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Chapter 1

Introduction

Bargaining takes place in everyone’s daily life, e.g. the decision-making process

between a husband and his wife which cultural event to attend in common, when

the husband prefers an evening at the cinema whereas his wife prefers to go to the

opera. Generally, we can state that ”a bargaining situation is a situation in which

two players have a common interest to co-operate, but have conflicting interests

over exactly how to co-operate” (Muthoo (1999), p.1). Hence, a bargaining pro-

cess is always characterized by a combination of cooperation and competition.

Competition to assert my first preference and cooperation to achieve a mutual

bargaining consent.

In a bargaining process two players usually make offers and counteroffers to

each other on how to divide a certain amount of money until one of the players

accepts an offer. This process might run as follows. First player 1 proposes an

offer to player 2 on how to divide the amount of money between them. Then

player 2 has the possibility to accept or reject the offer. If he accepts the offer,

the money is split according to the proposal of player 1. If player 2 rejects it is

his turn to make a counteroffer on how to divide the amount of money. Then in

turn player 1 can either accept or reject the counteroffer. If he accepts the money

is split according to the counteroffer otherwise he must state a new offer. This

1
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bargaining process continues until an agreement is reached. Since the possibility

to make an offer alternates between the two players this bargaining process is

called alternating-offers game.1

If we cut out a single period of the alternating-offers game we get the so

called ultimatum game. The ultimatum game is the simplest model to structure

bargaining between two subjects. As the sequence is the same as a single period in

the alternating-offer bargaining game the ultimatum game ends after one period.

Therefore player 2 is not allowed to make a counteroffer if he rejects the offer.

If player 2 rejects, no trade occurs and the payoff to both is zero. If he accepts

trade occurs and player 2 receives the offer made by player 1 and player 1 gets

the difference between the amount of money being divided and his offer. Further

on we call player 1 proposer and player 2 responder in an ultimatum game.

Game theory assumes that bargainers behave rational. They solely consider

their own monetary payoff in their utility function. The ultimatum game ana-

lyzed with the backward induction to get the subgame perfect equilibrium (Selten

(1965)) yields that the proposer should provide the smallest available amount to

the responder to maximize his own utility. Since the responder will accept every

offer greater than zero to maximize his utility due to the fact that the smallest

amount is better than zero.2

But recent experimental studies with complete information provide some ev-

idence to reject the game theoretic prediction of the ultimatum game. In these

experiments3 we can obtain that offers under 20 % of the pie are rejected half of

the time and the mean offer lies between 30 % and 40 % with many offers near

the equal split. Many experimenters conclude that this experimental finding is

due to the fact that players care about other regarding considerations, e.g. the
1For a theoretical approach see Rubinstein (1982)
2If the proposer offers zero to the responder the responder is indifferent between accepting

and rejecting. Here we assume that if he is indifferent he will reject the offer.
3For a good overview see Roth (1995)
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fear of rejection of a small offer or fairness considerations. These fairness con-

siderations incorporate both that people dislike unequal outcomes and/or being

treated unfairly. This conclusion was reviewed in dictator games4 as well as in

ultimatum games with incomplete information. The offers of the proposers in

these two experiments were lower and the rejection rate was not as high as in

the ultimatum game. Hence, the experimenters reason that players consider a

self-interested definition of fairness instead of taking pure fairness into account.

Based on these results researchers developed theoretical models to capture

fairness considerations. These models specify that players take social motivations

into account instead of behaving purely selfish and further on hold the assumption

that players behave rationally. Fehr and Schmidt (1999) as well as Bolton and

Ockenfels (2000) consider in their models that players are avers towards inequity.

Whereas Rabin developed a model for the intention-based reciprocity aspect to

capture the fact that people are kind to those who are kind to them and hurt

those who hurt them. These aforementioned models are discussed in chapter 2.3.

Next to the ultimatum game another simple model to structure bargaining

with incomplete information is the double auction first analyzed by Chatterjee

and Samuelson (1983). In this model two players, a buyer and a seller, bargain

about the price at which a single good should be traded between them. The seller

has costs and the buyer has a value for the good. They both simultaneously state

a price for which they want to sell or buy the good. If the price of the buyer is

greater or equal to the price of the seller, trade will occure at a price which is

determined by a predetermined price setting rule. Otherwise no trade occurs.
4The dictator game proceeds in the same way as the ultimatum game but the responder

solely determines his own payoff. His decision to accept or reject the offer has no influence on

the payoff of the proposer. In case of a rejection of the responder the proposer still gets the

difference between the pie an his offer, whereas the responder receives nothing, If the responder

accepts the pie is divided according to the proposed offer.
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If the price is determined by the average of the stated prices Chatterjee and

Samuelson show that a pricing strategy linear in costs (for the seller) or value

(for the buyer) is an equilibrium among others. More generally, Myerson and

Satterthwaite (1983) show for uniformly distributed valuations that the double

auction with a linear equilibrium is the most efficient mechanism but indeed ex

post inefficient. Inefficiency arises because seller and buyer tend to overstate their

costs respectively understate their value in order to get a better deal. Also in

experiments capturing the double auction framework a deviation from the game

theoretic prediction is observable.

However, experimental evidence (Rapoport and Fuller (1995)) suggests that

subjects seem to come to a more efficient outcome than theory would predict.

We take this as an indication that people do not behave purely selfish as assumed

by the theory but take different considerations into account as well. In chapter 4

we investigate what happens in a double auction under two sided incomplete

information if players are averse towards inequity. This chapter is co-work with

Achim Wambach.

The basis of our analysis is the model of Fehr and Schmidt (1999). In this

model the utility of a person decreases whenever the final split is unfair. In this

framework we can show that if inequity aversion increases the outcome becomes

more efficient. Furthermore there is one equilibrium of the double auction which

is efficient, i.e. all gains of trade are realized, if inequity aversion is sufficiently

strong. However, it is also shown that another equilibrium candidate, a price

equilibrium in a double auction with inequity aversion is more inefficient than

without inequity aversion. In a price equilibrium, both players either agree to

trade at the equilibrium price or, if at least one player refuses to trade, no trade

will take place.

Based on our theoretical model we conducted two double auction experiments

to review our theoretical results. In experiment 1 we tested the performance of the
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double auction when the price is determined by the average of the stated prices

and in experiment 2 the performance of the price equilibrium. The result of

experiment 1 confirms, whereas the result of experiment 2 rejects our theoretical

model.

The outline of this thesis is as follows. In chapter 2 we give a brief overview

over the experimental results in ultimatum games with complete and incomplete

information and present some theories which model different fairness considera-

tions. Next we show the double auction model and the experimental evidence

concerning this model. In chapter 4 we investigate the double auction with in-

equity aversion and present in chapter 5 our experimental results of our double

auction experiment. Chapter 6 concludes.



Chapter 2

Fairness in Bargaining

2.1 Ultimatum games

The pioneer work on ultimatum game experiments of Güth, Schmittberger and

Schwarze (1982) documented that people do not behave as predicted by the

subgame-perfect equilibrium. Instead they observe a deviation to a 50:50 split.

After this work many experimental studies were conducted and confirm this

strong deviation from the game theoretic prediction.1 The common explana-

tion for such a divergence is that players do not only care about their monetary

payoff, but they also care about how much the other player receives compared to

them.

From considering additionally the distributional fact of the game experimenter

follow that players take fairness considerations into account. But what is fair

or determines a fair offer? Pillutla and Murnighan (2003) offer an interesting

discussion on this topic. They discuss fairness in a historical, philosophical and

psychological approach and conclude that ”fair or just behavior must then mean
1For a good overview see Roth (1995) and Camerer (2003). Latter gives also an overview over

experiments with changed methodolocigal, demographic, descriptive and structural variables

and the influence of culture.

6
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an act that is intended to result in fair outcomes” (p. 246), whereby they assume

a fair outcome as an equal one. Hence, we assume in our context a fair outcome

as a 50:50 split of the pie.

In order to be fair to the responder the proposer offers nearly half of the

pie and the responder accepts. When instead the proposer offers only 10 % the

probability that the responder rejects is high, because the responder has the

feeling of being treated unfairly. Also Güth and Tietz (1990) stated as a result

”that people are willing to sacrifice considerable monetary amounts in order to

punish someone who has been to greedy and that they do so even if it will not be

of any help for them in the future” (p. 447). Generous offers could therefore also

be due to the fact that the proposer may fear a rejection of low offers, instead of

being truly fair.

An easy way to distinguish these two facts is the dictator game. This game

proceeds in the same way as the ultimatum game but the responder solely deter-

mines his own payoff. His decision to accept or reject the offer has no influence

on the payoff of the proposer. If he rejects the proposer still gets the difference

between the pie and his offer, whereas the responder receives nothing. If he ac-

cepts the pie is divided according to the proposed offer. There is no need for

the proposer to fear a rejection of the offer. A high offer might be interpreted

as evidence that the proposer behaves truly fair. Forsythe, Horowitz, Savin and

Sefton (1994) first compared in an experimental setting the dictator game with

an ultimatum game. The dictator game shows also positive offers but not as high

as in the ultimatum game. The mean offer of the dictator game is about 20%

of the amount of money, compared to 40% in an ultimatum game. This result

yields some evidence that proposers behave fair, but not as high as anticipated

in the ultimatum game.2 Therefore we have two effects in the ultimatum game

concerning the proposers’ offer. It seems that on the one hand proposers try to
2For a similar result see Hofmann, McCabe, Shachat and Smith (1994).
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behave fair and state therefore a higher offer than predicted by the theory. But

on the other hand they might fear a rejection of their offer and state therefore a

higher offer than they would when they must not fear a rejection.

Next to the fairness considerations as an explantion for the experimental find-

ing that proposers state higher offers and responders reject small offers in ultima-

tum games, Roth and Erev (1995) provide another explanation. They interpret

the deviations from the game theoretic prediction as a form of bounded ratio-

nality and therefore developed a learning model. Their important point is that

players learn in a game and therefore will reach the subgame perfect equilibrium

after gaining sufficient experience. Due to this fact they furthermore assume that

the utility of a player exclusively depends on the monetary payoff and that the

players are purely selfish. The idea behind such a learning model is to bridge

the gap between the experimental outcome and the subgame perfect equilibrium.

The argumentation might run as follows. The costs for the responder to reject a

mean offer are low whereas the costs to the proposer are high. Hence the proposer

has a higher incentive to learn more quickly to offer a higher amount than the

responder learns to accept a lower offer. This leads to a very slow convergence -

if at all - to the subgame perfect equilibrium. Therefore this model does not give

a sufficient interpretation for the experimental finding.

A further explanation for the deviation from the predicted subgame perfect

equilibrium outcome in ultimatum games is provided by Ochs and Roth (1990).

In their ultimatum experiment they also found the evidence that responders reject

offendingly small offers and therefore presume that responders receive more dis-

utility from a small offer than utility by accepting such an offer. Ochs and Roth

assume that this disutility takes the form of a simple monetary threshold and

developed a model with an exogeneous given acceptance threshold. Every player

has a monetary threshold independent of the amount being divided. If the offer

is equal to or greater than the threshold the responder accepts otherwise he will
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reject the offer. But we doubt that such a threshold can be exogenously given.

Instead we reckon that every player determines his own monetary threshold and

hence includes also underlying expectations about the opponents behavior and a

self defined rule of fairness.

In the ultimatum game usually the proposer makes an offer to the respon-

der. But does it make a difference for the responders’ acceptance decision, if

someone else, e.g. a third person proposes a split of the amount? Blount (1995)

distinguished between three different types of price setting, a random price set-

ting which is computer based (random group), a natural price setting whereby a

third person determines the price (third party group) and the usual proposer offer

(interested party group) in the experimental study. To answer the quintessential

question ’how does the responder react on different ways of proposing an offer’

Blount conducted three studies. In the first two studies there are three groups

according to the 3 different types of price setting. The players were told which

group they belong to and that an amount of $ 10 should be divided.

In the first study the players were namely asked to draw the distribution

across the range of possible outcomes in their group and were then asked to state

the lowest amount willing to accept if they are a responder. In the random and

third party group a price is stated whereby in the interested party group the

randomly selected proposers make an offer to the responders. The mean of the

lowest amount willing to accept is significantly different between the interested

party group and the random group and between the third party group and the

random group but not between the interested group and the third party group.

It seems that responders in the interested party group pay attention on nearly

equal splits of the amount being divided, whereas the responders in the random

group try to maximize their own payoff by stating $ 0.5 as lowest amount willing

to accept, whereas the responders in the third party group state as the lowest

amount willing to accept, which is a composition of the other two groups.
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In study 2 all players were ”randomly” assigned to the responder role in one

of the three groups, since they were told, that the offers were already made.

Then they must also state their lowest amount willing to accept. In this study

more lowest amount willing to accept lie under $ 1 than in study 1. This yields

some evidence for payoff-maximizing behavior. Given that the offers are already

made, subjects consider a more self-interested behavior, rather than considering

notions of fairness. However the third party group shows in both studies a similar

retaliation against the offers as the interested party group. This might be due

to the fact that in these two groups human actors make the offers and therefore

players consider the comparative payoff more than in the random group.

In study 3 Blount tried to analyse the lack of difference between the third party

and the interested party group, whereby the amount being divided is now $ 7.

Therefore she used different elicitation effects. According to Blount and Bazerman

(1996), who found that making the responders aware of their behavior and the

consequences of their behavior on the proposer, decreases the lowest amount

willing to accept, she distinguishs between two elicitation effects. Namely, the

dual payoff condition in which all possible amounts to the responder from splitting

the pie are listed next to the proposer’s amounts and the control condition, which

is the concept of stating the lowest amount willing to accept. In every group

(third party and interested party) there are two subgroups, one with the dual

payoff condition and one control condition. A comparison between the interested

party group and the third party group within the dual payoff condition shows

a significant difference between these two groups, whereas within the control

condition there is no significant difference. This study consequently verifies the

results of Blount et. al. when subjects are aware of the impact of their decision on

the opponents’ payoffs the lowest amount willing to accept decreases compared

to the situation in which they are not aware of their behavior.
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This yields that responders care about fairness as long as the price / offer

is stated by a human being, e.g. third neutral party or proposer. A difference

between the third party and the interested party emerges when the responders

are aware of the impact of their decision on the payoff of the proposer. Then

responders with a third neutral person setting the price are conscious that they

punish their opponents for getting a fair share although the opponent is not

responsible for this proposed split.

Concluding we can state that in all beforehand mentioned experiments re-

sponders care about fair offers and proposers take fairness considerations into

account. In ultimatum games with complete information the proposed share is

higher than in dictator games, since proposers must additionally fear a rejection

by the responder if the offer is not nearly a 50:50 split of the pie. But also in

dictator games the try to offer a nearly fair split can be observed.

These experiments were all conducted under complete information. But how

alters incomplete information the acceptance decision of the responder and the

offers proposed by the proposer. Since what is a fair split, e.g. an equal split, is

not clear if one player does not know the exact amount to be divided. At least

one player cannot compute the reference point (the equal split) which determines

which offers are fair or unfair. Therefore we discuss experiments with incomlete

information in the next chapter.

2.2 Ultimatum game with incomplete information

All this aforementioned experiments on ultimatum games provide full information

both to the proposer and to the responder. Another possibility alongside the

dictator game to verify if subjects really care for fairness is the ultimatum game

with incomplete information.
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Incomplete information appears when some parts of the game are not common

knowledge. Mostly it is assumed that at least one player does not know the payoff

function of his opponent(s), he only knows the distribution over possible payoffs.

Let us now consider the case of an ultimatum game where only the proposer knows

the exact amount of money, whereas the responder only knows the distribution

over the possible amounts. Hence the responder cannot compute the payoff of

the proposer since the offer indicates solely his own payoff whereas the payoff of

the proposer is determined by the amount of money minus the offer. In turn the

proposer knows that the responder has only distributional information about the

possible amounts of money and further on the responder knows that the proposer

knows that he has only distributional information over the possible amounts of

money being divided and so on. This gives the proposer the possibility to pretend

to have a small amount although he has the highest possible one by offering the

half of the small amount and hence appear fair.

Straub and Murnighan (1995) conducted an experiment to test whether pro-

posers take advantage of respondents’ lack of information or make the same offer

under incomplete as well as under complete information. If proposers take ad-

vantage of the asymmetric information setting they are called by Straub and

Murnighan as ’strategicpeople’ otherwise as ’fairpeople’. First all subjects are re-

sponders and do not know the amount being divided. They must decide whether

to accept or reject a series of offers and if they reject what is their lowest amount

willing to accept. Then the same procedure was conducted with complete in-

formation to the responders. Following the subjects alternate to the proposer

part and had to state offers with the knowledge that the responders do not have

any information about the amount being divided and then under the complete

information setting, when the responders know the amount being divided. In

this experiment Straub and Murnighan found that responders reject less often

small offers when they do not know the amount being divided as they do when
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they can compare their outcome with the proposers’ outcome (complete informa-

tion) and furthermore proposers offered significantly less when the responders do

not know the amount being divided. Hence, Straub and Murnighan concluded

that proposers are ’strategicpeople’ rather than ’fairpeople’ and therefore are not

purely motivated by fairness concerns, instead they assume that proposers want

to appear fair. Although responders use fairness considerations to explain a high

amount willing to accept, when these responders propose an offer in an ultimatum

game they behave strategic rather than fair.

In an extension to Straub and Murnighan Pillutla and Murnighan (1995)

conducted two experiments. In experiment 1 they investigated the behavior of

proposers and in experiment 2 the behavior of responders on different informa-

tion and label conditions - offers can be marked with a fairness / unfairness label

or with no label. The conditions are as follows. Pillutla and Murnighan distin-

guished between complete and incomplete information therein between unlabeled

and labeled offers and within the label condition between labeled by the proposer

or a third party. Proposers stated offers for different monetary amounts being di-

vided in these different conditons. The analyis of the experimental results yields

that proposer offer the smallest amounts in the self-label, incomplete information

setting, higher amounts in the no label, incomplete information setting and the

highest amounts in the third-party-label and in the complete information setting.

In the second experiment the responder received offers under the same conditions

as in experiment 1. Mostly all of the large offers were accepted whereas small

offers were less often accepted. Further on respondents only consider fairness

labels if they come from an independent third party and are attached to small

offers. Therefore Pillutla and Murnighan conclude that responders care for a fair

outcome and that proposers try to take advantage of information asymmetries by

stating low offers as well as using fairness labels exploitatively. But it seems that
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responders expect this behavior and hence did not consider fairness labels from

the proposers.

Kagel, Kim and Moser (1996) conducted also an ultimatum game experiment

with incomplete information. In their experimental setting subjects bargained

over 100 chips. After the game the chips were converted into dollars, whereby

the conversion rate alters for every player in the experimental settings. They

provided a 3x2-setting, containing complete information, incomplete information

over the conversion rate to the responder respectively to the proposer and within

each information setting they differentiate who has the higher conversion rate.

The ’when only the proposer is fully informed’ setting gave Kagel, Kim and Moser

the possiblity to investigate if proposers are really fair or if they are motivated by

a self-serving definition of fairness. The experimental results show that proposer

offer an roughly equal chip split when they have a higher conversion rate whereas

they offer an unequal chip split when they have the lower conversion rate (which

resulted in an almost equal monetary split). Kagel, Kim and Moser affirmed in

the setting ’when only the responder is fully informed’ that relative income effects

play a role in the decision of the responder to accept or reject an offer. Reponders

compare their payoff to the payoff of their opponents in terms of an equal outcome.

This assumption is also stated in the literature about the ultimatum game and is

explicitly modeled by Fehr and Schmidt (1999) and Bolton and Ockenfels (2000).

In the experiment with complete information proposers defined a self-serving

definition of fairness by offering an equal chip split when they have the higher

conversion rate whereas they offer an equal monetary split in the case when

they have the lower conversion rate. These results show that players take fairness

considerations into account, especially responders care for an equal payoff whereas

proposers consider self-serving definitions of fairness depending of the information

available to them and the responders.
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Another experiment to test if subjects take fairness considerations into ac-

count is the two-level ultimatum game with incomplete information about the

monetary amount being divided conducted by Güth, Huck and Ockenfels (1996).

They slightly modified the ordinary ultimatum game via an interconnection of

two ultimatum games with three players. Player 1 is just proposer to player 2,

player 2 is both responder to player 1 and proposer to player 3 whereas player 3

is just responder to player 2. Güth et. al. expected that player 2 will be more

concerned about fairness than usual proposer are, since he is both responder and

proposer. The amount being divided was either z = 24.60 with a probability 2
3

or

z = 12.60 with probability 1
3
, whereby only player 1 knows the monetary amount

being divided whereas player 2 and 3 only know the distribution over the possible

amounts. The offers of players 1, having the large cake, lie mostly in the interval

[8.00, 8.40], which yield Güth et. al. to the conclusion that players 1 pretend

to be fair, since really fair offers3 with 2
3
z = 16.40 are uncommon. Players with

a small cake usally offered an equal split between all three players to players 2

and therefore show fair behavior. When players 1, having the small amount to

divide, offered significantly less than a fair share these offers were significantly

more often rejected by players 2 than offers which are fair or pretending to be

fair. Offers greater than the fair share of the small cake, e.g. > 8.40 were never

rejected. Players 3 behave in a constant manner although they only know the

offer of player 2 to them. They determined an acceptance threshold of 2.00 over

(under) which every player 2 offer was (was not) accepted. Therefore Güth et. al.

concluded that fairness really matters in ultimatum games, since most proposers

maximize their outcome by pretending to be fair. Güth et. al. fix their conclusion

on the fact that almost all proposers offer the fair share of the small cake to the

responder and therefore appear fair, since the responder has only a distributional
3In this experiment a really fair offer is 33% of the pie for player 1 and 67% for players 2 to

be divided between player 2 and 3
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information about the amount and therefore might believe that the proposer has

the small cake to divide.

We reason from the aforementioned experiments that fairness also matters in

ultimatum games with incomplete information. Not in the sense of pure fairness,

as defined by an equal division of the cake, rather in a more self-serving definiton

of fairness. The more informed party (in most experiments presented here the

proposer) tries to appear fair and not greedy in order to an acceptance decision

of the responder, who cares at least for a seemingly fair outcome.

2.3 Theoretic models of fairness

In this section we present the most common theories which model (different) fair-

ness considerations. The inequity aversion models of Bolton and Ockenfels (2000)

and of Fehr and Schmidt (1999) capture fairness in terms of a social comparison,

e.g. players compare their payoff with their opponents payoffs, whereas Rabin

(1993) models fairness with an intention-based reciprocity setting. He assumes

that people treat those fairly who treated them fairly and hurt those who hurt

them. First we want to present the intention-based reciprocity model of Rabin

and proceed with the inequity aversion models of Fehr and Schmidt and Bolton

and Ockenfels.

2.3.1 Reciprocity - the model of Rabin (1993)

Rabins model is based upon three stylized facts:

• People help those who are being kind and therefore are willing to sacrifice

at least a part of their monetary payoff.

• People punish those who are being unkind and sacrifice at least a part of

their monetary payoff.



CHAPTER 2. FAIRNESS IN BARGAINING 17

• Both latter facts have a greater effect as the monetary costs of sacrificing

becomes smaller.

To capture these facts Rabin implemented his intention-based reciprocity ap-

proach in the existing psychological game of Geanakoplos, Pearce and Stachetti

(1989). The utility in psychological games does not solely depend on the mone-

tary payoff but also on the beliefs about the behavior of the other players. Rabin

focuses on two players, normal form games with the (mixed) strategy sets S1 and

S2 for players 1 and 2. Let πi : S1 × S2 → R be player i’s monetary payoff

with i = 1, 2. We now define the strategies and the beliefs over strategies for the

players. ai ∈ Si represents the strategy chosen by player i, bi ∈ Si is the belief

of player j (j 6= i) about the strategy player i chooses and ci ∈ Si is the belief of

player i about what player j beliefs player i’s strategy is.

Rabins’ first step to capture fairness is the definition of a kindness function

fi(ai, bj). This function states how kind player i is to player j. If player i beliefs

that player j chooses strategy bj than player i does not solely determine his own

payoff but also his opponents payoff by choosing from among the set Π(bj) ≡

{πi(a, bj), πj(bj, a)|a ∈ Si} a payoff pair (πi(ai, bj), πj(bj, ai)). Let πl
j(bj) (πh

j (bj))

be the lowest (highest) possible payoff of player j among payoffs which are Pareto-

efficient in Π(bj) and πe
j (bj) = [πl

j(bj) + πh
j (bj)]/2 the ”equitable” payoff, which

can be seen as a reference point how generous player i is to player j. Terminatory

let πmin
j (bj) be player j’s lowest payoff in Π(bj). The kindness function is then

defined as

fi(ai, bj) ≡
πj(bj, ai)− πe

j (bj)

πh
j (bj)− πmin

j (bj)
. (2.1)

If πh
j (bj) − πmin

j (bj) = 0, then fi(ai, bj) = 0. Note fi = 0 if player i tries to give

player j the equitable payoff and fi > 0 if he tries to give more than the equitable

payoff.
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In a next step Rabin defined the belief function f̃j(bj, ci), which indicates

player i’s belief about how kind player j is to him. The belief function is defined

similarly to the kindness function of player j and denoted by

f̃j(bj, ci) ≡
πi(ci, bj)− πe

i (cj)

πh
i (ci)− πmin

i (ci)
. (2.2)

If πh
i (ci) − πmin

i (ci) = 0 then f̃j(bj, ci) = 0. Given the monetary payoff and the

aforementioned kindness functions Rabin could fully specify the expected utility

function of the players as

Ui(ai, bj, ci) ≡ πi(ai, bj) + f̃j(bj, ci)[1 + fi(ai, bj)], (2.3)

whereby each player i chooses ai to maximize his expected utility. This function

allows for all stylized facts presented at the beginning. If player i beliefs that

player j is intended to treat i unkindly (f̃j(bj, ci) < 0) player i will choose a

strategy ai such that fi(ai, bj) is low or negative. On the other hand, if player i

beliefs that player j is intended to be kind (f̃j(bj, ci) > 0) player i will choose a

strategy ai such that fi(ai, bj) is positive, e.g. player i wishes to be kind to player

j. Both kindness functions must lie in the interval [−1; 0.5]. This condition allows

for the fact, that with increasing monetary payoffs the fairness consideration gets

less and less important.

A strategy pair (a1, a2) ∈ (S1, S2) is a fairness equilibrium in a psychological

game if the strategy pair are mutually best responses to each other, i.e. ai ∈

arg maxa∈Si
Ui(a, bj, ci), and the sets of rational beliefs, (b1, b2) and (c1, c2), are

consistent with the equilibrium play.

Rabin’s model is the first one which investigates the notion of fairness by

capturing reciprocal behavior in a theoretical framework. His model is consistent

with the rejections in ultimatum games, but the downside is the plethora of

equilibria, which obtain when psychological payoffs matter, e.g. there are always
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two equilibria, one when both players are nice to each other and a second one

when they are nasty, but it is not clear which equilibrium they are going to

play. Futhermore there are also insensate equilibria where the opponent receives

more than 50 % of the pie.4 Due to the plethora of equilibria this model is not

convenient to extent on other, even more complex bargaining environments than

the ultimatum game or the dictator game.

2.3.2 Inequity Aversion

2.3.2.1 The model of Fehr and Schmidt (1999)

The inequity aversion model of Fehr und Schmidt (1999) captures the experimen-

tal finding that players dislike unequal outcomes. Players compare their payoff

with the payoffs of their opponents and are willing to sacrifice a monetary amount

to reach a more equitable outcome. Fehr and Schmidt assume that players only

care for a self-centered version of inequity and do not care in a more general way

about inequity aversion which exists between other players. Furthermore the

players are assumed to distinguish between inequity from which they are better

or worse off and further on suffer more from inequity that is to their disadvan-

tage than from inequity that is to their advantage. The utility function of player

i ∈ {1, 2, ..., n} is given by

Ui(x) = xi − αi
1

n− 1

∑
j 6=i

max{xj − xi; 0} − βi
1

n− 1

∑
j 6=i

max{xi − xj; 0}. (2.4)

The payoff of player i is denoted by xi. The second term measures the dis-

utility of a disadvantageous division for player i weighted with the envy-factor αi

of player i, whereby the third term measures the disutility of an advantageous

division for player i weighted with the compassion factor βi of player i. To fulfill
4See Fehr and Schmidt (2000).
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the assumption that the players suffer more from inequity that is to their dis-

advantage than to their advantage it must hold that βi ≤ αi. Further on Fehr

and Schmidt assumed 0 ≤ βi < 1, since they want to rule out the possibility

that a player likes to be better off than his opponent (β < 0) and furthermore it

seems implausible that players want to throw away one monetary unit in order

to reduce their advantage relative to their opponents (β = 1).

2.3.2.2 The model of Bolton and Ockenfels (2000)

Another model which captures the idea that people do not solely care about

their monetary payoff but also care about their payoff compared to others is

the Equity-Reciprocity-Competition (ERC) -model from Bolton and Ockenfels

(2000). They consider a n-player setting with i = 1, 2, ..., n and assume the

payoffs as nonnegative, yi ≥ 0 for all i. The relative payoff of player i is defined

as

σi = σi(yi, c, n) =


yi

c
if c > 0

1
n

if c = 0
(2.5)

with the total monetary payout defined as

c =
n∑

j=1

yj. (2.6)

The expected utility function, called motivation function, is then given by

vi = vi(yi, σi) (2.7)

Furthermore Bolton and Ockenfels assume that vi is continuous and twice dif-

ferentiable and that the players are narrow self-interested. Narrow self-interested

means that if two motivation functions yield the same outcome the player prefers

the one with the higher monetary payoff. Further on they assume that the moti-

vation function, with yi fixed, yields a maximum around the allocation where the
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monetary payoff of player i equals the average share. This maximum is called the

reference point. To allow for the trade-off between striving towards the reference

point and reaching a good monetary payoff, Bolton and Ockenfels introduced two

thresholds for every player, denoted by ri(c) and si(c), whereby ri(c) is defined

as

ri(c) = arg max
σi

vi(cσi, σi), c > 0. (2.8)

si(c) is implicitly defined by

vi(csi, si) = v(0, 1/n), c > 0, si ≤ 1/n (2.9)

Further on Bolton and Ockenfels show that for the case n = 2, ri(c) corre-

sponds to the amount player i would propose to his opponent in a dictator game,

whereas si(c) corresponds to the rejection threshold of player i in an ultimatum

game. These thresholds are assumed as private information and heterogenous

among players.

Since Bolton and Ockenfels do not show a specific functional form, their util-

ity function is more versatile than the one of Fehr and Schmidt. But the specific

functional form of the utility function of Fehr and Schmidt makes it more com-

fortable to extent their model to other bargaining environments. Therefore we

implement the inequity aversion model of Fehr and Schmidt in the double auction

framework.



Chapter 3

Double auction

3.1 Theory

The double auction is a further possibility to structure bargaining with two-sided

incomplete information, first investigated by Chatterjee and Samuelson (1983).

As in the alternating-offer model a buyer and a seller bargain over the price of

an indivisible good. In the double auction setting both players state a price to a

coordinator, who determined whether the good is traded and at which price p.

For this trading problem we assume that the seller has costs c for producing

the good, whereas the buyer has a value v for the good. The valuations are private

information to the seller and buyer, respectively. Both players consider the other’s

valuation as an independent random variable distributed over a given interval c ∈

[c, c] and v ∈ [v, v]. The appropriate probability functions are denoted by g(c) and

f(v), respectively, and are assumed as continuous and positive on their domains.

The corresponding cumulative distribution functions are denoted by G(c) and

F (v), respectively. To ensure that both parties participate in the bargaining

process each party must have a nonnegative expected utilitiy, regardless of her

valuation c and v.

22
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The bargaining rule in the double auction is as follows. Seller and buyer

simultaneously submit sealed bids s and b respectively. If b ≥ s trade takes

place at a specified price p, otherwise no trade takes place. This setting has

many equilibria.1 One possible equilibrium yields the linear equilibrium strategy

another one is the price equilibrium.

First consider that the price is determined by p = kb+(1−k)s with 0 ≤ k ≤ 1.

We regard now three special cases of this price setting rule. When k equals 0 the

price setting of the double auction is similar to the price setting in the ultimatum

game. The seller has the right to state a price while the offer of the buyer

determines only if there is an agreement or not. The price is solely determined

by the seller. Contrary is the case when k equals 1. This gives the buyer the

right to solely determine the price whereby the seller now determines if trade

occurs or not. Trade occurs if his bid is lower or equal to the buyer’s otherwise

no trade occurs. This case is similar to the price setting rule in the ultimatum

game whereby the buyer is the proposer. In the third case the price is determined

as the average of both bids. This price setting is called split the difference rule,

formally p = (b + s)/2. Further on we consider the split the difference rule.

If trade occurs the payoff of the seller is determined by the difference of the

price and his costs, p − c, and of the buyer by the difference between the value

and the agreed price, v − p, otherwise it is zero for both players. More formally

ΘS =

 p− c if b ≥ s

0 if b < s
(3.1)

ΘB =

 v − p if b ≥ s

0 if b < s
(3.2)

Furthermore we assume that the players maximize their utility depending on

their own reservation value given the bid of the opposite player by stating an
1See Leininger, Linhardt and Radner (1989) for more details
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offer, whereby the offer is determined by a function of the particular reservation

value, formally denoted by

s = S(c) (3.3)

b = B(v) (3.4)

Therefore the expected utilities could be expressed by

US(c, s) =
∫ v

B−1(s)
(p− c)f(v)dv (3.5)

UB(v, b) =
∫ S−1(b)

c
(v − p)g(c)dc (3.6)

Equations (3.1) - (3.4) determine a non-cooperative game. An equilibrium of

this game is a pair of strategies, which are mutually best responses to each other.

In other words, a single player is not able to increase his expected utility by

altering his strategy without a inducing a loss in the opposite players’ expected

utility.

If G(c) and F (v) are uniformly distributed over the closed interval [0, 1] and

considering the split the difference rule the following piecewise linear bidding

strategies characterize an equilibrium,

S(c) =


1
4

+ 2
3
c if c ≤ 3

4

c if c > 3
4

(3.7)

B(v) =

 v if v < 1
4

1
12

+ 2
3
v if v ≥ 1

4

(3.8)

In a more general way Myerson and Satterthwaite (1983) have shown that

this particular equilibrium yields the most ex post efficient outcome among all

possible Bayesian-Nash equilibria which are individually rational and incentive

compatible, but it is inefficient. There is an inevitable loss of possible trades
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caused by the asymmetric information, which would occur if players truthfully

reveal their valuation.

A further price setting rule yields the price equilibrium. In a price equilibrium

the price p at which trade occurs is known by the seller and buyer. Both must

simultanously state their bid. Under the assumption that the valuations are

uniformly distributed over the closed interval [0, 1] the best strategy to maximize

the total gains of trade is for both players characterized by a step-function. As

long as the sellers’ costs (buyers’ value) is lower (higher) than the stated price

they should bid the price. Otherwise the seller should bid 1 and the buyer 0

respecitvely. The equilibrium bidding strategy for the seller respectively buyer is

as follows

s =

 p if c ≤ p

1 if c > p
(3.9)

b =

 0 if v < p

p if v ≥ p
(3.10)

This equilibrium is inefficient either, since no trade takes place if v ≥ c but

v < p or c > p although it would be efficient.

3.2 Experimental Research

Based on this model many researchers conducted experiments to test the predic-

tive power of the double auction. Especially the piecewise linear bidding strategy

lies in the focus of the experiments, since this strategy yields the most efficient

outcome.

Radner and Schotter (1989) tested the double auction by conducting a vari-

ety of different experiments. The aim of their study was to investigate if players

use linear bidding strategies as predicted by the linear equilibrium. Further on
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they wanted to analyse how well the mechanism performs and whether the bid-

ding behavior of the players changes with an increasing number of experimental

rounds. As a general result Radner and Schotter stated that players tend to

bid linear. Furthermore they showed that subjects implement a piecewise linear

strategy by testing if the slope previous to the kink point (seller’s kink point is

at 0.75, buyer’s at 0.25) is different to that after the kink point. This test shows

significant different slopes in the two areas. Considering the performance of the

mechanism, they pointed out that the theoretical model is quite a good explana-

tion for the players’ behavior in their experiment, but nonetheless they observed

trades which are mutally benefical but would not occur under the predicted linear

equilibrium strategy. Furthermore they observed a convergence towards the the-

oretic equilibrium outcome with an increasing number of rounds. Concluding we

can state that Radner and Schotter show that the players bid in a linear fashion,

also in a piecewise linear but they do not say anything about the deviation from

the linear equilibrium prediction. Players obviously overbid / underbid not as

much as predicted by the linear equilibrium strategy since there are trades in the

region where the linear equilibrium strategy predicts no trades.

This gap is closed by Rapoport and Fuller (1995). They compared the linear

bidding strategy to a honest bidding strategy, where the players submit their

true valuation, therefore more trades occur and furthermore yields a more effi-

cient outcome. They confirmed the result of Radner and Schotter that players

bid in a linear fashion though not in the extent of the linear bidding strategy. The

result of Rapoport and Fuller yields that the truth lies between the two strate-

gies. There is a deviation from the linear equilibrium outcome towards honest

bidding. They concluded that experimental evidence provides some insights that

although economic models capture many of the qualitative aspects of bargaining

behavior but nevertheless a deviation from the assumed rationality arises. As

a possible explanation they mentioned social norms, e.g. altruism and fairness,
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for a behavior towards honest bidding and furthermore the fact that with honest

bidding the probability to achieve a mutual benefical trade increases.

In two linked papers the authors Daniel, Rapoport and Seale investigated

behavioral effects among different information settings in double auction exper-

iments. In the first paper Daniel, Seale and Rapoport (1998) [DSR] conducted

two experiments whereby players’ valuations are distributed over different inter-

vals. Buyer’s values were drawn from a uniformly distribution over the interval

[0, 200] in both experiments, whereas seller’s costs were drawn from a uniformly

distribution over the interval [0, 100] in experiment 1 and over the interval [0, 20]

in experiment 2.2 Consequentially the buyer received more information over the

possible costs of a seller than a seller over the values of a buyer. Furthermore

they randomly paired the subjects in every round to exclude reputation building

between the subjects.3. In both experiments the bids of the sellers lie between

the bids predicted by the linear equilibrium strategy and honest bidding, whereas

buyers learned over the 50 rounds to bid more aggressively. DSR conjectured that

this aggressive bidding behavior of the buyers is due to the information advantage.

With the second paper, Seale, Daniel and Rapoport (2001) [SDR], the inves-

tigation of different information settings in double auction experiments come full

circle. Like in DRS the pairing is randomly in every round, whereas the infor-

mation disparity favors now the seller. In experiment 1 of SDR the valuations

were drawn from the intervals c ∈ [0, 200] and v ∈ [100, 200] whereby in experi-

ment 2 from c ∈ [0, 200] and v ∈ [180, 200]. As could be expected the results are

here upside down to the results in DSR. Now sellers bid more aggressively due

to the conjectured information advantage and earned more than expected to the
2The mutual best responses in these settings are also piecewise linear bidding strategies.
3For results on reputation building in double auction experiments see Rapoport, Daniel and

Seale (1998) and Seale, Daniel and Rapoport (2001)
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predicted linear equilibrium outcome and buyers earned less than predicted. The

discrepancy in payoffs is magnified in experiment 2.

What can we learn from these aforementioned double auction experiments?

Players obviously bid in a linear fashion, but deviate from the linear equilibrium

strategy towards truth-telling. Possible reasons for this deviation could be social

norms or a higher probability to reach a mutual benefical trade (Rapoport and

Fulller (1995)). Furthermore we learned from the papers of Daniel, Rapoport

and Seale that there is a deviation from the predicted linear equilibrium strategy

towards a truth-telling strategy and that this gap can be bridged via learning.

After playing sufficently many rounds the theoretic equilibrium outcome could

be reached by the players. This experimental finding continues in the double

auction setting the idea of Roth and Erev (1995) in ultimatum games to reach

an equilibrium outcome.

Going beyond the analysis of the aforementioned experiments, there exists

some studies which point out that preplay communication may lead to a more

efficient outcome in a double auction. For example Valley, Moag and Bazerman

(1998) find experimental evidence that problems caused by asymmetric infor-

mation could be soften by closeness, e.g. communication between the negotia-

tion parties. In a further double auction experiment Valley, Thompson, Gibbons

and Bazerman (2002) invesigate how the subjects achieved this increased effi-

ciencies and found that preplay-communication - they distinguish between no

communication and communication including telephone, face-to-face and written

communication- yields a more efficient outcome but increases inequality of the

distribution of payoffs. The latter result is caused by a greater variation over the

distributions of the payoffs with preplay-communication. Ockenfels and Selten

(2000) show experimentally that involuntary body language signals of lying or

truth-telling do not affect the increased efficiency of bargaining through closer

communication.
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Contrary to the finding of Daniel, Rapoport and Seale that the deviation from

the linear equilibrium can be bridged by playing sufficiently many rounds we pre-

fer the argumentation stated by Rapoport and Fuller. Social norms like fairness,

reciprocity and altruism are present in bargaining as the many experiments on

ultimatum games with complete as well as with incomplete information show.

The results of Rapoport and Fuller give us some evidence that players care

about fairness considerations. Therefore we extent in the next chapter the dou-

ble auction model of Chatterjee and Samuelson (1983) by the inequity aversion

model of Fehr and Schmidt (1999). We show that if inequity aversion increases

the outcome becomes more efficient and that there is an efficient equilibrium if

inequity aversion is suffficiently strong.

To summarize, the literature on double auction has yield the following in-

sights: The piecewise linear equilibrium bidding strategy yields the most efficient

outcome amoung all possible Bayesian-Nash equilibria, but it is indeed inefficient

since trades do not occur which would be mutually benefical. The experiments

on double auction show that players bid according to a linear biddng strategy

between the truth telling and the linear equilibrium bidding strategy which is

furthermore a piecewise linear bidding strategy. One further insight is that in-

formation advantage on one side of the players (buyer or seller) leads to more

aggressive bidding behaviour of the respective player and therefore to higher

earnings.



Chapter 4

Double auction with inequity

aversion

4.1 Introduction

In this chapter, we investigate what happens in a double auction under two sided

asymmetric information if people are averse towards inequality.

In this framework we show that if inequity aversion increases the outcome

becomes more efficient. There is one equilibrium of the double auction which

is efficient, i.e. all gains of trade are realized, if inequity aversion is sufficiently

strong. However it is also shown that another equilibrium candidate, a price

equilibrium in a double auction with inequity aversion is more inefficient than

without inequity aversion. In a price equilibrium, both parties either agree to

trade at the equilibrium price or, if at least one party refuses to trade, no trade

will take place.

The reasoning for these results is as follows: If a buyer expects that the

seller will demand a price equal to his costs, then by also revealing his valuation

truthfully the resulting price, if trade occurs, lies half way between costs and

30
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valuation, such that both parties are made as well off. If the buyer were to

understate his valuation, this might lead to a better price from his point of view,

but at the same time this makes the final allocation more unequal. In the price

equilibrium on the other hand, an inequity averse buyer whose valuation lies close

to the price might reason as follows: If I accept this price, trade will take place

with some probability and I have some gain from trade, as my valuation lies

above the price. On the other hand, on the supplier side probably mostly those

with very small costs will agree to trade at this price. Thus on average I will be

made worse off than my counterpart from this deal. Thus it might be better not

to accept this price. The effect here works similar to the Lemon’ model: Buyers

and sellers with value respectively costs close to the price do not want to trade.

Thus the average buyer (seller) who accepts the deal has even higher valuation

(lower costs) which makes the final outcome potentially even less attractive for the

other side. Similar to the market breakdown in the Lemon’s model, we show that

there exists a minimum and maximum price strictly larger than zero and smaller

than one such that no trade occurs if prices are below (above) the minimum

(maximum) price.

A closely related work is Lopomo and Ok (2001) who model the attempt to

achieve a fair division of surplus with the consideration of "fear of rejection"

in an ultimatum game and in a two-stage alternating offer game. Their model

captures the consideration of fear of rejection in a similiar way to our model.

The utility function depends not only on the absolute payoff but also on the

relative share of the total surplus. The competitiveness of the responder to get a

sufficient amount of the total surplus, expressed by the relative share term in the

utility function, leads to a fear of rejection by the proposer, whereby the degree of

competitveness is private information to the responder. Hence the main difference

to our model are the different assumptions of private information. In the model

of Lopomo and Ok the players have private information about the degree of
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competitiveness, whereas in our model the players hold private information about

their own valuation, whereby the degree of inequity aversion of the players is

common knowledge.

The organization of the chapter is as follows. In the next section we derive the

model, which implements inequity aversion to the existing double auction model.

Furthermore we investigate two equilibria: First a truth-telling equilibrium which

yields higher efficiencies than the model without inequity aversion and second a

price equilibrium, which predicts more inefficiency than the standard model. In

the last section we conclude.

4.2 Double Auction with Inequity Aversion

4.2.1 The Model

We model inequity aversion in a two-person bargaining problem under incomplete

information. The seller can produce a good which the buyer wants to buy. Both

parties submit their bids to a coordinator, who determines whether the good is

sold and at which price. We denote by c the costs of the seller producing the good

and by v the value of the object to the buyer. The valuations are assumed as

independent random variables, distributed over a given interval c ∈ [c, c] and v ∈

[v, v]. f(v) and g(c) are the appropriate probability density functions, which we

assume as continuous and positive on their domains. The cumulative distribution

functions corresponding to f(v) and g(c) are F (v) and G(c). Buyer and seller

each have private information about their reservation prices and consider the

other’s valuation as a random variable distributed as above. To ensure that both

parties participate in the bargaining process each party must have a nonnegative

expected utility.
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Double auctions are a simple way to capture the bargaining between the two

parties. In a double auction the seller bids a price, s, and the buyer bids simulta-

neously a price, b. If b ≥ s then trade takes place at price p = 1
2
(b+ s), otherwise

no trade occurs. Suppose price is p and trade takes place and assume for the

moment that costs and valuations are known to both sides. Following Fehr and

Schmidt (1999) we model the utility function for the buyer and the seller in a

double auction environment allowing for inequity aversion as

UB(c, v) = v − p − β max{0, (v − p)− (p− c)}

− α max{0,−(v − p) + (p− c)} (4.1)

US(c, v) = p− c − β max{0, (p− c)− (v − p)}

− α max{0,−(p− c) + (v − p)} (4.2)

The first two terms on the right hand side show the gross gains of trade to the

buyer/seller, whereby the third and the fourth term indicate the disutility the

parties receive from an unfair division of the surplus. Thereby accounts the third

term for the advantage to the buyer/seller weighted with the compassion-factor

β. The fourth term indicates the disadvantage weighted with the envy-factor α.

Furthermore we assume that 0 ≤ β < 1 and α ≥ β.1

4.2.2 Truth-telling equilibrium in the Double Auction

Myerson and Satterthwaite (1983) show that without inequity aversion, the most

efficient outcome in a double auction, whereby c and v are uniformly distributed

between zero and one, is the linear equilibrium strategy. To maximize the total

gains from trade the seller and the buyer, respectively, bid according to a piecewise
1For a discussion on this assumption see Fehr and Schmidt (1999) pp 823.
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v = c + 1
4

Trade

Figure 4.1: Double auction without inequity aversion

linear bidding strategy. Between 0 and 3
4

the seller overbids his true costs and

from 3
4

up to 1 he bids his true costs. The buyer bids his true value from 0 up to 1
4

and between 1
4

and 1 he underbids his value. More precise, the bidding functions

for the seller and buyer respectively are

S(c) =


1
4

+ 2
3
c if c ≤ 3

4

c if c > 3
4

(4.3)

and

B(v) =

 v if v < 1
4

1
12

+ 2
3
v if v ≥ 1

4

(4.4)

As a result, trade only occurs if and only if v ≥ c + 1
4
. The trade region is

shown in 4.1.

We now implement inequity aversion in a double auction environment with a

general distribution of valuations.
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Proposition 1: Truth telling equilibrium

If β ≥ 1
2
, there exists an equilibrium in the double auction where both parties

submit their truth valuation.

Proof: We prove the proposition for the seller only. The case for the buyer works

analogously and is therefore omitted. Assume that the buyer submits his true

valuation. Consider the case that the seller submits a price ĉ ≥ c. This will lead

in case of trade to a price which is larger than 1
2
(v + c). Therefore we only need

to allow for the advantage term with the parameter β in the expected utility

function. Trade occurs whenever v ≥ ĉ. So the utility of the seller is given by:

US(c, ĉ) =
∫ v

ĉ

[
1

2
(v + ĉ)− c

]
f(v)dv

−β
∫ v

ĉ

[
(
1

2
(v + ĉ)− c)− (v − 1

2
(v + ĉ))

]
f(v)dv (4.5)

=
∫ v

ĉ

[
1

2
(v + ĉ)− c− β(−c + ĉ)

]
f(v)dv

= (
1

2
− β)ĉ(1− F (ĉ))− (1− β)c(1− F (ĉ)) +

1

2

∫ v

ĉ
vf(v)dv (4.6)

In order to give the seller an incentive to truthfully submit his valuation it must

hold that US(c, c) ≥ US(c, ĉ) for all ĉ ≥ c. Taking the derivative of US(c, ĉ) with

respect to ĉ yields

∂US(c, ĉ)

∂ĉ
= (1− β)cf(ĉ)− (1− β)ĉf(ĉ) + (

1

2
− β)(1− F (ĉ)) (4.7)

Setting ĉ = c gives:

∂US(c, ĉ)

∂ĉ
|ĉ=c = (

1

2
− β)(1− F (c)) (4.8)

For truth telling to be optimal, this expression has to be smaller than zero. Thus

the seller has no incentive to bid more than c whenever β ≥ 1
2

since (1−F (c)) ≥ 0.

Now consider the case for ĉ < c. Under the split the difference rule, claiming

to have lower costs decreases not only the payoff of the seller by passing more to
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the buyer but also yields additional disutility by favoring the buyer. So the seller

has no incentive to claim that he has lower costs.2

As already Fehr and Schmidt (1999) stated if β = 1
2

the seller is indifferent

between keeping one dollar to himself and giving this dollar to the buyer. Hence

it is the best strategy for the seller under the assumption that the buyer submits

his true value to bid his true costs to achieve an equal outcome.

We discuss now how the bidding strategy of the seller changes when 0 < β < 1
2

and show that with an increasing β the outcome becomes more efficient. For this

analysis let us consider now that c and v are uniformly distributed in the closed

interval [0, 1] and that the buyer bids according to a linear bidding strategy,

b = B(v) = M +Nv. Since trade only occurs if the seller’s bid s is lower or equal

to the buyer’s bid, s ≤ M +Nv we can compute the smallest v, v̌, at which trade

occurs, formally

v̌ =
s−M

N
. (4.9)

Furthermore, there exists a ṽ where both players get equal payoffs, formally

p− c = ṽ− p. Substituting p = 1
2
(b+ s) and b = M +Nv and solving for ṽ yields

ṽ =
M + s− c

1−N
. (4.10)

If the buyer has a v between v̌ and ṽ the seller with costs c is better off,

otherwise he is worse off by bidding s. So we can write for the expected utility

function for the seller

US(c, s) =
∫ 1

ṽ

[
1

2
(B(v) + s)− c− α[−1

2
(B(v) + s) + c + v − 1

2
(B(v) + s)]

]
dv

+
∫ ṽ

v̌

[
1

2
(B(v) + s)− c− β[

1

2
(B(v) + s)− c− v +

1

2
(B(v) + s)]

]
dv

(4.11)



CHAPTER 4. DOUBLE AUCTION WITH INEQUITY AVERSION 37

Lemma 1: If the buyer (seller) bids according to a linear bidding strategy, b =

M + Nv (s = X + Zc), in the region where c < s(c) < 1 it is the best response of

the seller (buyer) also to bid according to a linear bidding strategy.

Proof: See appendix.

We now consider two special cases of a linear bidding strategy to investigate

how the bidding strategy of the seller alters if 0 < β < 1
2

and β increases. We show

that with an increasing β the constant of the linear bidding strategy decreases

whereby the slope increases. These two effects yield a more efficient outcome the

more β increases. Let us start with the case when the buyer submits his true

valuation B(v) = v. Hence, we only must consider the advantage term, assuming

that s ≥ c, and the expected utility of the seller is then given by

US(c, s) =
∫ 1

s

[
1

2
(v + s)− c− β[

1

2
(v + s)− c− v +

1

2
(v + s)]

]
dv

=
1

4
− s2(

3

4
− β) + s[(

1

2
− β) + c(1− β)]− c(1− β) (4.12)

Taking the derivative of US(c, s) with respect to s yields

∂US(c, s)

∂s
= −s(

3

2
− 2β) + (

1

2
− β) + c(1− β), (4.13)

and solving for s yields the linear bidding strategy for the seller, formally

s =
1
2
− β

3
2
− 2β

+
1− β
3
2
− 2β

c. (4.14)

Taking the derivative of s with respect to β yields

∂s

∂β
= −

1
2

(3
2
− 2β)2

+
1
2

(3
2
− 2β)2

c. (4.15)

This result shows that with an increasing β the constant of the linear bidding

strategy of the seller decreases whereby the slope increases. Further on seller’s
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β constant slope

0 1
3

2
3

0.25 1
4

3
4

0.4 1
7

6
7

0.5 0 1

Table 4.1: Some explicit values for constant and slope when 0 ≤ β ≤ 1
2
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Figure 4.2: Alteration of the linear bidding strategy if 0 ≤ β ≤ 1
2

bidding strategy converges to a truth telling bidding behavior and reaches a truth

telling equilibrium whenever β ≥ 1
2
.

To get an impression for this finding we consider some explicit values for the

constant and the slope in table 4.1 and plotted these results in figure 4.2, whereby

the outer two solid lines denote the results without inequity aversion (β = 0) and

the truth-telling equilibrium when β ≥ 1
2
, the dashed line shows the results when

β = 0.25 and the dotted line when β = 0.4.

In the second case we consider that the buyer bids according to the linear

equilibrium strategy, b = B(v) = 1
12

+ 2
3
c. Than we get from equation (4.12) after
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substituting b, v̌ and ṽ and taking the derivative of US(s, c) with respect to s and

solving for s,

s =
1

12

10α− 5β + 9

4α + β + 3
+

4α + 2β + 2

4α + β + 3
c. (4.16)

Taking the derivative of s with respect to β yields

∂s

∂β
= − 1

12

30α + 24

(4α + β + 3)2
+

4α + 4

(4α + β + 3)2
c. (4.17)

Also in this case the constant decreases and the slope increases with an in-

creasing β due to the assumptions that α ≥ β and 0 < β < 1 and therefore yields

a more efficient outcome with an increasing β.

4.2.3 Price-equilibrium

Now consider a price equilibrium, in which the good is sold at a fixed price

p. Recall the result of a price-mechanism in a double auction without inequity

aversion. The equilibrium strategies of the buyer and seller are given by:

bS =

 p if c ≤ p

1 if c > p
(4.18)

and

bB =

 p if v ≥ p

0 if v < p
(4.19)

So trade occurs if and only if v ≥ p and c ≤ p and does not take place if v < p

and/or c > p. As can be seen in figure 4.3, the price equilibrium is not efficient

either. Trade would be efficient but does not take place in the triangles to the

right of the rectangle and under the rectangle.

Now consider a price equilibrium with inequity aversion. To derive explicit

expressions, we assume now that c and v are uniformly distributed between zero
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Figure 4.3: Price-mechanism without inquity aversion

and one.2 Interestingly, the outcome becomes worse with inequity aversion. As

a benchmark, let us first consider the case of p = 1
2
.

Lemma 2: If p = 1
2

than there exists a c∗ < 1
2

and v∗ > 1
2

such that trade occurs

only if c ≤ c∗ and v ≥ v∗. The equilibrium strategies for the buyer and the seller

are

bS =

 p if c ≤ c∗

1 if c > c∗
(4.20)

and

bB =

 p if v ≥ v∗

0 if v < v∗
(4.21)

Proof: Assume the marginal buyer, i.e. the buyer who is just indifferent between

buying and not buying, is worse off than a seller who sells the good. Similarily,

assume that the marginal seller is worse off than the buyer, if trade occurs. If
2The structure of the result remains to hold if costs and valuation are distributed more

generally.



CHAPTER 4. DOUBLE AUCTION WITH INEQUITY AVERSION 41

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�
�

�
�
�
�

�
�
�
�
�
�

�
�
�
�
�
�

�
�
�
�
�
�

�
�
�
�
�
�

�
�
�
�

�
�

v = c

1p

1

0

p
v∗

c∗

Trade

Figure 4.4: Price-mechanism with inequity aversion for p = 1
2

this holds we must account only for the envy-term of the marginal types. Call the

marginal types c∗ and v∗ (see Figure 4.4). Then we get the following expected

utility function for the marginal buyer and seller, respectively.

UB(v∗) =
∫ c∗

0
[v∗ − p− α[−(v∗ + c) + 2p]] dc (4.22)

US(c∗) =
∫ 1

v∗
[p− c∗ − α[(v + c∗)− 2p]] dv (4.23)

To ensure that both parties participate in the trade the participation constraints

UB(v∗) = 0 and US(c∗) = 0 must hold. After some rearrangements we obtain the

valuation of the buyer subject to the costs of the seller and the costs of the seller

subject to the valuation of the buyer, namely

v∗(c∗) =
p(1 + 2α)

(1 + α)
− αc∗

2(1 + α)
(4.24)

c∗(v∗) =
p(1 + 2α)

(1 + α)
− α(1 + v∗)

2(1 + α)
(4.25)

Setting this two equations into each other yields the valuation/cost for which

trade takes place. Trade occurs for all v ≥ v∗ and c ≤ c∗ with



CHAPTER 4. DOUBLE AUCTION WITH INEQUITY AVERSION 42

distribution of α’s distribution of β’s

α = 0 30 % β = 0 30 %

α = 0.5 30 % β = 0.25 30 %

α = 1 30 % β = 0.6 40 %

α = 4 10 %

Table 4.2: Distributions of α’s and β’s

v∗ = p + α
p(2 + α) + α

4 + 8α + 3α2
(4.26)

c∗ = p− α
(1− p)(2 + α) + α

4 + 8α + 3α2
(4.27)

Recall that we assumed that the marginal types are always worse off from their

counterpart. This holds only if

v∗ − p = p− c∗. (4.28)

Setting v∗ and c∗ in the latter equation yields that this is true if p = 1
2

and we

can now write for v∗ and c∗

v∗ =
1

2
+ α

1 + 3
2
α

4 + 8α + 3α2
(4.29)

c∗ =
1

2
− α

1 + 3
2
α

4 + 8α + 3α2
. 2 (4.30)

To get some intuition for the size of the distortion, we consider some explicit values

for c∗ and v∗. Fehr and Schmidt (1999) provide a discrete distribution about α

and β, which they derived from the results of the experiments on ultimatum

games. See table 4.2 for the explicit discrete distribution of α’s and β’s.3

3For a further discussion over this distributions see Fehr and Schmidt (1999) pp. 843.
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α c∗ v∗

0 0.5 0.5

0.5 0.4 0.6

1 0.333 0.667

4 0.167 0.833

Table 4.3: Explicit values for c∗ and v∗

We only take the single values to compute some explicit values for c∗ and v∗ to

show how these values change with the changing parameter α. From Table 4.3 it

can be seen that the more α increases the more decreases/increases the marginal

values of the seller/buyer and the greater is the deviation from the price p = 1
2
,

i.e. the more inequity averse the seller is, the lower must be his marginal cost to

participate in a trade.

Next we generalize our result to arbitrary price bids.

Proposition 3: Price Mechanism

There exists a p > 0 and a p < 1 such that

• if p < p (p > p) no trade occurs,

• if p ≤ p ≤ p, than there exists a c∗ < p and a v∗ > p such that only types

with c ≤ c∗ and v ≥ v∗ trade.

The general proof is relegated to the appendix. Here we discuss the steps

necessary to determine the maximum and minimum prices p and p. Consider the

case where p < 1
2
. This price favours the buyer. So the seller is less willing to

accept the deal. We show below that this implies that the marginal seller has

costs such that p− c∗ > v∗ − p, where v∗ is the marginal buyer (see Figure 4.5).

This implies that there exist a ṽ such that the marginal seller is better off if the

buyer has a v between v∗ and ṽ, otherwise he is worse off.
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So we can write the expected utility functions for the marginal buyer and seller

as

US(c∗) =
∫ 1

ṽ
[p− c∗ − α[−(p− c∗) + (v − p)]] dv

+
∫ ṽ

v∗
[p− c∗ − β[(p− c∗)− (v − p)]] dv (4.31)

UB(v∗) =
∫ c∗

0
[v∗ − p− α[−(v∗ − p) + (p− c)]] dc (4.32)

First we show that there exists a lower threshold under which no trade takes

place. We call this threshold minimum price. The minimum price is such that

the marginal buyer has c∗ = 0. Formally, this gives

US(c∗ = 0) =
∫ 1

ṽ
[p− α[v − 2p]] dv +

∫ ṽ

v∗
[p− β[−v + 2p]] dv = 0 (4.33)

UB(v∗) = lim
i→0

∫ c∗

0
[v∗ − p− α[−(v∗ + c) + 2p]] dc = 0 (4.34)

After some rearrangements, which are given in the appendix, the minimum price

denoted by p is given as follows
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p =
1

2
−

α + α2 + 1
2
β +

√
1 + 6α + 12α2 + 10α3 + 3α4 − αβ − 2α2β − α3β

2 + 10α + 12α2 + 4α3 + β
(4.35)

The derivation of the buyer’s case works analogously and is therefore omitted.

The maximum price denoted by p, is given by

p =
1

2
+

α + α2 + 1
2
β +

√
1 + 6α + 12α2 + 10α3 + 3α4 − αβ − 2α2β − α3β

2 + 10α + 12α2 + 4α3 + β
(4.36)

For all prices p < p and p > p no trade takes place.

To get a feeling for the strength of these inefficiencies, let us also calculate

some explicit values for p and p for special values of α and β. Again we fall back

to the numbers of the discrete distribution provided by Fehr and Schmidt (1999)

(see table 4.2).

The first result which can be derived from table 4.4 is that the greater the

envy factor α the greater/lower must be the minimum/maximum price for the

seller/buyer to participate in the trade. The second result is that the envy factor

α dominates the influence on the results of the minimum/maximum price for the

seller/buyer. Whereas the compassion factor β seems to have no great influence.

There are only slight deviations from the case β = 0 if β increases and α is

constant.

The determination of the marginal seller (buyer) in the general case with p ≤

p ≤ p is deferred to the appendix.

4.3 Conclusion

In this chapter we implemented inequity aversion to the existing double auction

model by Chatterjee and Samuelson (1983). We found that the linear equilib-

rium strategy yields an increasing efficiency with inequity aversion, if 0 < β < 1
2
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α β p p

0 0 0 1

0.25 0 1

0.6 0 1

0.5 0 0.1519 0.8481

0.25 0.1529 0.8471

0.6 0.1544 0.8456

1 0 0.2265 0.7735

0.25 0.2277 0.7723

0.6 0.2294 0.7706

4 0 0.3769 0.6231

0.25 0.3774 0.6226

0.6 0.3780 0.6220

Table 4.4: Explict values for p and p

and β increases, and is ex post efficient if the compassion factor of the seller

(buyer) is β ≥ 1
2
. On the other hand, in a price equilibrium with inequity aver-

sion the outcome is even more inefficient than without inequity aversion. The

players only accept the price, if the valuations of the seller/buyer are sufficiently

smaller/greater than the price, depending on their envy and compassion factors.

While in the price equilibrium without inequity aversion the equilibrium price

will be accepted by the players as long as the valuation for the seller/buyer is not

greater/lower than this price.

This arrives us to the conclusion that in the special case of bargaining with

two-sided incomplete information capturing the notion of inequity aversion the

personalized bargaining structure should be preferred to a market like bargaining
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structure, where a third party sets a transfer price, since the latter one yields a

less efficient outcome than the first mentioned.

It would be interesting to see whether these theoretical results could be ob-

tained in an experimental environment. Therefore we coducted two experiments

and present the experimental set-up as well as the results in the next chapter.



Chapter 5

Double Auction Experiment

5.1 Introduction

In this chapter we present the results of two double auction experiments. With

these experiments we want to review our theoretical results of chapter 4. In

experiment 1 we tested the performance of the linear equilibrium strategy and

in experiment 2 the performance of the bidding strategy which yields the price

equilibrium.

The linear equilibrium strategy was already the basis for a few experiments.

The first experiment was conducted by Radner and Schotter (1989) who figured

out that players tend to bid in a linear fashion and that mainly buyers deviate

from the game theoretic prediction towards a truth revelation. Rapoport and

Fuller (1995) confirmed a linear bidding strategy by the players but observed for

all players a deviation towards a truth revelation and concluded that the bidding

strategy of the players is a hybrid strategy of the linear equilibrium strategy and

the truth telling strategy.

Beyond an observation if players deviate from the linear equilibrium strategy

towards a truth telling strategy, we wanted to test if the the constant decreases

and the slope increases for pooled sellers respectively pooled buyers. This effect

48
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arises when β increases as shown in chapter 4.2.2. Therefore we conducted our

experiment according to the experiment of Rapoport and Fuller with the only

difference that our subjects played over 20 rounds instead of 25. This cutback

of rounds is due to the fact that we do not want to consider learning effects as

Rapoport and Fuller did. However, Radner and Schotter played 15 rounds with

a fixed pairing over the complete experiment. As Rapoport and Fuller we wanted

to exclude reputation effects in our experiment and therefore paired the subjects

randomly from round to round.1 Therefore allows our experimental setting a

comparison between our results and these of Rapoport and Fuller and the results

of later called could be extended by the calculations we did on testing if the

constant decreases and the slope increases for pooled sellers and buyers.

This randomly pairing of players was maintained in our experiment 2, where

we tested the performance of the price equilibrium. To our knowledge there is no

experiment which captures the price equilibrium, where the price is announced by

a third person. Only Blount (1995) tested the behavior of players when a neutral

third person states the price in an ultimatum game. She found some evidence

that players do not differentiate if a neutral third person states the offer or the

proposer himself unless they are aware of the loss for the proposer in case of a

rejection. Hence Blount concluded that players care for fairness if the price is

stated by a human being.

We choose the same basis for our second experiment as in our first according

to Rapoport and Fuller with the only difference that the price at which trade

will ocurr is not determined by the players but by a neutral third persons. The

players must state now if they take part in the trade at the announced price or

not and furthermore sellers/buyers must state their minimum/maximum price at

which they take part in the trade to verify their first answer. We take the same
1For some interesting results on reputation effects in double auction experiments see

Rapoport, Daniel and Seale (1998) and Seale, Daniel and Rapoport (2001)
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experimental setup as in our experiment since this allows us to present both

experiments in the same framework according to the theoretical work in chahpter

4 and makes comparisons between both more comfortable.

Since the price in a price equilibrium is stated by a neutral third party we

tested whether subjects bid according to the price equilibrium with or without

inequity aversion. When players are averse towards inequity then the price equi-

librium yields an even more inefficent outcome than without inequity aversion

(chapter 4.2.3). But our experiment 2 did not yield any evidence that players

take fairness considerations into account, whereas experiment 1 yields the same

result as in Rapoport and Fuller that players tend to bid a hybrid strategy of the

linear equilibrium bidding strategy and the truth-telling strategy. This bidding

behavior causes a more efficient outcome than game theory predicts.

The chapter is organized as follows. In the next section we briefly discuss the

double auction focused on the two equilibria and shortly repeat the results with

inequity aversion. Afterwards we describe the experimental set-up and in section

5.4 the results followed by a short discussion of the experimental results and some

concluding remarks.

5.2 Double auction

In this section we briefly repeat the linear equilibrium strategy (LES) and the

bidding strategy which yields the price equilibrium (PE). We now consider the

valuations as uniformly distributed over the closed interval [0, 100], more exactly

c ∈ [0, 100] and v ∈ [0, 100].

If the price is determined by p = 1
2
(s+b) then the LES yields the most efficient

outcome for the double auction, but it is ineffcient (Myerson and Satterthwaite

(1983)). To maximize the total gains from trade both players have a piecewise

linear bidding-strategy. The seller bids in the intervall [0, 75] more than his costs
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Figure 5.1: Linear equilibrium strategies and trade region

and afterwards his true costs. Whereas the buyer bids in the intervall [0, 25) his

true value and afterwards underbids his value. The equilibrium bidding strategy

for the seller and the buyer respectively is

s = S(c) =

 25 + 2
3
c if c ≤ 75

c if c > 75
(5.1)

and

b = B(v) =

 v if v < 25

25
3

+ 2
3
v if v ≥ 25

(5.2)

In figure 5.1 (a) the piecewise linear bidding strategies of the seller and of

the buyer are plotted, whereby the dotted line shows a truth revelation of the

valuations. Given these strategies trade occurs only in the region shown in figure

5.1 (b).



CHAPTER 5. DOUBLE AUCTION EXPERIMENT 52

�
�

�
�

�
�

�
�

�
�

�
�

�
�

���

�
�
��

�
�
�
�
��

�
�
�
�
�
�
��

�
�
�
�
�
�
��

�
�
�
�
�
�
��

�
�
�
�
�
�
��

�
�
�
�
�
�
�

�
�
�
�
�

�
�
�

�

v = c

vp

c

0

Trade

Figure 5.2: Price equilibrium - trade region

In the PE a price p is announced by a third person and seller and buyer

must state their bid. To maximize the total gains from trade both players best

strategy is characterized by a step-function. As long as the sellers’ costs (buyers’

value) is lower (higher) than the stated price they should bid the price. Otherwise

the seller should bid 100 and the buyer 0 respectively. The equilibrium bidding

strategy is as follows

s =

 p if c ≤ p

100 if c > p
(5.3)

and

b =

 0 if v < p

p if v ≥ p
(5.4)

Figure 5.2 shows the trade region of a price equilibrium. This equilibrium is

inefficient either, since no trade takes place in the triangles to the right and under

the rectangle.

In chapter 4 we implemented in the existing double auction model, as an

extension, the fairness model of Fehr and Schmidt (1999), where the utility of a
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person decreases whenever the final split is unfair. The utility is measured by

the total payoff less an advantage term when the subject is better off or less a

disadvantage term when he is worse off, whereby these two terms measure the

disutility from an unequal split. The advantage term is the difference between his

payoff and the payoff of the counterpart multiplied with the compassion-factor β

and the disadvantage term is the difference between the payoff of the counterpart

and his payoff multiplied with the envy-factor α.

We have shown for the split the difference pricing rule that whenever the

compassion-factor β ≥ 1
2

and the buyer/seller bids his true valuation the best

response for the seller/buyer is to bid also his true valuation. Further on we

have shown that whenever 0 < β < 1
2

the outcome becomes more efficient with

an increasing β. From this follows that more gains from trade are achievable

with inequity aversion and furthermore yields an efficent outcome when inequity

aversion is sufficiently strong.

But the PE with inequity aversion yields an even more inefficient outcome

than without inequity aversion. The players only accept the price if the costs

of the seller (value of the buyer) is sufficiently smaller (greater) than the price,

depending on the compassion-factor β and the envy-factor α.

5.3 Experiment

Fourty undergraduate students from the faculty of business administration, eco-

nomics and social sciences of the University of Erlangen-Nuernberg participated

in the study. They were recruited from the intermediate microeconomic lecture

and were promised a monetary reward contingent on their performance for par-

ticipation in a decision-making experiment. Twenty subjects, both males and

females, participated in Experiment 1 and twenty other subjects participated in
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Experiment 2. The mean payoff per subject in Experiment 1 was e 9.48 and in

Experiment 2 was e 11.92.

Each experiment consisted of a single session lasting approximately two hours.

At the beginning of the experiment the subjects were divided into two groups.

A group of ten sellers and another group of ten buyers. Subjects maintained

their roles until the end of the experiment. Every subject received an instruction

manual, which was read aloud at the beginning of the experiment to ensure

that all information is common knowledge to every subject. Furthermore every

question was answered publicly. An english translation of the instructions for

both experiments can be found in the appendix B.

In Experiment 1 each seller drew in each round a card out of an envelope

with 20 cards. On each card was a randomly drawn number between 0 and 100

written. This number denoted his costs (c) for this round. Similarly, each buyer

drew in each round a card out of an envelope with 20 cards. On each card was

a randomly drawn number between 0 and 100 written. This number denoted

his value (v) for this round. Each player only knew his realization, whereas the

prior distribution was common knowledge. Each player recorded his costs and his

value respectively in column 1 of the worksheet. Ensuing each player determined

his bid and recorded it both in column 2 of the worksheet and on a slip of paper

containing his identification number and the round number. The experimenter

collected the bids in two boxes, one for the buyers’ and one for the sellers’ bids,

paired them randomly, and checked whether trade was possible. If b ≥ s trade

occured at price p = (b + s)/2 and if b < s no trade occured. The experimenter

wrote the price on the two slips of paper and returned them to the respective

players. Following each player wrote in column 3 of the worksheet whether trade

occured, copied in column 4 the price and computed in column 5 his payoff for

this round. The subjects played this game over 20 rounds. Communication

between the subjects was impossible and they did not notice the payoff of the
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other subjects. Furthermore they did not know against who they played in each

round, since the pairing was randomly from round to round. After the 20 rounds

all payoffs of every single subject was summed up and multiplied with a conversion

rate of e 0.03. Additionally every subject received a show up fee of e 5.

In Experiment 2 each seller drew in each round a card out of an envelope

with 21 cards (three different prices, each price seven times in a random order).

On this card was a randomly drawn number between 0 and 100 written. This

denoted his costs (c) for this round. Similarily, each buyer drew in each round

a card out of an envelope with 21 cards. On this card was also a randomly

drawn number between 0 and 100 written. This denoted his value (v) for this

round. Each player only knew his realization, whereas the prior distribution was

common knowledge. Each player recorded his costs and his value respectively in

column 1 of the worksheet and on the slip of paper containing his identification

number and the round number. Then the experimenter set a price at which trade

took place and every subject wrote this price in column 2 of the worksheet. We

conducted the experiment for three different prices, i.e. 30, 50 and 70. Ensuing

each seller and buyer stated whether he takes part and additionally determined

his minimum price respectively maximum price he would at least accept and

wrote his decision on the slip of paper and in column 3 and 4 of the worksheet.

The experimenter collected the slips of paper in two boxes, paired them randomly,

and checked whether trade was possible. If both accepted the price trade occured

at the stated price and if one or both did not accept the price no trade occured.

The experimenter wrote ’T’ for transaction or nothing on the two slips of paper

and returned them to the respective players. Following that each player wrote

in column 5 in the worksheet whether trade occured and computed in column 6

his payoff for this round. The subjects played this game over 21 rounds. As in

experiment 1 communication between the subjects was impossible and they did

not notice the payoff of the other subjects. Furthermore they did not know against
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whom they played in each round, since the pairing was randomly from round to

round. After the 21 rounds all payoffs of every single subject was summed up and

multiplied with a conversion rate of e 0.03. Additionally every subject received

a show up fee of e 8.

5.4 Results

5.4.1 Experiment 1

First have a look on figures 5.3 and 5.4 to receive an impression of the results

in experiment 1. The figures show the valuation plotted against the bid for each

single seller (figure 5.3) and buyer (figure 5.4). It seems that all players bid in a

linear fashion (except of seller 8, who presumably did not unterstand the experi-

ment) and furthermore we get a first indication which bidding strategy is played

by the players. Seller 5 and 6 played nearly a truth revelation strategy whereas

seller 9 played nearly the LES. For the buyers we do not have any indication for

a truth revelation strategy, but buyers 4, 7 and 8 played nearly the LES.

A linear coherence between valuation and bid can be shown by conducting a

linear regression and computing the squared linear correlations (R2) between the

valuations and the bids for each group (buyer and seller) and for each subject

seperately. The coefficient of determination (R2) is a measure of the proportion

of variation in the dependent variable that is explained by variation in all ex-

planatory variables. The closer R2 is to one the better is the linear coherence

between the dependent and the explanatory variable.2 For an overview of our

results for each single seller and buyer see table 5.1. 90 % of both buyers and

sellers have a R2 greater than 0.8, 70% have a R2 greater than 0.9 and even 50%

have a R2 greater than 0.95. These results provide a strong evidence for a linear
2see Griffiths, Hill and Judge (1993) pp. 303
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seller buyer

1 0.987 0.841

2 0.865 0.906

3 0.930 0.989

4 0.928 0.992

5 0.991 0.781

6 0.996 0.828

7 0.812 0.981

8 0.396 0.949

9 0.971 0.980

10 0.961 0.953

mean 0.844 0.920

Table 5.1: R2-values for sellers and buyers

bidding strategy in both groups. Also the overall result yields a R2 of 0.83 for

pooled sellers and 0.89 for pooled buyers and provides a good validation of a

linear bidding strategy.

The latter results yield a good evidence that the bidding strategies of the

players are linear ones. But they do not provide any evidence if the subjects

played the LES or the truth revelation strategy. To investigate which strategy is

played by the players we computed, according to Rapoport and Fuller (1995), the

squared deviation (D2) between the bids and the LES predicted bids and between

the bids and a truth revelation of the valuation. In the group of the sellers the

LES-model shows a smaller D2 in 7 of the 10 cases and in the buyer group in

8 of the 10 cases. Overall these results let us conclude, that the LES is a good

prediction. Nevertheless when we look at the valuation - bid plots of each subject

(figure 5.3 and 5.4) we can observe a deviation from the game theoretic prediction
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Figure 5.3: Seller cost-bid plot
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Figure 5.4: Buyer value-bid plot
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towards a truth revelation. The current bidding strategies of the subjects provide

some evidence to be a hybrid bidding strategy of the both. A possible explanation

for this hybrid bidding strategy could be fairness considerations of the seller and

buyers. Depending on how fair a player is the bidding strategy alters between the

LES, the bidding strategy of a rational player, and the truth telling equilibrium

strategy, the bidding strategy of a fair player.
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Figure 5.5: Seller and buyer valuation-bid plot

Slope of the bidding function: Since the squared deviation does not give any

evidence how the bidding strategies of the sellers respectively buyers exactly look

like, let us fall back to the regression for pooled sellers and pooled buyers (see

figure 5.5). In the theoretical model of chapter 4.2.2 we have shown that with

inequity aversion, if 0 < β < 1
2

and β increases, the constant of the linear bidding

strategy decreases and the slope increases. We computed the linear regression

for all buyers as one group respectively for all sellers. First have a look on the

regression of pooled sellers. The constant decreases from 25 to 20.542, the slope

increases from 2
3

to 0.7606 and the kink point is now 85.806 instead of 75. A

similar result can be observed for the buyer. The slope decreases from 25
3

to

6.465, the slope increases from 2
3

to 0.7501. These observed bidding strategies

lead to a more efficient outcome, since solving for v yields v = 18.767 + 1.014c
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instead of v = 25 + c as predicted by the LES. This result can be verified by

analysing the quantity of trade.

Quantity of Trade: Remember that in the game theoretic prediction of the

linear bidding strategy there exists a region where no trade takes place although

it would be efficient to trade. As can be seen in figure 5.6 there is an important

number of trades which took place in this region. The black triangles indicate

that trade took place whereas the white squares are the symbols of no trade. 20

out of 44 took place although the game theory predicts no trade in this region.

These are 45% of all possible trades in this region. This outcome reflects the

results, which we yield by analysing the pooled seller respectively pooled buyer

regressions.

5.4.2 Experiment 2

In experiment 2 we can observe two effects. The first effect concerns the decision

whether to take part in the trade or not. In figure 5.7 we look whether trades

took place or not. The black triangles show the trade decision whereby the white

squares show the no-trade decision of the subjects. The price (30, 50 or 70) is
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Figure 5.7: Price Equilibrium - Trade

displayed by the dashed line. All the plots show that all game theoretic expected

trades took place. In these trade rectangles there are not any no-trade squares.

Only in the plot where a price of 30 was stated by the experimenter we have a

no-trade square at the threshold of the seller, where the seller is indifferent and

therefore decided not to take part. But this does not give any indication for

some fairness considerations as stated in chapter 4.2.3 where we predicted a less

efficient outcome with inequity aversion as under rational behavior.

On account of this theoretical prediction let us observe figure 5.8. Here we

ploted the game theoretic outcome next to the outcome considering fairness (chap-



CHAPTER 5. DOUBLE AUCTION EXPERIMENT 64

0
20

40
60

80
10

0
va

lu
e

0 20 40 60 80 100
cost

0
20

40
60

80
10

0
va

lu
e

0 20 40 60 80 100
cost

(a) (b)

Figure 5.8: Price Equilibrium - (a) Without and (b) with inequity aversion

ter 4.2.3). We signed the results for the case when the price is 50 and the envy

factor α = 0.5 (see table 4.3). The small rectangle bounded by the dashed line

marks the trade region considering inequity aversion. It is even more inefficient

than the game theoretic result. In the area between the dashed and solid line the

model with inequity aversion predicts no trade. But all possible trades in this

area took place so that the experiment does not yield any indication for fairness

considerations by the subjects.

Contrary to the rational decision whether to take part or not at the trade

we found a differing announcing behavior by stating the minimum/maximum

price. Game theory predicts that players state their valuation as the minimum

and maximum price which they would accept. Instead we observed that sellers

tended to overstate whereas buyers tended to understate their valuation. This

phenomenon can be seen in figure 5.9, where we ploted the costs/value against

the minimum/maximum price. Furthermore we conducted a linear regression

between the costs/value and the minimum/maximum price respectively. See table

5.2 for the explicit regression values, whereby the values in the brackets state the

t-value. With a rising price the constant of the sellers increases together with a
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seller buyer

price constant coefficient R2 constant coefficient R2

30 4.83(1.89) 0.985(22.04) 0.877 4.16(1.94) 0.785(21.06) 0.867

50 6.40(3.08) 0.922(25.79) 0.907 0.99(0.74) 0.894(40.02) 0.959

70 12.77(5.51) 0.877(22.04) 0.877 0.19(0.11) 0.953(30.14) 0.930

Table 5.2: Regression

flattened slope. Whereas the constant of the buyers decreases together with an

increasing slope. These regression results yield that sellers tend to overbid more

the higher the before stated price and the buyers tend to underbid more the lower

the before stated price is.

Terminatory we can conclude that players behave in different ways depen-

dent on the conceptual formulation. Sometimes they make rational decisions, in

our experiment whether to take part or not in the trade, and sometimes they

show a different behavior, also within a single problem, e.g. stating the maxi-

mum/minimum price.

5.5 Summary

In this chapter we presented the result of two double auction experiments. In ex-

periment 1 we confirmed the finding of Radner and Schotter (1989) and Rapoport

and Fuller (1995) that players bid according to a linear bidding strategy. Fur-

thermore we figured out that player obviously bid a hybrid strategy of the linear

equilibrium and the truth revelation strategy. The regression for pooled sellers

respectively pooled buyers fosters the finding that players implement a hybrid

bidding strategy, since the constant of the linear bidding strategy decreases and

the slope increases. This yields some indication that the bidding strategy moves

from the linear equilibrium strategy towards a truth-telling strategy and further-
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more confirms our theoretical finding of chapter 4.2.2. As an implication we

observed that more trades occured than predicted by the theory.

Contrary we observed in experiment 2 a rational decision whether to take

part in the trade or not. All by the standard price equilibrium predicted trades

took place and we could not observe a more inefficient outcome as predicted with

inequity aversion. Whereby in stating the minimum/maximum price we found

a deviation from the game theoretic prediction which is to state the valuation.

Sellers (buyers) tend to overbid (underbid) the higher (lower) the before stated

price is. This effect could be due to the impact of a before stated price. A

possible train of thoughts of the players could be that when a seller (buyer)

could sell (buy) the good for this before stated price than he can also demand a

minimum/maximum price which lies closer to this before stated price.

The effect of overstating/understating can as well be due to some fairness

considerations. Consider a buyer whose value lies nearby the stated price. If he

accepts the price, trade occurs with some probability and he will receive a payoff.

But probably mostly those sellers with low costs will agree to trade. Thus on

average the buyer is worse off than his opponent from the deal and therefore

might decide not to accept this price since he also cares for the distributional

outcome.



Chapter 6

Conclusion

It is a common assumption in bargaining theory that incomplete information

causes inefficiency and that therefore passing more information to the players

increases efficiency. Inefficiency could arise from various factors in an incomplete

information setting, e.g. strategic delay or strategic misrepresentation, which

could be overcome by information sharing. But inefficiency could also arise in

complete information settings due to the fact that players take fairness consid-

eration into account, as it is observed in the large literature on ultimatum game

experiments.

In the case of the split the difference pricing rule in a double auction we have

shown that inequity aversion could overcome the inefficiency which arises from

incomplete information. This theoretical result is supported by our experimental

finding that players tend to bid according to a hybrid strategy, which yields a

more efficient outcome than game theory predicts for the standard double auction.

Contrary to this investigation is the theoretical finding in the price equi-

librium, where inequity aversion yields an even more inefficient outcome than

predicted by game theory. However, the experiment, conducted to test the price

equilibrium with and without inequity aversion, rejects our theoretical result,

since all game theoretic predicted trades occured.

68
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It would be interesting to further investigate if fairness considerations can

overcome the inefficiency which arises from incomplete information, or if it even

extent the inefficiency.



Appendix A

Double auction with inequity

aversion

A.1 Proof of Lemma 1

We show the proof for the seller only. The case for the buyer works analogously

and is therefore omitted. Starting with the expected utility function for the seller

US(c, s) =
∫ 1

ṽ

[
1

2
(M + Nv + s)− c

−α[−1

2
(M + Nv + s) + c + v − 1

2
(M + Nv + s)]

]
dv

+
∫ ṽ

v̌

[
1

2
(M + Nv + s)− c

−β[
1

2
(M + Nv + s)− c− v +

1

2
(M + Nv + s)]

]
dv (A.1)

= M(
1

2
+ α)−Mṽ(α + β) + s(

1

2
+ α)− sṽ(α + β)− c(1 + α)

+cṽ(α + β)−Mv(
1

2
+ α)− sv(

1

2
− β) + cv(1− β)

−1

2
N(

1

2
+ α)− 1

2
Nṽ2(α + β)− 1

2
α +

1

2
ṽ2(α + β)

−1

2
Nv2(

1

2
− β)− 1

2
βv2 (A.2)

70
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substituting v = s−M
N

and ṽ = M+s−c
1−N

under the assumption that v̌ < ṽ < 1

and taking the derivative with respect to s yields

∂US(c, s)

∂s
= s(8N2β + 2N2α− 3N2 − 8Nβ + 3N + 2β)

−c(−2N2(1− α) + 2N(1− β) + 4N2β)

+N2M(1− 2β) + N(1 + 2α)−NM(1− 2α)

+6NMβ − 2Mβ (A.3)

and solving for s yields

s =
−N(1 + 2α)−N2M(1− 2β) + NM(1− 2α)− 6NMβ + 2Mβ

−3N2 + 2N2α + 8N2β − 8Nβ + 3N + 2β

+
−2N2(1− α) + 2N(1− β) + 4N2β

−3N2 + 2N2α + 8N2β − 8Nβ + 3N + 2β
c. (A.4)

The best response of the seller is to bid according to a linear bidding strategy,

s = X + Zc. 2

A.2 Proof of Proposition 2

A.2.1 Part 1

First we consider the lower threshold p under which no trade takes place (p < p).

Assume that the costs to the seller are zero, c = 0. So the expected utility

functions for the seller and the marginal buyer are

US(c∗ = 0) =
∫ 1

ṽ
[p− α[v − 2p]] dv +

∫ ṽ

v∗
[p− β[−v + 2p]] dv (A.5)

UB(v∗) =
∫ c∗

0
[v∗ − p− α[−(v∗ + c) + 2p]] dc (A.6)
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The participation constraints UB(v∗) = 0 and US(c∗) = 0 must hold to ensure

that both parties participate in the trade. That yields for US(c∗ = 0)

p(1 + 2α)− 2pṽ(α + β) +
1

2
ṽ2(α + β)− pv∗(1− 2β)− 1

2
β(v∗)2 − 1

2
α = 0. (A.7)

Solving UB(v∗) for v∗ and letting c∗ → 0 yields

v∗ =
p(1 + 2α)

1 + α
. (A.8)

ṽ is such that the marginal seller is better (worse) off if the buyer has a v

smaller (larger) than ṽ. Formally this yields

ṽ − p = p− c (A.9)

and solving for ṽ yields

ṽ = 2p− c. (A.10)

Setting v∗ and ṽ in US(c∗ = 0) yields after some rearrangements and solving

for p:

p =
1

2
−

α + α2 + 1
2
β +

√
1 + 6α + 12α2 + 10α3 + 3α4 − αβ − 2α2β − α3β

2 + 10α + 12α2 + 4α3 + β
.2

(A.11)

A.2.2 Part 2

We now consider the general case. We concentrate on the case for p < 1
2

which

favours the seller and omit the case for p > 1
2

since it is symmetric to the first

case. Starting with the initial expected utility functions for the marginal seller

and buyer, respectively.
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US(c∗) =
∫ 1

ṽ
[p− c∗ − α[−(p− c∗) + (v − p)]] dv

+
∫ ṽ

v∗
[p− c∗ − β[(p− c∗)− (v − p)]] dv (A.12)

UB(v∗) =
∫ c∗

0
[v∗ − p− α[−(v∗ − p) + (p− c)]] dc (A.13)

Taking into account the participation constraints yields for US(c∗)

p(1 + 2α) − c∗(1 + α)− 2pṽ(α + β) + c∗ṽ(α + β) +
1

2
ṽ2(α + β)

− pv∗(1− 2β) + c∗v∗(1− β)− 1

2
(v∗)2β − 1

2
α = 0 (A.14)

and solving UB(v∗) for v∗ yields

v∗(c∗) =
p(1 + 2α)

(1 + α)
− αc∗

2(1 + α)
(A.15)

Solving US(c∗) for c∗ and substituting v∗ and ṽ = 2p− c∗ yields

c∗ =
{
p(22α + 26α2 + 8α3 + 2αβ + 4β + 4)− 12α− 12α2 − 4α3 − 4

+2
[
p2(28α + 69α2 + 78α3 + 41α4 + 8α5 − 8αβ − 28α2β

−36α3β − 20α4β − 4α5β + 4)

+p(−52α− 120α2 − 128α3 − 64α4 − 12α5 + 12αβ

+38α2β + 44α3β + 22α4β + 4α5β − 8)

+24α + 52α2 + 52α3 + 24α4 + 4α5 − 4αβ − 12α2β

−13α3β − 6α4β − α5β + 4
] 1

2

}
/

{
8α + 12α2 + 4α3 + 4αβ + α2β + 4β

}
(A.16)

Now we show that c∗ < p for all p < 1
2
. After some rearrangements it yields
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0 < p2(8α2 + 28α3 + 36α4 + 20α5 + 4α6 + 4αβ + 12α2β + 15α3β + 9α4β

+2α5β + α2β2 + α3β2 + 0.25α4β2)

+(1− 2p)(8α2 + 28α3 + 36α4 + 20α5 + 4α6 + 4αβ + 12α2β

+13α3β + 6α4β + α5β) (A.17)

The first term on the right handside is always positiv. The second term is always

positiv due to the assumption that p < 1
2
.

Next we show that v∗ > p. Rearranging v∗ from equation (A.15) yields

v∗ = p +
2pα− αc∗

2(1 + 2α)
> p (A.18)

This is always true due to the fact that c∗ < p. 2



Appendix B

Double Auction Experiment

B.1 Instruction manual Experiment 1

Preparation

As you entered the room two things occured. First you have been randomly as-

signed to the role of whether a seller or a buyer (to know which type you are

look at the right upper corner of your worksheet) and furthermore you received

an envelope with 20 cards. On each card is a number between 0 and 100 writ-

ten. These numbers were randomly selected to you and therefore every number

between 0 and 100 has an equally likely chance to appear on a card.

In each round of the experiment you get the chance to buy or sell a virtual

good, depending whether you are a buyer or a seller. At the beginning of the first

round you will be asked to draw a discretionary card from the envelope.

If you are a buyer the number on the card represents the amount you will

receive from us in case of purchasing the good. This is your redemption value for

a good in a fictious currency, named Francs.

If you are a seller the number on the card represents the amount you have to

pay to us in case of selling the good. These are the costs for the good to you.

75
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Please consider, only you and really only you know this number and you will

also not be notified about the randomly drawn numbers of the other players.

After you have noticed your number please write this number in the column 1

of your worksheet. Also write this number on the slip of paper, on which the

particular round number is written (the round number is in the right upper

corner).

Experiment

The experiment works as follows. You choose a number between 0 and 100 and

note this number on the same slip of paper and in column 2 of your worksheet.

If you are a buyer this number states the amount in Francs you are willing to

pay for the virtual good, this is your bid.

If you are a seller this number states the amount in Francs you are asking for

the sale, this is your ask.

If all slips of paper are completed we will collect these and the cards with the

random number in two different boxes whereby one box contains only the bids

and the other one only the asks. These boxes will be brought in the front of the

room. The slips of paper will be drawn pairwise one from the buyer’s and one

from the seller’s box. This process will randomly match you with a player from

the other group. If your slip of paper is drawn jointly with a slip of paper of a

player from the other group then the experimenter will compare the bid and the

ask. If the bid is lower than the ask no transfer takes place. If the bid is larger

or equal the transfer takes place. The price is determined by the average of the

bid and the ask, e.g. (bid + ask)/2. If a transfer takes place the payoff of the

buyer is the difference between the redemption value and what he has to pay to

the seller (as described above). The payoff for the seller is the difference between

the price he obtained for the good and his costs. Otherwise the payoffs are zero.

To show how your payoff is determined we now consider a buyer with a drawn

redemption value of 75 and a seller with costs of 40. If the buyer bids 60 and the
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seller asks 50 transfer takes place at the price of 55 = (60 + 50)/2. The payoff of

the buyer is 75 - 55 = 20 whereas the payoff of the seller is 55 - 40 = 15. If now in

this example the buyer bids rather 45 whereas the seller asks 57, no trade takes

place and all payoffs are zero. Finally please consider that your payoff could be

negative: If you are a buyer and the price you have to pay is greater than your

redemption value and if you are a seller and the price you get is smaller than your

costs.

Payoff

After all slip of papers are drawn the experimenter will compare the bids and

asks, assert if transfer takes place or not and if at which price. The experimenter

will write these informations on this slip of paper and will give it back to you. If

there is no information on your slip of paper no transfer took place in this round.

If a transfer took place you find a number on your slip of paper, which you get

back. This is the price to which the transfer took place.

After the results of round 1 are familar please write in column 3 if trade took

place or not, by writing ’yes’ or ’no’. If a transfer took place write in column 4

the price of the transfer and in column 5 your payoff. If no transfer took place

write in each column 4 and 5 zero.

Then round 2 begins. You will draw a second card from the envelope receive

a new random number and will follow the same activity as in round 1. There will

be 20 rounds of this experiment.

After these 20 rounds your definitive payoff will be determined by summing up

all Francs payoffs over the 20 rounds. These Francs will be converted in EURO

with the conversion rate of 1 Franc = e 0,03. You will receive an additional

show-up fee of e 5,00. However if at the end of the experiment your complete

Francs payoff is negative this losses will be subtracted from these e 5,00. You

get paid when you leave.
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Worksheet

User number: Typ: Buyer / Seller

Spalte 1 Spalte 2 Spalte 3 Spalte 4 Spalte 5

round number bid / ask transfer price payoff

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

B.2 Instruction manual Experiment 2

Preparation

As you entered the room two things occured. First you have been randomly as-

signed to the role of whether a seller or a buyer (to know which type you are look

at the upper right corner of your worksheet). Furthermore you received an enve-

lope with 21 cards. On each card is a number between 0 and 100 written. These

numbers were randomly selected to you and therefore every number between 0

and 100 has an equally likely chance to appear on a card.
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In each round of the experiment you get the chance to buy or sell a virtual

good, depending whether you are a buyer or seller. At the beginning of the first

round you will be asked to draw a discretionary card form the envelope.

If you are a buyer the number on the card represents the amount you will

receive from us in case of purchasing the good. This is your redemption value for

the good in a fictious currency named Francs.

If you are a seller the number on the card represents the amount you have to

pay to us in case of selling the good. These are the costs to you.

Please consider, only you and really only you know this number and you will

also not be notified about the randomly drawn numbers of the other players.

After you have noticed your number please write this number in column 1

of your worksheet. Also write this number on the slip of paper on which the

particular round number is written (the round number at the upper right corner).

Experiment

The experiment works as follows. You will be announced a price to which you

can buy or sell the good. Note this price in column 2 of your worksheet. Decide

now whether you would like to take part at the transfer or not (accept / not

accept) and note your decision both in column 3 of your worksheet and on the

slip of paper writing ’yes’ if you accept and writing ’no’ if you do not accept the

price.

Next you choose a number between 0 and 100 and note this number on the

same slip of paper and in column 4 of your worksheet. If you are a buyer this

number states the amount in Francs up to which you would like to buy the good.

If you are a seller this number states the price from which you would like to sell

the good.

If all slips of paper are completed we will collect these and the cards with the

random number in two different boxes whereby one box only contains the slips

of paper from the buyers and the other these of the sellers. Both boxes will be
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brought in the front of the room. The slips of paper will be drawn pairwise, one

from the buyer and one from the seller box. This process will randomly match you

with a player from the other group. If your slip of paper is drawn jointly with a

slip of paper from a player of the other group then the experimenter will compare

your decision (accept / not accept). If you and/or the randomly matched player

from the other group stated ’no’ on the slip of paper no transfer will take place. If

you and the randomly matched player from the other group stated ’yes’ transfer

will take place at the price which a third person established. If a transfer takes

place the payoff for the buyer is the difference between his redemption value and

the price. The payoff for the seller is the difference between the price he will

receive for the good and his costs. Otherwise the payoffs are zero.

To show how your payoff is determined we now consider a buyer with a drawn

redemption value of 90 and a seller with costs of 42. If the price is 45 and both

seller and buyer accept the price transfer will take place at price 45. The payoff

of the buyer is 90 - 45 = 45, whereas the payoff of the seller is 45 - 42 = 3. Does

one or do both not accept the price no transfer will take place and the payoffs

are zero.

Finally please consider that your payoff could be negative: If you are a buyer

and the price you have to pay is greater than your redemption value and if you

are a seller and the price you have to pay is smaller than your costs.

Payoff

After all slips of paer are drawn the experimenter will compare your decisions,

assert if a transfer takes place or not. The experimenter will write this information

on this slip of paper and will give it back to you. If there is no information on

your slip of paper no transfer took place in this round. If a transfer took place

there is a ’T’ for transfer written on your slip of paper which you get back.
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After the results of round 1 are familar please write in column 4 if a transfer

took place or not by writing ’yes’ or ’no’. If a transfer took place than write in

column 6 your payoff. If no transfer took place than write zero in column 6.

Than round 2 begins. You will draw a second card from the envelope, receive

a new random number and will follow the same activity as in round 1. There will

be 21 rounds in this experiment.

After these 21 rounds your definitive payoff will be determined by summing

up all Francs payoffs over the 20 rounds. These Francs will be converted in EURO

with a conversion rate of 1 Franc = e 0,03. You will receive an additional show-

up fee of e 8,00. However if at the end of the experiment your complete Francs

payoff is negative this losses will be subtracted from these e 8,00. You get paid

when you leave.
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worksheet

User number: Typ: Buyer / Seller

Spalte 1 Spalte 2 Spalte 3 Spalte 4 Spalte 5 Spalte 6

round numberl price acception max / min price transfer payoff

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

,
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Deutsche Zusammenfassung

Im täglichen Leben finden bei jedem ständig Verhandlungen statt. Als Beispiel

hierfür kann der Entscheidungsfindungsprozess zwischen einem Mann und seiner

Frau, welches kulturelle Ereignis zusammen wahrgenommen werden soll, genannt

werden. Etwa wenn der Mann lieber ins Kino gehen möchte, während seine Frau

einen Abend in der Oper bevorzugen würde. Allgemein kann man sagen, dass

"eine Verhandlungssituation eine Situation ist, in welcher zwei Spieler ein gemein-

sames Interesse haben zu kooperieren, aber unterschiedliche Interessen darüber

haben, wie sie genau kooperieren" (Muthoo (1999) S. 1). Daher ist ein Verhand-

lungsprozess immer durch eine Kombination aus Kooperation und Wettbewerb

gekennzeichnet. Wettbewerb, um meine erste Wahl durchzusetzen und Koopera-

tion, um einen gemeinsamen Verhandlungskonsens zu erreichen.

In einem Verhandlungsprozess machen sich zwei Spieler gegenseitig Ange-

bote, wie sie einen gewissen Geldbetrag aufteilen sollen, bis einer der Spieler

einem Angebot zustimmt. Dieser Prozess könnte wie folgt ablaufen: Erst schlägt

Spieler 1 Spieler 2 ein Angebot vor, wie der Geldbetrag zwischen ihnen aufgeteilt

werden könnte. Daraufhin kann Spieler 2 das Angebot annehmen oder ablehnen.

Wenn er das Angebot akzeptiert, dann wird der Geldbetrag gemäß des Ange-

botes von Spieler 1 aufgeteilt. Wenn Spieler 2 hingegen das Angebot ablehnt,

kann er im Gegenzug ein Gegenangebot abgeben. Dann kann wiederum Spieler

1 das Gegenangebot annehmen oder ablehnen. Wenn er annimmt, dann wird der

Geldbetrag gemäß des Gegenangebotes aufgeteilt, andernfalls muss er ein neues

Angebot vorlegen. Dieser Verhandlungsprozess wird so lange andauern, bis eine

Einigung erreicht wird. Da die Möglichkeit ein Angebot zu machen zwischen

den beiden Spielern wechselt, wird dieser Verhandlungsprozess ’Abwechselndes-

Angebot-Spiel’ genannt.
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Wenn wir eine einzige Periode aus dem ’Abwechselndes-Angebot-Spiel’ heraus-

nehmen, erhalten wir das sogenannte Ultimatumspiel. Das Ultimatumspiel ist das

einfachste Modell, um eine Verhandlung zwischen zwei Personen zu strukturieren.

Da die Sequenz des Ultimatumsspiels einer Periode des ’Abwechselndes-Angebot-

Spiels’ entspricht, endet das Ultimatumspiel nach einer Periode. Aufgrund dessen

kann Spieler 2 kein Gegenangebot machen, wenn er das Angebot ablehnt. Wenn

Spieler 2 das Angebot ablehnt, dann findet kein Handel statt und die Auszahlung

für beide Spieler ist Null. Wenn Spieler 2 akzeptiert, dann findet Handel statt

und Spieler 2 erhält das Angebot von Spieler 1 als Auszahlung, Spieler 1 erhält

den aufzuteilenden Geldbetrag abzüglich seines Angebotes.

In der Spieltheorie wird angenommen, dass sich alle Verhandlungspartner ra-

tional verhalten und nur ihre eigene monetäre Auszahlung in ihrer Nutzenfunktion

berücksichtigen. Im Ultimatumspiel sollte daher Spieler 1 den kleinstmöglichen

Geldbetrag Spieler 2 anbieten, um somit seinen eigenen Nutzen zu maximieren.

Spieler 2 wird jedes Angebot größer als Null akzeptieren, um seinen Nutzen zu

maximieren, da der kleinstmögliche Betrag besser als Null ist.

In experimentellen Studien unter vollständiger Information der Spieler wur-

den Hinweise gefunden, welche die spieltheoretische Vorhersage zurückweisen. In

diesen Experimenten konnte beobachtet werden, dass über die Hälfte der Ange-

bote unter 20 % des aufzuteilenden Betrages abgelehnt werden und im Mittel

die Angebote zwischen 30 % und 40 % und viele Angebote in der Nähe einer

gleichen Aufteilung liegen. Viele Experimentatoren schlussfolgern aus diesem ex-

perimentellen Befund, dass Spieler sich nicht nur rational verhalten, sondern auch

Fairnessüberlegungen bei Entscheidungsfindungen anstellen. Diese Überlegungen

beinhalten sowohl, dass Spieler ungleiche Auszahlungen als auch eine unfaire Be-

handlung nicht mögen. Diese Schlussfolgerung wurde sowohl in Diktatorspielen,

als auch in Ultimatumspielen mit unvollständiger Information überprüft. Die

Angebote in diesen zwei Experimenten lagen unter der Zurückweisungsrate im
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Ultimatumspiel. Daher vermuten die Experimentatoren, dass Spieler eine eigen-

nützige Definition von Fairness benutzen und Fairness nicht im Sinne einer glei-

chen Aufteilung verstehen.

Aufgrund dieser Ergebnisse entwickelten Forscher theoretische Modelle, die

den Fairnessgedanken berücksichtigen. Diese Modelle gehen davon aus, dass

Spieler nicht nur egoistisch handeln, sondern auch soziale Beweggründe in ihre

Überlegungen mit einbeziehen. Weiterhin wird die Annahme von rational han-

delnden Spielern aufrecht erhalten. Fehr und Schmidt (1999), wie auch Bolton

und Ockenfels (2000), berücksichtigen in ihren theoretischen Modellen Spieler,

die ungleichheitsavers sind. Wohingegen Rabin (1993) ein Modell entwickelte,

um den Aspekt einer auf Intentionen basierenden Reziprozität darzustellen.

Neben dem Ultimatiumspiel existiert ein weiteres Modell, um eine Verhand-

lung mit unvollständiger Information abzubilden: Die doppelte Auktion. Diese

wurde zuerst von Chatterjee und Samuelson (1983) analysiert. In diesem Mo-

dell verhandeln zwei Spieler, ein Verkäufer und ein Käufer, über den Preis eines

einzelnen Gutes. Der Verkäufer hat Kosten für die Herstellung des Gutes und der

Käufer hat einen bestimmten Wert, den er dem Gut beimisst. Beide bieten si-

multan einen Preis, für den sie bereit sind, das Gut zu verkaufen bzw. zu kaufen.

Wenn der Preis des Käufers größer oder gleich ist dem Preis des Verkäufers, dann

findet Handel zu einem durch eine Preissetzungsregel determinierten Preis statt.

Andernfalls findet kein Handel statt.

Wenn der Preis als Durchschnitt von beiden Geboten definiert ist, dann

zeigten Chatterjee und Samuelson, dass eine Preisstrategie, welche linear in den

Kosten (für den Verkäufer) bzw. linear im Wert (für den Käufer) ist, ein Gleich-

gewicht unter vielen ist. Allgemeiner zeigten Myerson und Satterthwaite (1983)

für univariat verteilte Valuationen, dass die doppelte Auktion mit einem linearen

Gleichgewicht der effizienteste Mechanismus, aber ex post ineffizient ist. Diese In-

effizienz tritt aufgrund der Tatsache auf, dass Verkäufer bzw. Käufer tendenziell
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ihre Kosten überbieten bzw. ihren Wert unterbieten, um einen besseren Ver-

handlungsabschluss zu erreichen. Auch in Experimenten zur doppelten Auktion

konnten Abweichungen von der spieltheoretischen Vorhersage beobachtet werden.

Rapoport und Fuller (1995) weisen darauf hin, dass die Spieler im Experiment

zu einem effizienteren Ergebnis kommen, als dies in der Theorie vorhersagt wird.

Ich nahm dies als einen Hinweis darauf, dass Spieler nicht nur egoistisch han-

deln, sondern auch soziale Überlegungen, wie Fairness oder Altruismus, in ihrer

Entscheidungsfindung berücksichtigen. Deshalb untersuchte ich, was sich in der

doppelten Auktion mit zweiseitiger unvollständiger Information verändert, wenn

man ungleichheitsaverse Spieler berücksichtigt.

Die Grundlage für diese Analyse bildete das Ungleichheitsaversionsmodell von

Fehr und Schmidt (1999). In diesem Modell sinkt der Nutzen eines Spieler sobald

die endgültige Aufteilung ungleich ist. In diesem Rahmen konnte bewiesen wer-

den, dass ein Gleichgewicht existiert, welches ein effizientes Ergebnis zur Folge

hat, d. h. alle Gewinne des Handels können realisiert werden, wenn die Ungleich-

heitsaversion ausreichend ausgeprägt ist. Weiterhin konnte bewiesen werden,

dass ein weiteres Gleichgewicht, ein Preisgleichgewicht, in der doppelten Auktion

unter Berücksichtigung von Ungleichheitsaversion zu einem ineffizienteren Ergeb-

nis kommt, als ohne Ungleichheitsaversion. In einem Preisgleichgewicht einigen

sich entweder beide darauf, dass Handel zum Gleichgewichtspreis stattfindet oder

es findet kein Handel statt.

Zur Überprüfung der Ergebnisse des theoretischen Modells wurde zwei Ex-

periment zur doppelten Auktion durchgeführt. Das Experiment 1 bestätigte für

das lineare Gleichgewicht den theoretischen Ansatz unter Berücksichtigung der

Ungleichheitsaversion. Bei der Überprüfung des Preisgleichgewichts in Experi-

ment 2 lässt allerdings das experimentelle Ergebnis keine Berücksichtigung von

Ungleichheitsaversion bei den Spielern erkennen.
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