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Abstract

The behaviour of subjects in ultimatum bargaining experiments is very different from
that predicted by standard theory. These ‘anomalies’ are frequently explained by fairness
considerations. In this paper we consider the possibility that the subjects are simply
envious. We derive the implications of envy for the behaviour in ultimatum games and it
will be shown that envy is a potential explanation for the most important experimental
‘anomalies’. This points toward the need to set up experiments which allow to discriminate
between fairness- and envy-motivated behaviour.

JEL classification: C92; C91; C72; C78

1. Introduction

The last decade has witnessed substantial progress in the theoretical analysis of
bargaining situations. Among the most prominent bargaining models has been the
2-player alternating offers model of sequential bargaining as developed by Stahl
(1972), Rubinstein (1981) and Binmore (1987). In this type of model one player,
say player 1, starts with a proposal on how to divide a cake of size c. Then player
2 responds by accepting or rejecting the proposal. If he accepts the game is over
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and both players receive the proposed shares. In case of rejection it is player 2
who makes a proposal in the next bargaining round. After a renewed rejection
person 1 makes a proposal again and so on. In the last round of a finite horizon
sequential bargaining game the proposing player has the power to pose an
ultimatum because the responding player’s options are restricted to ¢ YES’ or
‘NO’, i.e. he cannot make a further counterproposal. Moreover, if he rejects both
players get nothing. Therefore the finite horizon version of an alternating offers
game is often termed as ultimatum game.

Under the usual assumptions of game theory one can solve ultimatum games by
backward induction to get the subgame perfect equilibrium. Take for example the
one-period game and assume — in accordance with the standard theory — that both
players exhibit non-interdependent preferences, i.e. every players is only interested
in his monetary or physical payoff. Since in case of rejection player 2 receives
nothing he is prepared to accept any proposal which provides him with any
positive share of the cake, regardless of how small this positive share is. In
addition he has no reason to reject a proposal which gives him nothing, Player 1
anticipates this and will thus demand the whole cake for herself. The subgame
perfect equilibrium is, therefore, a demand of ¢ by 1 which will be accepted by
2.1

Unfortunately, this prediction has not been confirmed by experimental studies
of one-period ultimatum games. In the experiment conducted by Giith, Schmit-
tberger and Schwarze (GSS 1982) the proposing players demanded about 65% of
the cake on average — the demands deviate significantly from the result of
standard theory in direction of an equal share. Moreover, contrary to the predic-
tions of standard theory a non-negligible number of positive offers has been
rejected. Similar evidence is proposed by Kahneman, Knetsch and Thaler (KKT
1986) and Forsythe, Horowitz, Savin and Sefton (FHSS 1988).

In a two-period ultimatum game player 2 has the right to propose a division of
the cake in the second period. Since the last period is like a one-period game
standard theory predicts that he demands the whole cake for himself which will be
accepted by person 1. Both person have discount factors 8, and &, respectively
(8,, 8, €[0,1]) that reflect the impatience of the players. Therefore the player 2’s
first period utility of such a second period agreement is just ¢ times his discount
factor 8,. This implies that 2 will reject every first period proposal that gives him
less than &,c. When player 1 makes her proposal in the first period she takes this
into account and offers 2, an amount of y such that y = §,¢, to give 2 no reason for
rejecting the proposal. Therefore, in a subgame perfect equilibrium y = 8,c is
offered to 2 in the first period which will be accepted immediately. Standard
theory predicts that player 2’s part of the cake is 8, and player 1’s part is 1 — §,.

! Notice that the acceptance of ‘zero’ by 2 is a best reply because rejecting does not make him better
off.
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In case that 1 offers less than 8,c, 2 rejects but in equilibrium an offer of less than
8,c¢ will not occur. It is also worthwhile to notice that §; has no impact at all on
the equilibrium.

The experimental evidence of Giith, Tietz (GT 1988) and Ochs, Roth (OR
1989) is again not very favourable for the predictions of the standard theory, to say
the least. The demands deviate significantly from the standard theory prediction in
direction of an equal share. In the GT-experiment with a discount factor of
8, =0.1 the mean first period demand was 71% of the cake and the mean
accepted demand was 69%, whereas standard theory predicts a demand of 90%.
With 8, = 0.9, when standard theory predicts a demand of 10% the mean demand
was 57% and the mean accepted demand was 48%. The same deviation in
direction of an equal share can be seen from the results of the OR-experiment with
a discount factor 6, = 0.6.

On the other hand standard theory predicts the results quite well for the
OR-experiment with 6, = 0.4. In our view this is caused by another feature that
can be seen from the experimental results — the first mover advantage. In a
situation with a high &,, when the deviation in direction of an equal share is
positive for player 1, this deviation is greater than the deviation in a situation with
a low 8, when the deviation is positive for person 2. Therefore the first mover
advantage reduces the deviation when &, is lower than 0.5, it causes results more
close to that predicted by standard theory. 2

This first mover advantage can also be seen from the results of the GT
experiment. On the average person 1 demanded more than the half of the cake
even in the case when person 1 was in a very bad strategic position, i.e. for
0, =0.9. Furthermore if we look at the accepted demands with 6= 0.9 the
deviation in direction of equal share is 48 — 10 = 38%, whereas with 6 = 0.1 this
deviation is only 90 — 69 = 21%.

Another feature found in the OR-experiment is the influence of the discount
factor of person 1, 6,, in two period games that is not predicted by standard
theory. For a given &, the mean first period demand of person 1 is decreasing
when 6, is increased.

2 Experimental data more favourable for the standard theory are reported by Binmore et. al. (1985)
and - for the two period experiment — also by Neeling et al. (1988). In our view this is caused at least
partly by the first mover advantage that weakens the tendency for an equal share in situations with a
discount factor of 0.25 as it was the case in both of these experiments. Furthermore Binmore et. al.
have been severly critized by Thaler (1988) and FHSS (1988) because the instructions given to the
subjects included the rhetorical question, ‘How do we want you to play?’, followed by the
statement, YOU WILL DO US A FAVOUR IF YOU SIMPLY MAXIMIZE YOUR WINNINGS’.
Whereas in the other experiments the subjects were volunteers, and the experiments were conducted
under conditions of strict anonymity, Neeling et. al. required participation by the students in a class,
and their instructions included the sentence: ‘You will be discussing the theory this experiment is
designed to test in class.” Therefore the whole situation in this experiment resembles more an exam
than a bargaining situation.
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As in the one period game the experimental data of the two period game reveal
a considerable number of rejected offers. In the OR-experiment about 15% of the
first period offers were not accepted and even 45% of the last period offers have
been rejected. In the GT-experiments the share of rejected offers is even larger.
When 8,=0.1, 19% of the first period offers were not accepted and when
8, = 0.9 the share of rejected offers raises to 62% (!).

The counteroffers of person 2 after a rejection have often been — contrary to the
predictions of standard theory — lower than the rejected offers. In the OR-experi-
ment, 81% of the counteroffers were disadvantageous for player 2. In the
experiment of GT disadvantageous counteroffers were forbidden. If someone made
such a, let us say, irrational counteroffer, then it was counted as a disagreement
and both player got automatically nothing. Even in this case 35% of the counterof-
fers were disadvantageous.

To summarize, experimental results deviate in the following way from the
predictions of standard theory:

(1) The offers differ systematically from those predicted by standard theory. This
deviation is always in the direction of equal share.

(2) A first mover advantage can be observed.

(3) In the two period games the discount factor of player 1 plays a role although it
should not. An increase of 8, decreases the first period demand of person 1.

(4) There is a remarkable amount of nonagreement, in the first period as well as in
the last.

(5) Most of the counteroffers are disadvantageous relative to the rejected offers.

It will be shown in this paper that envy can explain these experimental results
of the one- and two period ultimatum games.

The paper is organized in the following way. In the next section the interpreta-
tions of the experimental results are discussed. In section 3 and 4 models of
ultimatum games are presented that show the impact of envy on the one- and the
two period ultimatum games. In section 5 we analyse the bargaining behaviour if
the importance of envy varies with the income, and in the last section the
conclusions are drawn.

2. Interpretations of the experimental results

GT (1990) offer an interpretation of the results that is the least favourable for
the standard theory. They conclude that ‘observed bargaining behavior clearly
contradicts the most obvious rationality requirements of game theory and also of
economic theory . ... Experimentally observed ... behavior reveals how consider-
ations of distributive justice seriously destroy the prospects of exploiting strategic
power.’ *

® Giith, Tietz 1990, p. 446.
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In our view this conclusion does not necessarily follow from the experimental
evidence cited in the preceding section. To ‘explain’ the results (1) — (5) above
one is neither forced to abandon the usual rationality assumptions nor it is
necessary to assume that people are motivated by distributive justice. In the
following sections we try to argue that the deviation from the predictions of the
standard theory can be accounted for by rational behaviour of utility maximizing
agents whose preferences exhibit some envy.

Our approach is closer to the interpretation of OR (1988). Because of the high
amount of disadvantageous counteroffers in their experiment, OR came to the
conclusion: ‘Monetary payoffs do not capture the utility of the bargainers. There
are nonmonetary arguments in the bargainers utility function.’ 4 OR did not
explicitly analyse the impact of such ‘uncontrolled elements’ of the utility
function. Rather they assumed a minimum acceptance threshold that takes the
form of a minimum percentage of the cake. An offer that gives a person less than
this minimum threshold is regarded as insultingly low and the disutility of
accepting such an offer is greater than the utility of a monetary gain. OR called
this uncontrolled element of the utility function that they use as motivation for
their minimum threshold assumption ‘fairness’. But in our view this expression is
misleading, because according to their interpretation of the experimental results
people are not concerned about every deviation from a fair share. They are only
concerned if this deviation is disadvantageous for themselves.

We doubt that fairness motivation is a fully satisfactory explanation for
subjects’ behaviour for the following reasons. First of all it seems difficult to
reconcile the first mover advantage with fairness considerations. Is it fair that the
proposing players in almost all cases demand more than half of the cake? Why
should it be fair that the player who starts proposing actually gains more relative
to the prediction of the standard theory when she is in a bad position than she
actually looses relative to the standard predictions when she is in a good position?
GT (1988) use the behavioural theory of distributive justice, also called ‘equity
theory’, as explanation for the demands and the actual agreements. According to
this theory the relation of investments (or efforts) and rewards should be equal for
all persons of the relevant group. To explain the first mover advantage GT suggest
that the subjects regard the investments of those playing the role of player 1 being
higher than the investments of those playing the role of person 2. But in their
experiment as well as in the OR-experiment the roles of player 1 and player 2
respectively were randomly assigned to the subjects. In our view it is quite
unplausible that the subjects regard a randomly chosen player 1 being entitled to
get more because of her ‘higher investment” or ‘effort’.

Furthermore, the analysis of FHSS (1988) indicates that fairness preferences of
player 1 cannot fully account for the data of the ultimatum games. These authors

* Ochs, Roth 1989, p. 365.
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tested the hypothesis that the distribution in 1-period ultimatum and dictator games
coincide. In a dictator game player 2 has no options at all, that is player 1 has
dictatorial power to divide a given amount of money. The choice of the dictator
can be interpreted as reflecting truly her concerns for a fair distribution. Thus, if
‘players give away money only for a desire to be fair, the distribution of proposals
in dictator and ultimatum games with equal pies would be identical. This clearly
did not happen in our games with equal pay, where the fairness hypothesis is
clearly rejected’ °, because the dictators offered considerable less money to player
2 than the proposers in ultimatum games.

Studies conducted by Hoffman, Spitzer (HS 1985) and Hoffman, McCabe,
Shachat, Smith (HMSS 1992) aimed to explore ‘the underlying reasons for this
apparent taste for fairness ®’. They tested the impacts of different methods to
allocate the ‘person 1’ position and of different anonymity conditions. These
studies show that especially the anonymity conditions have a remarkable influence
on the observed behaviour. If subjects’ decisions could not even be observed by
the experimenter most of the subjects in the dictator game acted purely selfish (see
HMSS Figure 4(c) and 4(d)). But the HMSS results also confirmed the findings of
FHSS, namely that ceteris paribus equal dictators offered considerable less money
to player 2 than the proposers in ultimatum games (compare HMSS Figure 3(c)
and 3(d) with 4(a) and 4(b)).

The subgame perfect equilibrium prediction based on the assumption of pure
selfishness was confirmed by early experiments conducted by Fouraker, Siegel (FS
1963). They played a game with the strategic structure of a one period ultimatum
game framed in market terms. They found strong support for the selfish (Bowley)
equilibrium that gave the proposer nearly three times as much as the responder ’
(see FS p 35, Table 4.2).

The results of HS, HMSS and FS suggest that framing effects may change the
importance of interpersonal comparisons. But in the context of this paper the main
question is whether in ultimatum games the observed deviation of subjects’
behaviour from the selfish equilibrium is caused by interpersonal comparison in
the sense of fairness or not. Therefore we have to ask whether ceteris paribus
equal the behaviour of person 1 in the ultimatum game differs from person 1’s
behaviour in the dictator game. The HMSS-results as well as those of FHSS
indicate that the amount of money people want to give up voluntarily, i.e. not
because of being afraid that their offers will be rejected, is considerably less than
what people have to give up if they are dependent from their partners agreement.
An obvious explanation for this fact is envy on the side of the responder. How this

® Forsythe et. al. 1988, p. 23.

® HMSS 1992, abstract.

7 In contrast to the one period ultimatum game described above the reponder gets a positive amount
of money even if the subjects are purely selfish in the FS-experiments. For details see FS chapter 2 and
3.



G. Kirchsteiger /J. of Economic Behavior & Org. 25 (1994) 373-389 379

mechanism may work and how it can explain the ‘stylized facts’ of ultimatum
game experiments is described in the next sections.

3. The one period envy model

A cake c consisting of money should be divided.
c=x+y (3.1)

with x the amount of money player 1 gets and y the amount of money person 2
gets.
The preferences are represented by the continuous utility functions:

u=u(xy) u,>0u, <0 v=v(yx)v,>0v, <0 (3.2)

with u the utility function of player 1 and v that of player 2. The more person 2
gets, the less is the utility of person 1, and the more person 1 gets, the less is the
utility of person 2 — both players are envious.

Furthermore, it is assumed:

u(m,m) > u(0,0) v(m,m)>v(0,0) Vm>0 (3.3)

This assumption means that both persons are not too envious — both care more
about their own gain than about the gain of the other person. It implies that there is
always a division of the cake, namely equal split, that gives both subjects more
utility than nonagreement — agreement is always possible.

Person 1 makes the offer and she must give player 2 an amount of money y *
that makes player 2 indifferent between acceptance and nonacceptance.

v(0,0)=v(y " x)=v(y ' c-y") (3.4)
Notice that because of (3.2):

dv(y.c—~y)
e W% >0 v(0,c) <v(0,0) <v(c,0) (3.5)
y
Therefore
Ay iy >0, v(0,0)=v(y " c—y") (3.6)

The equilibrium offer is greater than zero, whereas zero is the result predicted by
standard theory.

If the assumptions about the amount of envy (3.3) do not hold, i.e if the
subjects are extraordinarily envious, than agreement may be impossible. But such
extraordinary envy is only one possible reason for the disagreement found in the
experiments. Another, more plausible reason is that the amount of envy is private
information. Even without having analysed such a game with incomplete informa-
tion it is reasonable to assume that person 1 will underestimate the envy of person



380 G. Kirchsteiger / J. of Economic Behavior & Org. 25 (1994) 373—-389

2 with a positive probability. In this case person 1 offers person 2 too little —
disagreement occurs. Therefore both results of the one period ultimatum game
experiments, positive offers and disagreement, can be explained by this one period
envy model.

4. The two period envy model

As already explained in the two period ultimatum game experiments a deviation
in direction of equal share, an influence of the discount factor of person 1,
disagreement and disadvantageous counteroffers have been found. All of these
features can be explained with envy. Furthermore, if this envy is variable — in a
sense that will become clear in the next section — a first mover advantage is
implied by the envy model.

But let us first analyse the model with constant envy. In 2-period games the
discount factors 8, 8, play the crucial role for the division of the cake (8§, €[0, 1]
for i = 1, 2). In theory 8,, 8, reflect the intrinsic impatience of the players. This
intrinsic impatience cannot be controlled in experiment. Furthermore intrinsic
impatience can be neglected in the experiments because the second period follows
immediately after the first period. To mimic the intrinsic impatience and to control
for the discount factors in 2-period games the cake does not consist of real money
but of experimental money, of ‘chips’.

c=w, +w, (4.1)

with w; and w, as the amount of chips the subjects receive in the case of
agreement.

In case of a first period agreement the players get one unit of real money for
one chip. In case of a second period agreement they only get 6, and 8, units of
real money respectively for one chip. Therefore these &,, 6, used in the
experiments are conversion factors. If the assumptions of the standard model are
correct, i.e. if the subjects have non-interdependent preferences the use of such
conversion factors is an adequate way to mimic intrinsic impatience. But as we
shall see conversion factors are no longer an adequate method to mimic impa-
tience in experiments if the subjects have interdependent preferences (see footnote
9).

In our model the preferences are represented by the following utility functions:

u(x,y) =x—ay v(y,x) =y—bx a,be(0,1) (4.2)

x is the amount of real money person 1 gets, y the amount of real money 2 gets.
a,b are constant envy parameters. If this parameter is greater than 0, the person is

® For mathematical convenience these utility functions are less general than those assumed in the one
period case.
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envious, if it is less than 0, he would be altruistic. However, for what follows it is
assumed that a,b are greater than zero and less than one. This means that both are
envious, but they care more about their own income than about the income of the
other person. As it can easily calculated this assumption guarantees that a division
of the cake such that both subjects get the same amount of money makes both
better off than nonagreement — in the first as well as in the second period
agreement is possible.

To calculate the subgame perfect equilibrium backward induction is used.

If agreement is reached in the second period, it holds:

y>=8,w; x*=8—1(c—w;) (4.3)

In the second period person 2 makes the offer. Notice that u = v = 0 holds if both
get nothing. To make person 1 indifferent between accepting and rejecting the
second period offer of person 2 must obey:

0=x""—ay?* =8,c— §w}" —aw?"$, (4.4)
with w3* as the amount of chips that person 2 gets from a second period

agreement that is acceptable for person 1. °
Using (4.1), (4.3), (4.4) leads to:

w2*=L X2*=% y2*=& (4.5)
28, +as, 8, +ad, 8, +asd,
If agreement is reached in the first period, it holds:
x'=c—wj=c—y' yl=wl (4.6)

An accepted first period offer must give person 2 at least as much utility as he can
obtain by rejecting the offer and making the counteroffer in period 2. Therefore a
first period offer that is accepted by person 2 must obey:

y'* —bx!* =y2?* —bx2* (4.7)
Using (4.5), (4.6), (4.7) leads to:
c(8,6,—abd,; 8, +bd, +abJ,)
- (6, +ad,)(1+b)
1

y " is the amount of money (and chips) that person 2 gets if agreement is reached
in the first period.

1%

(4.8)

® If our assumptions about the preferences hold and if the subjects are envious, the use of conversion
factors is no longer an adequate way to mimic intrinsic impatience. Also in the case of envious subjects
real impatience plays no role for the second period agreement if the second period is already reached. It
only plays a role for the first period agreement because person 2’s discounted utility of a period-2-
agreement is his reservation utility for the first-period offer. In contrast the conversion factors 1 and 2
also play a role for the second period equilibrium condition (see (4.4)). Therefore they are not adequate
to control for intrinsic impatience if the participants of the experiments are envious.
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Now introduce a new variable k, defined by:

1%
y
k:= _C_ - 62 (4.9)

*

Remember that without the envy term y'* should be equal c8, (see section 1).
This implies that k is the relative amount of money person 2 gets more than
predicted by standard theory.
Using (4.8) leads to:
ad,(b(8,+8,—1) +86,) +b8,(5,—1)

k= (8, +a8,)(1+Db) (4.10)

Notice that if a,b are zero, k is zero and we are back in the standard model.
Otherwise, regardless of the values of a and b and 8,, k is greater than zero for
6, = 0 and less than zero for 8, = 1.

K(8,=0) = —— >0 K(8,=1) = —— "% _ oy
b+1 (a+8)(b+1)
The derivative of k with respect to §, is always negative.
ok a2(8,)°(b+ 1) +ad,(b(8; +28,) +28,) +b(8,)’
%, (ad,+8,)%(b+ 1) <0
(4.12)

This implies that k is positive, if §, is close to zero (in which case the game is
approximately a one period game), — the resulting split of the cake is more close
to equal share than in the model without envy. On the other hand, if §, is close to
one, k is always negative, 2 gets less than in the model without envy — again a
deviation in direction of equal share.

Standard theory predicts that 8, has no influence at all. But in the envy model
the derivative of k with respect to 8, is positive.

ok a(8,)’(1— ab)
38, (ad,+8,)%(b+1)

(4.13)

The more person 1 gets for a chip in the second period, the less chips person 2
must give him in the second period and the greater is the utility of person 2 of a
second period agreement. An increase of player 2’s second period utility, which is
his reservation utility for the first period offer, improves of course 2’s position for
the first period agreement. This is just the same influence of &, that is reported
from the OR experiment.

In this model disagreement may occur if subjects are very envious (a,b greater
one). Another, more plausible reason is that the envy parameters are private
information. The resulting counteroffer may be disadvantageous, if §, or 8, are
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greater than zero. Using (4.5), (4.6), (4.7) to calculate y'* depending on y**

gives:
b bd béd
1% 1 2+ 1 2%
=c|——- + 1+——|>
y °(1+b 1+b) y( 5,(1+b) ] 7
=Tyl y2* <yl <yl (4.14)

y!* is strictly greater than y>*. Now, if player 1 slightly underestimates b, the
envy parameter of person 2, and if person 1 therefore offers y¥, which is less than
y!*, the resulting counteroffer y2* is less than y", the counteroffer is disadvanta-
geous.

The reason for this possibility of disadvantageous counteroffers is that person 2
is content with less money in the second period than in the first because person 1
also gets less in the second period.

It is possible to construct a first mover advantage within our model by choosing
the parameter a, b, 8;, 8, adequately. But it cannot be assumed that the subjects
playing the role of person 1 in the experiments were systematically more envious
than those playing the role of person 2. Furthermore, the first mover advantage has
been also found in the GT-experiments where both persons had the same discount
factors. In order to analyse the first mover advantage we, therefore, have to look at
situations where a=>b and &, = §,. In such situations k depends on the envy
parameter, denoted by a, and on the conversion factor, denoted by 8, i.e. k = k(a,
8). As it can be easily calculated from (4.10) k(a, &) is greater than zero for &
less that 1 /2 and less than zero for & greater than 1/2.

To define the first mover advantage we compare two situations. In the
a-situation the conversion factor 8¢ is low, whereas in the [-situation the
conversion factor 87 is high. We can speak of a first mover advantage if it holds:

1
vaae[o,g), 88 =1-5:Kk(a,8%) < —k(a,8°) (4.15)

The intuition behind this definition is that the amount of k should be greater for a
high & ( B-situation — in this case the deviation from the standard result is positive
for person 1) than for a low 8 (a-situation — in this case the deviation is positive
for person 2). This means that in a situation when the tendency of an equal share is
positive for person 1 this tendency is stronger than in a situation when it is
positive for person 2.

But using (4.10) and the relation §# =1 — 8% leads to:

k(a,8%) = —k(a,8%) (4.16)

The absolute amount of k is the same for both situations — the advantage arising
from envy is just symmetric for both persons, the first mover advantage cannot be
explained by this model.
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In this model we have assumed that the envy parameters are constant. In the
next section we will make another, more plausible assumption that will cause a
first mover advantage.

5. The impact of variable envy parameters

Until now we have assumed that the envy parameters are constant. But one can
imagine that the importance of one’s own monetary gain relative to the importance
of the monetary payoffs of the others is increasing with one’s own gain. For
example, let us take a look at two games. In the first game a cake of 10 USS has to
be divided and person 1 offers 1 US$. In the second game 10 mill.US$ have to be
divided and the offer is 1 mill. USS$. It is quite likely that person 2 would rather
reject the first than the second offer. Such a behaviour cannot be explained by the
model of the previous chapter because the portion of the cake acceptable for
person 2 is always the same for given discount factors (see (4.8)).

To capture the decreasing relative importance of envy, assume that the utility
functions are given by: '

u(x,y) =x—e(x)y v(y,x)=y—e(y)x (5.1)

As already explained we assume that both players have the same ‘envy attitude’
when we analyse the first mover advantage. Therefore we use the same envy
function e(.) for both players. This function is continuous and has the properties:

e(0) <1;¢' <0;¢(m)>0Vm=0 (5.2)

These assumptions imply that the envy parameter is decreasing with an increase of
a person’s income, but since e(.) is always greater than zero, both persons care at
least a bit about the income of the other person. Because e(.) is always less than
one, an agreement that gives both subjects the same amount of money is better for
both than nonagreement — agreement is always possible.

We will consider a two period ultimatum game. To analyse the first mover
advantage we look at the case where both persons have the same discount factor 8.

In the second period, the equilibrium condition is given by:

0=x?" —e(x?*)y?* (5.3)

0 1f X, y are interpreted as nominal values of money the ‘envy attitude’, i.e. e(.), changes when only
the measure of money is changed. This implies that the preferences represented by such utility
functions are not invariant against changes of the measure of money. Therefore x, y should be
interpreted as real values of money that are invariant against any change of the measure of money. The
‘envy attitude’ does not change with the unit of measurement and only a change of the real gain has an
influence on the ‘envy attitude’.
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Using (4.3) leads to:

cée(x?” )
) a8 (5.4)

2 8 7 —
1+e(x?*) Y 1+e(cd—y**)

The right hand side of condition (5.3) is less than zero for x?* = 0 (except in the
case when &= 0) and greater than zero for x>* = §c. Furthermore the right hand
side of the equilibrium condition is strictly increasing with x2*. Therefore x2* is
strictly positive (except in the case when &= 0) and the solution is unique.

Notice that if & is greater than zero x?* is less and y>* is greater than &c/2
because with x*>* = y?* = §c/2 the right hand side of the equilibrium condition
is strictly positive. Therefore:

éc
x2*<7<y2* for §>0 x** =y?* =0for §=0 (5.5)
The derivatives with respect to § are:
ox2* , ce(x?*
=X2*= t 2*( 2*) 2 % >0
98 1-¢e(x*")x*" +e(x*")
dy?* 1—-¢€(x*")
=y**'=c >0 5.6
a8 7 1—e(x2)y?" +e(x2") (5:6)
Furthermore, because of (4.3), (5.2), (5.6):
’ ’ ’ c C ’
X2 +y?=c 0<x2*<§ 5<y2*<c (5.7)
The equilibrium condition for the first period is given by:
yi—e(ytt)xt =yt —e(y? )x?” (5.8)

For y'* = 0 the left hand side of the condition is less than the right hand side, for
y'* = cit is greater. Therefore y'* is between zero and c. The solution for y'* is
unique, because the left hand side of this condition is strictly increasing with y!*.

(4.6) and (5.8) lead to:

y'U=e(y" ) e —y') +y? —e(y?)x?” (5.9)
Besides y'* is greater than y2*.
y'rey? (5.10)

To see this, assume for a moment that y'* is less than y?*. Because of (5.2),
e(y'*) would be greater than e(y?* ). Furthermore, because of (4.3) and (4.6), x'*
would be greater than x**. But substituting these relations into the equilibrium
condition (5.9) would lead to the conclusion that y'* is greater than y2* — a
contradiction.
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On the other hand, y'* is less than c, because with y'* = ¢ the left hand side
of the equilibrium condition is strictly greater than the right hand side.
Substitution of (4.6) and (5.4) in (5.8) and rearranging the term leads to:

c—ébc¢ X (1+e(y*"))
= +
1+e(y'") 1+e(y')
Because of (5.2), (5.10) and (5.11) x'* is greater than x2*.
x> x?” (5.12)
Substituting (4.3) in (5.8) and calculating the derivative of y'* with respect to &
one gets:

' Iy re(y )yt ey )] (v )y (v —ed)

08 1—e(y"" We—y'"" ) +e(y'™)

1=

(5.11)

(5.13)

Because of (5.4) and (5.7) y'* is increasing with §.

To analyse the properties of this model we use again the variable k that
measures the relative deviation of the results of our model from that of the
standard model. Analogous with (4.9) of the previous section k is defined by:

1%

y
ki=— -6 5.14
- (5.14)

Analogous with (4.15) of the previous section we define the first mover advantage
as:

1
va%[o,g),5B==1—-5“:k(5“)< —k(8%) (5.15)

The amount of deviation is greater when & is high (in this case the deviation is
favourable for person 1) than when & is low (in this case the deviation is
favourable for person 2). Using (5.14) leads to:

k(8%) +k(8P) <0=y'(8%) +y'(8®) <c (5.16)
The first period equilibrium conditions are given by (see 5.9):
yla — y2(x _ e(y2a)x2n + e(ylut)xla le — y2B . e(yZﬁ)XZﬁ + e(y]ﬁ)xlﬁ

(5.17)

We define:
f:=e(x?*) gi=e(y'*) hi=e(y**) ji=e(x*?) ki=e(y'?) L =e(y??)
(5.18)

Because of (5.6), (5.10) and (5.13):
X2a<XZB y2a<yla y2a <y2B<yIB y1a<ylﬁ (519)
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Furthermore y'¢ is greater or equal x2”. Because of (5.13) y!* is lowest when
8*=0 and because of (5.6) x*# is greatest when 8% =1=1— 8. In this case
y2* and x*“ are zero and the equilibrium conditions for x2# and y'“ are given by:

x*P —e(x*®)(c—x?B) =0y’ —e(y'*)(c—y'*)=0 (5.20)

In this extreme case the solution for both conditions are equal. Otherwise y'® is
greater than x*P. Therefore and because of (5.19):

k<g<j<f g<h k<lI<h (5.21)

Using (5.4), (5.9), (5.16), (5.17) and (5.18) the condition for the first mover
advantage becomes after some lengthy manipulations:
0 < fj[gl — gk — 8%(gl — hk)] + f[jl — gk — §~(jl — hk)] + gj[1 — k]
+{1+£][j — g] + [j1 — gk] + 8°j[fh — gl] + 5°[fg — jK]
+ 8%[th —jl] + 8*[f—j] + 6°[g — k] (5.22)
Because of (5.21) all the differences in the brackets are positive. Therefore
condition (5.22) always holds — the model implies a first mover advantage.

The reason for this first mover advantage is intuitively quite obvious. Person
1’s envy is important for the second period offer when the monetary cake size
(and therefore the amount of money the persons can get) is relatively small
compared with the first period, when person 2’s envy plays the crucial role.
Therefore person 1’s envy is — in some sense — greater than person 2’s envy, but
not because person 1 is a more envious subject, but because her envy is important
in a situation when all the subjects act more enviously.

Whether this model with a decreasing importance of envy gives an adequate
description of the real behaviour of the people is of course an empirical question.
In the experiments made until now only a very slight influence of the cake size —
that is implied by this model — is reported. ' But the cake size was always
relatively small and therefore the results may be consistent with this model.
Furthermore all persons (economists and noneconomists) with whom 1 spoke
about these experiments first asked me for the cake size and then told me that their
behaviour would have had depended on it. The very plausible example we made at
the beginning of this chapter (comparison of 2 games, one with a big and one with
a small cake) was made by almost everyone to explain the crucial role of the
absolute amount of money for the possibility of rejecting an offer.

6. Conclusions

Our envy model shows the impacts of the consideration of envy and how envy
can explain the evidence of the experiments, especially the deviation in direction

' See GT 1987, p. 444.
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of equal share, the importance of 8,, disagreement, disadvantageous counteroffers
and the first mover advantage. But of course envy is only one possible reason for
the experimental results.

Another reason may be the violation of the common knowledge assumption —
the people simply do not understand the game properly. In this case people may
apply a social norm like ‘equal division’ just as a rule of thumb to the avoid
difficult calculations for solving the problem. If such calculation problems have
been causing the deviation from the results predicted by standard theory the results
should tend to converge to the theoretical solution if the game is repeated. But
when GT repeated their experiment with a discount factor of 0.1 the average offer
differed even more from the theoretical offer than in the first game. Furthermore,
one- and two-period ultimatum games are quite simple to understand and the
subjects in the GT- and the OR-experiment were students of economics, in the
case of the GT-experiment even familiar with noncooperative game theory.
Therefore we regard a lack of understanding as a quite unplausible reason for the
experimental data.

In this paper we argue that the results of ultimatum game experiments are not
driven by fairness motivation on the side of the proposers but by proposers’ fear of
a rejection of their offers by envious responders. Nonetheless, we think that for
many ‘real world’ situations interpersonal comparison not only in the sense of
envy but also in the sense of fairness may play an important role. In order to find
within the context of ultimatum games effects that are an unambiguous indication
for fairness one may conduct the following two stage experiment. In the first stage
a one period ultimatum game is performed. If person 2 accepts an offer he has to
choose a variable in the second stage. This variable has the property that the
higher this variable is the higher is person 1’s gain and the lower is person 2’s
gain. Like in ordinary ultimatum experiments positive offers may be explained by
envy within such a two stage experiment. But an envious person 2 should always,
i.e. irrespectively of the agreed upon offer, choose the lowest possible value of the
second stage variable because any increase of the value of this variable leads to an
decrease of his own gain and to an increase of person 1’s gain. On the other hand,
if in such an experiment one observes that the chosen value of the second stage
variable is systematically higher the higher the offer is one has to conclude that the
responder compares his gain with that of person 1 in the sense of fairness.
Therefore such an experiment allows to distinguish properly between fairness- and
envy-motivated behaviour.
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