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Abstract

We present an axiomatic model of choice involving two agents, moti-
vated by the experimental evidence on non-selfish preferences. We distin-
guish two classes of social preferences, depending on whether they are or
not separable. Altruism and spite (Andreoni & Miller, 2002; Cox et al.,
2007) are separable, while the various forms of inequality aversion are
not (Fehr & Schmidt, 1999; Bolton & Ockenfels, 2000; Charness & Ra-
bin, 2002). Separable and non-separable preferences give very close pre-
dictions when only sure outcomes are involved, but they make opposite
predictions in choices involving lotteries. We show this by proposing a
generalization of expected utility that accounts for preferences for “fair
procedures”, which violate the independence axiom. An experimental
test of the model reveals little evidence of ex-post inequality aversion,
even when non-expected utility preferences are accounted for.
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1 Introduction

We compare ourselves to our neighbors and peers. (Frank, 1987) We “keep up

with the Jones”. (Maccheroni et al., 2008) Some become obsessed with their

ranking among co-workers and acquaintances. No matter how strong it may be,

however, this concern for social comparisons rarely extends outside a relatively

small clique of friends and relatives. I may compare my car with my neighbor’s,

but I would hardly notice if a family living two blocks away has a brand new

convertible.

Other social motives are less parochial. Take altruism, for example. We are

happy to go through the small hassle of lending a tire iron to a stranger who

needs it to change a tire. We donate money to victims of far-away disasters.

One may say that in both cases we are concerned about the inequality between

ourselves and some less fortunate stranger, but this would be wide of the mark.

When we donate a few dollars (or a few minutes of our time) we reason that the

benefit they give to somebody else largely outweigh the cost for us. Inequality

plays little or no role.

After a long neglect, these deviations from pure egoism have been the focus of

an intense theoretical and experimental research within economics (Sobel, 2005).

In an early contribution to this literature, Fehr & Schmidt (1999) and Bolton

& Ockenfels (2000) introduced the idea that in experimental settings subjects

would show the same concern for social comparisons that we observe among

neighbours, colleagues and friends. By contrast, Andreoni & Miller (2002) pop-

ularized the idea that the observed deviations from pure egoism reflect altruism

(or spite), and hence are not primarily aimed at reducing (or enhancing) ex-post

inequality.

This literature failed to produce an undisputed winner so far. An obvious

reason is that these motives are di�cult to tease apart. Pure distributional

preferences are elicited by variants of the Dictator Game, in which all models

which imply convex preferences make similar predictions (Cox & Sadiraj, 2010).1

Another, more subtle, problem is that there is no way to completely eliminate

chance from experiments. To run a Dictator Game, roles need to be assigned,

which is usually done randomly. If social preferences where in agreement with

expected utility (as it was customary to assume in the early literature), this

1Much more attention has been devoted to the issue of non-monotonicity of social pref-
erences. See for example Fisman et al. (2007), Blanco et al. (2011) and Cox & Friedman
(2008)

2



would create no problem because subjects’ preferences would be independent

from the time in which uncertainty about roles is resolved. However, violations

of expected utility are common when fairness is at stake (Diamond, 1967; Ep-

stein & Segal, 1992; Karni & Safra, 2002; Machina, 1989). Outside of the lab,

the toss of a coin is routinely used to combine two equally unfair outcomes into

a fair lottery, which may induce violations of expected utility. (Bolton et al.,

2005). In these cases, the details of the way in which uncertainty is resolved

become crucial (Myerson, 1981). Subjects may appear to be more concerned

about inequality when their preferences are elicited after their position into an

unfair allocation is decided then they are before.2

We address these issues proposing an axiomatic model that deals at the same

time with preferences over sure outcomes and preferences over lotteries. We first

provide a definition of altruism that distinguishes it form other preferences (like

inequality aversion) in which social comparisons play a role. (See Dufwenberg

et al. (2011) for a related approach to separability.) We then enlarge the pref-

erences to include lotteries. This is done (in the spirit of Karni & Safra (2002))

by introducing a weaker version of the independence axiom, which accounts for

the preference for “fair procedures”. The preferences over lotteries are assumed

to agree with the preferences over outcomes only when two lotteries that are

equally fair are involved. Preferences over lotteries and preferences over out-

comes are thus linked, although this link is weaker that it would be with the

full independence axiom. We show that this weaker connection is su�cient to

devise a very simple test to check the degree to which preferences are separa-

ble. The second part of the paper presents the results of an experiment which

uses this test. We find that most subjects’ preferences are indeed separable (or

very close to be so), which speaks against the importance of social comparisons

in experimental settings. In the light of what we said before, this is perhaps

unsurprising, given the anonymous setting in which we run our experiment.

The paper is organized as follows. We devote Section 2 to an informal

2 This is a common finding. Engelmann & Strobel (2004) present evidence that experi-
mental subjects show little concern for inequality. In their reply, Bolton & Ockenfels (2006)
notice that in that experiments subjects made their decisions before they new their position
in the final distribution and that this type of “equal opportunity procedures can soften the
tension between equality and e�ciency” (1909). Similarly, Charness & Rabin (2002) (CR) and
Falk et al. (2008) (FFF) find very remarkable di↵erences in subjects’ concern for inequality.
In commenting these results, Cooper & Kagel (n.d.) notice that “It is hard to argue that
the di↵erent results of FFF and CR are anything other than an artifact of how preferences
are being elicited. One possible methodological cause is CR’s use of an “equal opportunity”
procedure whereby each subject got to choose as a B player knowing that their actual position
as the A or the B player would be determined randomly at the end of the session.”(16)
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presentation of the main results of the paper and Section 3 to a review of the

literature. Section 4 contains the technicalities of the model. In Section 5 we

discuss our experimental evidence and Section 6 concludes. Longer proofs are

collected in the Appendix.

2 Overview

We shall consider first situations in which a person (I) decides among monetary

allocations between himself and another person (you). The choice is taken in

a standard, ex-post Dictator Game setting: a fair coin has been tossed and

I have been selected to choose among allocations like those in Table 1. I have

preferences ⌫O over allocations of this type, that can be represented by a utility

function VO(m, y), such that VO(x, x) = x. Suppose that my choices reveal that

A �O B ⇠O C �O D ⇠O E

So, I prefer to divide 10$ equally between me and you rather than take them

all to myself (A �O B), which reveals that I am not perfectly selfish. But I am

not perfectly altruistic either, because I prefer to keep the 10$ rather than give

them to you (B �O D).

Outcome A B C D E
m 5 10 4 0 2
y 5 0 4 10 2

Table 1: Five outcomes

My choices in Table 1 also reveal that I have a preference for “equitable”

outcomes. For example, indi↵erence between B and C reveals that when I have

10$ and you nothing, I am willing to throw away 2$ in order to make your payo↵

equal to mine. While this preference may be attributed to an intrinsic dislike

for unequal payo↵ distributions, this is not the only possibility. The obvious

alternative is that the value I attach to an extra dollar to myself depends upon

how many dollars I already have, although it does not depend upon how many

dollars you have. If dollars have decreasing marginal utility (and I am not

totally selfish), I will have strictly convex preferences even if I have no interest

in equality per se.3

3This is a well researched topic in the social choice literature that was originated by
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This di↵erence is well illustrated by the following utility function, which is

by far the most used functional form in the social preferences literature (see

Section 3).

VO(m, y) = ((1� ✓?)m⇢ + ✓?y⇢)
1
⇢ (1)

where ✓? = ✓ 2 [0, 1] if m � y and ✓? = ✓ � k with k � 0 if y > m. This

is a parsimonious model in which each parameter captures one element of my

preferences. ✓ represents the weight I put on your payo↵, so that ✓ > 0 implies

that I am altruistic towards you at least when I get a larger payo↵; k represents

how much my altruism is reduced when your payo↵ is larger than mine. ⇢

captures diminishing marginal utility of money.

My choices in Table 1 can be rationalized either by setting k > 0 and ⇢ = 1

(in which case the convexity of my preferences is explained by my aversion to

see you getting more money than me) or by setting k = 0 and ⇢ < 1, in which

case my preferences are convex because I attach a decreasing value to an extra

dollar to me or to you. Of course, any combination of these two will also do.

Although this is an important di↵erence, it has received little attention in the

literature on social preferences. In Section 4 we clarify this matter by providing

a definition of ordinally separable preferences (Definition 4.1), which formalizes

the idea that the value I attach to an extra dollar for me is independent from

the dollars you have. Our first representation theorem (Proposition 4.1) proves

that my preferences are ordinally separable if they admit an additively separable

representation. We reserve the terms altruism and spite for preferences that are

not egoistic, but are separable in this sense. The preferences represented by

Equation 1 are separable provided that k = 0.4

The understanding of social preferences observed in laboratory settings would

improve if a test could be devised to tell apart subjects whose choices are mostly

motivated by the desire to reduce inequality from those whose preferences are

better described as purely altruistic. Notice that such a test is bound to involve

Harsanyi’s utilitarian theorem (Harsanyi (1955)). In the context of Harsanyi’s theorem, it
is a common statement that inequality aversion is simply a consequence of individuals having
strictly concave utility functions for money (Harsanyi (1975) and Sen (1980) are a classical
source for this debate. See Chambers (2012) for a recent contribution to this topic.) Broome
(1995) contains a detailed discussion of Harsanyi’s theorem, which to a large extent overlaps
with the one we pursue here. More recent contributions to this debate are Fleurbaey (2010)
and Fleurbaey & Zuber (2012).

4A value of k larger than zero implies that my indi↵erence curves have a kink along the
equal distribution line. This may seem to imply that failures of separability imply non di↵er-
entiability of the utility function. This is in fact incorrect. Bolton & Ockenfels (2000) model
inequality aversion by means of utility functions with smooth indi↵erence curves.
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more complex choices than the ones presented in Table 1. In fact, our discussion

of separability in Section 4 will make it clear that, if one is bound to observe

choices among sure outcomes, the required test is far too contrived to be used

in a laboratory. The main tenet of this paper is that there is a way to single

out my concern for ex-post inequality by observing the way I choose among

lotteries.

Given what we said in the Introduction, this may sound paradoxical. A

lottery can be seen as a procedure for allocating money between me and you

that can be more or less fair. The value I attach to a lottery will thus depend

upon my preferences over the outcomes it produces and the fairness of the lottery

itself. To complicate matter, the value of a lottery will also depend upon my

attitudes towards risk, which is particularly di�cult to define in a context in

which I decide over my and your payo↵. The lotteries in Table 2 illustrate this

point. (See Ben-Porath et al. (1997) and Fleurbaey (2010)).

Q
H T

m 5 5
y 5 5

R
H T

m 10 0
y 0 10

S
H T

m 10 0
y 10 0

T
H T

m 4 2
y 4 2

U
H T

m 10 10
y 0 0

Table 2: Five lotteries

Let ⌫ be my preferences over lotteries, and suppose that they must agree

with my preferences over outcomes, including the independence axiom. It would

then be the case that

Q � U � R ⇠ T

The preference U � R appears to be questionable. It is true that in my

ex-post choices I revealed that the outcome produced by U on Tail (10$ for me

and nothing for you) is better than the outcome produced by R (nothing for me

and 10$ for you). Since U and R produce the same outcome on Head, the inde-

pendence axiom would imply that U is better than R. However, giving me and

you an equal chance of getting 10$ (R) is arguably more fair than appropriating

the 10$ myself (U). If my concern for the fairness of the lottery is su�ciently
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strong, I may disregard my preferences over outcomes and choose R rather than

U . This example shows that there are cases in which the independence axiom is

reasonable (for example when it implies that Q is better than T ) and others in

which it is not (when it implies that U is better than R). Also, it suggests that

violations of the independence axiom are to be expected in situations in which

a fair lottery like R is obtained by mixing two unfair outcomes like B and D in

Table 1.

To make this intuition rigorous we need a definition of the fairness of a

lottery. This is not an easy task. For example, it is not clear whether I am fairer

if I give you one third of a given endowment, or one third of the probability of

winning it. Luckily, we don’t need to answer this question, as for our purposes

a very mild notion of fairness is su�cient. Consider the lotteries Q, R and S.

They may be viewed as three equally fair ways of allocating 10$ between myself

and you. Q divides them equally between us, R flips a fair coin to adjudicate

them, S flips a coin and award 10$ each on Head and nothing to each on Tail.

It seems plausible to assume that my preferences over these lotteries should

reflect my concern for ex-post inequality (in comparing R to S) and my attitude

towards risk (in comparing Q with S). However, they should not depend upon

the relative importance I place on the ex-ante fairness of a lottery, as these

lotteries are (we contend) equally fair.

To see how this intuition can be formalized, consider the following extension

of the utility function in equation 1 to a lottery p in which a coin is flipped and

a large prize xH or a small prise xL is awarded to me or to you. We shall call

these simple symmetric lotteries. Assuming that u(x) = x⇢

V (p) =
1

2
u(VO(xH , xL)) +

1

2
u(VO(xL, xH)) + 

xH + xL

2

= x⇢
H + x⇢

L � k(x⇢
H � x⇢

L) + (xH + xL) (2)

The utility of a lottery q which is obtained by mixing simple symmetric

lotteries like p is the expected value of their utilities V (p).

This utility function is a combination of an ex-post component which is the

expected utility of the function u(VO(m, y)) and an ex-ante component which is

the expected monetary value of the lottery for me and for you.  captures my

departure from expected utility. When  = 0 my choices agree with expected

utility, so that no value is attached the coin flipping. In this case, the function
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u(VO(x, x)) will represent my preferences over lotteries that yield always the

same ex-post monetary payo↵ x for me and for you. Larger values of  imply

that I tend to disregard my preferences for the ex-post outcomes and pay more

attention to the ex-ante fairness of the lottery.

Notice however that varying the value of  does not distort my preferences

over lotteries that are symmetric and have the same expected value for me and

for you. To see this, consider that my utility for two symmetric lotteries with the

same expected value xH+xL

2

is simply a linear transformation of the expected

value of u(VO(m, y)). In this sense, my preferences over lotteries that are equally

fair depend upon my preferences over outcomes (represented by VO(m, y)) and

my attitude towards risk (represented by the concavity of the function u) but

not by my preferences concerning the fairness of the lottery (captured by ).

Consider now my preferences over the lotteries R and S, that is for lotteries

that only di↵er in the final correlation of our payo↵s. We say that my preferences

are cardinally separable if I am always indi↵erent among lotteries like these. It

is a straightforward exercise to show that for any value of  � 0, V (R) = V (S)

only if the concavity of my utility function is given by ⇢ < 1 and k = 0,

that corresponds to ordinal separability. In this sense, preferences that make

similar predictions in ex-post context do make opposite predictions in risky

environments.

This result is intuitively appealing: indi↵erence between R and S can only

be taken as a proof that I have no concern for ex-post inequality, and hence that

my preferences are indeed separable. In Section 4, when we provide a behavioral

foundation for this class of models, we shall see that this is a general result. For

any specification of my ex-post preferences VO(m, y), indi↵erence between R

and S reveals that they admit an additively separable representation.

This is the test we were looking for. When I choose between lotteries only

di↵ering in the correlation of our payo↵s, I reveal my concern for ex-post in-

equality which is independent from other factors such as altruism, risk aversion

or the preference for the ex-ante fairness of the lottery.

This result allows us a better understanding of the relationship between my

ex-ante and ex-post choices as far as inequality is concerned. For any specifica-

tion of my ex-post preferences VO(m, y) and my risk attitude represented by u,

larger values of  will make me prefer lotteries with larger expected payo↵ for

me and for you, regardless of the final allocation of money. In this sense, it may

appear that ex-ante I am less inequality averse than I am ex-post. Our model

gives a more nuanced picture on this point. The real test for inequality aversion
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requires a comparison between lotteries that di↵er in payo↵ correlation. Indif-

ference between these lotteries implies absence of ex-post inequality aversion.

As a consequence, it would be improper to say that a larger concern for ex-ante

equality reduces my concern for ex-post inequality. Roughly speaking, a consid-

eration for the ex-ante fairness of the lottery ( > 0) will reduce the concavity of

my utility function. However, in our approach there is no relationship between

concavity and inequality aversion. Aversion to inequality requires a degree of

non-separability, which in equation 1 is captured by k > 0. As long as k = 0,

my preferences are separable (and hence they do not reveal inequality aversion)

both ex-ante and ex-post.

In the experimental part of the paper we study choices in simple symmetric

lotteries and use equation 2 as a parametric model. Our data show that even

if subjects’ preferences fail to be separable, the parameter capturing non sep-

arability is very small. Moreover, a direct comparison of an inequity-aversion

model a la Fehr & Schmidt and of an altruism model a la Cox et al. clearly

shows that the latter better fits our data.

3 Literature Review

Most of the literature on social preferences has revolved around the functional

form (1).

• Andreoni & Miller (2002), Cox et al. (2007), Fisman et al. (2007) assume

that ⇢  1 and k = 0.

• Fehr & Schmidt (1999) assume that ✓ � 0, ⇢ = 1 and k > ✓.

• Charness & Rabin (2002) and Engelmann & Strobel (2004) assume that

✓ � 0, ⇢ = 1 and k 2 [0, ✓].

This literature has paid little attention to the issue of the separability. For

example, Charness & Rabin (2002) present their model as an extension of An-

dreoni & Miller (2002), although the former is based on non-separable prefer-

ences and the latter on separable ones. Similarly, Cox et al. (2007) interpret

the convexity of preferences (as captured by ⇢) as a concern for relative payo↵s,

in analogy with inequality aversion. Our approach may help establish a more

uniform terminology. It would be good to reserve, as we do here, the expression

“inequality aversion” to those cases in which the di↵erence between your and
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my monetary payo↵ enters my utility function and prevents it from having a

additively separable representation.

Axiomatic versions of inequality aversion are presented by Neilson (2006)

and Rohde (2010). The extension of inequality aversion to lotteries has been

the focus of a small literature in the experimental field. Trautmann (2009)

proposes a tractable model of ex-ante and ex-post inequality aversion. Saito

(2012) provides a behavioural foundation for a utility function in which ex-post

choices are in agreement with inequality aversion. Krawczyk & Le Lec (2010)

and Brock et al. (2011) explore giving in Dictator Games in which instead of a

fraction of the total pie, a subject can transfer a probability of winning. All these

articles work in the framework of preferences for ex-post inequality as modelled

by Fehr & Schmidt (1999). A consistent finding is that neither pure ex-ante,

non pure ex-post concern for equality capture the observed behavior. The focus

of these papers is orthogonal to our, in that they assume that subjects’ ex-post

preferences are best captured by inequality aversion and test to what extent

“procedural fairness” reduces such concern.

Fudenberg & Levine (2012) discuss how to extend social preferences to lot-

teries in a spirit which is quite close to the one presented here. They derive an

impossibility result which shows that several “properties” of preferences for ex-

post outcomes and for lotteries cannot be satisfied together. Among them, they

require that I should be willing to pay to correlate my winnings with yours for

at least one lottery. This clearly conflicts with the approach we follow here, as

we define cardinal separability as a global property of preferences over lotteries

in which this property is violated. This is ultimately an empirical issue, and the

evidence we present in the second part of this paper reveals that at least half of

our subjects do have cardinally separable preferences.

4 Theory

4.1 Preferences over outcomes

An outcome is a pair x = (m, y) where m is the money that goes to me and y

is the money that goes to you. We say that an outcome is symmetric if it gives

me and you the same amount of money. When there is no risk of confusion, we

shall indicate with x = (x, x) both the symmetric outcome and the money me

and you get in it.

I have preferences ⌫O over outcomes that are complete, transitive and con-
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tinuous. I am non selfish towards you, which means that there are at least two

outcomes x = (m, y) and x0 = (m0, y0) with m0 < m and x0 � x. My preferences

are monotonic if (m, y) �O (m0, y0) whenever m > m0 and y > y0. Also, we say

that my preferences are m-monotonic if (m, y) �O (m0, y0) whenever m > m0

and are symmetric-monotonic if x > x0 implies that (x, x) �O (x0, x0). We

shall follow the literature on social preferences in assuming that my preferences

satisfy both m-monotonicity and symmetric monotonicity.

We shall indicate with VO(.) a numeric representation of these preferences

such that VO(x, x) = x. This representation is unique if preferences are mono-

tonic. When preferences are not monotonic, VO(.) does not represent my pref-

erences for the outcomes x such that (0, 0) �O x. To avoid unnecessary com-

plications, in what follows we shall restrict our attention to the set of outcomes

S that are at least as good as (0, 0), and for which the representation VO(.) is

unique.

Definition 4.1 Ordinally separable preferences Let x = (m, y) and x0 =

(m0, y0) be two outcomes such that x ⇠ x0. Let hm and hy be two numbers such

that (m+ hm, y) ⇠ (m0, y0 + hy). The preferences ⌫O are ordinally separable if

(m+ hm, y0) ⇠O (m, y0 + hy)

Figure 1 illustrates this definition. The preferences on the left are separable

those on the right are not. In both cases I am indi↵erent between outcomes

x = (m, y) and x0 = (m0, y0). Indi↵erence between a and b can be interpreted

in the following way. Increasing my payo↵ of hm in outcome x creates a new

outcome (a) which is better than x and x0. hy is the extra money you must

receive in outcome x0 to create another outcome (b), which is indi↵erent to a.

One may interpret hy as the value in terms of money for you in outcome x0 of

hm dollars to myself in outcome x. Separability requires that this value should

only depend on me getting m in x and you getting y0 in x0. In turn, this requires

that I am indi↵erent between c and c0. To see this, consider that in outcome d I

get the same monetary payo↵ as in x, while you get the same monetary payo↵

as in x0. If I am indi↵erent between c and c0, then I reveal that whenever I have

x and you have y0, I am willing to trade hm extra dollars to me for hy extra

dollars for you.

What follows is our first representation theorem.

Proposition 4.1 Preferences ⌫O are ordinally separable i↵ they admit an ad-

ditive representation, that is if there are three functions u(.), um(.) and uy(.)

11



such that

u(VO(m, y)) = um(m) + uy(y)

This representation is unique up to a positive, linear transformation.

The if part is obvious. The only if part is a consequence of Debreu (1959)

Theorem 3. It is easy to see that our definition 4.1 implies the so called Thomsen

condition as illustrated by Figure 1. (For the Thomsen condition see Karni &

Safra (1998) Wakker (1989))

d

x a

hm

x¢

b
hy c¢

c

m

y

d

x a

hm

x¢

b

hy
c¢

c

m

y

Figure 1: Separable (left) and non separable (right) preferences

If the preferences⌫O are m-monotonic and symmetric monotonic, then um(.)

is strictly increasing. If uy(.) is also strictly increasing we say that I am altruistic

towards you; if it is strictly decreasing I am spiteful.

4.2 Lotteries

Consider my preferences ⌫ over lotteries whose prizes are outcomes x. We shall

indicate with p = (x
1

, p
1

; . . . ;xn, pn) a generic lottery that yields outcome xi

with probability pi. We shall also indicate with p(x) the probability with which

the outcome x = (m, y) is obtained under p. Supp(p) is the set of outcomes x

such that p(x) > 0. For any outcome x = (m, y) let x̄ = (y,m) be the outcome

in which the monetary payo↵s are swapped between me and you. A simple

symmetric lottery (x, 1

2

; x̄, 1

2

) is an equal randomization between x and x̄. We

concentrate on generic symmetric lotteries, defined as follows.
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Definition 4.2 A lottery p is symmetric if for any outcome x = (m, y) 2
Supp(p) we have that for x̄ = (y,m) p(x) = p(x̄)

Notice that all symmetric outcomes x = (x, x) for any x � 0 are also sym-

metric (degenerate) lotteries. Notice also that any symmetric lottery p can

be decomposed as p = ((x
1

, 1

2

; x̄
1

, 1

2

), p
1

; . . . ; (xn,
1

2

; x̄n,
1

2

), pn) where pi is the

probability with which the simple symmetric lottery (xi,
1

2

; x̄i,
1

2

) obtains.

What follows is a standard technical axiom:

Axiom 4.1 The preferences ⌫ are complete, transitive and continuous

Our next axiom is a weaker form of the independence axiom, that only

applies to symmetric lotteries.

Axiom 4.2 Let p and q be two symmetric lotteries such that p ⌫ q. For every

↵ 2 [0, 1] and for every symmetric lottery r, (p,↵; r, (1� ↵)) ⌫ (q,↵; r, (1� ↵))

What follows is a straightforward consequence of standard proofs in decision

theory. (See for example Mas-Colell et al. (1995))

Fact 4.1 Axioms 4.1 and 4.2 imply that preferences over lotteries ⌫ can be

represented by a function V (.). For any pair of symmetric lotteries p and q and

for any ↵ 2 [0, 1],

V (p,↵; q, (1� ↵)) = ↵V (p) + (1� ↵)V (q)

.

Finally, let v(x) = V ((x, x)). Then, for any lottery p involving only sym-

metric outcomes x = (x, x)

V (p) =
X

x2supp(p)

p(x)v(x)

Our next axiom deals with the case of symmetric lotteries that are obtained

by mixing unfair outcomes. Consider Figure 2. The thick lines represent the

indi↵erence curves corresponding to the preferences over outcomes ⌫O passing

through outcomes x and x̄. xe and x̄e are the symmetric outcomes that are

indi↵erent to x and x̄ resp. x̂e
O is the symmetric outcome such that x̂e

O ⇠
(xe, 1

2

; x̄e, 1

2

), while x̂e is the outcome such that x̂e ⇠ (x, 1

2

; x̄, 1

2

).5

5Notice that if the preferences �O fail to be monotonic, there may not be a symmetric
outcome x

e that is indi↵erent to an outcome x. Consider however that we restricted our
attention to the set S of outcomes that are at least as good as (0,0).
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The independence axiom implies that (x, 1

2

; x̄, 1

2

) ⇠ x̂e
O and hence that x̂e

O =

x̂e. However, our weaker version of the independent axiom does not apply here,

as x and x̄ are not symmetric (degenerate) lotteries unless x = x̄. So it is

possible that an equal randomization between x and x̄ is strictly preferred to

an equal randomization between xe and x̄e, although x is indi↵erent to xe and

x̄ is indi↵erent to x̄e. Our next axiom establishes that randomizing between x

and x̄ is always at least as good as randomizing between xe and x̄e and hence

x̂e � x̂e
O.

Axiom 4.3 Let x = (xH , xL) and x̄ = (xL, xH) be two outcomes and let xe =

(xe, xe) ⇠ x and x̄e = (x̄e, x̄e). Then (x, 1

2

; x̄, 1

2

) ⌫ (xe, 1

2

; x̄e, 1

2

).

x

x

x+
xe

xe

x̀0
e x̀e

m

y

Figure 2: The weakening of the independence axiom

This axiom formalizes the idea that the mix of two unfair outcomes may

be strictly preferred to any of them taken in isolation. It leads to our second

representation theorem.

Proposition 4.2 Let axioms 4.1, 4.2 and 4.3 hold true. Then for any sym-

metric lottery p

V (p) �
X

x2supp(p)

p(x)v(VO(x)) ⌘ v(VO(p))
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Notice that the model incorporates expected utility as a particular case in

which the above inequality is in fact an equality for every lottery. With a slight

abuse of notation we indicate with v(VO(p)) the value the lottery p would have

for a person who respects the independence axiom.

Our next axiom connects my preferences over outcomes and my preferences

over lotteries. It imposes first that my preferences over lotteries agree with

my preferences over outcomes in being monotonic for symmetric outcomes x =

(x, x). This clearly requires that v(x) is strictly increasing. Second, it stipulates

that in the choice between two symmetric lotteries in which me and you get the

same expected amount of money, my preferences will only depend upon my

ex-post preferences VO(m, y) and my risk preferences represented by v(x).

Axiom 4.4 (i) The function v(x) is strictly increasing. (ii) Let p and q be two

symmetric lotteries and let p+ and q+ be the expected monetary value of these

lotteries for me and for you. If p+ = q+, then V (p) � V (q) i↵ v(VO(p)) �
v(VO(q)).

We are now ready for our main result. We first define the notion of “car-

dinally separable” preferences. My preferences are cardinally separable if I am

indi↵erent with respect to the correlation of our winnings.

Definition 4.3 Preferences ⌫ are cardinally separable if for any outcome x =

(xH , xL)

V ((xH , xL),
1

2
; (xL, xH),

1

2
) = V ((xH , xH),

1

2
; (xL, xL),

1

2
)

Proposition 4.3 Let axioms 4.1, 4.2, 4.3 and 4.4 hold true. Preferences over

lotteries ⌫ are cardinally separable only if the preferences over outcomes ⌫O are

ordinally separable.

In experiments it is useful to work with a parametric utility function. We

shall consider a utility representation of preferences ⌫ which takes a simple

additive form between the ex-post preferences over outcomes and the ex-ante

evaluation of the lottery. The fairness of a lottery p is represented by a function

�(p): two lotteries that are deemed to be equally fair have the same value

of �(p). Preferences over outcomes are represented by an increasing function

u(.) and a scalar  such that for a simple symmetric lottery p with outcomes
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xH > xL

V (p) =
1

2
u(VO(xH , xL) +

1

2
u(VO(xL, xH))) + �(p) (3)

Our last proposition puts a restriction on the form that the function �(p)

can take.

Proposition 4.4 Let the preferences over symmetric lotteries be represented

by the function 3. Then axioms 4.1, 4.2, 4.3 and 4.4 imply that for any simple

lottery p = ((xH , xL),
1

2

; (xL, xH), 1

2

), �(p) = xH+xL

2

.

This result provides a foundation for the use of equation 2 and sets the stage

for the experiment we present in the next section.

5 The Experiment

5.1 Decision Setting

We test the parametric specification of preferences in equation 2. We test our

model with three di↵erent tasks that are represented in Table 3. Subjects are

randomly paired and roles are randomly assigned as subject A or B. Both

subjects perform the same decision tasks, but only the choice made by subject

A is implemented.6

In treatment Equity (E), the subject decides between lotteries with corre-

lated (Y ) and anti-correlated winnings (X). The expected monetary payo↵ of

the anti-correlated lottery is increasing, so that the choice measure a subject’s

willingness to pay to correlate his winning with his partner. Cardinal separabil-

ity implies that lottery X are always preferred to lotteries Y (with the exception

of the first, in which there is indi↵erence).

In treatment Risk (R), Option Y warrants a safe outcome of 10 while X

yields a risky outcome which increases in its expected value moving from top to

bottom. A subject characterized by a concave function v(x) should switch from

Option Y to Option X for C > 6.

In treatment Equity and Risk (ER) the lotteries have the same total mone-

tary payo↵s for the two subjects (20), but vary in the ex-post correlation of the

payo↵s. A risk-neutral and inequality averse subject would prefer always the

6In the experiment earnings were computed in Experimental Currency Units (ECU). The
ECU to e exchange rate was equal to 1/2.
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option Y , because it contains no ex-post inequality and has a constant expected

value. A risk averse subject who is indi↵erent to ex-post inequality should

instead always prefer option X.

Table 3: Treatments

Option X Option Y

p=1/2 p=1/2 p=1/2 p=1/2

H T H T

xA xB xA xB xA xB yA yB

E

1 20.00 0.00 0.00 20.00 20.00 20.00 0.00 0.00

2 21.00 0.00 0.00 21.00 20.00 20.00 0.00 0.00
...

...
...

...
...

...
...

...
...

9 28.00 0.00 0.00 28.00 20.00 20.00 0.00 0.00

10 29.00 0.00 0.00 29.00 20.00 20.00 0.00 0.00

R

1 15.00 15.00 1.00 1.00 10.00 10.00 10.00 10.00

2 15.00 15.00 2.00 2.00 10.00 10.00 10.00 10.00
...

...
...

...
...

...
...

...
...

9 15.00 15.00 9.00 9.00 10.00 10.00 10.00 10.00

10 15.00 15.00 10.00 10.00 10.00 10.00 10.00 10.00

ER

1 20.00 0.00 0.00 20.00 20.00 20.00 0.00 0.00

2 19.00 1.00 1.00 19.00 20.00 20.00 0.00 0.00
...

...
...

...
...

...
...

...
...

9 12.00 8.00 8.00 12.00 20.00 20.00 0.00 0.00

10 11.00 9.00 9.00 11.00 20.00 20.00 0.00 0.00

The three decision tasks summarized in Table 3, when jointly considered,

provide us with an e↵ective identification strategy of relevant parameters in

equations 2. In treatment R only lotteries with symmetric outcomes are present

and this allows us to identify parameters  and ⇢ independently of k.7 Choices

7In treatment R, a subject chooses X over Y at choice C i↵ (15/2)⇢ + (C/2)⇢ + (15/2 +
C/2) � (10/2)⇢ + (10/2)⇢ + (10/2 + 10/2)
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in treatment ER allow us to estimate parameters ⇢ and k. Within this treatment

the expected value of the lotteries is kept constant and, as a consequence, ex-ante

fairness does not di↵er across alternatives.8. However, choices in treatments R

and ER allow us to estimate k and  as a function of ⇢. To obtain a full

estimation of the relevant parameters, we need to take into account choices in

treatment E. In this treatment, all relevant parameters play a role in shaping

behavior. This is because of the tension between ex-post inequality aversion,

that increases the utility of X, and risk aversion, captured both by ⇢ and by

the level of ex-ante inequity aversion favoring symmetric lotteries with higher

expected value.9

5.2 Participants and Procedures

A total of 116 Participants took part in 6 distinct experimental sessions con-

ducted at the Cognitive and Experimental Economics Laboratory (CEEL) of

the University of Trento, Italy. The participants are undergraduate students

of the University of Trento. Each participant took part only in one session.

The computerized experiment was programmed and conducted using the Z-tree

software (Fischbacher, 2007).

A show-up fee of e3 was given to each participant. The average earnings in

the experiment were e8.37, show-up fee included. In the experiment earnings

were computed in Experimental Currency Units (ECU) and at the end of the

experiment 2 ECU were exchanged for e1.

Upon their arrival at the laboratory, participants were randomly allocated to

a cubicle inhibiting interaction with other participants. Participants were left 5

minutes to read instructions individually and then instructions were read aloud

by sta↵ in the room. Participants were left free to privately ask for clarification

and were asked to answer a questionnaire checking for their understanding of

the instructions. After all had answered the questionnaire the experiment could

begin.

The three treatments E, R, and ER were administered in a within-subject

fashion over three distinct rounds. Thus, each participant took part in a total

of 30 (10 ⇥ 3) decision tasks. The order of treatments was randomized at the

8In treatment ER, a subject chooses X over Y at choice C i↵
�
(20 � C + 1)/2

�⇢
+

�
(C �

1)/2
�⇢ � k

⇣�
(20� C + 1)/2

�⇢ �
�
(C � 1)/2

�⇢⌘ � (20/2)⇢

9In treatment E, a subject chooses X over Y at choice C i↵
�
(20 � C + 1)/2

�⇢ � k

�
(20 +

C � 1)/2
�⇢

+ 

�
(20 + C � 1)/2

�
� (20/2)⇢ + (20/2)
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individual level, to control for ordering e↵ects. Individuals were made aware of

the fact that only one of the tasks would be randomly selected for payment at

the end of the experiment. Specifically, the following procedure was adopted to

define payments: first, one of the three rounds was randomly selected; second,

one of the ten choices in this round was randomly picked; third, a uniform

random drawn defined whether event H or T is realized; finally, the earnings of

the two players were computed according to the choice made by subject A in

correspondence to the decisions task thus selected.

5.3 Description of Choices

Figures 3 provides an analysis of participants’ choices across experimental treat-

ments. Bars’ height captures the relative frequency of Option Y in each decision

task C (see Table 3 for a description of choice tasks), both for Subjects 1 and

Subjects 2. The dots and dashed lines represent the predicted probabilities of

choosing Option Y , rather than Option X, as estimated by a mixed-e↵ects logit

regression controlling for repeated choices at the individual level.10

[Insert Figure 3 about here]

In treatment E, about 60% the participants choose Option Y for the choice

task C = 1. However, the mixed-e↵ects logit regression shows that the likeli-

hoods of choosing Option Y and Option X are not statistically di↵erent for this

choice task. As C increases, the likelihood of choosing Y becomes progressively

smaller, with values approaching zero for C > 5. A likelihood ratio test shows

that overall choices of Subjects A and Subjects B do not significantly di↵er

(p-value=0.859).

In treatment R, almost all participants choose Option Y for C < 6, in

accordance with risk aversion predictions. For C � 6, the participants switch

to Option X, with a tiny fraction of participants choosing Option Y also for

C = 10, when this is strictly dominated. However, the predicted probabilities

of choosing B are very close to zero for C > 7 and reach zero for C = 10.

A likelihood ratio test shows that choices of Subjects A and Subjects B are

statistically di↵erent, but only marginally so (p-value=0.077).

In treatment ER, the majority of Subjects A chooses Option Y for C  4,

with a statistically significant e↵ect for C  2. The predicted likelihood of

choosing this option is very close to zero for C � 7. A likelihood ratio test

10Indi↵erence choices were omitted from the regression analysis. As a consequence, the
number of observations ranges from 508 in treatment ER for Subjects 2 to 554 in treatment
R for Subjects 1.
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shows that choices of Subjects A and Subjects B do not statistically di↵er,

overall (p-value=0.542).

Figure 3 reports on choices of all participants in the experiment. A rele-

vant subset of choices is given by choices of rewarded participants (i.e, Subjects

A) characterized by monotonic preferences.11 The percentages of Subjects a

meeting the monotonicity requirement are equal to 75.9%, 86.2%, and 74.1%,

in treatment E, R, and ER, respectively. Overall, choices of this selected sub-

sample are in line with the behavioral patterns displayed in Figure 3. In treat-

ment E, the majority of participants with monotonic preferences (56.8%) chooses

Option Y for C = 1, but a series of exact binomial tests restricted to choices

of the participants who either choose Option X or Option Y does not detect

any statistically significant di↵erence in the propensity to choose Option X over

Option Y for C  4 (all p-values � 0.096). For C � 5, choosing Option Y is

statistically more likely than choosing Option X (all p-values  0.049). Choices

of participants with monotonic preferences in treatment R strongly support the

hypothesis of risk aversion among the participants. According to a series of ex-

act binomial tests, choosing Option Y is statistically more likely than choosing

Option X for C  6 (all p-values  0.001). For C � 8, the likelihood of choosing

Option X rather than Option Y is statistically higher (all p-values  0.006). In

treatment ER, the majority of participants with monotonic preferences chooses

Option B for C < 4. In particular, 62.8% choose Option B in C = 1 (Exact bi-

nomial test, p-value=0.008). However, for 2  C  4, no statistically significant

di↵erence in the choice propensity is observed, while for C � 5 a statistically

higher likelihood of choosing Option X over Option Y is observed (all p-values

 0.028).

5.4 Model Estimation

In this section, we adopt a random utility approach to estimate a convenient

parametric specification of our model. We assume that preferences over sim-

ple symmetric lotteries can be represented by equations 2. We also provide an

estimation of the parameters in that equation, relying on the econometric speci-

fication described in Appendix B. In addition to the estimates of the parameters

of the utility function, we also provide an account of alternative sources of error

11A subject has monotonic preferences if a single switch from one option to the other is
observed. Moreover, an indi↵erence choice should always be placed in between a choice of one
option and of the other. If a subject starts with an indi↵erence choice, no switches from one
option to the other should be observed.
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or indecisiveness in the decision making process. In particular, � is the dis-

persion parameter of the Fechnerian error ✏ and w is a parameter measuring

trembling in choices. Finally, parameter t measures the sensitivity in perceiving

utility di↵erences.

Table 4 reports the ML estimates of the parameters both for Subjects A

(rewarded choices) and Subjects B (hypothetical choices).

Table 4: Estimates of the model in eq 5

Parameters
Subjects A Subjects B

Coe↵ Std. Error Coe↵ Std. Error

⇢ 0.762 0.024 0.837 0.025

k 0.081 0.020 0.045 0.020

 0.000 0.012 0.000 0.013

w 0.000 0.087 0.126 0.048

� 0.542 0.076 0.445 0.050

t 0.051 0.024 0.055 0.014

logLik -1301.464 -1345.070

AIC 2614.928 2702.141

The estimates reported in Table 4 suggest that preferences are not additively

separable. Indeed, k, although small in size, is significantly di↵erent from 0 in

both the estimated models. Interpreting k in terms of the F&S model gives us

an indication of the relevance of the estimated k. Within this model, inequality

aversion requires that k > ✓. Hence, the value of k will imply a ✓ smaller than

0.081, a very low concern for the other’s payo↵. By contrast, the hypothesis

that the convexity of preferences can be explained by decreasing marginal utility

obtains strong support in our data. In fact, we reject the hypothesis that ⇢ = 1

in both the models.

The estimates of  and w both hit the lower bound of the parameter space.

This implies that we cannot reject the hypothesis that EUT holds and that

paid subjects do not su↵er from trembling, respectively. Interpreting the value

of  in terms of our model, we reject the hypothesis of a utility bonus for ex-

ante equality. Because the estimates of  and w lie on the boundary of the

parameter space, the more parsimonious model obtained imposing  = 0 and

w = 0 provides exactly the same estimates and likelihood value and, thus, should
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be preferred to the full model.

Interestingly, hypothetical and paid choices deliver the same qualitative re-

sults, i.e., low concavity of indi↵erence curves and a small preference shift mov-

ing from advantageous allocations to disadvantageous ones. The most interest-

ing aspect emerging from the comparison is the presence of a positive estimate

of trembling in case on hypothetical choices that is not observed when choices

are payo↵ relevant.

The estimates reported in Table 4 do not allow us to dismiss one of our

reference models in favor of the other. However, a direct comparison between

F&S and Cox models can be obtained by imposing ⇢ = 1 and k = 0, respectively.

Table 5 reports on the outcomes of these restricted estimations in which the

parameters  and w are dropped for the reasons stated above.

Table 5: Estimates of the F&S and Cox models (Subjects A)

Parameters
F&S Cox

Coe↵ Std. Error Coe↵ Std. Error

⇢ 1.000 — 0.732 0.019

k 0.051 0.013 0.000 —

 — — — —

w — — — —

� 1.471 0.111 0.708 0.042

t 0.126 0.015 0.065 0.007

logLik -1404.031 -1329.482

AIC 2814.061 2664.964

When comparing the fitting performance of the two models, the Akaike’s

Information Criteria (AIC) provides a clear advantage to the Cox model over

the F&S model.

To summarize, we obtain strong evidence of convex other-regarding pref-

erences (⇢ < 1) and reject the hypothesis of additively separable preference

(k > 0). The estimated degree of non separability, however, seems to be negli-

gible when considering its economic relevance. Comparing the relative perfor-

mance of the F&S and of the Cox model our results favor the altruism expla-

nation over the inequity aversion explanation of choice behavior. Finally, we

fail to reject the hypothesis of deviations from expected utility due to ex-ante
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inequity concerns.

6 Conclusions

Our result should be taken cautiously. First, the relative unimportance of in-

equality aversion, or any other type of preferences based on social comparisons,

does not mean that subjects involved in experiments cannot show other social

motives, altruism being the obvious alternative.

Also, while our experiment shows that inequality aversion is relatively unim-

portant in the anonymous environment in which experiments take place, it is

silent on the force of this motive outside of the lab. In the face-to-face inter-

actions that characterizes the real world, inequality aversion may be a much

stronger force (with a larger economic impact) than any other social motive,

including pure altruism. In this sense, inequality aversion should continue to

play an important role in theoretical analysis, although its impact on the ex-

perimental literature may be more limited.
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A Appendix

[Proof of Proposition 4.2] Consider a simple symmetric lottery (x, 1

2

, x̄, 1

2

). Let
xe ⇠ x and x̄e ⇠ x̄ so that VO(x) = xe and VO(x̄e) = x̄e. Let x̂e

O ⇠ 1

2

xe + 1

2

x̂e

be so that, because of Fact 4.1,

V (x̂e
O) = v(x̂e

O) =
1

2
v(xe) +

1

2
v(x̄e) =

1

2
v(VO(x)) +

1

2
v(VO(x̄))

Axiom 4.4 implies that (x, 1

2

; x̄, 1

2

) ⌫ (xe, 1

2

; x̄e, 1

2

), which in turn implies
that

V ((x,
1

2
; x̄,

1

2
)) � V ((xe,

1

2
; x̄e,

1

2
)) = V (x̂e

O) =
1

2
v(VO(x)) +

1

2
v(VO(x̄))

This can be extended to any symmetric lottery p by noticing that such a
lottery can be decomposed as p = ((x

1

, 1

2

; x̄
1

, 1

2

), p
1

; . . . ; (xn,
1

2

; x̄n,
1

2

), pn)

V (p) =
X

i

piV ((xi,
1

2
; x̄i,

1

2
)) �

�
X

i

pi(
1

2
v(VO(xi)) +

1

2
v(VO(x̄i))) =

X

x2supp(p)

p(x)v(VO(x))

[Proof of Proposition 4.3] For any pairs of monetary amounts xH > xL, the
utilities associated to simple lotteries in which winnings are either correlated or
uncorrelated are:

V (
1

2
, (xH , xH);

1

2
, (xL, xL)) =

1

2
v(VO(xH , xH)) +

1

2
v(VO(xL, xL))

=
1

2
v(xH) +

1

2
v(xL)

V (
1

2
, (xH , xL);

1

2
, (xL, xH)) � 1

2
v(VO(xH , xL)) +

1

2
v(VO(xL, xH))

Cardinal separability requires that

V (
1

2
, (xH , xL);

1

2
, (xL, xH)) = V ((xH , xH),

1

2
; (xL, xL),

1

2
)

and Axiom 4.4 requires that this is only true if

1

2
v(xH) +

1

2
v(xL) =

1

2
v(VO(xH , xL)) +

1

2
v(VO(xL, xH)) (4)

Define vm(x) = v(VO(x, 0)) and vy(x) = v(VO(0, x)) and notice that vm(0) =
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vy(0) = v(0) = 0. Then

v(VO(m, y)) =
1

2
vm(m) +

1

2
vy(y)

To see this, consider first that, from equation (4) above setting xH = x and
xL = 0 one gets that for any symmetric outcome

v(VO(x, x)) = v(x) =
1

2
v(VO(x, 0)) +

1

2
v(VO(0, x)) =

1

2
vm(x) +

1

2
vy(x)

One can then rewrite equation 4 as

1

2
v(VO(xH , xL))+

1

2
v(VO(xL, xH)) =

1

2
(
1

2
vm(xH)+

1

2
vy(xH))+

1

2
(
1

2
vm(xL)+

1

2
vy(xL))

=
1

2
(
1

2
vm(xH) +

1

2
vy(xL)) +

1

2
(
1

2
vm(xH) +

1

2
vy(xL))

which requires v(VO(xH , xL)) =
1

2

vm(xH) + 1

2

vy(xL) and v(VO(xL, xH)) =
1

2

vm(xL) +
1

2

vy(xH). It follows that v(V (m, y)) is an additively separable rep-
resentation of preferences ⌫O, and, because of Proposition 4.1, the preferences
are ordinally separable.

[Proof of Proposition 4.4] For each symmetric outcome x = (x, x) define
�(x) = �(x). Fix two monetary amounts xL > xH and define x+ = xH+xL

2

.
Consider now the three lotteries ((xH , xL),

1

2

; (xL, xH), 1

2

), ((xH , xH), 1

2

; (xL, xL),
1

2

)
and the symmetric outcome (x+, x+).

Consider an individual for whom v(.) = �(.), so that u(.) = v(.) as well and
lets write the utility of these three lotteries.

V (x,
1

2
; x̄,

1

2
) =

1

2
v(VO(xH , xL)) +

1

2
v(VO(xH , xL)) + �(x,

1

2
; x̄,

1

2
)

V (x+) = v(x+) + �(x+)

V ((xH , xH),
1

2
; (xL, xL),

1

2
) =

1

2
v(VO(xH , xH)) + �(xH) +

1

2
v(VO(xL, xL)) + �(xL)

=
1

2
v(xH) +

1

2
v(xL) + (

1

2
�(xH) +

1

2
�(xL))

Axiom 4.4 requires that the orderings of the lhs should depend only on the
ordering of the first terms of the rhs. This in turn requires that, for any  > 0,

�(x,
1

2
; x̄,

1

2
) = �(x+) =

1

2
(�(xH) + �(xL))

which in turn requires that �(x) = x.

25



B Econometric Specification

Our estimation strategy models the probability that subject i chooses either
option B, A, or declares to be indi↵erent (I) in each of the choices he/she faces
as function of the di↵erence between the utility of the two lotteries (B and A)
obtained by Equation 2. More precisely we assume that the choice process of
agent i in choice n is the following: the agent computes the di↵erence of utility
of the two options �UBA = V (B)�V (A) but he/she can make mistakes during
the evaluation process that are captured by an additive error term ✏ ⇠ N (0,�2)
(Fechnerian error) so that the outcome of the evaluation becomes stochastic:
�UBA + ✏. If the final value computed by the agent is greater than a threshold
t, i.e., �UBA + ✏ � t, then he/she chooses B; if instead the value is lower than
�t, i.e., �UBA + ✏  �t, he/she chooses A; finally, if value falls between t
and �t, i.e., |�UBA + ✏| t he/she declares to be indi↵erent between A and B.
Besides the Fechnerian error term ✏ we consider also a second possible source of
error. We allow agents to have momentary lapse of reason when choosing and,
in such a case, they choose randomly, independently by the size of the di↵erence
in utilities (trembling error). Formally we assume that with probability w the
agent does not follow the previously described choice rule, but declares A, B or
I with probability 1/

3

.
The probability that agent i chooses X 2 {A,B, I} in choice n is reported

in equation 5.

P (yi,n = X|⇢, k,, w,�, t) =

(1� w)

"
�

✓
�t��UBA(⇢, k,)

�

◆ (yi,n=A)
⇥

⇥
✓
�

✓
t��UBA(⇢, k,)

�

◆
� �

✓
�t��UBA(⇢, k,)

�

◆◆ (yi,n=I)
⇥

⇥
✓
1� �

✓
t��UBA(⇢, k,)

�

◆◆ (yi,n=B)
#
+

w

3
(5)

Where � is the cdf of the standard normal distribution (i.e., a Probit link
function), � is the dispersion parameter of the Fechnerian error ✏, and w is
the trembling parameter. As usual, the Log Likelihood is obtained multiplying
the choices over i and over n and taking the log. In all the estimated models
parameters are box-constrained in the following way:  � 0, � � 0, t � 0, and
w 2 [0, 1].
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Figure 3: Choices of the Participants
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