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THIS APPENDIX presents tables of results and supplementary material.

S1. EXPERIMENTAL DESIGN

TABLE S.I

EXPERIMENTAL DESIGN AND NUMBER OF OBSERVATIONS IN EACH TREATMENTa

N = 1213 Proposer Responder Total

Ultimatum game 377 335
(322 without
inconsistent
behavior)

712
Belief framing

Acceptance Rejection
195 182

Dictator game 260 241 511

aWe had to drop 50 observations because of missing information in their background characteristics. 147 persons
declined to participate in the experiment.

S2. INCONSISTENT RESPONDERS’ CHOICES

TABLE S.II

OBSERVED CHOICE SEQUENCES FOR INCONSISTENT RESPONDERS

(Inconsistent behavior; N = 13)a

0 150 300 450 550 700 850 1000 N

0 1 0 1 1 1 1 1 1
1 0 0 0 1 1 1 1 1
1 0 1 1 0 1 0 0 1
0 1 0 1 1 1 0 0 1
1 1 0 1 1 1 0 0 1
1 0 0 1 1 1 1 1 1
0 0 0 1 1 0 0 1 1
0 0 0 0 1 0 0 1 1
0 1 1 1 1 1 0 1 1
1 0 0 0 1 0 0 0 1
1 1 1 1 0 0 0 0 1
1 1 1 1 1 0 0 0 1
1 0 0 0 0 0 0 0 1

aTable columns present the acceptance decision (coded as 1 if accepted) for all 8 possible offers. N denotes the
number of observations.
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S3. ECONOMETRIC MODEL

This section presents some more details on the econometric model discussed
in Section 3 of the main text and gives the likelihood contributions. To keep the
appendix self-contained, part of it repeats in the main text.

S3.1. Preferences

We assume that subjects have preferences with possibly nonlinear asymmet-
ric inequity aversion. The utility of subject i from payoffs yself to him- or herself
and yother to the other player is given by

vi = yself − α1i max{yother − yself�0} − α2i max{yother − yself�0}2(S1)

−β1i max{yself − yother�0} −β2i max{yself − yother�0}2�

We use the specifications

α1i = exp(x′
iα1 + uα

i )�

β1i = exp(x′
iβ1 + uβ

i )�

α2i = x̃′
iα2�

β2i = x̃′
iβ2

where x̃i = [1�Responderi]′ is a vector consisting of the intercept and a dummy
Responderi taking a value of 1 for responders and 0 for proposers. This vector
is combined with a person’s observable characteristics in the vector xi = [̃x′

i�x′
i]′.

The terms uα
i and uβ

i reflect unobserved heterogeneity, assumed to be indepen-
dent of error terms and of xi with a bivariate normal distribution with means
zero and arbitrary covariance matrix.

Decisions of Proposers in the Ultimatum Game

Each proposer had eight choices (j = 1� � � � �8), involving own payoffs
yself(1)� � � � � yself(8). We assume expected utility maximization, where proposer
i uses the own subjective probability Qij that offer j will be accepted. Since
utility is zero if the offer is rejected, the expected utility of offer j is given
by Qijvij , where vij denotes person i’s utility of payoffs (yself(j)�1000 − yself(j))
(cf. equation (S1)). The subjective expected utility of making an offer yself(j) is
therefore given by

Qijvij = Qij

[
yself(j)− α1i max{1000 − 2yself(j)�0}
− α2i max{1000 − 2yself(j)�0}2

−β1i max{2yself(j)− 1000�0}
−β2i max{2yself(j)− 1000�0}2

]
�
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To allow for suboptimal behavior, we add idiosyncratic error terms εij mul-
tiplied with a noise-to-signal ratio parameter λi. We assume that errors εij are
independent of each other and of other variables in the model (i.e. (uα

i �u
β
i )

and xi), and that the difference of any two εij across options follows a logistic
distribution. We assume that proposer i chooses the option j that maximizes
Qijvij + λiεij .

Decisions of Responders in the Ultimatum Game

Responder i has to trade off the utility of accepting or rejecting each offer.
The utility of rejecting is zero, and the responder utility vij of accepting offer j
immediately follows from equation (S1):

vij = yself(j)− α1i max{1000 − 2yself(j)�0}
− α2i max{1000 − 2yself(j)�0}2

−β1i max{2yself(j)− 1000�0} −β2i max{2yself(j)− 1000�0}2�

A perfectly utility maximizing responder thus accepts offer j if and only if
vij > 0.

Again, we assume the responder accepts offer j if vij + λiεij > 0, where λiεij
denote idiosyncratic error terms which are assumed to follow a logistic distrib-
ution.

The size of the noise parameter λi drives the likelihood of suboptimal choice.
We will allow the noise parameter λi to vary with background characteristics
and the responder’s role by assuming that λi = exp(x′

iλ).

Decisions of Proposers in the Dictator Game

To test the performance of our model, we generate out-of-sample predic-
tions for the subsample of dictators, assuming their preferences and noise lev-
els are the same as those of proposers in the ultimatum game. Thus we use the
same specification as for proposers in the ultimatum game except that Qij is
replaced by 1 for all j.

S3.2. Expectations of Proposers in the Ultimatum Game

The observed stated probabilities are assumed to be generated by the
process

P∗
ij = x′

iδ+ γj +φjFi + uP
i + εPij �

Pij =
⎧⎨⎩

0� if P∗
ij ≤ 0,

P∗
ij� if 0 <P∗

ij < 1,
1� if P∗

ij ≥ 1.
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The correct process generating proposer expectations is assumed to be

Q∗
ij = x′

iδ+ γj + uP
i �

Qij =
⎧⎨⎩

0� if Q∗
ij ≤ 0,

Q∗
ij� if 0 <Q∗

ij < 1,
1� if Q∗

ij ≥ 1.

We assume that the triplet (uα
i �u

β
i �u

P
i ) is distributed as a trivariate normal

distribution with arbitrary covariance matrix, independent of background vari-
ables and other error terms in the model.

S3.3. Likelihood Function

Proposers in the Ultimatum Game

From the assumptions of logistic errors, the probability that proposer i
chooses offer j, conditional on (xi� u

α
i � u

β
i ), is given by

Cij(xi� u
α
i � u

β
i )= exp(Qijvij/λi)∑8

k=1 exp(Qijvik/λi)
�

For each proposer i, we observe a sequence of subjective beliefs {Pij : j =
1� � � � �8}, where bij denotes the probability placed on an offer j being accepted.
Let 1[A] denote the indicator function which takes a value of 1 when event A
is true and 0 otherwise. The likelihood of the subjective beliefs of proposer i,
conditional on xi and uP

i , is given by

Bi(xi� Fi�u
P
i ) =

8∏
j=1

Pr(Pij = 0|xi� Fi�u
P
i )

1[Pij=0]h(Pij|xi� Fi�u
P
i )

1[0<Pij<1]

× Pr(Pij = 1|xi� Fi�u
P
i )

1[Pij=1]�

where h(·) denotes the normal density over noncensored beliefs. The individ-
ual likelihood of proposer i who chooses offer j and who has a sequence of
beliefs {Pij : j = 1� � � � �8}, conditional on xi, is given by

LP
i (xi) =

∫ +∞

−∞

∫ +∞

−∞

∫ +∞

−∞
[Cij(xi� u

α
i � u

β
i ) ·Bi(xi� Fi�u

P
i )](S2)

× f (uα
i �u

β
i �u

P
i ) du

α
i du

β
i du

P
i �

where f (uα
i �u

β
i �u

P
i ) denotes the trivariate normal density with mean vector 0

and covariance matrix Ω.
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Responders in the Ultimatum Game

From the assumption of logistic errors, the probability that responder i ac-
cepts offer j, conditional on (xi� u

α
i � u

β
i ), is given by

Rij(xi� u
α
i � u

β
i )= 1

1 + exp(−vij/λi)
�

For responder i, we observe a sequence of eight decisions {dij : j = 1� � � � �8},
where dij = 1 if responder i accepts offer j and 0 otherwise. The likelihood of
the strategy sequence of responder i, conditional on xi, is given by

LR
i (xi) =

∫ +∞

−∞

∫ +∞

−∞

[
8∏

j=1

[Rij(xi� u
α
i � u

β
i )]dij [1 −Rij(xi� u

α
i � u

β
i )]1−dij

]
(S3)

× g(uα
i �u

β
i )du

α
i du

β
i �

where g(·� ·) denotes the bivariate normal distribution.

Sample Likelihood

Given NP proposers and NR responders in the ultimatum game, the sample
log-likelihood is

L=
NP∑
i=1

log(LP
i (xi))+

NR∑
i=1

log(LR
i (xi))�

S3.4. Approximation of Integrals by Simulation

Estimation of the model parameters requires approximating the integrals in
(S2) and (S3). In the case of (S2), this amounts to computing the expectation
of the proposer likelihood with respect to the density function f (uα

i �u
β
i �u

P
i ), a

trivariate normal distribution with vector mean 0 and covariance matrix Ω. Us-
ing a Choleski decomposition, we have that Ω = Γ Γ ′, where Γ denotes a lower
triangular matrix. Draws can be taken from the joint distribution f (uα

i �u
β
i �u

P
i )

using

μi = Γ εi�

where εi is a 3 by 1 vector of independent draws from a standard nor-
mal distribution and where μi = [uα

i �u
β
i �u

P
i ]′. Given a sequence of draws

{εm
i :m = 1� � � � �M}, a sequence of draws from a trivariate normal distribution

with variance–covariance matrix Ω is obtained as {μm
i = Γ εm

i :m = 1� � � � �M},
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where μm
i = [uα(m)

i � uβ(m)
i � uP(m)

i ]′. We generate a sequence of independent stan-
dard normal draws {εm

i :m = 1� � � � �M} based on an underlying Halton se-
quence. These sequences are part of a list of variance reduction techniques.
These techniques offer improved coverage of the domain of integration and
result in lower simulation noise than traditional random number generators
(see Train (2003) for details). The approximated likelihood of proposer i is
given by

L̃P
i (xi)≈

M∑
m=1

[
Cij(xi� u

α(m)
i � uβ(m)

i ) ·Bi(xi� u
P(m)
i )

]
�

In a similar way, the approximated likelihood of responder i is given by

L̃R
i (xi) ≈

M∑
m=1

[
8∏

j=1

[
Rij(xi� u

α(m)
i � uβ(m)

i )
]dij

× [
1 −Rij(xi� u

α(m)
i � uβ(m)

i )
]1−dij

]
�
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TABLE S.IV

PARAMETER ESTIMATES OF THE STRUCTURAL MODEL WITH RATIONAL EXPECTATIONSa

α1 β1 λ Random Components

Constant −0�999 0�080 4�235 V (uα) 0�743∗∗∗

(1�416) (0�459) (0�448) (0�107)
Responders 1�094 −0�414 −0�645 V (uβ) 0�766∗∗∗

(1�414) (0�423) (0�683) (0�179)
Male 0�021 0�176∗ 0�359∗∗ Corr(uα�uβ) 0�243∗∗∗

(0�142) (0�103) (0�163) (0�041)
Education

Medium 0�038 −0�305∗∗ 0�229 α
proposers
2 −0�379

(0�146) (0�111) (0�224) (0�246)
High −0�231 −0�254∗∗ 0�112 α

responders
2 −0�279

(0�145) (0�126) (0�267) (0�350)
Age

Medium 0�162 0�769∗∗∗ −0�196 β
proposers
2 −2�331

(0�148) (0�162) (0�184) (1�358)
High 0�253 1�126∗∗∗ 0�245 β

responders
2 −0�227

(0�197) (0�208) (0�304) (1�914)
Income

Medium −0�264 −0�128 −0�170
(0�217) (0�161) (0�258)

High −0�228 −0�360∗∗ −0�229
(0�256) (0�176) (0�242)

Paid work 0�218 0�002 0�038
(0�192) (0�142) (0�261)

House work −0�081 −0�363∗ −0�356
(0�251) (0�197) (0�303)

Retired 0�581∗∗ 0�385∗∗ −0�357
(0�273) (0�196) (0�321)

aStandard errors are given in parentheses. *, **, and *** denote significance at the 10%, 5%, and 1% levels,
respectively.

TABLE S.V

PREDICTED AVERAGE PREFERENCE PARAMETERS FOR PROPOSERS AND RESPONDERSa

α1 α2 β1 β2

Subj. Obj. Subj. Obj. Subj. Obj. Subj. Obj.

Proposers 0.297 0.642 −0.515 −0.379 1.314 3.117 0.221 −2.331
(0.078) (0.179) — — (0.648) (1.673) — —

Responders 1.587 1.827 −0.277 −0.279 1.742 1.901 −0.289 −0.277
(0.442) (0.500) — — (0.942) (1.072) — —

aPredicted average preference parameters for proposers and responders using the model incorporating subjective
expectations and the model which assumes that proposers have expectations which coincide with the objective accep-
tance probabilities. Standard deviations of the predictions are in parentheses. Predictions for α2 and β2 correspond
to the point estimates for proposers and responders, respectively, and do not vary for a given player type.


