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ABSTRACT

We report the results of a combination of a dictator experiment with either a “social planner” or a
“veil of ignorance” experiment. �e experimental design and the analysis of the data are based on the
theoretical framework proposed in the companion paper by Becker, Häger, and Heufer (BHH, 2013),
in which we introduce a “notion of distributive justice” by which individuals trade o� equality and
e�ciency. �e purpose of the theoretical framework is to explain preferences in dictator experiments
by a combination of sel�shness and concerns for distributive justice. Most participants conform very
well with the Agreement and Symmetry axioms proposed in BHH; we �nd that for 80% of participants
the evidence is very strong. �e experiment therefore demonstrates that most participants’ behaviour
in dictator experiments can be explained by a combination of sel�shness and concerns for distributive
justice. We also provide a rough classi�cation of preferences and notions of distributive justice and
show that participants’ strength of the sense for justice (Karni and Safra 2002b) can be compared non-
parametrically.

1 introduction

1.1 Motivation and Aim

Economic experiments have shown that people do not only have sel�sh preferences, but also other
social preferences. �ey have shown that altruistic preferences and a concern for justice do exist. On
the one hand, most participants of economic experiments do give a fraction of their endowment
in the dictator game (cf. Forsythe et al. 1994, Engel 2011). As trustees they usually return a positive
amount in the trust game although they have no future bene�t from this (cf. Berg et al. 1995, Burks
et al. 2003, Sutter and Kocher 2007, Willinger et al. 2003). Most of them are not pure free riders
in the public goods game. �ey even contribute in the last round of a game (cf. Andreoni 1995,
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Fischbacher and Gächter 2010, Isaac and Walker 1988) and also in a stranger matching (cf. Andreoni
1995, Fischbacher and Gächter 2010). �ey sacri�ce own payo� to punish non-cooperators in a
stranger matching (cf. Fehr and Gächter 2000, 2002), and they do this even as a third party who
has no personal stake in the game (cf. Fehr and Fischbacher 2004, Henrich et al. 2006). On the
other hand, experimental results also show some sel�sh tendencies. For example, the amount given
to recipients in the dictator game is usually smaller than the fraction kept for oneself (cf. Forsythe
et al. 1994, Engel 2011). �us, people have shown both a concern for their own sel�sh needs as well
as a motivation to give, share, or contribute, and the two types of preferences are re�ected in their
choices.
In this paper we decompose preferences shown by our experimental participants into a notion of

distributive justice (or simply notion of justice) and a sel�shness part. Further, we recover individual
notions of distributive justice and classify our participants into prototypical types. Our experimental
design and the analysis of the data are based on the theoretical framework proposed in a companion
paper (Becker et al. 2013, henceforth BHH), in which we introduce a ”notion of justice” by which
individuals trade o� equality and e�ciency.

1.2 Background

BHH introduce two axioms on a person’s preference and notion of distributive justice: Symmetry (Sy)
and Agreement (Ag). Symmetry means that no individual is per se more deserving than any other
individual, and that all permutations of allocations among di�erent persons should be considered
equally just when nothing speci�c is known about them. Agreement means that if an allocation
x is at least as just as an allocation y and x gives a decision maker a higher payo� than y then the
decision maker should not strictly prefer y over x. �us, if the comparison of the “justness” of two
allocations agrees with the comparison of the own payo�, the �nal preference over x and y will agree
with both as well. An alternative (equivalent) interpretation is that if an allocation y yields a higher
payo� for the decision maker than an allocation x and the decision maker prefers x over y although
the payo� is lower for him, then this must be because he feels that x is more just than y.
In this paper, we will analyse data of an experiment which we designed to test the two afore-

mentioned axioms and which consists of two di�erent tasks for each participant (see section 2): A
dictator experiment (henceforth d-experiment) will be used to recover a participant’s preferences
and either a social planner task (henceforth p-experiment) or an allocation task under the veil of
ignorance (henceforth v-experiment) will be used to recover a participant’s individual notion of
distributive justice.
In the d-experiment participants choose distributions of money between themselves and another

participant from budgets with varying transfer rates as in Andreoni and Miller (2002) and in the
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two-person experiment by Fisman et al. (2007). �ese transfer rates are generally called price ratios,
as the rate at which one unit of payo� can be transferred to another participant can be interpreted as
the price of giving. In the p-experiment participants distribute money between two other unknown
persons. In the v-experiment participants distribute money between two persons labelled A and
B. A�er their decision has been made, they will be assigned one of the two roles at random while
another participant will be assigned the other role.
We collected choices from two of these tasks (from the d-experiment and either the p- or v-

experiment) for each participant. We �rst test whether participants satisfy the most basic axiom,
the Generalised Axiom of Revealed Preference (Garp), in both the d- and the p- or v-experiment.
Garp is a necessary and su�cient condition for utility maximisation. We then go on to test whether
participants choose according to the two axioms proposed in BHH. To do so, we test the analogue
revealed preference formulations of the Symmetry and the Agreement axiom. �ese conditions
are called the SyGarp (for Symmetry, tested only for the p- and v-experiment), the AgGarp (for
Agreement, using data from both tasks), and the AgSyGarp (for Symmetry and Agreement together).
In addition to the two-person experiment, Fisman et al. (2007) also analyse the results from a

three-person experiment. �ey provided participants with three dimensional budgets and asked
them to distribute money between themselves and two others. �is procedure allows them to
distinguish preferences for giving from what they call “social preferences” (i.e., preferences about the
trade-o� between the payo�s of others). Our axioms allow us to provide additional interpretations
of their results.
Furthermore, our approach has some advantages compared to the paper by Fisman et al. (2007):

First, with our study we are able to capture notions of justice (or “social preferences”) also for those
who give little or nothing at all in the d-experiment. Even if we look at the p- and v-experiment
separately we �nd that most participants make sensible decisions. Second, our test for the Agreement
axiom is more direct and robust. �is is in particular valid as many of our participants do not give
much to others when the price ratio is particularly low. In a multi-dimensional setting one would
have less chances to learn anything about the notion of justice in situations with these budgets. �ird,
we can examine in how far the p- or v-experiment are suitable to �nd out about notions of justice.
If the v-experiment is suitable to do this it has an important practical advantage compared to the
three-person game: It is incentive-compatible and possibly easier to understand for participants than
a three-dimensional task. It is incentive-compatible in the sense that the decision of the allocation
between the two others in Fisman et al. (2007) does not have any e�ect on one’s own payo�, whereas
all parts of the allocation in our v-experiment can have consequences for oneself. It is possibly easier
to understand because money has to be distributed between two persons instead of three, price ratios
are straighforward, and a two-dimensional graphical representation of a budget might be easier to
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understand than a three-dimensional one. Finally, we apply non-parametric techniques without
relying on speci�c functional forms and without the need to impose separability. Our experimental
design facilitates the revealed preference analysis in BHH and allows to test the axiomatic foundations
of the theory developed therein.

1.3 Outline

�e remainder of the article is organised as follows: Section 2 brie�y summarises the aims and
scope of our study (Section 2.1), reviews the theory proposed in BHH (Section 2.2), and provides
information on the experimental protocol (Section 2.3). Section 3 explains the e�ciency tests for our
experimental analysis. Section 4 presents our experimental results, divided into a test for consistency
with our axioms (Section 4.1), the distribution of prototypical preferences and notions of justice
(Section 4.2), a graphical inspection of participants’ choices (Section 4.3), and non-parametric
interpersonal comparisons (Section 4.4). We also test if there are any treatment speci�c di�erences
in the data (Section 4.5). Section 5 concludes and discusses strength and limits of our study as well
as future research. Appendix A provides additional material. Instructions and a screen shot of the
experimental so�ware can be found in Appendix B.

2 theory and experimental design

2.1 Aims and Scope

In our experiment each individual participated in two types of tasks: �e d-experiment and one of
the other two tasks (p-experiment or v-experiment). With the combination of these tasks we want
to decompose our participants’ behaviour into a notion of justice and a sel�shness component. �eir
choices will also allow us to sort them into di�erent justice types.
We keep the experimental design as simple as possible. In the d-experiment the decision maker

allocates money to himself and one other person. In the v-experiment he allocates money to himself
and one other person without knowing which of the two allocations he will receive. And in the
p-experiment the decision maker allocates money to two other persons.
Generally it would be desirable to get allocations from as many choice sets as possible from each

participant. However, due to participant fatigue a�er a certain time and �nancial constraints, the
number of choice sets had to be kept reasonably small. We therefore limited the number of rounds
to 15 per task.
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2.2 Brief Summary of the �eory

To keep this part of the paper self-contained, we brie�y summarise the theory developed in BHH
here. We only consider the two-dimensional case here, as we conducted only two-dimensional
experiments; this also simpli�es the analysis. For a more detailed analysis and discussion the reader
is referred to the companion paper (BHH).
Let A � R2

�
. We consider the preference and the notions of justice of a participant who is asked to

allocate money (i) between himself and another participant, or (ii) between two other participants.
An allocation is an element a > A. In case (i), a1 is the participant’s own payo�. He chooses according
to his preference o in case (i) and according to his notion of justice oJ in case (ii). �e self payo�
relation oS is trivial and the same for all participants; it is de�ned as a oS a� if a1 C a�1.1

�e �rst axiom is called Symmetry (Sy) and concerns the justice relation. As the participant does
not know the identity of the other individuals, he should not feel that one is more deserving than
another. �us,

�a1, a2� oJ �a2, a1� for all a > A. (Sy)

�e second axiom, called Agreement (Ag), postulates that if both oJ and iS agree, than o agrees with
them as well. A participant who feels that a is at least as just as a�, and a provides a higher payo� to
the participant than a�, then the participant prefers a over a�. �us,

�oJ 9 iS� bo (Ag)

which is equivalent to �o 9 hS� boJ (see BHH, Fact 1). �us, if an allocation is preferred to another
allocation although it yields a lower payo� for oneself, it must be considered to be more just. Axiom
Ag formalises the idea that the preference is between pure sel�shness and pure justice.
Note that Sy and Ag have immediate implications for a parametric approach. Suppose o is

represented by a CES utility function u�a� � �αar1 � �1 � α�ar2�
1~r and oJ is represented by a justice

function v�a� � �βas1 � �1 � β�as2�
1~s. �en Sy and Ag are equivalent to β � 1~2, r � s, and α > �1~2, 1�

(see BHH, Fact 4). �us, our axioms provide an immediate interpretation for the elasticity of
substitution r~�1 � r� as a representation of the notion of justice.
To formulate a testable version of Sy and Ag, we turn to revealed preference. We must �rst

specify what kind of data we observe. In our experiments, a participant is asked to make decisions
on several budgets. Budgets are of the form Bi � B�ρ i� � �a > A � ρ i

� a � 1�, where ρ is a price vector.
In the experiment, we observe one choice per participant on each of the presented budgets. For each

1�e strict and indi�erence relations are de�ned as usual, that is, as the asymmetric and symmetric parts of the
weak relations.
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experimental task, we observe choices on N � 15 di�erent budgets. �e set of observations from the
d-experiment is denoted Ωx � ��x i , pi��15i�1, and the set of observations from a p- or v-experiment is
denoted Ωy � ��y j, q j��15j�1.

�e main idea behind these experiments is that we can use Ωx to elicit a part of a participant’s
preference and Ωy to elicit part of a participant’s notion of justice. Let �Q�� be the transitive closure
of a binary relation Q. Given Ωx , we say that x i is directly revealed preferred to an allocation a,
written x i R0 a, if pix i C pia; it is revealed preferred if x i R a, where R � �R0��; it is strictly directly
revealed preferred to a, written x i P0 a, if pix i A pia; it is strictly revealed preferred, written as x i P a,
if x i R x j, x j P0 xk , and xk R a for some observations x j, xk . Given Ωy, the relations R0J , RJ, P0J , and PJ
are de�ned in the same way.
Let

�zk�30k�1 � �x
i�15i�1 8 �y j�15j�1

�ξm�60m�1 � ��x i
1 , x i

2�, �x i
2, x i

1��
15
i�1 8 ��y i1 , y i2�, �y i2, y i1��15i�1.

To test Sy, and to use it for further analysis, we impose it on the data. �e Sy-closure CSy�Q� of any
binary relation Q on A is simply de�ned as

a CSy�Q� a� if �aQ a� or �a2, a1�Q a� or aQ �a�2, a�1� or �a2, a1�Q �a�2, a�1��.

For the Ag-extensions, we de�ne R̃0J � R0J 8 �R0 9 hS� and R̃
0
� R0 8 �R0J 9 iS�, and similarly for

the strict relations and the transitive closure. So if a participant revealed that aR0 a� even though
a hS a�, then if we accept the axiom Ag, we must conclude that aR0J a�, etc. Similarly for the
AgSy-extension, we de�ne R̂0J � CSy�R̃

0
J � and R̂

0
� R̃0 8 �R̂0J 9 iS�.

We will test the data for consistency with various axioms which characterise a certain behavioural
hypothesis. In particular, we are interested in the existence of utility functions that represent the
revealed preference relations. We say that a utility function u rationalises a set of observations Ωx if
u�a� C u�a��whenever aR a�, and similarly, a justice function v rationalises a set of observations Ωy if
v�a� C v�a�� whenever aRJ a�. A justice function is symmetric if for every a > A, v�a� C v��a2, a1��.
A set of observations satis�es the Generalised Axiom of Revealed Preference (Garp) if whenever

x i R x j then �not x j P0 x i�. �ere exists a continuous, monotonic, and concave utility function that
rationalises a set of observations if and only if the set satis�es Garp (Afriat 1967, Varian 1982).
A set of observations satis�es the SyGarp if whenever y i �CSy�RJ��� y j then y j CSy�P0J � y i . �ere

exists a symmetric, continuous, concave, andmonotonic justice function which rationalises Ωy if and
only if Ωy satis�es SyGarp (Corollary 1). �us, the SyGarp provides a direct test for the hypothesis
that participants’ choices are consistent with Sy.
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Given Ωx and Ωy, and Ω � Ωx 8 Ωy, we say that a utility function u Ag-rationalises Ω if
u�a� C u�a�� whenever a R̃ a�, and it Ag-Sy-rationalises Ω if u�a� C u�a�� whenever a R̂ a�, and
similarly for justice functions with R̃J and R̂J.

�e following de�nitions introduce conditions which we show are necessary and su�cient for
extended rationalisability to test for Ag and the combination of Ag and Sy: A set of observations Ω
satis�es AgGarp if Ωx and Ωy satisfy Garp and if whenever z i R̃ z j then �not z j P̃

0 z i�, and it satis�es
AgSyGarp if Ωx satis�es Garp and Ω̂y satis�es SyGarp and if whenever ξi R̂ ξ j then �not ξ j P̂0 ξi�.
In BHH (�eorem 2)we show that in two dimensions (only two persons), the following conditions

are equivalent:
1. Ω satis�es AgGarp [Ω satis�es AgSyGarp].
2. �ere exists a non-satiated, continuous, concave, and monotonic utility function u which Ag-
rationalises [Ag-Sy-rationalises] Ω, and a non-satiated, continuous, concave, and monotonic
[and symmetric] justice function v which Ag-rationalises Ω, such that for all a, a� > A with
a iS a�, u�a� B u�a�� implies v�a� B v�a�� and v�a� C v�a�� implies u�a� C u�a��.

In our companion paper, the precise implications of the number of dimensions are discussed in
more detail. �ere are conditions based on the Weak Garp (Banerjee and Murphy 2006) which are
equivalent in the two-dimensional case, but for brevity, we only present the Garp-extensions here.

�e companion paper also shows how to recover everything that can be said about a participant’s
preference and notion of justice. For that, we construct revealed preferred and worse, and revealed
more just and less just sets based on the observations and the axioms. �ese sets are referred to as,
for example,ÄRP�x0�, which is the set of all allocations which a participant must prefer over the
allocation x0 if he satis�es AgSyGarp, based on his relations R̂ and R̂J recovered from his choices in
the d- and p- or v-experiment. See BHH for more details.

2.3 Experimental Design and Protocol

We ran our experiment from June 2012 to November 2012 at the laboratory of the department
of business administration and economics of the University of Jena, Germany. �e majority of
participants were students from the University of Jena, some were students from the University of
Applied Sciences in Jena. Participants came from a broad range of �elds. Recruitment was done via
ORSEE (Greiner 2004). Our participants were aged 18-32; the average age was 22.7. Slightly more
than half of our participants (53.2%) were female. Our experiment consists of four treatments. We
conducted three sessions per treatment, that is, twelve sessions with a total of 188 participants.2 �e

2�ere were 16 participants in eleven of the twelve sessions. In one of the sessions we only had 12 participants
because some of the people who registered did not show up. We ran two prior pilot sessions to test the so�ware, the
instructions, and the payo� calibration. �e data of the pilot sessions will not be included in the data analysis. We had
to repeat one session with a new set of participants due to technical problems.
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experiment was programmed and conducted with z-tree (Fischbacher 2007). Sessions lasted between
90 and 120 minutes (104 minutes on average). �e average payment was 16.50 Euros.

�e experimental sessions were conducted in the following way: Participants came to the lab
and were randomly assigned to seats. To ensure that all participants were capable of reading the
instructions all participants passed a German language test; if they had not passed it during a previous
experiment they had to do it prior to our experiment. �en all participants read the instructions
for the �rst part (see Appendix B.1), in which it was announced that a second part would follow, on
their own and �lled out a comprehension test for this part. If participants had questions, they were
answered by the experimenter in private. Once the experimenter had controlled the comprehension
test, she explained to the respective participants again in private the issues they did not understand.
Great care was taken to provide clari�cations in the same way each time. A�er the �rst part of the
experiment had been completed participants received the instructions and comprehension test for
the second part knowing that this would be the last part. Other procedures were the same as in the
�rst part. A�er both experimental parts had been completed participants �lled out a questionnaire
on socio-demographic issues and questions on the strategies they employed.
We had three kinds of tasks in four di�erent treatments. In each treatment participants played

the dictator experiment (d) and either the social planner experiment (p) or the veil of ignorance
experiment (v). To account for possible ordering e�ects, we �rst conducted the dictator experiment
and then the other experiment in treatments 1 and 2 and vice versa in treatments 3 and 4. See Table 1
for an overview of the treatments.

treatment game 1 game 2

1 dictator experiment d social planner experiment p
2 dictator experiment d veil of ignorance experiment v
3 social planner experiment p dictator experiment d
4 veil of ignorance experiment v dictator experiment d

Table 1: �e treatments.

In the d-experiment each participant was asked to split up induced budgets with varying price
vectors between himself and a randomly matched participant. Giving something to the matched
participant meant forgoing own payo�. �e amount one had to forego in order to give one unit to
the matched participant, however, varied from budget to budget and therefore also from round to
round. Since all other participants had to do the same task, each participant also received an amount
that a randomly matched participant (not the one that he was matched to for his allocation) allocated
to him.
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In the p-experiment each participant was asked to allocate given budgets with varying price
vectors to two other participants. �is means that his choice did not a�ect his own payo�. However,
since all participants faced the same task, each participant also received two allocations from two
randomly matched participants (not the ones he allocated money to).
In the v-experiment each participant divided budgets with varying price vectors between himself

and another participant, called person A and person B. He allocated the money to person A and
person B and it was later randomly determined which person he would be and therefore which of
the payo�s he allocated to person A and person B he would receive. Participants knew that they
would receive these roles with equal probability. With this mechanism of randomly determining a
role each person also received an amount of money that another participant allocated to the other
role. �at is, if role A was randomly chosen, each participant received the payo� he allocated to
person A and the payo� that another participant allocated to person B.
In each of the three tasks participants received 15 budgets with di�erent price relations for the

payo�s of the two matched participants, that is, certain allocations were more e�cient than other
allocations. All of the participants in a given task received the same 15 budgets, but the order of the
budgets was randomised for each participant to account for ordering e�ects. �e 15 budgets were
always the same 15 budgets within a task, but di�ered between the d-experiment and the p- and
v-experiment. To avoid reputation e�ects, the possibility of revenge, and other confounds, players
were rematched randomly a�er every allocation (random stranger matching). No feedback was given
between rounds and participants never learned about the identity or choices of the other participants.
At the beginning of each of the two parts of the experiment participants had two trial rounds to
become familiar with the so�ware which were not payo� relevant before the 15 payo� relevant rounds
started.

�e budgets are given in Table 2. Income is normalised to 1, so that each budget is de�ned by the
equation p1x1 � p2x2 � 1 for the d-experiment and similarly for the p- and v-experiment. Here, p1 is
the price for one Euro for the decision making participant (x1), while p2 is the price for allocating
one Euro to the receiving other participant (x2). �e table also shows the price ratio and maximal
values of x1 and x2. Figure 1 represents the budgets graphically.
To facilitate the task, participants were not only shown numbers indicating the budget and price

vector, but the information about the budgets and price vectors were also visualised graphically. �e
layout of the screens and the procedure was the following (see Figure 25 in Appendix B.2): On the
right hand side of the screen, participants could see in words the maximum amount they could give
to themselves and the other participant in the d-experiment or the maximum amount that they
could give to person A and person B in the p-experiment and v-experiment, respectively. On the le�
hand side of the screen a �gure showed the same information: �e horizontal axis showed payo�s
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budgets

dictator social planner and veil of ignorance

budget p1 p2 p1~p2 max x1 max x2 q1 q2 q1~q2 max y1 max y2
1 0.272 0.061 4.496 3.67 16.50 0.290 0.084 3.452 3.45 11.91
2 0.200 0.067 3.000 5.00 15.00 0.260 0.104 2.499 3.85 9.62
3 0.222 0.111 2.000 4.50 9.00 0.222 0.111 2.000 4.50 9.00
4 0.190 0.095 2.000 5.25 10.50 0.190 0.095 2.000 5.25 10.50
5 0.167 0.083 2.000 6.00 12.00 0.220 0.126 1.745 4.55 7.94
6 0.182 0.152 1.200 5.50 6.60 0.182 0.152 1.200 5.50 6.60
7 0.143 0.143 1.000 7.00 7.00 0.143 0.143 1.000 7.00 7.00
8 0.125 0.125 1.000 8.00 8.00 0.125 0.125 1.000 8.00 8.00
9 0.152 0.182 0.833 6.60 5.50 0.152 0.182 0.833 6.60 5.50
10 0.111 0.222 0.500 9.00 4.50 0.111 0.222 0.500 9.00 4.50
11 0.100 0.200 0.500 10.00 5.00 0.095 0.190 0.500 10.50 5.25
12 0.095 0.190 0.500 10.50 5.25 0.083 0.167 0.500 12.00 6.00
13 0.083 0.167 0.500 12.00 6.00 0.084 0.200 0.420 11.91 5.00
14 0.090 0.279 0.322 11.12 3.58 0.068 0.240 0.283 14.71 4.17
15 0.061 0.272 0.222 16.50 3.67 0.061 0.272 0.222 16.50 3.67

Table 2: �e budgets used in the experiment.

for oneself in the d-experiment or payo�s for “person A” in the p-experiment and the v-experiment,
respectively. �e vertical axis showed payo�s for the other person in the d-experiment or payo�s for
“person B” in the p-experiment and the v-experiment, respectively. A blue line showed all possible
allocations of the budget. To make a decision, participants could enter on the right hand side of the
screen how much they wished to allocate to themselves (person A), respectively. When they pressed
the “Show”-button, it was shown on the right hand side of the screen how much they (person A)
and the other person (person B) would get if this choice was con�rmed. On the le� hand side of the
screen, red lines in the graph indicated the currently chosen allocation of the budget. Participants

0
0

2

2

4

4

6

6

8

8

10

10

12

12

14

14

16

16

45○

self

other

(a)
0

0
2

2

4

4

6

6

8

8

10

10

12

12

14

14

16

16

45○

person a

person b

(b)

Figure 1: �e budgets used in the d-experiment (a) and the p- and v-experiment (b).
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could try out as many di�erent allocations as they wished until they con�rmed their choice with the
“Con�rm”-button. No feedback was given between rounds. Once everyone completed a round, the
next round followed.
For the payment one round of the �rst task and one round of the second task were randomly

chosen. Only these two rounds were paid out for each of the participants. �is allows for larger
stakes per choice assuming a �xed budget for conducting the experiment and at the same time avoids
hedging of risky behaviour. Paying one round of the �rst task and one of the second task means that
each participant received payo� for the d-experiment and either for the p-experiment (treatments 1
and 3) or the v-experiment (treatments 2 and 4). �us, the payment consisted of four parts: For the
d-experiment each participant received the amount he allocated to himself and the amount one of
the other participants allocated to him (i.e. to his matched counterpart); for the p-experiment each
participant received the amount that one matched participant distributed to player A and the amount
that a second matched participant distributed to player B; for the v-experiment each participant
received the amount he distributed to the person who’s role was randomly determined for him and
the amount another participant distributed to the other role, respectively. As participants did not
receive feedback between rounds, they were only informed about their earnings at the very end of
the experiment. �e amount earned in the experiment was paid out in Euros privately directly a�er
the experiment had been completed.

3 efficiency tests

3.1 E�ciency and Test Power

3.1.1 Afriat E�ciency and Homothetic E�ciency

�edata either satisfy Garp or they do not. If participants makeminor errors whenmaking decisions
it is possible that they produce data that do not satisfy Garp. To account for this, we will use the
Afriat e�ciency index (Aei, Afriat 1972), also called critical cost e�ciency index, and apply the same
concept to the other axioms. �e Aei is a goodness-of-�t measure which is one of the most popular
for induced budget experiments. Reporting the value is very common for experimental studies.3

�emain idea of the Aei is to shi� budgets towards the origin and base a new revealed preference
relation on the level of expenditure expressed by this new budget (where prices are kept constant).
�is is done until the data is consistent with Garp. Let e > �0, 1�; for a set of observations Ωx �

��x i , pi��Nx
i�1 from a d-experiment, we de�ne x i R0�e� a if e pix i C pia and x i P0�e� a if e pix i A pia,

3See, for example, Andreoni and Miller (2002), Choi et al. (2007b), Dickinson (2009), Février and Visser (2004),
Fisman et al. (2007), Harbaugh et al. (2001), Mattei (2000), and Sippel (1997). See also Gross (1995) for a survey of other
measures.
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and R�e� � �R0�e���. We then say that Ωx satis�es Garp�e� if x i R�e� x j implies �not x j P0�e� x i�,
and the Aei is the greatest number e such that Garp�e� is satis�ed. Note that the Aei is a measure
for wasted income, as a consumer with an Aei of e could have obtained at least the same level of
utility which he actually did obtain by spending only a fraction of e of his income.
We can de�ne, in straightforward analogy, the revealed notion of justice based on e�ciency level

e, and also the extended relations. �e de�nition for R0J should be obvious; the extended relations
are obtained by appropriate replacements with the e�ciency level relations. We do not, however,
adjust the relation oS, as it is not revealed. So for example, we have R̃

0
J �e� � R0J �e� 8 �R0�e�9 hS�.

�is then leads to straightforward e�ciency measures for SyGarp, AgGarp, and AgSyGarp.
�e homothetic e�ciency index Hei is de�ned for two-dimensional data in analogy to the Aei.

It was introduced by Heufer (2013b) and measures the extend of deviation from homothetic utility
maximisation. �e interpretation is similar to the Aei. We do not focus on homotheticity here,
but will report the results nonetheless to compare them with results for data by two other dictator
experiments (Andreoni and Miller 2002 and Fisman et al. 2007). See Heufer (2013b) for details.

3.1.2 Test Power

Even a set of random choices has a chance to satisfy Garp or any of the other axioms. To interpret
the test results, it is therefore helpful to know the probability that some process other than utility
maximisation will also lead to a set of observations that is consistent with an axiom, that is, to know
the power of the test. Bronars (1987) suggested a Monte Carlo approach to determine the power
against random behaviour: Generate many sets of random choices on the same set of budgets with
which the participants were provided, and compute the percentage of random choices which violate
Garp. �is percentage is the approximate power.
However, if we allow participants to make minor mistakes and also accept those with an Aei of

less than 1 as “close enough”, we obviously lose test power. It is therefore necessary to also compute
the Aei of the random choices and �nd the test power by computing the percentage of random
choice sets which exceed the same Aei-threshold as the one used for the experimental participants.4

In general, we will compare the distribution of the Aei in the random data with the distribution of
the Aei in the actual experimental data to understand how signi�cant our results are.

3.2 Testing

We will use the pre�x x for results for Ωx (i.e., data from a d-experiment) and y for Ωy (i.e., data
from a p- or v-experiment); for example, xAei is the Aei for a set of data Ωx . �e Sy-e�ciency for

4See also Sippel (1996) and Heufer (2012) for a discussion of this point.
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the Ωy data will be called the ySyAei, the Ag-e�ciency index the AgAei, and the AgSy-e�ciency
index will be called the AgSyAei.
We will �rst compute and report the distribution of the Aei for all participants for their choices in

the d-experiment (xAei) and the p- or v-experiment (yAei). We will also report the ySyAei for the
p- or v-experiment. We will then combine the two data sets for each participant and compute and
report the AgAei and the AgSyAei. We will also repeat the �rst step with random data generated
using Bronars’ method and compare the e�ciency of our participants with the e�ciency of the
random data.
We will repeat the entire analysis using only a subset of the “best” 14 choices of each task for each

participant from the d- and the p- or v-experiment. We �nd the best 14 choices using a brute force
method, that is, we compute the Aei for every participant of 14 choices in each experimental task and
use the one which yields the highest Aei. We will refer to these values as the x14Aei, y14Aei, etc. �is
is done because it is possible that a single mistake made by a participant reduces the Aei substantially,
even if Garp is satis�ed without that mistake.
Furthermore, we will report the fraction of participants with e�ciency indices of 1, and those

greater than the thresholds .99, .975, .95, .925, and .9 for all choices, and the best 14 and (for com-
parison) best 13 out of each experimental task. �ese numbers will be presented in a way that
illustrates set concordance: It will show the fraction of participants which exceed the threshold for
any combination of xAei, yAei, ySyAei, and AgSyAei.
In Appendix A, we provide further analysis. In particular, in Appendix A.1.2, we describe Varian’s

(1993) improved violation index, and in Appendix A.1.3 we describe how it can be applied to our data.
We use it to adjust individual choices to account for violations of Garp and SyGarp, and then use
the adjusted data to compute the AgAei and AgSyAei. �e results are reported in Appendix A.1.4.
We also provide an analysis based on Heufer’s (2013a) method to generate random choices which

satisfy Garp. �is Garp-consistent random data can be tested for consistency with AgGarp and
AgSyGarp. A description of this procedure and the results can be found in Appendix A.1.5.

4 results

We will report several results. First, we give a brief summary of the raw data. �en, in Section 4.1, we
analyse the consistency of the individual choice sets with the proposed axioms. In Section 4.2 we
provide a rough classi�cation of participants’ preferences and notions of justice. Section 4.3 shows
the relationship between the log price ratio and the allocation share, which allows for a graphical
analysis of choices. In Section 4.4, we apply the non-parametric interpersonal comparison proposed
in BHH to compare the strength of participants’ sense of justice. Finally, in Section 4.5, we will test if
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there are any di�erences in the data between the treatments based on the raw data, e�ciency, and
interpersonal comparison results.
Table 3 shows the mean and median amount allocated to the other participant by the dictator

(x2) for all 15 budgets. As measures of dispersion, it also shows the coe�cient of variation and
interquartile range. Furthermore, the table shows the di�erent means by treatment: �e mean for
treatments 1 and 2 is the mean amount of x2 in the two treatments in which the d-experiment was
the �rst task. Di�erences here would indicate an ordering e�ect. �e mean for treatments 1 and 3 is
the mean amount of x2 in the two treatments with the p-experiment. We analyse these di�erences in
more detail in Section 4.5.

dictator experiment

all treatments t1&2 vs. t3&4 t1&3 vs. t2&4

budget mean cv median iqr mean mean mean mean

1 5.07 1.09 3.01 8.63 4.95 5.20 4.85 5.31
2 3.23 1.28 1.50 6.00 3.41 3.05 3.17 3.30
3 1.75 1.23 1.00 3.00 1.83 1.67 1.78 1.73
4 2.16 1.20 0.50 3.50 2.27 2.05 2.15 2.18
5 2.38 1.22 2.00 4.00 2.74 2.01 2.33 2.43
6 1.14 1.19 0.60 2.64 1.26 1.02 1.12 1.17
7 1.24 1.12 1.00 2.50 1.38 1.10 1.32 1.15
8 1.37 1.21 0.50 3.00 1.59 1.14 1.32 1.42
9 1.04 1.11 0.50 2.17 1.14 0.94 0.93 1.17
10 0.72 1.31 0.16 1.25 0.81 0.62 0.70 0.74
11 0.70 1.42 0.00 1.12 0.83 0.57 0.65 0.75
12 0.73 1.44 0.25 1.25 0.81 0.63 0.72 0.73
13 0.94 1.36 0.19 1.50 1.09 0.78 0.87 1.00
14 0.46 1.49 0.04 0.69 0.50 0.42 0.46 0.46
15 0.44 1.67 0.00 0.68 0.47 0.42 0.43 0.46

Table 3: Mean and median amounts given in the d-experiment (x2), the coe�cient of variation (standard deviation
divided by mean), and the interquartile range. �e last four columns show the mean amount given in treatments 1 and 2
(d �rst) vs. 3 and 4 (p or v �rst), and treatments 1 and 3 (p) vs. 2 and 4 (v).

Table 4 contains the same information as Table 3, except that it shows the amount allocated to
person B in the p- or v-experiment. Tables 9 and 10 in Appendix A.4 show the same information for
the restricted set and for all treatments separately.

4.1 General Consistency

4.1.1 Consistency with Axioms

We start by testing the axioms. First, we test whether participants satisfy the most basic axiom, Garp,
in both the d- and the p- or v-experiment, as this is a necessary and su�cient condition for the
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social planner and veil of ignorance experiment

all treatments t1&2 vs. t3&4 t1&3 vs. t2&4

budget mean cv median iqr mean mean mean mean

1 7.11 0.51 7.34 6.90 6.93 7.29 6.77 7.46
2 5.17 0.50 4.62 4.36 5.00 5.35 4.74 5.62
3 4.78 0.48 4.31 3.10 4.76 4.81 4.79 4.78
4 5.79 0.45 5.50 4.00 5.88 5.69 5.57 6.02
5 4.07 0.42 3.58 1.57 3.87 4.28 3.98 4.16
6 3.33 0.36 3.00 0.24 3.37 3.28 3.23 3.43
7 3.36 0.31 3.50 0.00 3.40 3.31 3.54 3.17
8 3.95 0.27 4.00 0.00 4.09 3.81 4.02 3.88
9 2.61 0.36 3.00 0.35 2.58 2.65 2.66 2.56
10 2.00 0.56 2.23 2.00 1.95 2.05 2.20 1.79
11 2.30 0.55 2.62 2.25 2.14 2.46 2.32 2.28
12 2.48 0.60 3.00 3.00 2.29 2.68 2.69 2.26
13 2.18 0.62 2.48 2.50 2.07 2.30 2.37 1.99
14 1.57 0.77 1.34 2.55 1.44 1.70 1.69 1.44
15 1.37 0.84 1.22 2.42 1.28 1.46 1.54 1.19

Table 4: Mean and median amounts allocated to person B in the p- and v-experiment, the coe�cient of variation
(standard deviation divided by mean), and the interquartile range. �e last four columns show the mean amount
allocated to person B in treatments 1 and 2 (d �rst) vs. 3 and 4 (p or v �rst), and treatments 1 and 3 (p) vs. 2 and 4 (v).

existence of a non-satiated utility function which rationalises the data. We will refer to these two
conditions as the xGarp (d-experiment) and the yGarp (p- or v-experiment). Next, we are interested
in whether or not participants conform to the new axioms introduced in BHH 2013: Symmetry (Sy)
and Agreement (Ag). We test these two axioms independently and together: �e data from the p-
and v-experiment are tested for consistency with SyGarp, and the combined data are tested for
consistency with AgGarp and AgSyGarp.
Table 5 shows the fraction of participants who fully satisfy the axioms we are interested in. It

also shows the fraction of participants who have a very high e�ciency index greater than .999 –
here, a very small change in the choices made would lead to full consistency. �e second part of
the table shows the same results restricted to subsets of the best 14 choices from each experimental
task. �e table also shows the percentage of random choice sets who satisfy the conditions (i.e., the
approximate power of the test).
Note that our test has an extremely high power. Even for the best 14 choices, none of the random

choice sets satis�es 14AgSyGarp and only .01% (that is, 1 out of 10,000) has a 14AgSyAei of at least
.999.
Given that participants were asked to make 30 choices overall (15 per task), we believe that

allowing one erroneous choice per task can be acceptable. �e test power here is still very high. We
note that the vast majority of participants are in line with utility maximisation when based on the

15

Jena Economic Research Papers 2013 - 042



all observations

full consistency efficiency A 0.999
experimental random experimental random

xGarp 132 (70.21%) 0.58% 149 (79.26%) 0.61%
yGarp 120 (63.83%) 0.34% 134 (71.28%) 0.47%
ySyGarp 67 (35.64%) 0.00% 74 (39.36%) 0.01%
AgGarp 91 (48.40%) 0.00% 111 (59.04%) 0.00%
AgSyGarp 52 (27.66%) 0.00% 66 (35.11%) 0.00%

best 14 observations

full consistency efficiency A 0.999
experimental random experimental random

x14Garp 134 (71.28%) 4.86% 178 (94.68%) 5.02%
y14Garp 122 (64.89%) 3.76% 169 (89.89%) 3.91%
y14SyGarp 71 (37.77%) 0.34% 109 (57.98%) 0.41%
14AgGarp 94 (50.00%) 0.00% 159 (84.57%) 0.02%
14AgSyGarp 56 (29.79%) 0.00% 103 (54.79%) 0.01%

Table 5: Number of participants consistent with the axioms.

x14Aei and y14Aei (94.68% for the d-experiment and 89.89% for the p- or v-experiment), while the
test power is still very high (94.98% and 96.09%, respectively).
Consistency with Sy in the p- or v-experiment is not as common as we would have expected.

However, we should note that the choices of many participants imply strong Rawlsian (max-min)
preferences. �ose participants will choose allocations around the 45X line, and very small errors
will lead to inconsistency with Sy. Given that consistency with SyGarp is a necessary condition for
consistency with AgSyGarp, the results for AgSy are unsurprising.
We report the results for AgGarp as well for the sake of completeness. �e best 14 result for

AgGarp is rather high, but without consistency with Sy we �nd this di�cult to interpret.
As with other induced budget experiments which test for revealed preference axioms and collect

many choices (such as Choi et al. 2007a and Fisman et al. 2007), we �nd that it is necessary to analyse
the distribution of the e�ciency index in more detail in Section 4.1.2.

4.1.2 E�ciency Indices and Power

We �nd that even for ySyAei the vast majority of participants have higher e�ciency values than
almost all random choice sets. We �nd that 90% of all random choice sets have an xAei of less than
.905 and a yAei of less than 0.903; 95% of all random choice sets have an xAei of less than 0.934 and
a yAei of less than 0.934. On the other hand, 94.15% of participants have an xAei of more than .903
and 88.30% of participants have a yAei of more than 0.903; for the 95% threshold, these numbers are
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92.02% and 86.70% of participants, respectively. For ySyAei, we �nd that 90% of all random choice
sets have an e�ciency index of less than .789, and 95% of less than .845, whereas 88.83% and 85.64%
of all participants exceed these thresholds, respectively.
For the best 14 choices, the test power is still very high. For several participants, onemajormistake

was responsible for a low e�ciency score. For example, we now �nd that 88.30% of participants
have a ySyAei of more than .9, while this is only the case for 8.17% of the random choice sets. �e
histograms for our participants’ e�ciency indices and the random choices can be found in the
appendix in Section A.1.1.
Figure 2 shows the results for AgAei and SyAgAei as well as 14AgAei and 14SyAgAei for the

best 14 choices. We �nd that 90% (95%) of random choice sets have an AgAei of less than .796
(.828). Using .796 (.828) as a critical value, we �nd that 93.62% (91.49%) of participants exceed this
threshold. While 85.11% (79.79%) of participants have an AgAei of more than .9 (.95), only .03%
(.58%) of random choice sets exceed those thresholds.
We �nd that 90% (95%) of random choice sets have an AgSyAei of less than .682 (.734), while

91.49% (89.36%) of participants exceed those thresholds. While 74.47% (66.49%) of participants have
an AgSyAei of more than .9 (.95), .00% (.08%) of random choice sets exceed those thresholds.
For the best 14, the test power remains very high while participants’ e�ciency increases sub-

stantially. For example, 86.17% (79.26%) of participants now have a 14AgSyAei of more than .9
(.95).
Finally, Figure 3 shows the number and fraction of participants who satisfy various e�ciency

thresholds between 1 and .9, for all choices, the best 14, and the best 13. �e lowest bar represents xAei,
the second one yAei, the third one ySyAei, and the upper bar represents AgSyAei. �e intersection
of any two bars shows the number of participants who satisfy both requirements simultaneously.
For example, the rectangle at the upper le� corner shows that 177 (94.15%) of participants have an
xAei greater than .9. For yAei, there are 166 (88.30%) participants who satisfy that requirement.
It also shows that six participants satisfy the requirement for yAei but not for xAei, and that 17
participants satisfy the requirement for xAei but not for yAei, while �ve participants satisfy neither.

�e results presented in the �gures provide information for readers to decide for themselves
which level of e�ciency is close enough to the proposed axioms. As a comparison, Fisman et al.
(2007) and Choi et al. (2007a) use all participants with an Aei of at least .8 for their parametric
estimation and argue that those participants were close enough to utility maximisation. However,
for both of these papers, the authors collected 50 choices from each participant, leading to more
possibilities for violations. In the choice under uncertainty experiment of Choi et al. (2007a), 9.7%
of participants are below the .8 threshold, while in the dictator experiment of Fisman et al. (2007),
26.3% of participants were below the threshold.
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Figure 2: �e histograms for AgAei, AgSyAei, 14AgAei, and 14AgSyAei (experimental data and random choice sets).
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Figure 3: Number and percentage of participants who satisfy certain thresholds and set concordance. �e lower bar
represents the participants whose xAei satis�es the threshold on the le�, the second bar is for yAei, the third for ySyAei,
and the upper bar represents the participants whose AgSyAei satis�es the threshold. �e intersections of any two bars
show how many participants satisfy the threshold for both e�ciency indices.
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Based on the latter reference, we �nd that our result, with 74.5% of our participants above the
AgSyAei-threshold of .9 is good evidence of the theory proposed in BHH. Given the strong e�ect a
single mistake can have on the e�ciency score, we would also like to highlight the results for the
best 14 choices. We believe that an e�ciency threshold of .95 is, in both economic and statistical
terms (compared to the Monte Carlo results), a strong requirement, and we �nd that 79.26% of
participants satisfy it based on the best 14 choices. For a less demanding threshold of .9, we have
86.17% of participants who satisfy it.
Our participants also generally come close to homothetic utility maximisation. In the d-

experiment, 59.57% (79.26%) of participants have an Hei of greater than .95 (.9). For the best
14 choices, 81.91% (92.55%) of participants exceed this threshold. In the p- or v-experiment, 64.89%
(78.72%) of participants have an Hei of greater than .95 (.9). For the best 14 choices, 81.38% (92.02%)
of participants exceed this threshold. �e results are similar to those for data from Andreoni and
Vesterlund (2001) and Fisman et al. (2007) as reported in Heufer (2013b).

4.1.3 Conclusions from the E�ciency Analysis

We have provided a detailed analysis of the e�ciency levels in the data, and readers are invited
to judge for themselves which thresholds are meaningful. Based on the �nding that 79.26% of
participants have a 14AgSyAei of more than .95, and 86.17% of more than .9, we believe that we have
found strong evidence for the axioms introduced in BHH.
For further analysis in Sections 4.2 and 4.4, we need to decide on e�ciency thresholds to distin-

guish between results for all participants and only those which come reasonably close to optimisation
while maintaining a high test power. For the results in these two sections, we decide to base the
thresholds on the best 14 choices, allowing participants tomake onemistake in both the d-experiment
and the p- or v-experiment. In particular, we require an x14Aei and a y14SyAei greater than .9;
below this threshold, the deviation from optimising behaviour should be considered economically
signi�cant. We furthermore require that both x14Aei and y14SyAei exceed that of at least 90% of the
random choice sets to maintain a high test power. �is leads to a threshold for x14Aei of .975419,
which is satis�ed by 183 (97.34%) of the participants, and a threshold for y14SyAei of .9, which is
satis�ed by 166 (88.30%) of the participants.5 �ere are 164 (87.23%) participants who satisfy both
requirements simultaneously.

5Of the random choice sets, 90% have a y14SyAei of less than .892376, so the threshold for economic signi�cance is
relevant. However, this does not change the total number of participants who satisfy the threshold.
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4.2 Distribution of Prototypical Preferences and Notions of Justice

We now want to try to classify participants’ preferences, similar to Andreoni and Miller (2002) and
Andreoni and Vesterlund (2001). A detailed parametric analysis is beyond the scope of this paper,
but we will provide a rough classi�cation based on Euclidean distance to choices by prototypical
utility and justice functions.
We consider four types of utility functions for the d-experiment: UR�x1, x2� � min�x1, x2�

(Rawlsian or max-min), UPS�x1, x2� � x1 � x2 (perfect substitutes), US�x1, x2� � x1 (sel�sh), and
UN�x1, x2� � x1x2 (Nash). We call the latter function Nash because it is an a�ne transformation
of a utility function which maximises the product of utilities of the dictator and the bene�ciary if
both have the same concave Bernoulli utility function for money. Maximising UN is equivalent to
implement the Nash bargaining solution if both players have the same utility function and status quo
(Nash 1950). For the p- or v-experiment, we only consider Rawlsian, perfect substitutes, and Nash.
Note that the four utility functions are all special cases of the CES utility function. In particular,

for u�a� � �αar1 � �1 � α�ar2�
1~r, we obtainUS for α � 1. When α � 1~2, we obtainUR as r � �ª, UPS

for r � 1, and UN as r � 0.
Andreoni and Miller (2002) and Andreoni and Vesterlund (2001) do not consider UN . For com-

parison, we therefore also provide classi�cation results without Nash utility. �ey call a participant’s
�t with one of the functions “strong” if there is no deviation at all from the choices dictated by these
utility functions. As our budgets are designed to maximise test power and extract as much informa-
tion on participants’ preferences as possible, there were some budgets for which is was not an easy
task to choose an allocation exactly on the 45X line. We therefore categorise a participant as “strong” if
the maximum deviation from any of the prototypical choices is .1 or less. �e “weak” classi�cation is
based on the minimum of the sum of distances to the prototypical choices. To illustrate the di�erent
prototypical preferences, Figure 4 shows some examples from the d-experiment.
Table 6 reports the number and percentage of participants for the di�erent categories. �e table

shows the result for all participants, and the weak classi�cation for all participants who satisfy the
e�ciency requirement given in Section 4.1.3. In particular, for the d-experiment, the table reports
the results for a restriction by x14Aei; it also reports the results for the restriction that participants
satisfy both the requirement for x14Aei and y14SyAei. �is is the same for the p- and v-experiment,
except that the �rst restriction is for y14SyAei.
We note that we have a relatively large percentage of participants who are classi�ed as sel�sh

compared to Andreoni and Miller (2002) who report 47.2% of participants as sel�sh. However, we
have a lower percentage of participants who are classi�ed as strongly sel�sh (22.7% vs. 16.5%). Part
of the di�erence may be due to di�erences in budgets and the number of choices. Furthermore,
we conducted our experiment in Eastern Germany, and Ockenfels and Weimann (1999) and more
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Figure 4: Choices of participants in the d-experiment: Classi�ed as (a) weak Rawls (participant 60), (b) weak perfect
substitutes (participant 137), (c) strong sel�sh (e.g., participant 3), (d) weak Nash (participant 139).

recently Brosig-Koch et al. (2011) have shown that Eastern Germans behave somewhat more sel�shly
and show less solidarity than Western Germans in experiments.
In the p- and v-experiment, we �nd that without Nash notions of justice, slightly more than 1/3

of our participants exhibit Rawlsian preferences. As Nash preferences are a middle ground between
perfect substitutes and Rawls, it is perhaps not surprising that we �nd that if Nash preferences are
included, about half of our participants exhibit these preferences.

4.3 Log-Price Ratio vs. Allocated Share and Recovered Preferences

To plot individuals’ choices, we can utilise the same tool as in the experimental paper on choice under
uncertainty by Choi et al. (2007a): We plot the relationship between the log-price ratio log�p2~p1�
or log�q2~q1� and the share allocated to the other participant (x2~�x1 � x2� for the d-experiment) or
to person B (y2~�y1 � y2� for the p- and v-experiment). Some predictions for this relationship based
on Sy and Ag are derived and illustrated in the appendix in Section A.3. We also present the results
for all participants by treatment in the appendix.

22

Jena Economic Research Papers 2013 - 042



d-experiment

fit strong + weak aei restricted
utility function strong weak with nash without nash only x both

Rawls 0 (0.00%) 8 (4.26%) 8 (4.26%) 36 (19.15%) 7 (3.83%) 5 (3.05%)
Perfect Substitutes 0 (0.00%) 15 (7.98%) 15 (7.98%) 20 (10.64%) 15 (8.20%) 14 (8.54%)
Sel�sh 31 (16.49%) 97 (51.60%) 128 (68.09%) 132 (70.21%) 126 (68.85%) 113 (68.90%)
Nash 0 (0.00%) 37 (19.68%) 37 (19.68%) 35 (19.13%) 32 (19.51%)

p- and v-experiment

fit strong + weak aei restricted
justice function strong weak with nash without nash only y both

Rawls 7 (3.72%) 51 (27.13%) 58 (30.85%) 69 (36.70%) 49 (29.52%) 48 (29.27%)
Perfect Substitutes 9 (4.79%) 28 (14.89%) 37 (19.68%) 119 (63.30%) 32 (19.28%) 32 (19.51%)
Nash 2 (1.06%) 91 (48.40%) 93 (49.47%) 85 (51.20%) 84 (51.22%)

Table 6: Participant classi�cation by utility function for the d- and the p- and v-experiment.

Figure 5 shows the revealed preferred and worse sets next to the revealed more just and less
just sets of four participants, based on the methods described in BHH. For example, in 5.(a), the
participant exhibits a strong Rawlsian notion of justice, and his preference is consistent with this
high concern for equality. While the preference is biased in the participants’ own favour, the choices
are largely una�ected by the price ratio.
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Figure 5: Four examples of revealed preferred, worse, more just, and less just sets of four di�erent participants. (a)
Participant 171. (b) Participant 157. (c) Participant 183. (d) Participant 1.
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4.4 Non-Parametric Interpersonal Comparisons

As described in BHH, we can compare any two participants with each other in a non-parametric way
to test if one has a stronger sense of justice than the other. �is approach is similar to the theoretical
ideal proposed in Karni and Safra (2002b).6 To recall the concept introduced in BHH, let W be the
stronger sense of justice than relation. For two preference-notion of justice pairs �o1, o1J� and �o2, o2J �
which satisfy Ag, we de�ne

�o1, o1J� W �o2, o2J � if �o1 9 n1J� b �o2 9 n2J �.

�at is, a participant with the preference-justice pair �o1, o1J� has a stronger sense of justice than a
participant with the preference-justice pair �o2, o2J � if, for every allocation a > A, the set of allocations
which the �rst participant prefers over a even though he feels that they are less just than a is a subset
of the same construction for the other participant. In other words, the set of allocations for which
the �rst participant violates his own notion of justice by preferring them is a subset of the set of
allocations for which the second participant violates his own notion of justice. Even more succinctly,
the “sel�sh set” of the �rst is a subset of the “sel�sh set” of the second. See BHH for more details, in
particular about the operational aspect when dealing with experimental data.
As we have 188 participants with a total of 30 choices each, the non-parametric approach based

on R̂ and R̂J is computationally infeasible. Instead, we will rely on the alternative simpler approach
also suggested in BHH, and present results for the partially revealed stronger sense of justice relation
WRev. Note that two participants can both have a partially stronger sense than the other. We use
choices adjusted by the relevant improved violation index (Ivi) vectors. See Appendix A.1.2 for a
de�nition and further details.
Comparisons between two participants fall into one of four categories: Stronger (weaker), meaning

that the �rst participant has a partially stronger sense of justice than the second participant but not
vice versa (that the second participant has a partially stronger sense of justice than the �rst participant
but not vice versa); neither, meaning that neither the �rst participant has a partially stronger sense
of justice than the second participant nor vice versa; both, meaning that the �rst participant has a
partially stronger sense of justice than the second participant, and the second participant also has a
partially stronger sense of justice than the �rst participant.

�e �rst two categories are unambiguous. “Neither” is ambiguous. It indicates that, whenever
the participants agree about the justice comparison of two allocations, they also have the same
preferences. However, two participants with very di�erent notions of justice will rarely agree about
which allocation is more just than the other and will generally fall into this category. “Both” is also

6See also Karni and Safra (2002a).
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Figure 6: Revealed preferred, worse, more just, and less just sets. (a) A participant with a stronger sense of justice than
most other (participant 93). (b) A participant with a weaker sense of justice than most other (participant 3).

ambiguous. It indicates that while the two participants do at least sometimes agree about the justice
comparison, in at least two of these cases they disagree about which one is preferable. In any case,
the categories “neither” and “both” indicate that it is not possible to establish that one of the two
participants has a stronger sense of justice than the other.
Table 7 presents the results for the comparisons of all participants with each other. For example,

in 61.41% of all of the possible pairs of two participants, we �nd that one participant clearly has a
stronger sense of justice. However, this also means that for almost 40% of pairs of participants, we
cannot establish one as having a stronger sense, and this is mostly due to the fact that they fall into
the “both” category. �is demonstrates that it is o�en impossible to compare the strength of the sense
of justice of two individuals, as they o�en di�er either in their notion of justice, or they are more just
in some situations and less just in others, or both. �e table also shows the same result restricted to
the 164 participants which satisfy the best 14 e�ciency requirements given in Section 4.1.3.

comparability of participants

stronger/weaker neither both

All participants 61.41% 3.35% 35.24%
Restricted set 60.55% 3.27% 36.18%

Table 7: Comparability of participants, for the set of all participants and restricted for the 164 participants who satisfy
e�ciency requirements for x14Aei and y14SyAei.

Figure 6 shows the revealed preferred, worse, more just, and less just sets of two participants.
�e �rst one is the participant who most o�en falls into the stronger category, while the second one
is one of the participants who most o�en fall into the weaker category.
We can also compare each participant to choices generated by maximising arbitrary utility and

justice functions. We do so for a set of CES functions with di�erent parameters. �e results are
shown in the appendix in Section A.2.
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4.5 Treatment E�ects

A detailed analysis of these results using socio-economic explanatory variables will be the subject
of further studies. In this paper, we would like to focus on treatment-speci�c di�erences. For a
better interpretation of the preceding analysis, an evaluation of the methodology, and potential
improvements in the design for further studies, we will compare the e�ect of the di�erent treatments
(see Table 1) on various outcomes. �ere are two main questions about treatment e�ects: First, does
the ordering of the tasks matter, that is, are there di�erences depending on whether the d-experiment
was conducted �rst or second? Second, are there di�erences between the p-experiment and the
v-experiment?
In particular, we will �rst look at the raw data and compare choices per budget between di�erent

treatments. We then analyse potential treatment e�ects on e�ciency (see Section 4.1). Finally, we
compare the results of the interpersonal comparison of the strength of justice.

4.5.1 Raw Data

We �rst compare the choices per budget in the di�erent treatments. We will use the Kruskal-Wallis
(KW) test (a non-parametric one-way analysis of variance; Kruskal andWallis 1952) and the 2-sample
Anderson-Darling (AD) test (a non-parametric test of whether two samples of data are drawn coming
from a single population; Anderson and Darling 1952, Scholz and Stephens 1987). We focus on the
KW test as the appropriate non-parametric alternative to standard ANOVA to analyse the treatment
e�ects. �is will indicate whether or not there are signi�cant di�erences in the median between two
(or four) treatments.7 �e AD test is concerned with di�erences in the distribution. We include
the test mainly as a robustness check as we are more concerned about signi�cant di�erences in the
median. We only report results for the restricted set (i.e., for those subjects who satisfy the e�ciency
requirement; see Section 4.1.3).
Table 11 in the appendix (Section A.5) shows the results for di�erences in the amount allocated to

the other participant in the d-experiment (x2). For ordering e�ects, we have to consider comparisons
between treatments 1 and 3 (p-experiment with d-experiment as �rst and second task, respectively),
treatments 2 and 4 (v-experiment with d-experiment as �rst and second task, respectively), and
between the pooled data of T1 and T2 vs. T3 and T4 (see also Table 1 for an overview of treatments).
First, we �nd that there are no signi�cant di�erences between T2 and T4, but there are some between
T1 and T3. �ere is still a signi�cant di�erence between the pooled data of T1 and T2 vs. T3 and T4.
�ere are no signi�cant di�erences for the KW test with all four treatments, however we cannot

7Tables 9 and 10 in Appendix A.4 show, among other information, the median values of x2 and y2 for each treatment
separately.
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completely ignore the other result as the di�erences occur mainly for budgets 8 and 9, which are the
budgets with relative prices of 1 and 0.833.
We have to be careful in our interpretation of this result because it is likely that out of 15 budgets

there will be some with signi�cant di�erences merely by chance. We therefore use a custom ran-
domisation test (a random permutation test; see for example Westfall and Young 1993, Good 2005):
When we compare two groups of participants, G1 and G2, with n1 and n2 participants, respectively,
we �rst pool the data to get G � G1 8G2. We then randomly sample without replacement n1 of the
participants in G and assign them to a group F1, and assign the remainder of G to a group F2. �is
eliminates treatment e�ects between F1 and F2. We compare the choices made by participants in F1
with those in F2 for each of the budgets and compute the p-values for the KW test. We repeat this
10,000 times. We then compute the percentage of random permutations for which the number of
budgets with signi�cant di�erences is greater than or equal to the number of budgets with signi�cant
di�erences for the original groups G1 and G2. �is is an estimate of the probability with which we
can expect to observe the di�erences between the choices of two groups G1 and G2 if there actually
are no di�erences.
For example, G1 and G2 could be participants from T1 and T3. �en we �nd that in 17.91% of all

random permutations, there is at least one budget with a signi�cant di�erence at the 5% level and
two additional budgets with di�erences at the 10% level. We therefore conclude that the di�erences
between T1 andT3 are still within the limits of what one can expect to occur by chance. �e di�erences
in the comparison of T1 and T2 vs. T3 and T4 are less likely, as they only occur with a probability
of 7.93%. �e last line in table 11 shows all the probabilities with which di�erences at the same or
stricter signi�cant levels occur by chance.
It appears that if the ordering has any e�ect on the median amount of x2, this is more likely for

the p-experiment than the v-experiment. �e amount given, x2, is indeed higher in T1 than in T3 for
all budgets. Participants knew that a second task would follow the �rst one, but were not informed
about the nature of the second task. �us, a possible interpretation is that participants who played the
d-experiment �rst expected another similar task in which they could allocate money to themselves,
leading to more generous behaviour in the �rst task. Such an e�ect has been observed previously by
Cox (2009), who �nds that when participants are informed that there will be another unspeci�ed
task a�er the dictator task, participants show greater generosity in the dictator task. Participants
who played the p-experiment �rst knew that there would be no more tasks a�er the d-experiment.8

�is interpretation is also in line with the fact that the di�erence only occurs for treatments with the
p-experiment. While participants did now know their label, the v-experiment might still be more

8�is interpretation is also supported by some of the answers given in a post-experimental questionnaire. For
example, one participant in treatment 3 explained the choices in the d-experiment: “I don’t know how the others decide
and the risk would be too great to choose in accordance to the �rst part of the experiment.”
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likely to create the impression that it is the individual participant himself who decides about his own
payo�.
Table 12 in the appendix (Section A.5) shows the results for di�erences in the amount allocated to

person B in the p- or v-experiment (y2). Again, the last line shows the probability that the di�erences
could have occurred at chance based on the randomisation approach. �ere are some minor weak
ordering e�ects which can be arguably ignored as they are very likely to occur by chance. More
importantly, there are some signi�cant di�erences between the p- and v-experiment. Interestingly,
this does not show up for T1 and T2 (where the d-experiment was conducted �rst), but only for T3 and
T4. In T4, participants choose higher y2 when q1~q2 A 1 and lower y2 when q1~q2 @ 1 in comparison
with participants in T3. �e choices are therefore more concerned with maximising expected payo�
in the v-experiment than in the p-experiment. As this does not occur when the d-experiment is
conducted �rst, it indicates that participants who have already allocated money to themselves in the
�rst task are less concerned about expected payo�. It is unlikely that this is a portfolio e�ect as that
should lead to lower risk aversion in the second task. �erefore, a possible interpretation which is
also in line with the ordering e�ects in the d-experiment is that participants are concerned with
securing some payo� for themselves before considering others. If the v-experiment is considered, to
a large extent, as choice under uncertainty without regard for the other participant, the v-experiment
would already serve as a task that secures a certain payo�.9 If that is the case, then the v-experiment
would appear to be less well suited to assess the notion of justice.

4.5.2 E�ciency

It is also helpful to compare the e�ciency between treatments to see if, for example, participants had
more problems with the p- or the v-experiment, or to �nd out if there are reasons to believe one of
the treatments is less incentive compatible than the other. �is would also confound the �ndings
about treatment e�ects.
We analysed the e�ciency levels for p- vs. v-experiments (T1 vs. T2 and T3 vs. T4), and between

treatments in which the d-experiment preceded the p- or v-experiment and treatments in which it
came second (T1 vs. T3 and T2 vs. T4). We compared the xAei, x14Aei, ySyAei, y14SyAei, AgSyAei,
and 14AgSyAei. �e KW test �nds that for all comparisons the medians are not signi�cantly di�erent
(all p-values are greater than 0.1534). We omit a detailed table as all results show that there are no
di�erences.

9Anecdotal evidence from a post-experimental questionaire indicates that there are some di�erences in the mo-
tivation by our participants in the p- and in the v-experiment: While many participants explain their choices using
terms such as “justice” or “fairness” in the p-experiment, participants in the v-experiment also mention terms such as
“uncertainty”, “risk”, or “luck”, albeit “fairness” and “justice” are also mentioned.
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4.5.3 Interpersonal Comparison

Finally, we analyse if there are di�erences in the strength of justice between the treatments. �e results
in Section 4.5.1 suggest that participants who �rst played the d-experiment and then the p-experiment
(T1) have a stronger sense of justice than participants who �rst played the p-experiment. As the
variable of interest, we use the number of times a participant has a stronger sense of justice than
another participant (see Section 4.4). We only report the result for the restricted set of participants
who satisfy the e�ciency threshold (see Section 4.1.3).
We conducted one-way and two-way ANOVA but found that the residuals are far from being

normally distributed. We therefore turn to the non-parametric version of the one-way ANOVA, the
KW test. Table 13 in the appendix (Section A.5) shows the results. We also include the 2-sample AD
test as a robustness check. Evidently, there is a weakly signi�cant di�erence between the pooled data
from T1 and T2 vs. the pooled data from T3 and T4. �us, we �nd a weakly signi�cant ordering
e�ect: If the d-experiment is conducted �rst, participants are more likely to exhibit a stronger sense
of justice than others.

5 conclusion and discussion

In BHH, we have proposed that individuals possess a notion of distributive justice by which they
trade o� e�ciency and equality and that it is useful to examine such notions. With an appropriately
designed experiment researchers would be able to assess a part of participants’ notions of justice: the
revealed notion of justice, which can then be analysed as any other observed revealed preference
relation. We have suggested two experiments to collect the necessary data. �e �rst experiment is a
social planner experiment (p) in which a participant is asked to allocate money between two other
participants. �e second one is a veil of ignorance experiment (v) in which a participant is asked to
allocate money between the labels “person A” and “person B”, and the participant is one of the two
persons but does not know which one. We have suggested to combine such an experiment with a
standard dictator experiment (d) in which participants reveal their preference over allocations if
they have an own stake. In all these experiments, we suggested to use several budgets with di�erent
price ratios (as in Andreoni and Miller 2002) in order to gather information about how participants
trade o� e�ciency (sum of monetary payo�s) and equality.
We have postulated that the notion of justice should satisfy Symmetry (Sy): Given anonymity,

no individual should per se be more deserving than others and therefore any permutation of an
allocation should be considered as just as any other. Furthermore, the revealed preference relation
from the d-experiment and the revealed notion of justice from the p- or v-experiment together
should satisfy Agreement (Ag): If an allocation x yields a higher payo� for the participant than an
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allocation y and the decision maker prefers y over x although the payo� is lower for him, then
this must be because he feels that y is more just than x. Equivalently, if a participant considers an
allocation x to be more just than an allocation y and x provides the participant with more monetary
payo� than y, the participant prefers x over y. �erefore, a participant might make choices in the
d-experiment which he himself considers to be unjust, but if he does so, it is to his own advantage.

�e experimental analysis shows that participants in p- and v-experiments do indeed make
choices consistent with a well-behaved notion of justice. Notions of justice are very diverse, ranging
from perfect substitutes (about 20%) to the intermediate Nash welfare function (about 50%) to very
egalitarian Rawlsian ideals (about 30%). We have found evidence that about 80% of participants are
consistent or almost consistent with the postulated Agreement axiom Ag, which implies that their
choices in dictator games can be explained by a combination of sel�shness and concern for justice.

�ere are some di�erences between the p- and v-experiment, and the ordering of tasks could
possibly a�ect choices as well, but di�erences are at most weakly signi�cant. Participants in the
v-experiment tend to be more e�ciency than equality concerned, and giving in the d-experiment
is greater when the d-experiment is conducted �rst. �ese results are far from conclusive, and we
remain agnostic as to whether the p- or the v-experiment is better suited to assess the notion of
justice.
Using the non-parametric interpersonal comparison proposed in BHH, we found that in about

60% of all cases, participants can be unambiguously compared in terms of their strength of justice.
However, in about 40% of all cases, it is not possible to �nd such a clear ranking between two
participants, which demonstrates that di�erent ideas about what is justmake it impossible to conclude
that one person has a stronger sense of justice than another.
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a appendix: additional material

a.1 Additional E�ciency Analysis

a.1.1 Histograms

Figure 7 shows the distribution of the xAei, yAei, and the ySyAei, both for the actual experimental
data and the random choice sets. Figure 8 shows the same result for the best 14 choices.

a.1.2 �e Improved Violation Index

�e Aei is a uniform lower bound for the e�ciency of a set of observations. A more elaborate
approach for a set of N observations would be to �nd a vector f > �0, 1�N that provides information
about the e�ciency of each choice individually. We then say that x i R0� f i� a if f i pix i C pia and
similarly for the other relations. �en Ωx satis�es Garp� f � if x i R� f i� x j implies �not x j P0� f j� x i�.
Varian (1993) provides an algorithm to compute such a vector, the Improved Violation Index (Ivi),
which is the algorithm we adopt for our data. It is a “minimum” vector in the sense that there does
not exist an f � C f for which Garp� f �� is satis�ed. Note, however, that a minimum vector is not
necessarily unique.
One way to use the Ivi is to adjust choices in a minimal way such that they satisfy Garp and use

the adjusted data to test for consistency with the other axioms. �is way, for each participant, we
get sets of choices from a d- and a p- or v-experiment which have been made consistent with Garp.
As mentioned before, the Aei from the d- and p- or v-experiment is an upper bound for the other
e�ciency indices. Using Ivi-adjusted data instead will, ideally, provide information about the Ag-
and Sy-e�ciency if the data had been consistent with Garp. Generally, if the Ivi-adjustment is only
minor, this will complement the analysis. If a major adjustment is required, however, we should be
careful in interpreting the adjusted data. We will discuss this point in more detail in Section A.1.3
below.
As a further adjustment, we introduce a very simple concept, the Own Violation Index (Ovi).

It is meant to be a rough adjustment for choices which even in isolation violate the Sy axiom, that
is, a choice y i such that y ij A y ik even though q

i
j A qik. �is clearly violates Sy, as y i CSy�P0J � y i . We

de�ne the Ovi as a vector д such that дi �min�1, qi1y i2 � qi2y i1�. For example, if y i1 A y i2 and qi1 B qi2,
we have дi � 1. But if instead qi1 A qi2, we have дi � qi1y i2 � qi2y i1 @ 1. In any case, we will always have
y i CSy�P0J �дi�� y i .
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Figure 7: �e histogram for the xAei, yAei, and ySyAei, both for the actual experimental data and for the random
choice sets.
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Figure 8:�e histogram for the x14Aei, y14Aei, and y14SyAei, both for the actual experimental data and for the random
choice sets.
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report adj. AgAei adj. AgSyAei

Figure 9: A procedure for testing and screening the data.

a.1.3 �e Procedure

�e procedure we will use for testing and screening the data, making use of the Ivi and Ovi, is
summarised in Figure 9. �e results of the �rst step, in which no adjustments are made, are reported
in Section 4.1.
For the second step, we adjust the data from the individual experimental tasks (i.e., Ωx and Ωy)

by the Ivi and Ovi to correct for mistakes already made in isolation and then use the adjusted data
to test Ag and Sy-e�ciency. As explained above, any set of data can be adjusted using the Ivi such
that Garp is satis�ed. However, for some sets, this adjustment would have to be unreasonably high.
�erefore, before we apply the Ivi, we will screen the data and only use a subset of our participants
for the remaining analysis.
In particular, we will only use the data from participants whose Aei is greater than .9 and exceeds

the Aei of at least 90% of the random choice sets generated with Bronars’ method. �us, to obtain
the adjusted AgAei, we �rst limit the analysis to those participants who have an xAei greater than
90% of the random choice sets and a yAei greater than 90% of the random choice sets. We then
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adjust the choices in the d-experiment using the xIvi and the choices in the p- or v-experiment
using the yIvi and then compute the adjusted AgAei based on the adjusted data. For the AgSyAei,
we will additionally require that participants have a ySyAei greater than .9 and greater than 90% of
the random choice sets, and we will adjust the data sets which pass this threshold using both the
yIvi and the Ovi.

a.1.4 E�ciency Indices and Power: Adjusted

Figure 10 presents the same results as Figure 2, but with adjustments by Ivi and Ovi as described
in the second part of Section 3.2 and Figure 9. As mentioned before, for the actual experimental
data and AgAei, we only used those participants who have an xAei greater than 90% of the random
choice sets and a yAei greater than 90% of the random choice sets. �is leaves us with 160 (85.11%)
participants for AgAei. For AgSyAei we additionally require participants to have a ySyAei greater
than those of 90% of the random choice sets, which leaves us with 140 (74.47%) participants.
Note that we used all generated random choice sets for the distribution of the e�ciency indices

in Figure 10. �at means that most of these random choices were heavily Ivi-adjusted, which leads
to a substantial loss of power. If we were to apply the same stringent requirements for screening out
random choice sets, we would be le� with very few sets. �e reason is that once most budgets are
adjusted by a factor of, say, .8, there are few possibilities le� to violate Ag- or AgSyGarp.
Figure 11 shows the same results for the best 14 choices. Here, we use 173 (92.02%) participants for

14AgAei and 160 (85.11%) of participants for 14AgSyAei. Some of the changes compared to Figure 10
may seem counter-intuitive; for example, there is now a slightly lower percentage of participants who
have a 14AgSyAei of 1. �ere are two reasons: First, due to di�erent thresholds, Figure 11 is based on
the data of more participants than Figure 10. Second, and this also applies to the random choice data,
the adjustments made by Ivi and Ovi are smaller because we consider only a subset of choices.
Figure 12 shows the same results as Figure 3, but with adjusted choices for y14SyAei and

14AgSyAei.

a.1.5 Comparison with Random Optimising Choices

In our case, the Aei in the random choice set for the d-experiment and p- or v-experiment is an upper
bound for the other e�ciency indices such as the AgSyAei. Heufer (2013a) provides an e�cient way
to generate a set of N choices on N budget sets which are drawn from a uniform distribution on
the budgets with the additional restriction that the resulting set of data happens to satisfy Garp.
�is is useful for our purposes as it allows us to generate Garp-consistent random data for the d-
and the p- and v-experiments and then go on to compute the fraction of sets which also satisfy the
Sy- and Ag-based axioms we are interested in. �is provides a way to prevent the above mentioned
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Figure 10: Adjusted AgAei and AgSyAei. Note that the random data includes heavily adjusted choices from the d- and
p- or v-experiment, whereas the actual data does not.
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Figure 11: Adjusted 14AgAei and 14AgSyAei. Note that the random data includes heavily adjusted choices from the d-
and p- or v-experiment, whereas the actual data does not.
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Figure 12: Number and percentage of participants who satisfy certain thresholds and set concordance, with adjustments.
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problem and to �nd the conditional power of a test, given that the data already satis�es Garp. For
our purposes, we generate 10,000 random choice sets for the the d-experiment as well as the p- and
v-experiment.
Figure 13 shows the distribution of the ySyAei, AgAei, and AgSyAei for random choice sets

which happen to satisfy xGarp and yGarp, as described in Section 3.1.2. Still, 90% (95%) of these
random choice sets have AgSyAei values of less than 0.885 (.917). For AgSyAei, the histogram also
shows the distribution for data that has been adjusted by the Ovi as described in Section A.1.2.
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Figure 13: SyAei, AgAei, and AgSyAei for random GARP consistent choice sets, unadjusted. For AgSyAei, we also
show the adjusted result (adjusted for Symmetry only).

a.2 Non-Parametric Interpersonal Comparisons

We compare each participant to choices generated by maximising a set of CES functions with
di�erent parameters. In particular, we generate choices on each pi , i � 1, . . . , 15, by max-
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imising u�a� � �αar1 � �1 � α�ar2�
1~r, and on each q j, j � 1, . . . , 15, by maximising v�a� �

��1~2�as1 � �1~2�as2�
1~s. We use six di�erent values for α (α > �.5, .6, . . . , 1�) and 22 di�erent val-

ues for r (r > ��20,�1,�.9, . . . , .9, 1�). We then compare these choices with the choices of the
participants.

�e �rst part of Table 8 shows the number of participants for which there exists at least one
combination of α and r such that, when compared to the choices generated with these parameters,
the participant falls into one of the four categories. �e second part of the table shows the number of
participants for which there exists at least one r such that, for a particular α, the participants fall
into one of the four categories. Not surprisingly, the fraction of participants for which there exists
a r for the stronger (weaker) category increases (decreases) in α. What is interesting is that for an
intermediate value of α, say .8, only for 43.29% of participants there exist r such that the participant
has a stronger sense of justice. �at means that for more than half of the participants, we cannot
establish that they have a stronger sense of justice than someone with a parameter of α � .8 in his
CES utility function. However, for 83.54% of participants, we can �nd an r such that the participant
has at least a partially stronger sense of justice.

comparability with ces: existence of parameters

number of participants for which
�α, r� exists such that stronger neither both weaker

All participants 155 (82.45%) 60 (31.91%) 182 (96.81%) 186 (98.94%)
Restricted set 135 (82.32%) 54 (32.93%) 158 (96.34%) 163 (99.39%)

number of participants (restricted set)
for which r exists such that stronger neither both weaker

α � 1. 135 (82.32%) 32 (19.51%) 0 (0.00%) 0 (0.00%)
α � .9 133 (81.10%) 31 (18.90%) 153 (93.29%) 63 (38.41%)
α � .8 71 (43.29%) 5 (3.05%) 137 (83.54%) 94 (57.32%)
α � .7 58 (35.37%) 1 (0.61%) 149 (90.85%) 94 (57.32%)
α � .6 24 (14.63%) 1 (0.61%) 124 (75.61%) 122 (74.39%)
α � .5 0 (0.00%) 17 (10.37%) 0 (0.00%) 163 (99.39%)

Table 8: Comparability of participants with choices generated by a CES utility function and a CES justice function with
the same r. First part: �e number of participants for which at least one combination of �α, r� exists such that the
comparison falls into one of the four categories. Second part: �e number of participants who satisfy the e�ciency
requirement (best 14 xAei and ySyAei greater than .9) such that for a certain α, there exists a r such that the comparison
falls into one of the four categories.

Figure 14 shows the results for each combination of α and r.
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Figure 14: Comparability of participants with choices by CES functions with parameters α (for utility) and r (same for
utility and justice). �e �gure shows the percentage of participants for which the comparison falls into each of the four
possible categories.

a.3 Log-Price Ratio Plots

We utilise the same tool as in the experimental paper on choice under uncertainty by Choi et al.
(2007a): We plot the relationship between the log-price ratio log�p2~p1� or log�q2~q1� and the share
allocated to the other participant (x2~�x1 � x2� for the d-experiment) or to person B (y2~�y1 � y2�
for the p- and v-experiment).
In our case, we can also derive predictions on the price and share pairs based on Sy and Ag.

Assume that demand is homothetic, which in particular implies that the share is the same for a
particular price ratio, irrespective of the wealth level. Consider Figure 15, and suppose we have a
continuous demand function. �e share should be a decreasing function of log�p2~p1�. Sy implies
that (except in certain limit cases), y2~�y1 � y2� � 1~2 in the p- or v-experiment when log�q2~q1� � 0,
so the share should be at least 1~2 when q2 @ q1 and at most 1~2 when q2 A q1. Agreement implies that
x2~�x1 � x2� is not greater than y2~�y1 � y2� for all price ratios. Note that this is neither a necessary
nor a su�cient condition for Ag (or AgGarp), as it does require homotheticity (for necessity) and
does not require even Garp to be satis�ed (for su�ciency).
Figure 15 shows three prototypical functions for the p- and v-experiment based on special cases of

the CES function used in Section 4.2. It also shows one example of the share based on a Cobb-Douglas
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Figure 15: �e relationship between the log-price ratio and the share allocated to the recipient or person B.

utility function u�x1, x2� � x3~41 x1~42 , which is an intermediate case between Nash with α � 1~2 and
purely sel�sh preferences with α � 1.
Figure 16 shows the choices of four di�erent participants from the d-experiment ( ) and the p-

or v-experiment ( ). �e �tted curve is a simple estimated logit model and only intended as a visual
aid. �e participant in 16.(a) exhibits strong concern for equality (Rawlsian notion of justice), and
his choices in the d-experiment re�ect this as well. �e participant in 16.(b) shows strong concern
for e�ciency (perfect substitutes type notion of justice), and again, this is re�ected in his choices in
the d-experiment. �e participant in 16.(c) is an intermediate case. �e participant in 16.(d) shows a
very strong sense of justice in the sense that his choices in the d-experiment are almost perfectly in
line with his choices in the p-experiment. �e �gures also illustrate the idea that the preference is
“between” pure sel�shness and pure justice.
Figure 5 shows the revealed preferred and worse sets next to the revealed more just and less

just sets of the same four participants as in Figure 15, based on the methods described in BHH.
Comparing Figure 5 with Figure 15 we �nd that the interpretation of the information contained in
the plots of the allocation share is con�rmed. For example, in 15.(a), the participant exhibits a strong
Rawlsian notion of justice, and his preference is consistent with this high concern for equality. While
the preference is biased in the participant’s own favour, the choices are largely una�ected by the price
ratio.
Figures 17 to 24 show the relationship between the log-price ratio log�p2~p1� or log�q2~q1� and

the share allocated to the second person x1~�x1 � x2� or y1~�y1 � y2� for the d-experiment ( ) and
the p- or v-experiment ( ).
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Figure 16: Relationship between log-price ratio and allocation share with logit estimator for the d-experiment ( ) and
the p- or v-experiment ( ). (a) Participant 171. (b) Participant 157. (c) Participant 183. (d) Participant 1.
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Figure 17: Treatment 1 (�rst d, then p), part 1: Relationship between log-price ratio and allocation share with logit
estimation.
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Figure 18: Treatment 1 (�rst d, then p), part 2: Relationship between log-price ratio and allocation share with logit
estimation.
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Figure 19: Treatment 2 (�rst d, then v), part 1: Relationship between log-price ratio and allocation share with logit
estimation.
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Figure 20: Treatment 2 (�rst d, then v), part 2: Relationship between log-price ratio and allocation share with logit
estimation.
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Figure 21: Treatment 3 (�rst p, then d), part 1: Relationship between log-price ratio and allocation share with logit
estimation.
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Figure 22: Treatment 3 (�rst p, then d), part 2: Relationship between log-price ratio and allocation share with logit
estimation.
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Figure 23: Treatment 4 (�rst v, then d), part 1: Relationship between log-price ratio and allocation share with logit
estimation.
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Figure 24: Treatment 4 (�rst v, then d), part 2: Relationship between log-price ratio and allocation share with logit
estimation.
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a.4 Averages and Measures of Dispersion by Treatment

Table 9 shows the mean and median amount allocated to the other participant by the dictator (x2)
for all 15 budgets, by treatment. As measures of dispersion, it also shows the coe�cient of variation
and interquartile range. Table 10 shows the same information as Table 9, except that it is the amount
allocated to person B in the p- or v-experiment.

a.5 Treatment E�ects

Tables 11 and 12 show the results for di�erences in the amount allocated to the other participant
in the d-experiment (x2) and in the amount allocated to person B in the p- or v-experiment (y2),
respectively.
Table 13 shows the results for the KW test and 2-sample AD test for the di�erences in the strength

of justice between the treatments.
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stronger sense of justice

treatments kruskal-wallis anderson-darling

1-2 0.7861 0.4475
(0.075) (0.694)

1-3 0.1604 0.1306
(1.983) (1.735)

2-4 0.1799 0.1891
(1.813) (1.454)

3-4 0.8915 0.567
(0.019) (0.403)

1,2-3,4 0.0568� 0.0573�
(3.621) (2.367)

1,3-2,4 0.9372 0.5218
(0.006) (0.508)

1-2-3-4 0.3050
(3.640)

Table 13: Comparison of the number of times a participant has a stronger sense of justice than another participant
between di�erent treatments and per budget. 1,2 indicates the column with the results for treatment 1 vs. 2; 1,2-3,4 for
treatment 1 and 2 (pooled) vs. 3 and 4 (pooled), etc. �e table shows the p-values (test statistic in parentheses) for the
Kruskal-Wallis and Anderson-Darling test. Signi�cance: ���1%, ��5%, �10%.

b appendix: instructions and experimental
software

b.1 Instructions

b.1.1 English Translation of Instructions

�is is a translation of the original German instructions for the veil of ignorance experiment (v)
played as the �rst part of a session (as in treatment 4). �e instructions for the dictator experiment (d)
and the social planner experiment (p) were as similar as possible and only changed where necessary
(marked in italics). If a game was played as the second part of a session, the introduction and end of
the instructions were changed accordingly.

Part 1

Welcome to the experiment and thank you for your participation! �is experiment is jointly run
by researchers of the Chair for Empirical and Experimental Economics (University of Jena), TU
Dortmund University, and the Ruhr Graduate School in Economics (RGS).
You can earn an amount of money in this experiment which will depend on your decisions

and on the decisions of other participants.�erefore, it is very important that you thoroughly and
accurately read these instructions.
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If you have a question please raise you hand. Wewill come to you and answer your question. Please
do not pose your question(s) aloud. All participants of the experiments get the same instructions.
However, the information provided on the screen during the experiment is only for the respective
participant. �us, you are not allowed to look at the screen of other participants and you are not
allowed to talk to other participants. If you violate these rules we are unfortunately forced to exclude
you from the experiment. Please also switch o� your mobile phones now.

�e experiment comprises two parts. �ese are for the time being the instructions for the �rst
part. Once the �rst part is �nished you will receive the instructions for the second part. At the end of
the experiment you will be paid for both parts. �e payments for both parts are independent from
each other, that is, your decisions in the �rst part will not in�uence your payments in the second
part.
All information during the experiment will be in e.
In the coming part of the experiment you will in each round divide one budget between two

participants in this room for 15 rounds. You will be one of them. In every round you will be randomly
matched with a new person. You will never learn the identity of this person. Also, your identity will
never be disclosed.
In every round you will divide a given budget which varies from round to round between two

persons (henceforth person A and person B). You will be one of these persons, that is, you will be either
randomly allocated to the role of person A or to the role of person B. You will be assigned each of the
roles with equal probability. However, you do not know which role you will be assigned when you make
your decision.

�e budget will be independent from your decisions as well as from the decisions of the other
participants. �e minimum amount for each of these two persons is 0 e. �e maximum amount for
each of these two will be shown on the right hand side of the screen. You �nd the maximum amount
for person A at the top of the le� column and the maximum amount for person B at the top of the
right column. �e maximum amount for person A and for person B can be unequal in a given round.
On the le� hand side of the screen you �nd a graph. �is graph displays the same information as

shown on the right hand side in a di�erent way: �e payo�s of person A are shown on the horizontal
axis and the payo�s of person B are shown on the vertical axis. �e di�erent payo� combinations for
person A and person B are shown with a blue straight line. �e maximum amount for person A is
the intersection of the blue line with the horizontal axis and the maximum amount for person B is
the intersection of the blue line with the vertical axis. Since the maximum amounts of person A and
B vary from round to round, the trend and slope of the blue line which shows the possible payo�
combinations changes from round to round, too.
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�e following graph shows an example: Here you can either allocate e 16 to person A and person
B then receives e 0, you can allocate e 0 to person A and person B then receives e 8, or you can
choose any allocation between these two values (up to two decimals) along the blue line. Here you
have to keep in mind that one unit of payo� less for person A does not automatically mean that
person B receives one unit of payo� more, but that this value can change from round to round. In the
example e 1 more for person Ameans e 0.50 less for person B. �e other way around, if you want to
allocate e 1 more to person B, you have to allocate e 2 less to person A. �is is due to the di�erent
maximum amounts for person A and person B and the resulting slope of the blue line.
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Payo� person A

Payo� person B

Your task is now to divide the given budget between person A and person B without knowing
which role will later be drawn for you. �e payo� for person A or person B will be drawn with equal
probability. To do this, enter into the respective �eld on the right hand side of the screen the amount
you would like to allocate to person A (maximal 2 decimals possible). If you now press the button
”Show” it will be shown on the right hand side of the screen how much person A and person B would
each get if you con�rm this distribution. At the same time you will see the distribution of the budget
marked with red lines in the graph on the le� hand side of the screen: On the horizontal axis the
payo� for person A will be marked; on the vertical axis the payo� for person B will be marked. You
can have as many distributions computed and shown in the graph as you wish until you decide
for one distribution. If that is the case, press the ”Con�rm”-button which appears a�er a possible
distribution has been shown for the �rst time. You will then get to the next round in which you will
be matched with a new person.

�e computation of the payo� will be done for all participants in the room in the same way: A�er
the experiment has been completed one of these 15 rounds will be randomly drawn for you as well as
your role (either person A or person B). For this round you will receive the amount that you allocated
to the role that has been drawn for you, as well as the amount that another participant in this room
(not the person that you assigned an amount to) allocated to the other role. If role A is randomly drawn
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for you, you will receive the amount that you allocated to person A in the respective round, as well as
the amount that another participant allocated to person B in the respective round. If role B is randomly
drawn for you, you will receive the amount that you allocated to person B in the respective round, as
well as the amount that another participant assigned to person A in the respective round.
Before the real payo�-relevant experiment begins you can try the handling of the so�ware and

the experimental task for two rounds.
At the end of the experiment your earnings will be paid out in cash. �is money will be paid

privately. No other participant will learn from us how much you earn or which decisions you have
taken. Neither will you learn about the decisions of the other participants.
Once you have read the instructions carefully, please start to answer the questions of the compre-

hension test. When you are done with this test, please raise your hand and one of the experimenters
will come to you and correct the test. You can only participate in the experiment if you have
understood the rules.
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b.1.2 Original German Instructions

�ese are the original German instructions for the veil of ignorance experiment (v) played as the
�rst part of a session (as in treatment 4). �e instructions for the dictator experiment (d) and the
social planner experiment (p) were as similar as possible and only changed where necessary (marked
in italics). If a game was played as the second part of a session, the introduction and end of the
instructions were changed accordingly.

Teil 1

Herzlich willkommen zum Experiment und vielen Dank für Ihre Teilnahme! Dieses Experiment
wird gemeinscha�lich von Forschern des Lehrstuhls für Empirische und Experimentelle Wirtscha�s-
forschung (FSU Jena), der TU Dortmund und der Ruhr Graduate School in Economics (RGS)
durchgeführt.
Sie können in diesem Experiment einen Geldbetrag verdienen, der abhängig ist von Ihren

Entscheidungen und denen der anderen Teilnehmer. Es ist daher sehr wichtig, dass Sie diese
Instruktionen gründlich und genau durchlesen.
Sollten Sie eine Frage haben, heben Sie bitte Ihre Hand. Wir werden dann zu Ihnen kommen

und Ihre Frage beantworten. Bitte stellen Sie Ihre Frage(n) auf keinen Fall laut. Alle Teilnehmer des
Experiments erhalten dieselben Instruktionen. Die Informationen im Verlauf des Experiments auf
dem Bildschirm sind jedoch nur für die jeweiligen Teilnehmer bestimmt. Sie dürfen also nicht auf
den Bildschirm anderer Teilnehmer sehen und nicht mit anderen Teilnehmern reden. Sollten Sie
gegen diese Regeln verstoßen, sind wir leider dazu gezwungen, Sie vom Experiment auszuschließen.
Bitte schalten Sie jetzt auch Ihre Mobiltelefone aus.
Das Experiment besteht aus zwei Teilen. Dies sind zunächst die Instruktionen für den ersten

Teil. Wenn der erste Teil beendet ist, erhalten Sie die Instruktionen für den zweiten Teil. Am Ende
des Experiments werden Sie für beide Teile entlohnt. Die Auszahlungen der beiden Teile sind
unabhängig voneinander, d.h. Ihre Entscheidungen im ersten Teil haben keinen Ein�uss auf Ihre
Auszahlungen im zweiten Teil.
Alle Angaben während des Experiments sind in e .
Im kommenden Teil des Experiments teilen Sie 15 Runden lang jeweils ein Budget zwischen zwei

Teilnehmern in diesem Raum auf. Einer davon werden Sie sein. In jeder Runde wird Ihnen eine neue
Person zufällig zugelost. Sie werden deren Identität nicht erfahren. Auch Ihre Identität wird zu keinem
Zeitpunkt bekannt gegeben.
In jeder Runde teilen Sie ein gegebenes Budget, das von Runde zu Runde variiert, zwischen zwei

Personen (im Folgenden Person A und Person B) auf. Sie werden eine der Personen sein, also entweder
die Rolle von Person A oder die Rolle von Person B zugelost bekommen. Jede der Rollen erhalten Sie mit
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gleicher Wahrscheinlichkeit. Allerdings wissen Sie zum Zeitpunkt Ihrer Entscheidung nicht, welche dies
sein wird.
Das Budget ist sowohl unabhängig von Ihren Entscheidungen als auch unabhängig von den

Entscheidungen der anderen Teilnehmer. Der Mindestbetrag für jede dieser beiden Personen beträgt
dabei e 0. Der Höchstbetrag für jeden der beiden wird Ihnen auf der rechten Seite des Bildschirms
angezeigt. In der linken Spalte oben �nden Sie den Höchstbetrag für Person A; in der rechten Spalte
oben �nden Sie den Höchstbetrag für Person B. Der Höchstbetrag in einer Runde kann für Person A
und für Person B unterschiedlich hoch sein.
Auf der linken Seite des Bildschirms be�ndet sich eine Gra�k. In dieser Gra�k werden dieselben

Informationen wie auf der rechten Seite in einer anderen Weise dargestellt: Die Auszahlungen
von Person A werden an der waagerechten Achse dargestellt, die Auszahlungen von Person B an
der senkrechten Achse. Die verschiedenen Auszahlungskombinationen für Person A und Person B
werden mit einer blauen Gerade dargestellt. Der Höchstbetrag für Person A ist der Schnittpunkt der
blauen Geraden mit der waagerechten Achse und der Höchstbetrag für Person B ist der Schnittpunkt
der blauen Geraden mit der senkrechten Achse. Da die Höchstbeträge von Person A und Person B
von Runde zu Runde variieren, ändert sich auch der Verlauf und die Steigung der blauen Geraden,
die die möglichen Auszahlungskombinationen abbildet, von Runde zu Runde.
Die folgende Gra�k stellt ein Beispiel dar: Hier können Sie entweder Person A e 16 zuteilen und

Person B bekommt dann e 0, Sie können Person A e 0 zuteilen und Person B bekommt e 8 oder
Sie können jede beliebige Au�eilung zwischen diesenWerten (bis zu zwei Nachkommastellen genau)
entlang der blauen Gerade wählen. Hierbei ist zu beachten, dass eine Einheit Auszahlung weniger
für Person A nicht automatisch eine Einheit mehr Auszahlung für Person B bedeutet, sondern dass
dieser Wert von Runde zu Runde variieren kann. Im Beispiel bedeutet e 1 mehr für Person A e 0.50
weniger für Person B. Umgekehrt heißt das, wenn Sie Person B e 1 mehr zuteilen möchten, müssen
Sie Person A e 2 weniger zuteilen. Das liegt an den unterschiedlichen Höchstbeträgen für Person A
und Person B und der daraus resultierenden Steigung der blauen Geraden.
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Auszahlung Person A

Auszahlung Person B

Ihre Aufgabe ist es nun, das vorhandene Budget zwischen Person A und Person B aufzuteilen
ohne zu wissen, welche der Rollen Sie später zugelost bekommen. Sie werden die Auszahlung von
Person A oder Person B mit gleicher Wahrscheinlichkeit zugelost bekommen. Hierzu geben Sie nun
in das entsprechende Eingabefeld auf der rechten Seite des Bildschirms ein, wie viel Sie Person A
zuteilen (maximal 2 Nachkommastellen möglich). Wenn Sie nun auf den Knopf ”Anzeigen” klicken,
wird Ihnen auf der rechten Seite des Bildschirms angezeigt, wie viel Person A und Person B jeweils
bekommen würden, falls Sie diese Au�eilung bestätigen. Gleichzeitig wird Ihnen die Au�eilung
des Budgets in der Gra�k auf der linken Seite des Bildschirms mit roten Linien angezeigt: An der
waagerechten Achse wird die Auszahlung für Person Amarkiert; an der senkrechten Achse wird die
Auszahlung für Person Bmarkiert. Sie können solange verschiedene Au�eilungen berechnen und in
der Gra�k anzeigen lassen bis Sie sich für eine Au�eilung entschieden haben. Wenn dies der Fall ist,
klicken Sie auf den ”Bestätigen”-Knopf, der nach dem ersten Anzeigen einer möglichen Au�eilung
erscheint. Danach gelangen Sie zur nächsten Runde in der Ihnen eine neue Person zugelost wird.
Die Berechnung der Auszahlung erfolgt für alle Teilnehmer im Raum auf die gleiche Weise:

Nach dem Experiment wird eine dieser 15 Runden sowie Ihre Rolle (entweder Person A oder Person
B) zufällig ausgelost. Für diese Runde bekommen Sie den Betrag ausgezahlt, den Sie der Ihnen
zugelosten Rolle zugeteilt haben sowie den Betrag, den ein anderer Teilnehmer in diesem Raum (nicht
die Person, der Sie einen Betrag zugeteilt haben) der anderen Rolle zugeteilt hat. Falls Sie also Rolle A
zugelost bekommen haben, erhalten Sie den Betrag, den Sie in der ausgelosten Runde Person A zugeteilt
haben, sowie den Betrag, den ein anderer Teilnehmer in dieser Runde Rolle B zugeteilt hat. Falls Sie
Rolle B zugelost bekommen haben, erhalten Sie den Betrag, den Sie in der ausgelosten Runde Person B
zugeteilt haben, sowie den Betrag, den ein anderer Teilnehmer in dieser Runde Rolle A zugeteilt hat.
Bevor das eigentliche auszahlungsrelevante Experiment beginnt, können Sie zwei Runden lang

die Handhabung der So�ware und die Experimentalaufgabe ausprobieren.
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Am Ende des Experiments bekommen Sie Ihren Verdienst bar ausgezahlt. Dieses Geld wird
Ihnen privat ausgezahlt. Kein anderer Teilnehmer wird von uns erfahren, wie viel Sie verdienen oder
welche Entscheidungen Sie getro�en haben. Sie werden auch nichts über die Entscheidungen der
anderen Teilnehmer erfahren.
Wenn Sie die Instruktionen gründlich gelesen haben, beginnen Sie bitte damit, die Fragen des

Verständnistests zu beantworten. Wenn Sie mit dem Test fertig sind, melden Sie sich und einer
der Experimentleiter wird zu Ihnen kommen und den Test kontrollieren. Sie dürfen nur dann am
Experiment teilnehmen, wenn Sie die Regeln verstanden haben.
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b.2 Screenshot

Figure 25 shows a screenshot from the experimental so�ware.

Figure 25: Screenshot of the experiment (translation of the original German screen), treatment 3/4, part 1 (social
planner/veil of ignorance).
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