the preference relation =y induced by U does
not agree with = on L(Q).

To understand the idea behind the construction, consider once again the Marschak-
Machina triangle (see Figure 1D). In order that >y satisfy State Monotonicity, U
must be strictly increasing (from bottom to top) along vertical lines and strictly
decreasing (from left to right) along horizontal lines. To construct U we first define
two auxiliary functions f, g:

flaA+2zX +bB) = u(aA+zA+bB)
g(aA+ 22X +bB) = u(aA+xB+bB)

for every lottery aA + zX + bB € L(f2). Because u is continuous, both f and g
are continuous. Moreover, f is constant on vertical lines and strictly decreasing
on horizontal lines, while g is strictly increasing on vertical lines and constant on
horizontal lines.



Hence for every A € (0, 1) the convex combination A\f + (1 — \)g is strictly increasing
on vertical lines and strictly decreasing on horizontal lines. Choose A so that

Af(X) + (1 = Ng(X) = Mu(A) + (1 = Mu(B) # u(X)

Now define the utility function U = Af 4+ (1 — \)g, and let >y be the preference
relation induced by U. It is evident that >y satisfies Completeness, Transitivity,
Reduction of Compound Lotteries and the Sure Thing Principle. Because u, f, g are
continuous, so is U; hence >y satisfies Continuity. By construction, U is strictly
increasing along vertical lines and strictly decreasing along horizontal lines, so >y
satisfies State Monotonicity. Finally, note that U agrees with v on L(P) and

U(A) =u(A) >U(X) = u(A)+ (1 —-Nu(B) >u(B) =U(B)

so that =7 is an extension of >. Finally, because we have chosen A so that U(X) #
u(X) =u(yA+ (1 —v)B) it follows that >y #>; this completes the construction in
Case (i).

Case (ii) X > A > B: This is easier than Case (i). Continuity guarantees that
there is some v € (0,1) for which A ~ vX + (1 — v)B. Choose A > 0 for which
u(vA+ (1 —v)B) + v # u(A) and set

U(xX +aA+bB) =u(zA+aA+bB)+ \x

By construction, U agrees with v on L(P) and U(X) = u(A) + Az > u(A) = U(A)
so the preference relation >y represented by U is indeed an extension of »=. It is
easily checked that =7 satisfies all the required axioms; because U(vX + (1—v)B) =
u(vA+(1—v)B)+Av # u(A) we conclude that =y #>; this completes the construction
in Case (ii).

Case (iii) A > B > X: The argument is almost the same as in Case (ii): we simply
interchange the roles of A, B and change the sign of the linear term. Continuity
guarantees that there is some 1 € (0, 1) for which B ~ nA+ (1 —n)X. Choose A > 0
for which u(nA + (1 —n)B) — An # u(B) and set

U(@A+bB+z2X)=u(aA+bB+zB)— A\

By construction, U agrees with v on L(P) and U(X) = w(B) — Az < u(B) = U(B)
so the preference relation >y represented by U is indeed an extension of »=. It is
easily checked that =y satisfies all the required axioms; because U(nA+ (1—n)X) =
u(nA+(1—n)B)—An # u(B) we conclude that =y ##>; this completes the construction
in Case (iii).

10



We now turn to the general setting. Here we must take account of the possible presence
of additional personal and social states and of the possible differences in the ranking of the
distinguished social state with respect to the additional personal states, but the main idea
remains the same. Suppose that there is some social state X that the DM does not find
indifferent to any personal state. Write A for the set of states that are strictly preferred
to X according to =, B for the set of states that are strictly dis-preferred to X, and X for
the set of states that are indifferent to X. Because X is not indifferent to any personal
state, no member of X is indifferent to any personal state; moreover, at least one of A, B
is not empty.

If A # 0, let A be any =-minimal element of A; if B # () let B be any =-maximal
element of B. (Such minimal and maximal elements exist because 2 is finite.) For each
lottery I' = ) p;w; € L(§2) write

Ta= Y pwi; Tg= Y pwi; Tw= Y pwi.

w;€A w;EB w;EX

Evidently, ' =T 4 +I'g+T'y.
We now distinguish three cases that are parallel to the three cases considered above
and carry through constructions that are parallel to those in those cases:

e Case (i) A#0 and B #(: Continuity guarantees there is some v € (0,1) such
that X ~vA 4+ (1 — v)B. As before, define auxiliary functions f,g: L(Q2) — R by

f) = ula+z(I)A+Tp)
g) = wlTa+z(T)B+TIp)

where z(I') = > <y pi- Choose A so that A\f(X) + (1 —A)g(X) # u(vA+ (1 —~)B)
and define U = Af + (1 — \)g. It is easily checked that the preference relation =g
induced by U satisfies all the desired axioms; because U(X) # U(yA+ (1 —v)B) we
conclude that =y #>. This completes the construction in Case (i).

e Case (ii) A =0 and B # (): Because there are at least two inequivalent personal
states, we can choose B’ € B with B = B’. Continuity guarantees there is some
v € (0,1) for which B ~ vX+(1—v)B’. Choose A > 0 so that u(vB+(1—v)B")—\v #
u(B) and set

UT) =u(z(I)B+Tg)— Az(T)

It is easily checked that the preference relation >y induced by U satisfies all the
desired axioms, and that, because U(vX + (1 —v)B’) = u(vB + (1 —v)B’) # u(B),
we conclude that =y #>. This completes the construction in Case (ii).

e Case (iii) A # () and B =(: Because there are at least two inequivalent personal
states, we can choose A’ € A for which A’ = A. Continuity guarantees there is some
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n € (0,1) for which A ~nA’+ (1 —n)X. Choose A > 0 for which u(nA’"+ (1 —n)A) +
An # u(A) and set
UT) =ul 4+ z(I)A) + Az(T)

It is easily checked that the preference relation >y induced by U satisfies all the
desired axioms, and that because U(nA'+(1—n)X) = u(nA’+(1—n)A)+ A n # u(A),
we conclude that =y#>. This completes the construction in Case (iii).

In each case we have constructed a preference relation that extends >, satisfies all of
our axioms and differs from >; therefore the proof is complete. =

4 Testable Implications

This section provides a bridge between the general theory described above and our experi-
ment, which is designed to test the implications of the theory. We first describe the choice
domains in the experimental design and their theoretical properties. Then we develop
a number of theoretical results in this setting that are testable on the basis of observed
choices.

It is convenient to isolate the argument for sufficiency in Theorem (1| and extend it to
a setting in which we consider only certain lotteries. To this end, fix a non-empty set II of
probability vectors. For each non-empty subset © C w, let Li(©) be the set of lotteries of
the form p1601 + ... + prbk, where (p1,...,px) € Il and 6y, ...,0; € O. In view of the Sure
Thing Principle, we may identify the lottery p16+ ...+ prf with @ itself; thus © C L1(0).
If IT is the set of all probability vectors then Li(0©) = L(0); in particular, L (P) = L(P)
and Li(2) = L(2). Recall that observing = means observing the restrictions of > to
) and to L(P). Hence the following proposition generalizes the sufficient condition in
Theorem [1I

Proposition 2 Let 11 be a non-empty set of probability vectors and let > be a preference
relation on Li(Q2) that satisfies Completeness, Transitivity, Continuity, the Sure Thing
Principle and State Monotonicity. In order that = can be deduced from its restrictions =g
to Q and =1 (py to Lu(P), it is sufficient that the DM finds social state w € 1\ P to be
indifferent to some personal state w € P.

Proof. By assumption, for every social state there is some personal state @ € P for

which w ~q @, which we do not require to be unique. State Monotonicity implies that if
(p1,...,px) € Il and wy,...,w; € w then

Z piwi ~ Z Pi;
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Hence given two lotteries ) pjw;, > gjw; € Li(Q2) it follows from State Monotonicity and
Transitivity that

Y

Z Diw;i Z q;ws;
Z Diw; Z qjw;
T
Z Diw; = Lu(P) Z qjw;

That is, we can deduce > from > and = Lu(P), 88 asserted. m

In the experiment there is a subject self (the DM) and an (unknown) other. The set
of social states € consists of monetary payout pairs (a, b), where b > 0 is the payout for self
and a > 0 is the payout for other. However, the set of lotteries we can present to (human)
subjects is limited; in fact we consider only equiprobable binary lotteries: %(a, b) + 3(c, d).
In the framework of the Proposition 2, IT = {(4, )} . To simplify notation, let L = L ()
be the set of all such equiprobable binary lotteries| | Within IL. we distinguish three subsets:

¢
>

PR = {5(0,b) + 5(0,d)} = L(P)
SC={i(a,b) + i(a,b)} =Q
SR = {4(a,b) + 1(b,a)} = L(Perm(f2))

where Perm(€2) is the set of permutations of 2. Notice that L is a 4-dimensional convex
cone, which is is not easily presented to experimental subjects—but each of the three
subsets PR, SC, SR is a 2-dimensional convex sub-cone and can be easily presented using
our graphical experimental interface (details are below).

We can interpret choice in each domain—PERSONAL RISK, SOCIAL CHOICE, SOCIAL
Risk—as choice in the corresponding subset above by making an obvious identification:

PERSONAL RISK  (z,9) — 3(0,2) + 3(0,y)
SoCIAL CHOICE  (z,y) — 3(z,y) + 5(z,y)
SOCIAL RISK [z, y] — 5(2,9) + 5(y, 2).

Hence in the PERSONAL RISK domain, the objects of choice are equiprobable personal
lotteries (other receives nothing); in the Soc1IAL CHOICE domain the objects of choice are
deterministic payout pairs for self and other ; in the SOCIAL RISK domain, the objects of

HFEudenberg and Levine| (2012) also study preference relations on the set L of equiprobable binary lotteries
but their purpose is quite different: they are primarily interested in social fairness. They show that familiar
theories of social fairness—{Fehr and Schmidt| (1999), Bolton and Ockenfels| (2000), |Charness and Rabin
(2002), |Andreoni and Miller| (2002), and |Cox et al.| (2008)—that are defined over riskless outcomes cannot
be extended to lotteries—even equiprobable binary lotteries without violating either the Independence
Axiom or suggested notions of fairness over risky outcomes.
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choice are (in view the Sure Thing Principle) equiprobable social lotteries over symmetric
pairs of payouts for self and for other. We have used the different brackets (z,y), (z,y),
[z,y] as a reminder that we are thinking of the pair z,y as representing a personal lottery
in PR, a social state in SC, a social lottery in SR, respectively.

Let =1, be a preference relation on L and write =pr, =sc, ~sr for its restrictions
(sub-preference relations) to PR, SC, SR, respectively. The restriction =pg of =pto PR
prescribes preferences over personal lotteries and the restriction =g¢ of >, to SC prescribes
preferences over social states. Thus to observe = in this setting is exactly to observe both
=prand =ge so Proposition 2| provides a sufficient condition that >p. In particular, we
can deduce the restriction =gr to SR from =pr and =g¢. That is, if we observe =pgr
and =s¢, and if every social state is indifferent to some personal state (a condition that is
determined completely by =s¢), then we can deduce =gsg.

But to test this implication, it is not enough to know just the mere fact that every
social state is indifferent to some personal state. For each social state we need to know a
particular personal state to which that social state is indifferent. For some of our subjects,
this would require making additional assumptions about the form, parametric or otherwise,
of the underlying preferences. However, for two classes of subjects—selfish and impartial—
we can construct a formal nonparametric test. We say that preferences >g¢ in the SOCIAL
CHOICE domain are selfish if (x,y) ~sc (0,y) and impartial if (x,y) ~sc (y,z) for all
(z,y) € w. For a selfish DM, we test whether choice behavior in the PERSONAL RiIsk
domain coincides with choice behavior in the SOCIAL RISK domain; For an impartial DM,
we test whether that choice behavior in the SOCIAL CHOICE domain coincides with choice
behavior in the SOCIAL RISK domain (so an impartial DM is immune to social risk).

In our experiments, we present subjects with a sequence of consumer decision problems:
selection of a bundle of commodities from a standard budget set. Without essential loss of
generality, assume the DM’s budget is normalized to 1. The set of budget lines is then

B={(z,y) € Q:px+pyy =1}

where p;,p, > 0; the DM can choose any allocation (z,y) > 0 that satisfies the budget
constraint. A choice of the allocation (z,y) from the budget line represents an allocation
between accounts x, y (corresponding to the usual horizontal and vertical axes). The actual
payoffs of a particular choice in a specific domain are determined by the allocation to the x
and y accounts, according to the particular domain — PERSONAL RISK, SOCIAL CHOICE,
SociAL Risk. With these preliminaries in hand, we can state the theoretical predictions
for selfish preferences and impartial preferences in the experimental setting.

Proposition 3 If preferences =gs¢ in the SOCIAL CHOICE domain are selfish then prefer-
ences =pr in the PERSONAL RISK domain coincide with preferences =sr in the SOCIAL
RISk domain. In particular: if preferences =gs¢ in the SOCIAL CHOICE domain are selfish
then choice behavior in the PERSONAL RISK domain and choice behavior in the SOCIAL
RISK domain coincide. So if B € B is a budget set then (x,y) € argmaxp(>=pr) in
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the PERSONAL RISK domain if and only if [z,y] € argmaxp(=sr) in the SOCIAL RISK
domain.

Proof. (z,y) € argmaxp(>pr) in the PERSONAL RISK domain if and only if (z,y) =pr
(z,y) for every (Z,y) € B. Unwinding the notation, this means that

(z,y) = 3(0,2) + 5(0,9) =pr 5(0,2) + 5(0,9) = (,9)

for every (Z,y) € B. If preferences =g are selfish (z,y) ~sc (0,y) for all (z,y); this is
true if and only if

[z,y] = 3(y,2) + L(z,y) =sr 2(9,2) + 3(2,9) = [#,7]

for every [%,9] € B. We conclude that preferences =pr in the PERSONAL RISK domain
coincide with preferences =gz in the SOCIAL RiISK domain. Given that preferences in the
two domains coincide, choice behavior coincides as well. =

Proposition 4 If preferences =sc in the SOCIAL CHOICE domain are impartial then pref-
erences =gc¢ in the SOCIAL CHOICE domain coincide with preferences =gr in the SOCIAL
RiISK domain. In particular: if preferences =sc in the SOCIAL CHOICE domain are impar-
tial then choice behavior in the SOCIAL CHOICE domain and choice behavior in the SOCIAL
RISK domain coincide—so if B is a budget set then (z,y) € argmaxp(>sc) in the SOCIAL
CHOICE domain if and only if [x,y] € argmaxp(=sr) in the SOCIAL RISK domain.

Proof. Assume preferences =g¢ in the SOCIAL CHOICE domain are impartial. Consider
two choices [z,y] and [Z,¢] in the SOCIAL RIsK domain and suppose [Z,9] >sr [z,y].
Expressed explicitly in terms of lotteries, this means

Lia &\ L A 1 1

§($,y) + i(va) =S8R §($,y) + §(yax)
State Monotonicity implies that either (Z,9) >=sc (x,y) or (9,%) >sc (y,z); Impartiality
implies that if either of these is true then both are true. Hence we conclude that if [Z, §] >sr
[z,y] in the SOCIAL Risk domain then (Z,9) >s¢ (z,y) in the SOCIAL CHOICE domain.
Conversely if (Z,9) >sc¢ (z,y) in the SOCIAL CHOICE domain then

That is: [Z,9] >sr [z, y] in the SOCIAL RISK domain. Putting these together we conclude
that preferences =g¢ in the SOCIAL CHOICE domain coincide with preferences =gsg in the
SocIAL RiskK domain. Given that preferences in the two domains coincide, choice behavior
coincides as well. m

To conclude, selfish subjects find any (x, y) to be indifferent to (0,y) —we say that (0, y)
is the selfish equivalent of (x,y)— and impartial subjects find any (z,y) to be indifferent
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to (y,x). Proposition thus |3|states that for selfish subjects preferences »=gsg in the SOCIAL
Risk domain coincide with preferences =pg in the PERSONAL RIsK domain. Proposition ]
states that for impartial subjects preferences =gz in the SOCIAL RISK domain are immune
to risk so these preferences coincide with the preferences =g¢ in the SOCIAL CHOICE
domain.

5 The Experiment

We next describe our experiment, which is designed to test the theory described above.
We conducted the experiment at the University of Bergen and NHH Norwegian School of
Economics. The 276 subjects in the experiment were recruited from undergraduate classes
in these institutions. The full experimental instructions, including the computer program
dialog windows, are reproduced in the Appendix.

In our experiment, subjects choose a bundle from a budget line; the subjects can choose
any allocation that satisfies this constraint. A choice of the allocation from the budget line
represents an allocation between accounts x,y (corresponding to the usual horizontal and
vertical axes). These budget lines are presented using the graphical interface introduced
by |Choi et al. (2007b)lz| Subjects make choices by using the computer mouse to move the
pointer on the computer screen to the desired point, and were restricted to allocations on
the budget ConstraintB

The actual payoffs of a particular choice in a particular experimental treatment are
determined by the allocation to the z and y accounts, according to the particular domain.
In the experiment we consider three treatments, corresponding to the domains discussed
above:

e In the PERSONAL RISK treatment self (the subject) receives the tokens allocated
to one of the accounts x or y, determined at random with equal probability; the
tokens allocated to the other account are lost. This treatment involves only risk to

self—other receives nothing—and is identical to the (symmetric) risk experiment of
Choi et al. (2007a)).

20f course it is possible that presenting choice problems graphically biases choice behavior in some
particular way, but there is no evidence that this is the case. For instance: behavior in the SOCIAL
domain elicited graphically (Fisman et al., |2007) is quite consistent with behavior elicited by other means
(Camerer} [2003)), and behavior in the PERSONAL RISk domain elicited graphically (Choi et al.| |2007al) is
quite consistent with behavior elicited by other means (Holt and Laury, [2002).

13In the two-person dictator experiment of [Fisman et al. (2007), choices were not restricted to lie on
the budget line. They report that most subjects had no violations of budget balancedness using a narrow
confidence interval (those who did violate budget balancedness also had many GARP violations even among
the subset of their choices that were on the budget constraint). All future experiments including |Choi et al.
(2007ay 2014), |Ahn et al.| (2014) and |Fisman et al| (2015alb, 2017) thus restricted choices to allocations
on the budget constraint, which simplified the decision problem and made the computer program easier to
use.
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e In the SociAL CHOICE treatment, self receives the tokens allocated to y account,
while other (an anonymous other subject, chosen at random from the group of other
subjects in the experiment) receives the tokense allocated to the x account. This
treatment involves only selfishness and altruism, and is identical to the (linear) two-
person dictator experiment of Fisman et al.| (2007)).

e In the SociAL RISK treatment, self receives the tokens allocated to one of the ac-
counts x or ¥y, determined at random with equal probability; other receives the tokens
allocated to the other account. This treatment is new: it involves risky social choices
(whose consequences are not for self alone).

Each experimental subject faced 50 independent decision rounds in each of the three
treatments. For each subject, the computer selected 50 budget lines randomly from the
set of lines that intersect at least one axis at or above the 50 token level and intersect
both axes at or below the 100 token level. Each subject faced exactly the same 50 budget
lines in each treatment, but the order of presentation was randomized between treatments.
The budget lines selected for each subject in his/her decision problems were independent
of each other and of the budget lines selected for other subjects in their decision problems.
In the PERSONAL RISK and SOCIAL RISK treatments, subjects were not informed of the
account that was actually selected until the end of the experiment. This procedure was
repeated until all 50 rounds were completed [/

The experimental subjects first faced the SociAL RISK treatment (because it is the
centerpiece of the analysis). The order of the other experimental treatments—PERSONAL
Risk and SociaL CHOICE — was counterbalanced across sessions to balance out treat-
ment order effectsﬁ At the beginning of the experiment subjects received only general
instructions on the experimental procedures and the use of the computer interface. At the
beginning of each treatment, subjects received specific instructions for that treatment but
not for subsequent treatments. Each part of the experiment ended after all subjects had
made all their decisions.

At the end of the experiment, the computer randomly selected one of the 50 decision
rounds from each of the three treatments of the experiment to carry out for payoffs. The
round selected from each treatment depended solely on chance. In the SociAL CHOICE
and SOCIAL RISK treatments, each subject then received the tokens that he/she allocated
to self in the round and the subject with whom he/she was matched received the tokens

MThe z- and y-axes were scaled from 0 to 100 tokens. The resolution compatibility of the budget lines
was 0.2 tokens, and the appearance and behavior of the pointer were set to the Windows mouse default.
At the beginning of each decision round, the subject was presented with a budget line, with the pointer
positioned randomly on the line. At the end of each decision round, the experimental program dialog
window went blank, after which the entire setup reappeared for the next decision round.

15We also had an OBSERVER treatment where each subject faced the same menu of 50 budget lines
representing monetary payoffs for two (anonymous) others, but that treatment does not provide testable
implications of our theory so we make no use of it here.
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that she allocated to other. The computer program ensured that no two subjects were ever
paired as both self-other and other—selfm Payoffs were calculated in terms of tokens and
then converted into money

6 Data Description

We next provide an overview of the basic features of the experimental data. The exper-
iments provide us with a very rich data set. For each subject we observe a choice from
each of 50 budget lines in each of the experimental treatments—PERSONAL RISK, SOCIAL
CHOICE CHOICE, SOCIAL Risk—and this yields a rich data set that is well-suited to
analysis at the level of the individual subject without the need to pool data or assume that
preferences are identical across subjects. Most importantly, the changes in relative prices
are such that budget lines cross frequently. This means that our data lead to high power
tests of revealed preference conditions |Choi et al.| (2007Db]).

6.1 Aggregate Behavior

In this section, we provide an overview of some important features of the experimental data,
which we summarize by reporting the distribution of allocations in a number of ways. The
dark gray histogram in Figure 3 depicts the distribution (across individuals) in the SOCIAL
CHOICE treatment of the average across all choices of the number of tokens kept by self
as a fraction of the total of tokens allocated to self and other; that is, the average across
all choices of the fraction y/(z + y). On the horizontal axis we show bins of the average
y/(z + y); on the vertical axis we show the fraction of subjects whose average is in each
bin. As might be expected, there were very few subjects whose averages are much below
the midpoint of 0.5; of our 276 subjects, only six (2.2%) kept on average fewer than 0.45
of the tokens and of these only two kept fewer than 0.4.

[Figure 3 here]

For our purposes, we classify a subject as selfish if the average y/(x +y) > 0.95 and as
impartial if the average y/(z + y) € (0.45,0.55). By this criteria, of our 276 subjects, 103
(37.3%) are classified as selfish and 19 (6.9%) are classified as impartial. Of the 19 impartial

16 As is customary in social preference experiments (Andreoni and Miller, 2002} [Fisman et al., 2007, ,
among others) each subject received two groups of tokens, one based on his/her own decision to allocate
tokens and another based on the decision of another random subject to allocate tokens. A concern with this
payout method is that it may create a sense of reciprocity among subjects. But in both |/Andreoni and Miller
(2002) and [Fisman et al.| (2007)) the fraction given to other is about 20%, similar to the average reported
by |Camerer| (2003)) in a summary of dictator games. The computer arranges pairings between subjects so
that if subject i could receive tokens from subject j then subject j could not receive tokens from subject i.

"Each token was worth 1.2 Norwegian Krone (NOK) (approximately 0.2 USD). A 100 NOK participation
fee and subsequent earnings, which averaged about 270 NOK, were paid in private at the end of the session.
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subjects, three subjects allocated all their tokens to self when p, < p, and to other when
Py > Dz, Which is consistent with utilitarian preferences (with respect to money), and three
subjects always made approximately equal allocations, which is consistent with Rawlsian
preferences (with respect to money). As the histogram in Figure 3 shows, there is a great
deal of heterogeneity among the subjects who are neither selfish nor impartial.

Because the PERSONAL RISK and SOCIAL RISK treatments are symmetric (the two
accounts x and y were equally likely) and budget lines are drawn from a symmetric distri-
bution, reporting the distribution of the average y/(z + y) would not be very informative.
Instead, the light gray histograms in Figure 3 depict the the distributions in the PERSONAL
Risk and SocCIAL RiISK treatments of the fraction of tokens allocated to the cheaper ac-
count (that is, to # when p, < p, and to y otherwise). The distributions are quite similar:
both have a mode near the midpoint of 0.5, fall off sharply above the midpoint, and have
no observations below the midpoint of 0.5@ 41 subjects (14.9%) allocated more than 0.95
of the the (available) tokens to the cheaper account in the PERSONAL RISK treatment;
this is consistent with risk neutrality. 30 subjects (10.9%) allocated more than than 0.95
of the tokens to the cheaper account in the the SOCIAL RISK treatment; this is consistent
with utilitarianism (in money). Only 9 subjects (3.3%) allocated less than 0.55 of the
tokens to the cheaper account in the PERSONAL RISK treatment, which is consistent with
infinite risk aversion. And only 9 subjects (3.3%) allocated less than 0.55 of the tokens to
the cheaper account in the SOCIAL RISK treatment, which is consistent with Rawlsianism
(in money). Among the remaining subjects, there is considerably heterogeneity in choice
behavior in both the PERSONAL RISK and SOCIAL RISK treatments.

6.2 Individual Behavior

The aggregated data above tells us little about the choice behavior of individual subjects.
To get some idea of the wide range of behavior observed, we display scatterplots of choices
of four subjects (see Figure 4). For ease of exposition, we have chosen subjects who we
classified as selfish on the basis of their choices in the SOCIAL CHOICE treatment. In these
scatterplots, each entry shows the subject’s relative demand y/(z + y) at a given log-price
ratio In (p,/p,) in the PERSONAL RISk and SOCIAL RISK treatments. (We show all 50
choices for each subject in each of these treatments.) We chose these particular subjects
because their behavior corresponds to one of several prototypical preference relations and
because their behavior illustrates both the striking regularity within subjects and the het-
erogeneity across subjects that is characteristic of all our data. These scatterplots also

8Because the two accounts are equally likely, any decision to allocate fewer tokens to the cheaper account
would violate monotonicity with respect to first-order stochastic dominance (FOSD), which is regarded as
an error—a failure to recognize that some allocations yield payoff distributions with unambiguously lower
returns (Hadar and Russel, |[1969). This principle seems compelling and is generally accepted in decision
theory. All the preference relations usually considered satisfy monotonicity with respect to FOSD. Indeed,
various theories of choice under uncertainty have been amended explicitly to avoid violations of monotonicity
with respect to FOSD (Quiggin, |1990; |Wakker], [1993)).
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demonstrate the sensitivity of decisions to changes in relative prices in terms of token
shares in all treatments. The scatterplots for all subjects (in all treatments) are available
upon request.

[Figure 4 here]

Because all four of these subjects are selfish in the SOCIAL CHOICE treatment, the
prediction of the theory is that their choice behavior in the PERSONAL RISK treatment
should coincide with their choice behavior in the SOCIAL RISK treatment. This was true for
three of the subjects but not the fourth. ID 511 (see Figure 4A) allocated all the tokens to
the cheaper account in the PERSONAL RISK and SOCIAL RISK treatments; this behavior is
consistent with risk neutrality in the PERSONAL RISK treatment and utilitarianism in the
SOCIAL Risk treatment. ID 635 (see Figure 4B) chose nearly equal expenditures (p,z =
pyy) in the PERSONAL RISK and SOCIAL RISK treatments; this behavior is consistent with
maximizing the utility function log x + log y in both treatmentsm ID 317 (see Figure 4C)
allocated all the tokens to the cheaper account for extreme price ratios but chose equal
allocations for intermediate price ratios. In the PERSONAL RISK treatment, this subject
seems to be ‘switching’ between risk neutrality and infinite risk aversion. Each of these
behaviors is consistent with Expected Utility, but not with the same underlying felicity
function. This subject’s choices are suggestive of disappointment aversion (Dekel, |1986;
Gul, 1991)) where the safe allocation z = y is the reference pointm Interestingly, this
subject displays the same choice behavior in the SOCIAL RISK treatment, as the theory
predicts. The fourth subject, ID 645, almost always allocated all the tokens to the cheaper
account in the PERSONAL RISK treatment but not in the SOCIAL RISK treatment (see
Figure 4D).

As noted, all four of the subjects in Figure 4 are selfish; the first three display the
same choice behaviors in the PERSONAL RISK and SOCIAL RISK treatments, as the theory
predicts; ID 645 does not. Of course, these are special cases, for which the regularities
in the data are very clear. Choice behavior is much less clear for many other subjects,
and there is no obvious taxonomy that allows us to classify all subjects unambiguously.
Furthermore, an inspection of scatterplots cannot provide an adequate test of the theory
for most subjects. This is the purpose of our individual-level revealed preference tests
below.

19No selfish subject made nearly equal allocations in the PERSONAL RISK and SOCIAL RISK treatments;
this behavior would be consistent with infinite risk aversion in the PERSONAL RISK treatment and Rawl-
sianism in the SOCIAL RISK treatment.

20The utility function in|Gul (1991) takes the form min {cu (x) + u (), u (x) + au (y)}, where a > 1is a
parameter measuring disappointment aversion where the safe allocation x = y is taken to be the reference
point. If o > 1 there is a kink at the 45-degree line, which corresponds to an allocation with a certain
payoff. Expected Utility is the special case when o = 1. See |Choi et al.| (2007a) for more information on
this representation.
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6.3 Testing Rationality

Because subjects’ consistency (or lack of it) within a treatment must be taken into account
testing for consistency across treatments, we begin by measuring the extent to which sub-
jects’ behavior in each of the three treatments is consistent with utility maximization.
Afriat’s (1967) Theorem tells us that a finite number of individual choices can be ratio-
nalized by a well-behaved utility function if and only if the data satisfies the Generalized
Axiom of Revealed Preference (GARP)E Because our subjects make choices in a wide
range of budget sets, our data provide a strong test of utility maximization.

Let {(p?,x%)}3%, be the data generated by some individual’s choices, where p’ denotes
the i-th observation of the price vector and x* denotes the associated allocation@ An
allocation x' is directly revealed preferred to x7 denoted x' RPx7 if p'x’ > p’x’ and strictly
directly revealed preferred if the inequality is strict. The relation indirectly revealed preferred
denoted x’Rx7 is the transitive closure of the directly revealed preferred relation. GARP
requires that if x* is indirectly revealed preferred to x7, then x’ is not strictly directly
revealed preferred to x°.

We assess how well individual choice behavior complies with GARP by using [Afriat’s
(1972)) Critical Cost Efficiency Index (CCEI), which measures the fraction by which each
budget constraint must be tightened in order to remove all violations of GARP. Formally:
for 0 < e < 1, define the direct revealed preference relation R” (e) as

b , o o
x'R"” (e)x! <= ep'x' > p'x/,

and define R(e) to be the transitive closure of R”(e). The CCEI is the largest value of
e such that the relation R(e) satisfies GARP. By definition, the CCEI is between 0 and
1; and index closer to 1 means the data are closer to perfect consistency with GARP and
hence to perfect consistency with utility maximization.

Mean CCEI’s across all subjects are 0.959, 0.951, and 0.901 in the PERSONAL RISK,
SociAL CHOICE and SOCIAL RISK treatments, respectively. Figure 5 depicts the dis-
tributions of CCEI scores in our three treatments. The horizontal axis presents bins of
CCEI ranges; the vertical axis indicates the percent of subjects whose CCEI is in each
bin. The fact that for most subjects, choices are sufficiently consistent to be considered
utility-generated in all three treatments is a striking result in its own right (more below).
Nevertheless, the distribution of CCEI scores is generally further to the left for the SOcCIAL
RisK treatment. This might be expected, because the SOCIAL RISK treatment seems more
complicated and less familiar than the other treatments. Of our 276 subjects, the CCEI
scores of 248 (89.9%) and 237 (85.7%) subjects were above 0.90 in the PERSONAL RISK

21See [Varian| (1982, [1983)) for more details. For excellent overviews of the literature, see (Chambers and
Echenique| (2016) and the papers by |Afriat| (2012)), [Diewert| (2012)), [Varian| (2012)) and [Vermeulen| (2012)

published in a special volume of the Economic Journal on the foundations of Revealed Preference.
50

,_,» Where (z%,7") are the endpoints

22The data generated by an individual’s choices are {(EZ, T yz)}

of the budget line. Thus, the i’th budget line is given by % + Z—z =1.
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and SOCIAL CHOICE treatments, respectively, while only 158 (59.2%) were as high in the
SOCIAL RISK treatment.

[Figure 5 here]

We interpret the CCEI scores as confirmation that subject choices are generally consis-
tent with utility maximization but there is no natural threshold for determining whether
subjects are close enough to satisfying GARP. To provide additional evidence, we follow
Bronars (1987), which builds on Becker (1962), and compare the behavior of our actual
subjects to the behavior of simulated subjects who randomize uniformly on each budget
line. Mean CCEI’s for 100,000 simulated subjects are only 0.585. Figure 6 compares the
distributions of the minimum and maximum CCEI scores in the three treatments for the
actual subjects to the distribution of the CCEI scores generated by the simulated subjects.
This provides a clear graphical illustration of the extent to which subjects did worse than
choosing consistently and the extent to which they did better than choosing randomly. Of
our 276 subjects, 159 (57.6%) subjects have a minimum CCEI score above 0.90, while only
a very few simulated subjects have CCEI’s that high@

[Figure 6 here]

We refer the interested reader to |Choi et al.| (2007bl 2014) for more details on the
use of GARP to test for consistency and a discussion of various alternative measures that
have been proposed for this purpose by [Varian| (1990, |1991), Echenique et al.| (2011) and
Houtman and Maks (1985)@ The subjects’ CCEI scores, and the alternative consistency
scores, in the three treatments are available from the authors upon request. In practice,
all indices yield similar conclusions.

Z3The [Bronars| (1987) test rules out the possibility that consistency is the accidental result of random be-
havior, but it cannot tell whether utility maximization is the correct model. To this end, |Choi et al.| (2007b))
propose generating a sample of hypothetical subjects who maximize a utility function with an idiosyncratic
preference shock that has a logistic distribution. Specifically, the hypothetical subjects implement (with
error) the power utility function (commonly employed in the empirical analysis) in the PERSONAL RISK
treatment. [Fisman et al.| (2007) generate a sample of hypothetical subjects who implement (with error) a
constant elasticity of substitution (CES) utility function for giving in the SOCIAL CHOICE treatment. Their
analysis provides a clear benchmark of the extent to which subjects do worse than choosing consistently
and the extent to which they do better than different levels of bounded rationality, and demonstrates that
if utility maximization is not in fact the correct model, then our experiment is powerful enough to detect
it.

ZVarian| (1990] [1991) refined Afriat’s CCEI to provide a score that reflects the minimum adjustment
required to eliminate the violations of GARP associated with each budget constraint. The score of|Echenique
et al.| (2011)) is based on the idea that an individual who violates GARP can be exploited as a “money
pump.” The discrepancies between the CCEI and the |Varian| (1990} [1991) score and the money pump score
are discussed in [Echenique et al.| (2011). [Houtman and Maks| (1985) finds the largest subset of choices that
is consistent with GARP.
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7 Testing the Theory

As explained in Section 4, to test the predictions of our theory for a given subject, we need
not only to know that the subject finds each social state to be indifferent to a personal state,
but also to identify which social states are found indifferent to which personal state. For
some of our subjects, this would require postulating a parametric form for the underlying
utility function. However, as we have shown, for selfish and for impartial subjects the
predictions of our theory are testable:

e Ifthe subject’s preferences = gs¢ in the SOCIAL CHOICE domain are selfish then prefer-
ences in the PERSONAL RiISK and in the SOCIAL RISK domains coincide: =pr="gsr
(Proposition [3).

o If preferences >gs¢ in the SOCIAL CHOICE domain are impartial then preferences in
the SociAL CHOICE domain and preferences in the SOCIAL RISK domain coincide:

»sc==sr (Proposition [4)).

Of our 276 subjects, we classify 103 (37.3%) as selfish and 19 (6.9%) as impartial.
Among the selfish subjects there is substantial heterogeneity in choice behaviors in the
PERSONAL RISK and in the SOCIAL RISK treatments, and among the impartial subjects
there is substantial heterogeneity in choice behaviors in the SOCIAL CHOICE and in the
SOCIAL RiISK treatments; this facilitates a serious test of the implications of the theory for
these subjects (more below).

To test whether preferences, and hence choice behavior, in two domains coincide, it
might seem that the “obvious” approach would be to compare the two choices (one in each
domain) from each budget line. However, such an obvious approach obscures the obvious
truth. Different choices might arise from different preferences—but they might also arise
from indifference; there is no reason to believe optimal choices are unique. And even if we
were to assume that optimal choices are unique, different choices might arise from different
realizations of errors. Moreover, simply measuring the distance between the two choices
on a given budget line will not do, because there is no clear notion of how far apart choices
should be to be regarded as different.

An alternative approach would be to impose parametric forms for the underlying utility
functions in the different domains, derive the associated demand functions, fit these to the
data, and test to see if they conform to the special restrictions imposed by the theory.
The inherent shortcomings of this approach are precisely that it is parametric: the utility
functions postulated must be good approximations of the “true” underlying preferences
(a hypothesis that is not directly testable) and the conclusions will be sensitive to the
functional forms, the estimation technique, and the manner in which the error term is
introduced.

Instead we create an individual-level nonparametric permutation test (Good, 2005).
This approach builds on the revealed preference techniques used above to test the consis-
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tency of choice behavior within each treatment to test for consistency of choice behaviors
across treatments. It is nonparametric, making no assumptions about the form of the
subject’s underlying utility functions in the three treatments—PERSONAL RISK, SOCIAL
CHOICE and SociAL Risk—and allowing for the reality that subjects’ behavior is not
perfectly consistent with utility maximization.

The basis of our test is the following observation: If a subject has a complete and
transitive preference ordering >7 in some treatment Z then the set of choices in that
treatment should satisfy GARP. If preferences =7 and > in the treatments Z and J
(respectively) are the same—that is, =7=> 7—then the union of the sets of choices in
these two treatments (and a fortiori, any 50-element subset of this union) should also
satisfy GARP. However, our actual test cannot be so simple because, as we have already
noted, for many subjects, choices in a given treatment do not satisfy GARP ezactly, so
we should certainly not expect that choices across two treatments should satisfy GARP
exactly. Instead, we view the observed choice from a given budget line B € B in treatment
7 as a random draw from some distribution function FIB over all allocations that satisfy
the budget constraint. If preferences are the same in the two treatments Z and J, then
choices in the two treatments should be independent draws from the same distribution
function—that is, FIB = Fg . (Recall that subjects see the same 50 budget lines in each
treatment.) This is the null hypothesis we test.

Formally, let {(p*,x%}2%; and {(p°, x%)}?gl be the data generated by some individual’s
choices in the two treatments Z and 7, where p* denotes the i-th observation of the price
vector and x% and xf7 denote the associated choices in treatments Z and 7, respectively.
There are 2°° possible distinct 50-element subsets of this union; each such subset is formed
by drawing the choice from treatment Z or J for each of the 50 budget lines p’. Clearly
we cannot examine all 2°° possible subsets; instead we draw 10,000 subsets at random,
where each draw is made independently and with equal probability from the choice in Z or
from the choice J. Note that the actual datasets from treatments Z and J are simply the
particular realizations in which each choice happened to be drawn from the same treatment.

Similarly, the actual CCEI scores in the two treatments Z and 7, denoted by ez and
e respectively, are simply realizations from the distribution of CCEI scores calculated
for each of the permuted datasets {(p%,x*)}?2; we draw. If ez,es = 1 (so actual choices
within each treatment Z and J are perfectly consistent), we should expect the CCEI of
scores of the permuted data sets to be equal to 1—or at least very close; if these scores are
substantially below 1 then we should reject the null that preferences in two treatments Z
and J coincide—that is, =7=> j.ﬁ

To obtain a distribution function F' for the test statistic under the null hypothesis, for

%5In the permutation test, we focus on the CCEI, which offers a straightforward interpretation. Calculat-
ing the CCEI or any of the other scores we have mentioned— Varian| (1990, [1991), |[Echenique et al.| (2011))
and [Houtman and Maks| (1985)—for each subject for each of our 10,000 permuted datasets is computation-
ally intensive, and would be entirely impractical if, roughly speaking, there were a large number of GARP
violations.
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each subject we randomly draw 10,000 datasets {(p?,x*)}2%,, calculate the CCEI score for
each of these datasets, and compare the distribution of CCEI scores to the actual CCEI
scores ez and e7. Set e~ = min{ez, es} and et = max{ez, es} and let p~ and p* be the
corresponding p-values. Under the null,

p =(1—F (t—e)?and pt =1— (F*(t — ¢))?

where F'~ (resp. F'*) is the distribution function of the minimum (resp. maximum) of two
draws from the permutation distribution function F, F is the estimate of the permutation
distribution function F' and € > 0 is small (introduced to account for discrete bunching in
the permuted CCEI scores illustrated in Figure 7 below). To counteract the problem of
multiple comparison, in addition to p~ and p* we also use the Bonferroni correction

min{2 min{p~, p+}, 1}

as our p-value. This is known to be conservative but difficult to improve on without
imposing further structure.

To illustrate our test, we consider the four selfish subjects identified in Figure 7. Each
panel presents a histogram of the permuted CCEI scores and the two actual CCEI scores
from the PERSONAL RISK andSOCIAL RISK treatments for a subject whose choice behavior
in the SOCIAL CHOICE treatment is selfish. For ID 505 (see Figure 7A) e~ = 1 and all the
permuted CCEI scores are also equal to 1 so we do not reject the null that this subject’s
preferences in PERSONAL RISK and SOCIAL RISK treatments coincide: =pr==gsr. How-
ever, for ID 729 see Figure 7B), e~ < e™ < 1 and all permuted CCEI scores are below e~
so we do reject the null that =pr=>sr.

It is more difficult to draw clear conclusions about subjects ID 514 and ID 502 (see
Figures 7C and 7D, respectively) because many of the permuted CCEI scores for these
subjects lie (weakly) between e~ and e*. For ID 514, e* is sufficiently far into the (right)
tail of the permuted CCEI scores that we the Bonferroni correction allows us to reject the
null that =pr=>sr. For ID 502, e~ and e’ are not extreme with respect to the distribu-
tion of the permuted CCEI scores and we cannot reject the null =pr=>sr. Diagrams for
all subjects are available upon request.

[Figures 7 here]

In Table 1, we tabulate the percent of subjects we classify as selfish and impartial based
on their choices in the in the SOCIAL CHOICE treatment for whom we can reject null that
the preferences coincide—in PERSONAL RiISK and SOCIAL RISK =pr=>gr for the selfish
subjects and in SOCIAL CHOICE and SOCIAL RISK »gsc=>gsr for the impartial subjects.
We present the results using the Bonferroni correction, p~ and p™ for the conventional
levels 1% (top line), 5% (middle line) and 10% (bottom line) levels. We conclude that
for the large majority of selfish and impartial subjects the theoretical predictions are well
supported by the experimental data.
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[Table 1 here]

Finally, we generate a benchmark with which we can compare our finding that, for
most selfish and impartial subjects, the preferences coincide, exactly as Propositions [3] and
predict. We focus on Proposition[3|and add noise to the actual choices of our 103 (37.3%)
selfish subjects. Specifically, we assign a probability u of replacement, and for each choice
in each of the 10,000 randomly drawn datasets from the PERSONAL RISK and the SOCIAL
Risk treatments, with probability u we replace the actual choice with a choice drawn
independently from the uniform distribution over all allocations on the budget line that
allocate more tokens to the cheaper account[*|

We then calculate the CCEI score for each of these datasets and retest, using the
Bonferroni correction. to see whether =pr=>sr, as the theory predicts for selfish subjects.
Rejecting the null that =pr=>sr when we replace only a small fraction of actual choices
with random choices will demonstrate that the experiment is sufficiently powerful to detect
if our theory is not in fact the correct model. Table 2 report the fraction of selfish subjects
for whom we reject the null that »pr=+sr at the 1% (top panel) 5% (middle panel) and
10% (bottom panel) levels when we replace the actual choices with random choices with
probabilities u = 0,0.05.0.1,0.15,0.2. (Keep in mind that g = 0 means we are using actual
choices.) The results show there is a very high probability that we reject the null even when
a few individual choices are replaced with random choices. A similar test of Proposition [4]
with the impartial subjects yields the same conclusion.

[Table 2 here]

8 Observing More

In our main theoretical result—and in the experiment—we assumed that we can observe
the restrictions »¢ of > to ©Q and to L(P). That is, we observe the DM’s comparisons
between social states and the DM’s comparisons between personal lotteries — but not the
DM’s comparisons between social states and personal lotteries. For completeness, we now
discuss the setting in which we can observe the restriction =1 of > to QU L(P). That is, in

26Tn the PERSONAL RISK andSOCIAL RISK treatments, any decision to allocate fewer tokens to the cheaper
account is a violation of monotonicity with respect to first-order stochastic dominance (FOSD) because there
are other feasible allocations that yield unambiguously higher monetary payoffs. FOSD (Hadar and Russel,
1969) is compelling and generally accepted in decision theory. Overall, the choices made by subjects in
our experiment show very low rates of FOSD violations, so we restrict the random choices to allocations
that allocate more tokens to the cheaper account (positions on the longer side of the budget line relative
to the 45-degree line). Note that any choice that allocates fewer tokens to the cheaper account would
violate monotonicity with respect to FOSD but need not lead to a violation of GARP, whereas any choice
to allocate more tokens to the cheaper account would not violate monotonicity with respect to FOSD. See
Choi et al.| (2014) for more information on testing for consistency only with FOSD and |Polisson et al.
(Forthcoming) for testing for consistency with GARP and FOSD.
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addition to observing the DM’s comparisons between social states and between personal
lotteries, we also observe the DM’s between social states and personal lotteries.

Perhaps surprisingly, Theorembelow shows that (in the absence of strong assumptions
about the DM’s preferences) observing comparisons between social states and personal
lotteries is no help at all: exactly as with =g, in order to deduce the complete preference
relation = from the incomplete relation > it is necessary and sufficient that the DM finds
every social state to be indifferent to some personal state.

However, if we are willing to make the very strong assumption that the DM’s prefer-
ences = obey the Independence Axiom—and hence have an Expected Utility representation—
then observing comparisons between social states and personal lotteries makes a big differ-
ence: in order to deduce the complete preference relation > from the incomplete relation
>1 it is necessary and sufficient only that the DM finds every social state to be indifferent
to some personal lottery. (In light of the Continuity Axiom, this is equivalent to the DM
finding every social state to be ranked (weakly) between two personal states.)

Theorem 5 Assume that the DM ’s preference relation = satisfies Completeness, Transi-
tivity, Continuity, Reduction of Compound Lotteries, the Sure Thing Principle and State
Momnotonicity. In order that = can be deduced from > it is necessary and sufficient that
the DM finds every social state w € Q\ P to be indifferent to some personal state w € P..

Proof. In view of Theorem|[l] this condition is sufficient that = can be deduced from =g, so
it is certainly sufficient that > can be deduced from >, which provides more information.
To see that this condition is necessary we use the same argument as in the proof of Theorem
but with a twist. We suppose that there is some social state X that the DM does not
find indifferent to any personal state and construct a preference relation that agrees with
> on L(P)Uw but not on all of L().

As in the proof of Theorem [I| we will need to ensure that the preference relation we
construct obeys Continuity and State Monotonicity. As before, we use Debreu’s represen-
tation theorem (Debreul 1954) to find a utility function w : L(2) — R that represents .
Without loss of generality, assume that the range of u is contained in the interval [0, 1].
We construct a new utility function U : L(2) — [0, 1] that agrees with u on L(P)Uw—and
hence induces the same preference ordering as >=; on L(P) U w—but does not induce the
same ordering as > on L(f2).

As before, define A, B, X to be the sets of social states that are strictly preferred to
X, strictly dis-preferred to X and indifferent to X, respectively. If A # 0, let A € A
be a minimal element; if B # (), let B € B be a maximal element. For each lottery
I' = > piw; € L(2) define I'4, I'p and 'y exactly as before and note, as before, that
['=TA+Tp+Tx. An as before, set z(I') =>_ , cxpi

We distinguish the same three cases as in Theorem 1} the arguments for Case (ii) and
Case (iii) are identical to those in the proof of Theorem [1, but the argument for Case (i)
requires a twist because we must be careful to construct the utility function U to preserve
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the relationship between the social state X (and all those social states in X that are
indifferent to X) and personal lotteries, as well as personal states. (No additional care is
required in Case (ii) because X is preferred to all personal lotteries, or in Case (iii) because
X is dis-preferred to all personal lotteries.)
Suppose therefore that neither A nor B is empty. Use Continuity to choose v, ¢ € (0,1)
such that
X ~~vA+(1—-~)B

and
(1/2)A+(1/2)X ~CA+ (1 —-()B.

As before, define auxiliary functions f, ¢ : L(Q2) — R by
fI) =uTa+zl)A+Tp)
9(T) =u(la+z(T)B +TIp)

We are no longer free to choose U to be an arbitrary convex combination U = Af+(1—\)g
because we require

UX)=UnrwA+(1-7)B)=u(yA+(1-~)B),

which would completely determine A—and for this A it might happen that the preference
relation =y coincides with ». To get around this, we need an additional parameter. For
each «, 8 € (0,1) define the function H, » : [0,1] x [0,1] — [0,1] by

Hop(s1) = [os” + (1= a)t?) 7 4+ § [Bs + (1= B)1
and define a utility function U, g : L(2) — [0, 1] by
Uas(l') = Hap (f(I'),9(I)

Finally, let >, 3 be the preference relation on L(2) induced by U, 3. Because f,g
and H, g are all continuous, so is U, g; hence =, g satisfies the Continuity Axiom. Note
that H, g is the identity on the diagonal H, (s,s) = s so that U, g(I') = u(I") for every
I' € L(A U B); in particular, U, g(I') = w(T") for every I' € L(P). Note also that H, g(s,t)
is strictly increasing in s,? separately; it is then easily checked that =, g satisfies State
Monotonicity. Finally, because

F(X) = u(A) > u(X) = u(yA+ (1 - 7)B > u(B) = g(X)
and

FOO) = u(A) > ul(L/2)A + (1/2)X) > u((1/2)A + (1/2)B) = g(X) > u(B)
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and the parameters «a, 8 are independent, we can choose the parameters «, 5 so that

Uas(X) = Hap(f(X),9(X))
= u(X)

and

Ua,p((1/2)A + (1/2)X)

Hop(u(A),u((1/2)A + (1/2)B))
u(CA+(1-¢)B)
u((1/2)A + (1/2)X).

RN

For such a choice of a, 8 the preference relation = g is an extension of = that differs from
>, as desired. m

Theorem 6 Assume that the DM ’s preference relation = satisfies Completeness, Tran-
sitivity, Continuity, Reduction of Compound Lotteries, the Sure Thing Principle and In-
dependence (and hence admits an Expected Utility representation).. In order that = can
be deduced from =1 it is necessary and sufficient that the DM finds every social state
w e Q\ P to be indifferent to some personal lottery Y . piw; € L(P).

Proof. To see that this condition is sufficient, consider lotteries ) pjw; and ) gjw;. The
condition guarantees we can find personal lotteries ®; and ¥; such that w; ~ ®; and w; ~
VU, for each i,j. Independence guarantees that > pjw; ~ > p;®; and ) gjw; ~ > q;¥; so

Y opiwi =Y g e Y iz > U e pi®im Yy ¢

Thus = can be deduced from >7.

To see, that this condition is necessary, assume there is a social state X € w that is
not indifferent to any personal lottery. If there were personal states A, B € P such that
A = X > B then Continuity would imply that X ~ yA 4+ (1 — +)B for some v € (0, 1),
which would contradict the assumption that X is not indifferent to any personal lottery.
It follows that either X > A for all personal states A € P or X < A for all personal states
AeP.

Choose a continuous utility function u : £ — R that yields an Expected Utility rep-
resentation of > and write Eu for the expected utility extension of u to L(€2). Note that
the range Eu(L(P)) of Eu on L(P) is precisely the convex hull of the range u(P) of u on
P; because P is finite, Eu(L(P)) is thus a closed interval. Let f : R — R be any strictly
increasing function that is the identity on Eu(L(P)). Then f ow defines a utility function
uy on Q. write Euy for its expected utility extension to L(€2).

Because f is the identify on Eu(L(P)), Euy agrees with Fu on L(P); because [ is
strictly increasing, the ordering induced by uy on {1 agrees with the ordering induced by
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u. Hence the preference ordering = frepresented by Eus agrees with > on [Q U L(P)] x
[QQU L(P)]; that is, = is an extension of >1.

Because X does not have a personal lottery equivalent , u(X) ¢ Eu(L(P)); because
Eu(L(P)) is an interval this means either u(X) < u(A) for all personal states A € P or
u(X) > u(A) for all personal states A € P. In what follows we treat the case in which
u(X) > u(A) for all A € P (X is preferred to every personal state); the argument in the
reverse case is similar and left to the reader.

By assumption there are personal states A, B € P with A > B, so that u(A) > u(B).
Choose f so that f(u(X)) # w(X), and set A = [u(A) — u(B)]/[u(X) — u(B)]; note that
A € (0,1). The expected utility property guarantees that

Eu(AX 4+ (1= XN)B) = u(X) + (1 — Mu(B) = u(A)
and also that
Eur(AX + (1 —=XN)B) = duyp(X) + (1 = Nusp(B) = Mug(X) + (1 — Nu(B)

Because f(u(X)) # u(X) we conclude that Eup(AX + (1 — X\)B) # u(A) = uy(A). Thus,
A~AX +(1=X)B but A %y AX + (1 — X\)B; in particular, > ;#>. This completes the
proof. m

9 Concluding Remarks

It is often said that private choices should remain private. As Paul Krugman has written
“... I'm talking about professional mistakes. The other kinds of mistakes ... are none of
your business.” This point of view seems reasonable when applied to Krugman, who is not a
candidate for a public office. But, to the extent that choices are not mistakes but rather are
the consequences of attitudes toward risk and attitudes toward personal risk are indicative
of attitudes toward social risk, then this point of view would seem mistaken when applied
to candidates for public office. Accordingly, we should care about the personal choices of
those individuals who might be in a position to make choices that have consequences for
others—at least to the extent that those choices involve risk.

From a purely technical point of view, our paper poses a problem in decision theory:
under what circumstances is a preference relation over some set of lotteries completely
determined by its restriction to a subset of lotteries? |Grant et al.| (1992)), which is closest
to the present work, pose the problem in the context of lotteries whose outcomes are
commodity bundles and lotteries whose outcomes are monetary payoffs. Given fixed prices
for commodities, they seek conditions guaranteeing that preferences over lotteries whose
outcomes are commodity bundles are completely determined by the restrictions of those
preferences to lotteries whose outcomes are monetary payoffs; the sufficient condition they
identify is one we call State Monotonicity (and they call Degenerate Independence).
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But because our intent is different from Grant et al. (1992), we pose different questions
and face quite different issues. In particular, although prices play a crucial role for |Grant
et al. (1992)) (prices mediate between monetary outcomes and consumption bundles), prices
play no role at all in our setting. More subtly, the central issue in our setting is whether
all choices in a larger set (social choices) have equivalents (are viewed as indifferent to)
choices in a smaller set (personal choices). In |Grant et al. (1992) it is assumed that all
choices in the larger set have equivalents in the smaller set; the central issue is whether
this condition is strong enough to determine preferences over lotteries.

There is a large experimental literature on risk and social preferences, which we will not
attempt to review here. However, we call attention to three recent papers that seem most
relevant to our study: |[Krawczyk and Le Lec| (2010, 2016)), Brock et al. (2013 and |Cappelen
et al.| (2013]) These papers report experiments designed to examine social preferences in the
presence of risk. In particular, these papers seek to understand whether giving behavior
is driven by considerations of ex-ante fairness or ex-post fairness. The overall takeaway
from these studies is that a theory based solely on ex-ante comparisons or solely on ex-post
comparisons cannot fully account for the experimental data.

In political science, a substantial literature argues that personal character is an impor-
tant predictor of Presidential conduct. The argument is made most famously and forcefully
in a classic book The Presidential Character, by Barber| (1972), who writes: “Character
is the force, the motive power, around which the person gathers his view of the world,
and from which his style receives its impetus. The issues will change; the character of
the president will not.” Barber argues in particular that a presidential candidate’s charac-
ter provides “a realistic estimate of what will endure into a man’s White House years.”lﬂ
The political science literature does not define character but Barber| (1972)) and others
(explicitly or implicitly) argue that character is revealed by personal choices. As Barber
puts it “the personal past foreshadows the presidential future.”Such an argument would
seem coherent—and of use to voters—only if the candidate’s attitude with respect to social
policy—and in particular toward social risk—after achieving office can be deduced from the
candidate’s attitude with respect to personal choices — and in particular toward personal
risk—before achieving ofﬁce@

However, it can be dangerously easy to err and infer too much from observations that
are too imperfect. During (and after) the 1992 presidential campaign, stories were widely
told about Bill Clinton’s personal choices, which—entirely aside from its moral content—
were surely quite risky, and many pundits—and no doubt many voters—used these stories

2T A number of Presidents agreed with Barber| (1972)). Richard Nixon, for instance, said “... with all the
power that a President has, the most important thing to bear in mind is this: You must not give power to
a man unless, above everything else, he has character. Character is the most important qualification the
President of the United States can have.”

283ome voters might care about a candidate’s personal choices on purely moral grounds, independent of
the implications for choices the candidate might make or policies the candidate might follow when he or
she actually assumes office—but that is not the argument being made by [Barber| (1972)) and others. [Nelson
(2018) provides excellent discussions of the arguments.
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as the basis for predictions about his choices in the public domain. Such predictions did
not stop with Clinton’s election; a 1994 article in Newsweek, for instance, concluded that
“...it may well be that this is one case where personal behavior does give an indication
of how a politician will perform in the arena.” History is yet to write its judgement of that
prediction, but voters have already done so: Clinton left office with the highest approval
rating of any President in recent history.
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Figure 1: An illustration of the axioms in the Marschak—Machina triangle

Note: (1A) The preference relation > admits an Expected Utility representation. The
indifference curves in the triangle are parallel straight lines. (1B) The preference relation
> only admits a Weighted Expected Utility representation. The indifference curves are
straight lines but they need not be parallel. (1C) The indifference curves are not straight
lines as in Rank Dependent Utility and Prospect Theory. (1D) The preference relation
> satisfy only State Monotonicity. The indifference curves are “upward sloping” but can
otherwise be quite arbitrary.
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Figure 2: The difference between = and > in the Marschak-Machina triangle

Note: (2A) If we observe =y we observe the ordering A >y X ¢ B and the ordering
of lotteries between A, B — but no others. (2B) If we observe >y and we assume State
Monotonicity we can infer the ordering of lotteries between A, X and lotteries between
X, B. (2C) Continuity assures us that X is indifferent to some lottery aA + (1 — a)B, but
if we observe only =g then we do not observe which lottery, but if we observe > then we
do observe which lottery. (2D) If we observe =1 and assume that > obeys Independence
then observing which lottery completely determines .
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Figure 3: The distribution of aggregated behavior across subjects

Note: SociAL CHOICE: The distribution of tokens allocated to account y (kept by self) as
a fraction of the tokens allocated to both accounts x and y (the total of tokens allocated
to self and other). PERSONAL RISk and SOCIAL RISK : The fraction of tokens allocated
to the cheaper account (the account with lower price —  when p, < p, and y otherwise).

38



‘syuaTyeaI) (o) MSIY TVIDOS Pue (+) MSIY TVNOSHAJ o) Ul (stxe [ejuoztioy) (¥d/"id) u
oryer 9o11d-30] USALS ® e (SIXe [edIIeA) (fi+ ) /fi puewop oATR[el §,100[qNS 9} SMOYS AIJUo [oRF “JUaUIIRDI) HOIOH))
TVIOOS 913 Ul S910TD I191[) JO SISR( 1]} UO [SY[S S' POYISSe[D aIe (GF9 pue ‘2T1¢ ‘Ge9 ‘116 s(II) S190[qns Ioj o, 270N

§109[qnNs TeNPIATPUT INOJ JO IOTARYD( 910D YT, :F oINS

olnel aoud Ho| olnel aoud Ho|
z 0 z ST 00 §C
+ $ b $HPpiHPHH 000 + Biaee imu
%
o

0 © TAl) —
o, L
o® D

o oo 050 2 B
o >0
o
o o G/0 @

o
HpHeT B+ 001 s b 4
d
olel aoud boj olel aoud boj
z 0 z v- . 4 0 z
+ 000 B b bbb
+
g SC0

o

Ln

o
aleys uayo]

Lo
N
o

L o Lo o
M~ o N o
s oS o o
aleys uao]

o

<

—
o

Lo o Lo o
M~ o o~ o
s o© o o
aleys ua)o]

o
e
-

<

39



0.75

(%]
2

O

2

e)

(:,J) 0.50 . Social Choice
Y—

o . Personal Risk
c

o Social Risk
=

o

©

(I

0.25

[0,0.1] (0.1,0.2] (0.2,0.3] (0.3,0.4] (0.4,0.5] (0.5,0.6] (0.6,0.7] (0.7,0.8] (0.8,0.9] (0.9,1]
CCEl

Figure 5: The distributions of CCEI scores for the three treatments

Note: The CCEI is between 0 and 1: indices closer to 1 indicate the data are closer to
perfect consistency with GARP and hence to perfect consistency with utility maximization.
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Figure 6: The power of the GARP test

Note: The distributions of the minimum and maximum CCEI scores for the three treat-
ments (PERSONAL RISK, SOCIAL CHOICE, SOCIAL Risk) for the actual subjects and the
distribution of the CCEI scores generated by 100,000 simulated subjects who randomize

uniformly on each budget line 1987)). Each of the 100,000 random subjects makes
50 choices from randomly generated budget sets in the same way as human subjects.
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Table 1: The test of Propositions 3 and 4

Rejection criterion

Combined
Significance Bonferroni-
level corrected P pt

1% 0.107 0.049 0.107
5% 0.197 0.082 0.180
10% 0.205 0.115 0.230

Note: Proposition 3: If the subject’s preferences =g¢ in the SoOCIAL CHOICE domain
are selfish, then the preferences in the PERSONAL RISK and in the SOCIAL RISK domains
coincide: >pr=>sr. Proposition 4: If preferences >=g¢ in the SOCIAL CHOICE domain are
impartial, then preferences in the SOCIAL CHOICE domain and preferences in the SOCIAL
RiIsK domain coincide: =sc=>gsr. We present the fraction of participants with significant
results using the Bonferroni correction, p~ and p™ for the 1%, 5% and 10% levels.

Table 2: A benchmark for the test of Proposition 3

Significance Probability of random choice replacement ()
level 0 5% 10% 15% 20%
1% 0.097 0.165 0.388 0.553 0.718
5% 0.204 0.243 0.592 0.786 0.854
10% 0.214 0.408 0.748 0.874 0.922

Note: The fraction of selfish subjects for whom we reject the null that =pr=>sr at
the 1%, 5% and 10% levels when we replace the actual choices with random choices with

different probabilities u.
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