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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 TREATMENT?

N =1213 Proposer Responder Total
Ultimatum game 377 335 712
Belief framing (322 without
Accil;;tsance Rejlegéion iri)ce(;lrfiisct)i?t
Dictator game 260 241 511

a@We 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.11
OBSERVED CHOICE SEQUENCES FOR INCONSISTENT RESPONDERS

(Inconsistent behavior; N = 13)?

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 y;; to him- or herself
and Yomer to the other player is given by
(Sl) Vi = Yoert — @1 MAX{ Yother — Yselt> 0} — 0ty Max{ Yoner — Yselrs 0}2
- Bli max{yself - yother7 0} - BZi max{yself - yother, 0}2

We use the specifications
ay; = exp(X;a; + uy),

Bii = exp(X,B; + ul),

Qy = 3{';0(2,
Bai = i;ﬁz

where X; = [1, Responder,] is a vector consisting of the intercept and a dummy
Responder; taking a value of 1 for responders and 0 for proposers. This vector
is combined with a person’s observable characteristics in the vector x; = [X], X}]'.
The terms 12 and u” reflect unobserved heterogeneity, assumed to be indepen-
dent of error terms and of x; 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
Yeert (1), -+, Vsert(8). We assume expected utility maximization, where proposer
i uses the own subjective probability Q; that offer j will be accepted. Since
utility is zero if the offer is rejected, the expected utility of offer j is given
by Q;v;, where v; denotes person i’s utility of payoffs (ysir(j), 1000 — yeeie(j))
(cf. equation (S1)). The subjective expected utility of making an offer y..c(j) is
therefore given by

Qv = Qi Yserr(j) — ay; max{1000 — 2y.ei¢(), 0}
— a; max{1000 — 2y, (), 0}
— Brimax{2y(j) — 1000, 0}
— Baimax{2y.;(j) — 1000, 0}*].
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To allow for suboptimal behavior, we add idiosyncratic error terms €; mul-
tiplied with a noise-to-signal ratio parameter A;. We assume that errors €;; are
independent of each other and of other variables in the model (i.e. (uf, uiB )
and x;), and that the difference of any two €;; across options follows a logistic
distribution. We assume that proposer i chooses the option j that maximizes
Qijv; + A€

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 v; of accepting offer j
immediately follows from equation (S1):

Vi = Ysar(Jj) — 1 max{1000 — 2y, (), 0}
— Ay maX{looo - 2yself(j)’ 0}2
— Biimax{2y,(j) — 1000, 0} — B max{2y.i(j) — 1000, 0},

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

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

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

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 Q;; 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

Pr=%8+v+¢;F +ul +ef,
0, ifP;<0,
Py=1 P, if0<P;<1,

ij ij?

1, P>l
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The correct process generating proposer expectations is assumed to be

O;=%X08+vy +u,

0. ifQ;=0,
0,;=10; 0<0;<l,
L, ifQp>1

We assume that the triplet (uf, uf ,ul) 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 (x;, uf, uf ), is given by

exp(Q;iv;;/Ai) ‘
Zi:1 exp(Q;jvik/Ai)

For each proposer i, we observe a sequence of subjective beliefs {P;:j =
1,..., 8}, where b; 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 x; and u?, is given by

B
Cij(xia u;’, u; )=

8
- j2 - P\1[P;=0 - P\1[0<P;i <1
Bi(x;, Fiu; )= | | Pr(P; =0Ix;, Fi, u; ) Py ]h(Pij|Xi; Fi,u;) (0<Py=<1]

j=1
X Pr(Pij = 1|§i7 F,, uf)”Pij:H’
where /(-) 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 {P;:j=1,..., 8}, conditional on x;, is given by

+0o0o +00 +00
(52) L,P(Xi) = / / / [Cij(Xia U?7 u,ﬁ) - Bi(x;, F, Uf)]
x f(us, u?, u’y du du® du’,

where f(u¢, uf , u’) denotes the trivariate normal density with mean vector 0
and covariance matrix £2.



MEASURING INEQUITY AVERSION 5

Responders in the Ultimatum Game
From the assumption of logistic errors, the probability that responder i ac-
cepts offer j, conditional on (x;, u?, uf ), is given by

1

Ri‘ iy (‘17 B = .
i (i, U, ) 1+ exp(—v;/A)

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

+0o0 +00 8
(83)  Lix)= / f []‘[[Ri,(xi, uf', uf)11 — Ry(xi, uf, u,-B)]ldff}
—00 —00 j:l

x g(u?, u?)du;.1 duiﬁ,
where g(-, -) denotes the bivariate normal distribution.

Sample Likelihood

Given Np proposers and Ny responders in the ultimatum game, the sample
log-likelihood is

Np NR
L= log(L!(x))+ Y log(Lf(x))).
i=1 i=1

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(u?, uiﬁ ,uf), a
trivariate normal distribution with vector mean 0 and covariance matrix £2. Us-
ing a Choleski decomposition, we have that £ = I'I"’, where I denotes a lower
triangular matrix. Draws can be taken from the joint distribution f(uf, ufg ,ul)
using

,"i:Fsi,

where &; is a 3 by 1 vector of independent draws from a standard nor-
mal distribution and where m; = [u?, uiﬁ ,ufl. Given a sequence of draws
{e":m=1,..., M}, asequence of draws from a trivariate normal distribution
with variance—covariance matrix {2 is obtained as {u”" =I'e":m =1, ..., M},
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where p" = [uf‘(m), ufg o uf ™M1 We generate a sequence of independent stan-
dard normal draws {&/":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

M

Lo~ Y[ Cytx ™, u™) - By, uf )],

1 1

m=1

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

M 8
TR\ A ( (m)y14ii
Lix)~) :[]‘[[Ri,(xi, ui ™, u "]
m=1L j=1

1

(m)\11-d;j
X [1—Rij(Xi,l/lL-1(m),ulﬁm )] J:|.

Département d’économique, Université Laval, Pavillon J. A. De Séve and Centre
Interuniversitaire sur le Risque, les Politiques Economiques et I’'Emploi, Québec,
Québec, G1K7P4, Canada; cbellemare @ecn.ulaval.ca,

Département d’économique, Université Laval, Pavillon J. A. De Séve and
Centre Interuniversitaire sur le Risque, les Politiques Economiques et 'Emploi
( CIRPEE ), Québec, Québec, G1K7P4, Canada, skroger@ecn.ulaval.ca,

and

Dept. of Econometrics and Operations Research and Netspar, Tilburg Univer-

sity, PO. Box 90153, 5000 LE Tilburg, The Netherlands; avas@uvt.nl.

Manuscript received July, 2005; final revision received February, 2008.

REFERENCE

TRAIN, K. E. (2003): Discrete Choice Methods With Simulation. Cambridge, U.K.: Cambridge
University Press.



MEASURING INEQUITY AVERSION

‘Sururen) feuor)eooA YSiy Io Sururer} AJISIOATUN JOYIIS YIIM S[ENPIAIPUI 0 SIOJAI  UOIBINPH YSIH,, ‘U0neonpa Arepuodds [erouad 1o Arewrid e 1oU)ro yim sjoalqns
0] SI9Ja1 ,UONeINPH MO, o938 JO SIBIK G 9A0qe M $103[qns 03 s19Ja1 98y YSIH,, 938 JO S1BaA G¢ uRY) SSI] YIIm $109[qns 03 S19Ja1 98y MOT,, I [[RISAO 0] SIDJAI ][V,

0Cl 88 001 €8 (443 ozis ojdureg
G850 L9S°0 1210 £vr'0 80€°0 01€°0 LY8°0 L98°0 1L6°0 6vS°0 dD 0001
029°0 009°0 0L¥°0 LLY0 cse0 0v€0 1L8°0 680 L09°0 185°0 dD 0€8
CIL0 80L°0 08S°0 8950 Sor°0 06%°0 ¥26°0 916°0 869°0 £€89°0 dD 00L
w60 §T6°0 ¥88°0 6¢8°0 Se80 0¥8°0 $66°0 000°T LT60 9160 dO 0S¢
1¥6°0 £€6°0 206°0 £v6°0 LL80 006°0 ¥$6°0 56°0 6’0 €6°0 dO 0S¥
0r0 86€°0 LOE0 19C°0 65C°0 0120 SeEv0 9y°0 16€°0 L1€0 dD 00¢
ANV SLT'0 601°0 6S1°0 SLO0 001°0 €91°0 €5C°0 o SS1°0 dO 0S1
0L0°0 000 ¥90°0 6L0°0 €€0’0 0100 080°0 8¥0°0 £90°0 £60°0 d00
s1opuodsoy
611 el 1538 99 LLE ozis ojdureg
€00°0 S10°0 L0070 800°0 800°0 000°0 S00°0 S10°0 800°0 S10°0 800°0 110°0 dD 0001
¥00°0 8000 6000 0000 800°0 000°0 900°0 0000 600°0 0000 6000 0000 dO 0€8
S10°0 610°0 §20°0 000°0 00 1v0°0 810°0 €200 §c00 000°0 920°0 €10°0 dO 00L
§8C°0 00 S6v°0 9%S0 250 12224 819°0 9¢9°0 60¢°0 ¥9¢€°0 9050 1€5°0 dO 0SS
020°0 116°0 86€°0 8LE0 86€°0 86€°0 6¢€°0 8C0 Sero 005°0 60 €6€°0 dO 0S¥
0000 80T°0 6200 650°0 600°0 910°0 L00°0 €200 680°0 160°0 §200 w00 dO 00¢
000°0 S10°0 ¥20°0 000°0 S10°0 000°0 L0070 000°0 €c1o S10°0 00 S00°0 dO 0S1
1L9°0 €L0°0 6000 800°0 €10°0 000°0 800°0 0000 800°0 S10°0 0100 S00°0 d00
s1osodoig
paoIpaIg [enjoy pajoIpaig [enjoy pajoIpaIg [enjoy pajoIpaIg [enjoy pajoIpaid [enjoy paoIpaIg [enjoy
4! 11 0t 6 8 L 9 S 14 € 4 1
s1038301(J uoneonpy Yt uoreINpyg Mo a3y ySrg a8y Mo I\

¢SNOLLVIOHdXH TYNOILVY HLIM THAON GHL ONIS() SNOILNEGIILSI ISNOdSHY ANV ¥d44Q 40 LI THAON
III'S 19VL



8 C. BELLEMARE, S. KROGER, AND A. VAN SOEST

TABLE S.1V
PARAMETER ESTIMATES OF THE STRUCTURAL MODEL WITH RATIONAL EXPECTATIONS®

aq B1 A Random Components
Constant —0.999 0.080 4.235 V(u*) 0.743%
(1.416) (0.459) (0.448) (0.107)
Responders 1.094 —0.414 —0.645 V (uf) 0.766**
(1.414) (0.423) (0.683) (0.179)
Male 0.021 0.176* 0.359** Corr(u®, uP) 0.243%
(0.142) (0.103) (0.163) (0.041)
Education
Medium 0.038 —0.305** 0.229 ahoreen -0.379
(0.146) (0.111) (0.224) (0.246)
High —-0.231 —0.254** 0.112 a;“*’ onders -0.279
(0.145) (0.126) (0.267) (0.350)
Age
Medium 0.162 0.769** —0.196 g”l’“s”s —-2.331
(0.148) (0.162) (0.184) (1.358)
High 0.253 1.126%* 0.245 ;“P(’“dm -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 RESPONDERS?

g @ B1 B2
Subj. Obj. Subj. Obj. Subj. Obj. Subj. Obj.
Proposers 0.297 0.642 -0.515 —0.379 1.314 3.117 0221 —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) — —

4Predicted 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 a, and B, correspond
to the point estimates for proposers and responders, respectively, and do not vary for a given player type.



