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There are many experimental studies ol bargaining behavior, but surprisingly enough
nearly no altempt has been made to investigate Lhe so-called ultimalum bargaining
behavior experimentally. The special property of ullimatom bargaining gumes is that
on every stage of the bargaining process only one pilayer has to decide and that
before the last stage the set of outcomes is already restricted to only two resuits. To
maks the ultimatum aspect obvious we concentrated on situations with (wo players
and two stages. In the ‘easy games’ a given amount ¢ has to be distributed among the
two players, whereas in (he ‘complicated games’ the players have 1o allocute a bundle
of black and white chips with different values for both players, We performed two
main experiments for easy games as well as for complicated games. By a special
. experiment it was investigated how the demands of subjects as player [ are refated 1o
.. . . -their acceptance decisions as player 2,

-,

1. Introduction /

A game n Surategic or eXiensive IOrm, WOiCh 1S playea 10 SOive a |
distribution problem, is called a bargaining game. Such 4 game has perfect |
information if all its information sets are singletons, ie, there are no -
simultaneous decisions and every player is always completely informed about
all the previous decisions. Consider a bargaining pame with perfect
information whose plays are all finite. Such a game is called an vitimatum
barpaining game if the last decision of every play s Lo choose between {wo
predetermined results. Often a game itself does not satisfy (his definition, but
‘contains subgames for which this is true.

In 2-person bargaining one usually speaks of an ultimatum il one party
can restrigt the set of possible agreements to one single proposal which the
other party can either accept or reject. Since in an ultimatum bargaining
game the set of possible outcomes is narrowed down to only two resulls
hefore the last decision is made. this exolains our terminoclosy.
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The speciality of ultimatum bargaining games can be illustrated as follows:
Since the length of the play is bounded from above, there is always a player i
who has to make the final decision. Now for all other players the game is

over in the sense that they cannot influence its oulcome any longer. So all.

that player i has to do is to make a choice which is good for himself. We can
say that player i
who makes his choice just before player i terminates the game. If j knows
what player i considers as good or bad, player j can easily predict how
player i will react. Thus in a certain sense we can say that player j, too, is
engaged in a l-person game. In the same way one can see that every player
in an ultimatum bargaining game finds himself in a l-person game. This
shows that in ultimatum bargaining games strategic interaction occurs only
in the form of anticipating future decisions, There is no mutual
interdependence resulting from simultaneous moves or infinite plays,

The obvious sclution concept for ultimatum bargaining games is the

subgame perfect equilibrium point [Selten (1975)]. The subgame perfect’

equilibrium behavior can be easily computed by first determining the last
decisions, then the second last ones, etc. Most ultimatum bargaining games
have only one perfect equilibrium point. The delicate problem to select one
of many equilibrium points as :6 solution of the game is of only minor
imporiance.

In the economic literature gwm»:::m processes are often modelled as

“ultimatum bargaining games [see, for instance, Stdhl {1972), and Krelle

(1976)). Here we do not discuss whether ultimatum bargaining games can
adequately represent real bargaining situations [see Harsanyi (1980), and
Giith (1978)1. We are mainly interested in ultimatum bargaining behavior
because it allows one 10 analyse in detail certain aspects of bargzining bebavior.

In any multistage bargaining process the parties have to anticipate future
decisions. The specialty of ultimatum bargaining games is that these are the
only strategic considerations and that especially the last decision is the most
simple choice problem. The individually rational decision behavior will
therefore be rather obvious even if subjects do not have a strategic training.
Our experiments allow us to explore the following questions: Will subjects
behave oplimally? And if not why and in which direction will they deviate
from their optimal decisions? Our approach is to investigate {irst the most
simple bargaining models. Only when knowing what drives the individual
decisions in simple games, one can be sure how to interpret the results of
more complex situations. Our distinction of ‘easy’ and ‘complicated’ games is
a small step in this direction. There are so many experimental studies of
bargaining behavior that we do not even try to give special references; for
instance, many of the ‘Contributions to Experimental Economics’, edited by
H. Sauermann, dea! with bargaining problems. But surprisingly enough, as
far as we know, nearly no experiments have been performed to analyse

i finds himsell in a l-person game. Now consider a player j

;A e e, -y .

i —

W e T e

x\ Giith et al., An experimental enslysis of witimatium hargaining oy

‘ultimatum bargaining behavior, Because of their special structure ullimatum

bargaining games are useful to investigate experimentally how bargainers
anticipate the decision behavior of their opponents. This is especially true for
games with only (ew players and rather short plays.

Consider a game which does not satisfy the definition of un ultimatum
bargaining game only because the players can choose between more than just
two bargaining resulis at the last decision stage. Such a game will be called a
bargaining game with ultimatum aspect [Gith (1976)]. Fouraker and Siegel
(1963) have investigated the bargaining behavior in such games. In their
interesting study they confronted their subjects with a bilateral monopoly
where first the seller states the price and then the buyer determines his’
demand at this predetermined price.

Fouraker and Siegel distinguish between complele and incomplete
information as well as single and repeated transaction experiments. We
restrict our attention to single transaction experiments. It is obvious {rom
the repeated priscners’ dilemma-experiments that a player will not
complelely exploit the uitimatum aspect if he can be punished later on,
Furthermore, we can neglect the incomplete information experiments. Since
the players do not know the types of their opponenis, games with
incomplete information do not iatisly the requirement of’ perfect information

‘[Harsanyi (1968), and Selten (1982)]. According to (heir data Fouraker and

Siegel consider the subgame perfect equilibrium point to be reuscnably

""" consistenl with the observed bargaining behavior. In 11 of 20 experiments
“price and quantity were chosen exactly as predicted by the equilibrium

solution, Our data will indicate thal this result will change if the payolfl
distribulion according to the equilibrium point is more extreme. Fouraker
and Siegel also vary this payoff distribution. Whereas in Experiment 2 the
equilibrium payoff of the seller is much higher than the one of the buyer,
these payoffs are equal in Experiment !, For us it is a surprise that
nevertheless the number of equilibriumn results in Experiment 2 is only
slightly smaller than in Experimenl 1. According to our data subjecls punish
an opponent, who exploits the ultimatum aspect, il this is not loo costly For
them.

It seems thal :a strategic asymmeltry ol both players was morc acceptuble
in the experiments of Fouraker and Siepel, This can be due o their special
scenario, In highly industrialized countries most consumer markets. are
considered as seller markets. ‘Buyers’ therefore might be used to have [ess
strategic power. In an abstract bargaining situation, where the bargaining
parties have to divide a given amount of money, an asymmetric power
relationship is probably less acceptable.

Anocther explanation is that subjects in the experiments oﬁ Fouraker and
Siege! could not see each other. They might not even have been sure whether
they "actually face an oppoment or a preprogrammed sirategy. In our
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experiments ull subjects could see each other. But since bargaining pairs were
determined stochastically, none of them knew his opponent.

In the following we describe the scenaric which was used to observe
ultimatum bargaining behavior experimentally. Afterwards the data collected
in the experiments will be discussed in detail and compared. In the
concluding section we summarize our main results and indicate some
perspectives for the future study of ultimatum bargaining behavior.

2. Description of experiments

It is well-known in the economic literature [Selten (1978)} that subjects do
not anticipale future decisions in the way which characterizes the
individually rational decision behavior in ultimatum bargaining games.
Players tend to neglect that there is & last stage which is so important for the
normative solution. Thus it is more than doubtful whether the special
structure of ultimatum bargaining games will be fully recognized if the
bargaining process is more complicated in the sense that the number of
stages is very large. ,

Now we are interested in ultimatum bargaining behavior since in these
games stralegic interaction occurs only in the form of anticipation, To make
sure that all subjects are aware of the special game situation, the easiest non-
trivial ultimatum bargaining games with only two players and two decision
stages have been used to test ultimatum bargaining behavior.

The experiments can be partitioned into two subgroups: In one group the
two subjects have to determine only how to distribute a given amount of
money. These experiments will be called ‘easy games’. In the experiments of
the second group they have to distribute certain amounts of black and white
chips which do not have the same value for both of them. These experiments
will be called ‘complicated games’, Whereas the optimal decision behavior in

“easy games is obvious, complicated pames require a slightly more thorough
arialysis of the game situation. Comparing the results for easy and
complicated games will show how the complexity of the game model
influences bargaining results.

Before every experiment subjects were introduced to the bargaining
situation in an informal way. The oral instructions were given according to
the rules listed in the appendix. Each experiment consisted of several games
which were played simultaneously. The group of 2k subjects was first
subdivided by chance into two subgroups of equal size £, All subjects in one
of the two subgroups were determined to be player 1 in the corresponding
ultimatum game. They were informed in advance that their opponent will be
chosen by chance out of the other subgroup. So no player 1 knew his
opponent for suré. The k easy games differed only with respect to the
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amount ¢ which was to be distributed among the two subjects. All
experiments were games with complete information.

. The number k of games ranged from 9 to 12. So the chances to meet a
specific subject as player 2 were rather low for all players 1. All subjects
were scated in the same room at desks which were far enough from each
other to exclude verbal communication. Furthermore, players 1 and players
2 were at opposite sides of the room. Each participant could see all the
others and had a complete contro!l that the experiment was performed
according to the instruction rules in the appendix. We did not observe
attempts to exchange messages during the experiments. Between experiments
communication was not restricted,

2.1. Easy games

In an easy game the two subjects were first determined to be player 1 and
player 2. The subject chosen to be player 1 then declares which amount 4,
he claims for himself. The difference between the amount ¢ (> 0), which can
be distributed, and a, is what player 1 wants to leave for player 2, Given the
decision of player 1 player 2 has to decide whether he accepts player s
proposal or not. If 2 aceepts, player 1 gets a, and player 2 gets ¢—a,.
Otherwise both players get zero.

Every subject in the subgroup of players | got a form (lable 1) which

‘informed him about the total amount ¢ to be distributed. Player 1 had to

write down the amount of money a, which he demands for himsell. Then the

~ forms were collected and distributed by chance to the subjects in the other

subgroup. Player 2 had to indicate whether he accepts the proposal.of player
1 or not. Two tickets were attached to each form, one for player { and one
for player 2. On each ticket theré was a capiial letter, indicating the game,
and the player number. So, for instance, X/ is on the ticket of the subject
who is player 1 in game X. We called X/ the sign of this subject. The
subjects had to show their tickets to get their payoffs,

Tabie |
The form given to subjects engaged in easy games,

The amount ¢ ta be distributed is c=DM . ,.
Player ! can demand every amount up la c=DM.
BECE Pt r e FEE T RS b b e SRS Rt 2 S S S Al S
Sign of player I:...1

Decision of player I; 1 demand DM

B FEIEI AGEELS ATILE I G SFIET - IS

Sign of player 2:...2

I accept player 1’z demand:. ..
I refuse player I’s demand: ...
(indicate the decision you prefer by an ‘X))
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Let us shortly discuss the ralional decision behavior in easy games.
Indivisibility of money implies that there is a minimal positive amount ¢ of
money, Consider now an easy game: A rational player 2 will always prefer
the alterriative which yiclds more for him and will choose conflict only if this
does not cost him anything. Thus the optimal decision for player 1 is to
demand ¢—~¢ for himself and tc leave the minimal- positive amount & to
player 2, This clearly illustrates the ultimatum aspect of easy games: The
decision of player | _Eﬁ__nm that player 2 can only accept his minimum or
choose conflict,

2.2, Complicated games

The experiments of complicated games were performed in a similar way. In
a complicated game player 1 first has to divide a bundle of 5 black and 9
white chips, In order to do this player 1 determines a vector (m,,m,)
indicating the decision for one bundle (I) with m, {£5) black and m, (<9)
white chips and the complementary bundle (I) with (5— —m,) black and
(9—m,) white chips. After the decision of player I player 2 has (o decide
whether he wants to have bundle (I) or bundle (II). The other bundle is given
to player 1. Player 1 got DM 2 for each chip. Player 2 was paid DM 2 for a
black chip and DM [ for a white chip. Both v_musa were informed about
these values,

The form given to the subjects engaged in a complicated game is shown in
table 2. Again several examples were calculated to make sure that every

subject completely understood the rules of the game. Some subjects had

difficulties to learn how the distribution of chips determines the money
-payolls.

In the complicated game the rational decision behavior is not so obvious.
A rational player 2 will always choose the bundle which yields a higher
payoff for him. For player 1 it is evident that he has to design bundles I and
II such that the bundle, which player 2 will prefer, contains as few white

Table 2

The form given to subjects engaped in complicated game:
AR EE S EFEE i 5 LTI TS !
Sign of player 1:,,, 1
Decision of player 1; Player 2 has to choose between
{ty  ...black chips and .. while chips

{not more thaa 5 black and 9 white chips), or

(11} the remaining chips.

Sign of player 2:...2

Decision of player 2:

{ choose vector {I) of black and white chips ...
I choose the remalning vector of chips (I1)...
{indicate the decision you prefer by an 'X*l}
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chips as possible, Knowing this some easy calculations show that the aptimal
decision of player 1 is given by (m,,m;)=(5,0) or {0,9). This will induce
player 2 to choose I in the first case and Il in the second case. The
equilibrium payoll for player 1 is DM 18, whereas player 2 receives DM 10.
If player 2 would deviate, he would get DM 9 whereas player 1's payofl
would be DM 10, ie, a deviation of player 2 would cost player i much more
than player 2 himself. '

The complicated game is a well-known distribntion procedure [see, for
instance, Kuhn (1978), Steinhaus (1948), Giith (1979)], often called ‘the
method of divide and choose’. In the economic literature it is mostly applied
to the problem of cutting cakes fairly. In our example there are two difTerent
‘cakes’ and two individuals with different preferences.

The method of divide and choose yields an envyfree allocation [Pazner and
Schmeidler (1974)] which is even Pareto-optimal in our special case. In
general, this method determines an allocation which i{s not Pareto-cfficient

-[Gfith (1976)]. Observe that a complicated game has olher envyflree and

Pareto-optimal allccations beside the equilibrium allocation. I player 2
receives the bundle (5, 1) of § black and | while chips and player | gets the
residual bundle (0, 8), this allocation is also envylree and Pareto-elficient.
The same is true if player 2 receives the bundle (5,2) and player 1 the
residual bundle {0, 7)., All other Parcto-efficient allocations are nol envyfree.
Furthermore, the equilibrium payeff of player I is his maximal payolT in the

7 set of envyfree allocations. This demonstrates that the method of divide and

choose allows player 1 to exploit the preferences ol player 2. Player 2 would
prefer to be the one who determines two bundles [ and 11 between which
player | has to choose.

3. Experimental results

The subjects were graduate students of economics (University of Cologne)
attending a seminar to get credit for the final exams. It is almost sure that
none of the students was familiar with game theory. After pilot studies in the
summer semester of 1978 the main experimenls were performed at the
beginning of the next winter semester.

3.4, Easy games

For the ‘sake of completeness we also show the results of the pilot
experiment, with easy games in table 3. The results of one game, specified by
a capital letter in column (1), appear in one iine, The second column of table
3 gives the amount ¢ to be distributed, The third one the demand of player
1. A 'l" in the fourth column indicates that player 2 accepted, whereas a ‘0’
says that 2 refused player I's proposal. Conflict resulted in three (games C, G
and H) of the nine games in table 3.

LEBO.~ D
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Table 3 !

= dmoynt
Lo be Demand of
distribuled alayer [ Decision of
Game (DM) (DM) player 2

1 0.60 !
1 0.60 i
1 0.90 0
1 0.50 !
1 0,30
_
“

Q.51

t 1.00
i L.o0 0
1 0.50 l

—Immmunm>[

In the same way the results of the main experiments with easy games are
given in tables 4 and 5. The experiments of easy games listed in table 4 were
_ummo_.son_ first. We refer to these chzm as unexperienced decision behavior
in easy pames.

g . T 1
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usually had to face a different amount ¢ 1o be distributed and to expect a

different opponent. The results of the second experiment of easy games are .

given in table 5; we refer to them as experienced decision behavior in easy
games, .
Tables 4 and § contain the results of 21 games each. In both tables there

are three games with an amount c=4; 5; 6; ...; 10DM. According to the-

unexperienced decision behavior conflict seems (0 be rather exceptional (it
results in oaly two of the 2t games). Since in table 5 there are 6 cases of
conflict, the total amount paid to the subjects is lower in table 5 (DM 116)
than in table 4 (DM 137),

One could try to explain the greater frequency of conflict according to the
experienced behavior by an increase of the average demand of players 1. The
average demand of players | is DM 4.38 in table 4 and 4.75 in table 5. But
the average demand of players | is a rather rough measure for the demand
behavior of players 1 since it neglects the variation in the total amount ¢ to
be distributed. A certain absolute incredse of player 1’s demand is more
significant if only DM 4 can be distributed than in the case of DM 10.
Empirically it is not true that player 2 always chooses the alternative which
yvields a higher payoff. The decision behavior of players 2 also depends on
the difference in the payolfs which player 1 has proposed..

Although the sum of all payoffs in table 4 is higher than in table §, the
average payoff of players not involved in conflict is greater according to table
5, i.e, the higher frequency of conflict in table 5 is connected to games with a

—— — i
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Table 4

Maive decision behavi

in casy pame

distr _Ucﬁnz
Game (DM)
A 10
B 9
C 8
D 4
E 5
F &
G T
H 0
1 10
i 9
K 9
L 8
b it
N 7
O 7
P il
Q [
R 5
s 5
T 4
U 4

Table 5
Experienced decision behavior in easy games,

Dem ::n_ ol
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relatively low amount ¢ to be distributed, The average payofl of players 1
not engaged in conflict is DM 4,38 (DM 5,05} in S_u_a 4 (5), whereas for
players 2 it is DM 2.83 (DM 2.68).

Altogether one gets the impression that in the second nxvaaansﬁ players 1
were more daring than in the first cone. This caused on one side a higher

frequency of conflict and on the other side a higher payoff of those players 1.

whose more ambitious demands were nevertheless accepted by their
opponents.

One can try to explain the variation of the demands, e, the demand
behavior of players 1 in easy games, by the variation of the amounts ¢ o be
distributed. To do this we calculated how the following three hypotheses:

1

al=ac+f, (1)
a} =ac?, _ @
al =ae . 3)

can explain the demand behavior of players 1 in table 4 as well as in table 5.
The results are listed in table 6 whose first column gives the functional form

{1), (2) or (3) of the hypothesis. 111 the second and third column appear the.
_values of the parameters « and § for table 4 (5) denoted by as {«5) and f,

(8s), respectively. The correlation coefficient r} and r3 for tables 4 and 5 in
the fourth column of table 6 indicate how much of the variation of players 1's
demands can be explained by the variation of ¢. It can be seen that the non-
linear hypotheses yield better explanations in both cases and, furthermore,
that all hypotheses yield better results for the experienced demand behavior

of table 5. Of course, these results should be considered more as an

illustration of players 1's demands and not as a valid statistical analysis since
there are not enough data available,

" The acceptance behavior of players 2 listed in table 4 (5) is visualized in
fig. # (2). Since player 2 has only the choice to accept (indicated by .C or to
refuse {indicated by ‘0") a given demand of player 1, his payoff c—a, in case
of acceplance, ie, for a;=1, is of special interest, This amount can be

Table 6 )
Stulistical analysis of the demand behavior in easy games.
Hypothesis o, {ws) - Bs s} 3 ).
ay=uc+f 0460 (0.562) 1210 (0817 0488  {0.630)
a, =ac’ 1.054 {0.999) Q.71 (0.796). 0.511 {0.650)
ay=uef 1847 (1.947 ol {0.121) 0511 {0.653)

i A,
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regarded as the costs of player 2 for choosing conflict. The decision of player
2 may alsc depend on the share {¢ —a,)/c of player 2 according to player 1's
proposal. One would expect that player 2 iy more likely to refuse a given
demand of player 1 if his payolf (¢ —a,) as well as his share (¢c—a,)/c in case
of acceptance are comparatively low. Beside one exceptional case {player R2
in table S} where the rather moderate demand «, =DM 4 was refused at
costs of DM 3 for player 2, it can be seen with the help of figs. 1 and 2 that
the experimental results are in Jine with our intuitive expectations.

3.2. Consistency of demands in easy games

After testing twice the behavior in easy games we became interested (o
learn how the demand behavior of a subject, i, his decisions as player 1, is
related to his acceptance behavior, ie, his decisions as player 2 [similar
questions for other game situations are analysed by Stone (1958}]. Would a
certain subject accept as player 2 an offer to distribute ¢ which he wouid
suggest as player 17 In order to investigate this question, we performed a
third experiment of the easy game with ¢=7 DM in the following way: All of
the 37 subjects participated in the experiment ag player 1 as well as player 2.
First every subject had to decide as player 1 which amount ¢, he demands

x»j
05} 1 1 1 1 1 1
1 1
04| 1 |
_ o001
1
0.3f 1 y
0.21- 0
1
0} 1 N
1 | 1 i r
0 1 2 3 4 5 H,

Fig, 1. Nalve acceplance behavior in easy gumes.
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05k 1 11
10
0.4 L ) 1
1 1
1
06k 1 1
101
0,2 - & 1
o
1
o1
_ : . | A | ]
o 1 2 . 3 4 5 Hy

Fig. 2. Experienced acceptance behavior in easy games.

for himsell. Then every subject got another form which asked him to state
his minima) acceptance payoll a, as player 2. If c—a, 2 a,, player 2 accepls
player {'s demand which yields the payoff a, for player 1 and ¢—a, for
player 2. Conlflict results if ¢ —a, <a,. The subjects were told in advance that
it will be determined by chance which of the other 36 player 2's decisions a,
will be opposed to the own decision 4, as player 1. Since every subject had
to hand in his sign as player | and as player 2, we were able to identify
uniquely his decisions as player 1 and as player 2.

It should be mentioned thai the decision of player 2 in this experiment is
more complicated compared to the former experiments of easy games. Here a
player 2 has to consider all possible decisions of player 1, while in the former
experiments player 2 was only asked to react to a specific choice of player 1.

Although a subject had to expect a different subject as his opponent, we
were mainly interested how 2 subject’s decision a, as player 1 is related to
his decision a, as player 2. In table 7 the decisions of one subject are listed
in one line. The second column gives the demand a4, as player 1 and the
third column the acceptance level a; as player 2, whereas the sum a, +a, of
demands appears in the fourth column, If this sum is greater thanfequal
to/smaller than c=7 DM, this is indicated by ‘+'/0°/*—" in the fifth column
of table 7. _

s -
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Table 7
Consisteney of payoll dema

Index of
subject

ay=demand ) +a;=s5um
a§ player 2 of demands

4, =demand
as player 1

3.00 7.00 i
2.50 8,00
3,50

bt s
[ 3% R T =T - RS = SR R S PR
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Ll

[
Pl O

oo

[N
—_— D

[
Lo ok

[ A
(=i

[V
]

[
S D e

Lab

']
]

5 decision vectors are in conflict (+), 15 consistent {0) and [7 in
anticonflict (—). Thus 32 of the 37 subjects revealed a modest demand
behavior in the sense that the payoff ¢—a, was not smaller than their
acceptance level a, as player 2. Nearly half of the 37 vectors {u;,a,) were
even in anticonflict. These subjects were willing {o accept demands of player
1 which were higher than their own aspiration levels a,.

In case of coaflict subjects leave less to player 2 than they themselves are
willing to accept as player 2. They must consider themselves as exceptionally




-

bitious since oiherwise they would have to expect conflict, The
15th row of table 7 probably misunderstood the situztion,

In case that (ay, ;) is consisient, the subject leaves as player 1 to player 2
exactly whal he is just willing to accept as player 2. Such a subject reveals
fie payell vector (a),a,) as the obvious outcome. So, for
instance, in 7 of the 15 cases of consistency the equal split (3.50 DM; 3.50
DM) is proposed. In the other consistent pairs subjects asked as players [ for

ore than as pla 2 which indicates their attempt 1o exploit the
Imatum as 1. .

The average share «¢,/c demanded by players | is only 55% in table 7
compared to 64.9% in table 4 and 69% in table §, i, in the consistency test
players 1 were more modest than in theé former experiments. This can be
explained by the fact that in the consistency test subjects had to decide as
player I and as player 2. Knowing to be player [ in one game and player 2
i r pame, might have caused some subjects to care for a fair
gai sult. OFf cotrse, a rational decision maker would not allow his
decision in one game to depend on his choice in another game. But ons
cannot expeel in real life that players are able and willing to distinguish so

between cision in one game and the cne in anoth

3.3. Complicated games

In the pilot study with complicated games the payolfs were one teath of
the payolls as given in the description of the game. In the second columa of
table 8 is the bundle I1={m,,m,) as designed by player I. The third column
gives the payofl vector H(I)=(H (), H,(I)) which resuits if player 2 chooses
bundle I for himself, whereas the payofl vector H(H)=(H (i1}, H,(II)) for the

choice of bundle Il=(5—m;,9—m,) by player 2 appears in the fourth -

Table §
Pilol study of complicaied games.

Decision

I=(iny, iy (80 (H (1) (A (I, H {11 Decision of
Game of player 1 (DM) (DM) player 2
A {3, 5 {1.20,1.10) {1.60;0.80) [
B (5,2) {1.40; 1.20} (1.40;0.70) 1
C (Q,8) (1.20;0.80) (1.60; 1,40) Il
D {3,4} (1.40; 1.00} {1.40; 0.90) [
E 2,4) " {1.60;0.80) (1.20; 1.10} M
F “7 (0.60; 1.50) {2.20; 0.40) ]
G 4,3 ©(1.40; 1.10) (1.40; 0.80) 1
34 2,9 {1.40; 0.50) (1.40; 1.00) I B
I (5,0) i (1.80; 1.00} (1.00; .90} i

s
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column of table 8. The actual choice 1 or 11 of player 2 is listed in the fast
column of table &, It can be seen (rom table 8 that players 2 always chose the
bundle which yielded & higher payoff H,. In the pilot study of complicated
games only one player 1, namely subject 1l, proposed the equilibrium
solution.

The same subjects who participated in the main experiments of easy games
were afterwards confronted with the complicated game. The results of the
main experiments with the complicaled game are listed in tables 9 and 10, In
a first test the payoffs were the same as in the pilot study. The results of this
first test are listed in table 9; we refer to them as decision behavior in
complicaled games with low payoffs. After one week the experimenl was
repeated with the rather high payoffs as determined by the description of the
game. These results — we refer lo them as decision behuvior in complicated
games with high payoffs — are listed in table {0.

Compared to an easy game situation the equilibrium payoff vector (1.80
DM; 1.00 DM} in table 9 or (18 DM; 10 DM) in table 10 is less extreme in
complicated games gince it yields comparatively high payoffs for both
players. There are two possibilities 1=(m, m,) for player | lo suggest the
rational solution, namely (m,, m,)=(5,0) and {m,, m4)=(0,9). In € of the 17
games in table 9 players 1 suggested the rational soiution, whereas in (able
10 this was done in 9 of 15 games. Thus compared to our results for easy

---games players 1 in complicated games rely more oflen on the rational

decision behavior although it is more dillicult to derive. This indicates that

Table 9

Decision behuvior in compliculed games with low payoffs,
Decision
t=(m,m) ()% Hy(1) (013 1,010 Decision of

Game of player | {OM) {DM) pluyer 2
A (5.0) {1,80; 1.00) {1.00; 0.50) I
B 5,0 (1.80; 1.00) (1.00; 0.90) |
C (5,2 (1.40; 1.20) (1.40; 0.70) !
D 3.9 {1.20; 1.10) {1.60; 0.80) 1
E (5,0) (1.80; 1.00) {1.00; 0.90} "
F 4.5) (1.00; £.30) (1.80;0.60) I
G (5,2) {1.40;1.20) {1.40;0.70) I
H (5, 8) (0.20; 1.20) {2.60;0.10) 1
I .3 (1:40; 1.10) (1.40; 0.80) I
1 5.2) (£40;1.20) (1.40;0.70) 1
K {4,4) (1.20; 1.20) (1.60; 0.70) [
L 5,0 (1.80; 1,00} (1.00; 0.50) 1
M “4,3) {1.40; 1.10) (1.40;0.80) i
N 4,2) {1.60; 1.00) (1.20;0.90) I
(o {3.9) (260, 0.90) - (1.20; L.OD) !
p - {50 (1.80; 1.00) (1.00; 0.90} I
Q (50 {1.80; 1,00} {1.00; 0.90) {
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(Y 1AL Decision of

Game (DM) _(DM) player 2
A ) !

B (18;11) 1

C (6,11) I

D _ i

C i

F I

G 1

i !

1 ©oag 9 I

I (10; 9) il

K (10; 10 11

L {10; 10 11

M P 9 !

N ;10) i

G

5) 11

subjects "did . not deviate from the onaaw_ behavior because of iheir
difMiculties in solving the game. The  main reason seems t{o be that :_m
rational solution is not considered as socially acceptable or fair,

In one of their bilateral monopoly oxuo_.s_o:a Fouraker and Siegel meuv
have an equilibrium payoff vector which is comparable to the one of
complicated games. In the other experiments the equilibrium payoffs of both
players are equal. Although we, Loo, observed a strong tendency to behave
optimally in complicated games, the resuits of Fouraker and Siegel favor
even more the normative solution. It seems fair to say that this is probably
due to the greater acceptability of the equilibrium payoll distribution in their
experiments, As already indicated in the Introduction, the different resulis of
Fouraker and Siege! may be related to the special scenario which they have
used.

In one of the six {four of the nine) games of table 5 (10) in which player 1

suggested the rational solution, player 2 did not accept this, i.e, player 2’

chose the bundle which implied lower payoffs for both players. The results
for easy games showed already that players 2 are willing to suifer a monetary
loss if they consider the demand of player | as unacceptable. Now if only
player 2 deviates from the rational solution, he himself suffers a loss of DM

0.10 {table 9) or DM 1 (table 10), whereas piayer 1’s loss is DM 0.80 or DM _

8. Since on the other side of the equilibrium payoff vecter (DM 1.80; DM 1)
or (DM 18; DM [0} yields a considerably higher payolf to player 1, it is no
surprise that sometimes players 2 chose the bundle which implies lower
payoffs for both players. If player 2 is not willing to accept the payoff vector

—

IR Sl

If player 2 accepts the equal split, the payell vector is (DM 12; DM
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implied by the normative solution, he can cause a payolf vector with much
more balanced individual payofls at relatively low costs by deviating from
the rational solution.
ithough the number of game ; in tab
3:2:: solution has been sugpe w:& more often 3 E,:; rs 1. On one side
this tendency towards rationality can be explained by the fact that the
:EE ts were tmore _.mbz_:: s_z_d noEt__?:ma games m: __._a :,?,._ ted
experiment. On the othe ible ? are much
of table & This might
maore carafully.

If player 1 wants an equal split, he can propose this either by I=(4, 4) or
the corresponding bundle Il or by I={4, 1) and the corres :E&Sm @:E:r :

the first case and (DM 10; DM 10} in the second one. In both cases it
for player 2 to accept Em equal split; if he deviates n_.d;: would s
loss while player 1 would gain by such a deviation. It is, of course, better to
design {my, my)=(1,5) or the corresponding bundle (4, 4} since this implies
higher payoffs for both players.

[n table 3 enly one player 1 suggests an equal split, namely the one with
high payolfs, whereas in table 10 three players 1 suggest the equal splil with
low payolfs. This indicates that in the _.mw.mA:Q_ experiment __38 is a stronger
tendency to suggest an equal split and that not all
experiment were fully aware of the payoff s
1 it is doubtful whether they have amn_ﬁiu the game
enough,

In a complicated game player 1 chooses a maximin-strat
w::_.\:o H ue o the

with mi +)
the choice o
_uic: ol pluyer | :.:S Zo in I:_n 9 Eﬁ _,:S E in ﬂ
In Sr_a m_ five players I chose a maximin-siralegy, in table 10 ihis occurs
only once, Thus compared to the repeated experiment players 1 in the first
me,_.ij sezmed to be more risk averse.

Altogether one can say that in the second exper t ale
games more players 1 tended towards the normative solution while more
players 2 were willing to block unbalanced payolf vectors. This behavior of
players 2 has its counterpart in a stronger lendency of some experienced
piayers 1 to design bundles which allow more balanced payoff vectors.

r.J

ol con

4. Conclosions |

Ultimatum  bargaining games are special bargaining games since!
interaction of players occurs only in the form of anticipation, In order to
make the ultimatum aspect cbvious, we concentrated on the easiest non-
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trivial ultimatum bargaining pames with two players and two decision stages.
In easy games where a given amount ¢ has to be distributed the normative
solution is extreme in the sense that the player who has to decide on the
second stage gets only the smallest possible positive payofl. Our experimental
results show that in actual life the ultimatum aspect of easy games will not
have such extreme consequences: Independent of the game form, subjects
often rely on what they consider a fair or justilied result. Furthermore, the
ultimatum aspect cannot be completely exploited since subjects do not
hesitale to punish if their opponent asks for ‘too much’,

The typical consideration of a player 2 in an easy game seems to be as
follows: ‘If player 1 left a fair amount to me, I will aceept. If not and if 1 do
not sacrifice too much, I will punish him by choosing conflict)
Correspondingly, a player | typically will argue like: ‘I have to leave at least
an amount ¢—a, for player 2 so that he will consider the costs of choosing
conflict as too high.” One therefore should expect that the relation of player
I's to player 2's payoff will increase if the amount ¢ increases. To estimate

.the exacl functional form of this relationship, one should perform more

experiments of easy games with various amounts ¢. Especially, one should try
to include situations with very high amounts ¢, for instance ¢ =100 DM. It is,
of course, very expensive 10 perform experiments with such high values of ¢,

To deal with high amounts ¢ one might consider experiments where one -
- delermines by chance &' (<) out of the k simultaneous games whose payoffs
“are aclually paid. Subjects would face higher amounis ¢ which they can

distribute with positive probability aithough the sum of payolls in all k
games can be even lower than in our experiments.

Another way to perform experiments with higher amounts ¢, is to auction
the positions of player 1 and player 2. Some subjects would bid for the
position of player 1 in 2 given easy game, others for the position of player 2.,
According to the procedure used by Giith and Schwarze (1983) the position
is sold (o the highest bidder al the price of the second highest bid. Then the
winners of the two independent auctions finally play the game. The payolls
would be their payoffs in the easy game minus the price of their position,
Apart from its Jower costs this procedure provides new sxplanatory variables
and avoids tendencies toward egalitarian payofl distributions. If the positions
are assigned to subjects by chance or arbitrarily, the more fortunate subjects
often are reluctant to exploit their *unjustified’ strategic advantages. But if a
piayer had to compete for his position and to pay for it, he might not
hesitate to exploit its strategic possibilities.

The consistency lesi was performed for only one easy game, It would be
interesting to study how the results are influenced if the subjects have to face
very high amounts ¢ to be distributed. One would expect that the number of
decision vectors (@,,4a,) in conflict will decrease because conflict would imply
a serious loss in mzo_._ games,

m—— -
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For conmplicated games it was shown that (hey are special examples for the
method of divide and choose which is cluimed to yield fir divisions. This
indicates that the ultimatum aspect of complicated games is Jess obvious, As
a matter of fact the normative solution of such games is envyfree in the sense
of Pazner and Schmeidler (1974). Our results show a clear lendency of
players | to exploit the vllimatum aspect of such a barpaining situation.
Although several subjects tried to cause balanced payofll veclors, the
tendency toward the normative solution with unbalanced payoffs was much
stronger.

Ultimatum barpaining games are standard examples (o demonstrale how
poorly the characleristic function reflects the stralegic possibilities [Giith
(1978)]. The characteristic {unction of an casy game is, for instance,
completely symmetric in spite of player Us strategic advantage. Thut is why
cooperative solution concepts are not very informative. They either consider
all efficient and individually rational payoll distributions of easy games as
stable or prescribe the equal split as the unique solution, Our results shaw
that efficiency does not hold in general. There are cases of conflict in easy
games and non-efficient agreements in complicaled games, Obviously some
subjects tried to cause egalitarian payoll distributions. But there was a4 much
stronger lendency to exploit the ultimalum aspect, Cooperative game Lhcory

“is therefore of only little help when explaining oltimatum bargaining
_behavior.

In easy games all possible strategies of player 1 are maximin-strategies.
For player 2 the equilibrinm strategy is also a maximin-strategy. For
complicated games the equilibrium strajegy of player 2 is also a maximin-
strategy, But for player | the situation is different in complicaled games,
Here a maximin-strategy of player | requires that both bundles contain 7
chips. In 5 of 17 complicated games with low payoffs we observed thal player
1 did choose a muximin-strategy. In the cuse of high payolls only | of 15
players has chosen & maximin-straiegy. This shows that the (endency (o
avoid uny risk is of only minor importunce, especially for expericoced
subjects.

Appendix: Instruction rules
AJ. Instruction rules for easy games

You will be faced with a simple bargaining problem with only two
bargainers, player 1 and player 2. In each bargaining game both players have
to distribute a given amount ¢=DM ... maoam themselves, The rules of the
bargaining game are as follows:

First v_.wwo_. 1 can determine any amount a, =DM ... between 0 and ¢ which
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Player 2 will be informed about player 1's decision {m,,m,). Knowing player
I's decision {m,, m,) player 2 can choose between the bundle (m,, m;) of m,
black and m, white chips or the residual bundle (5—m, 9—m,) with 5—m,
biack and 9—m, white chips. Player 1 receives the bundle which has not

he demands for himself. The dilference ¢—a, is what player | offers to player
2.

t F‘BRG— &L 4<_: ve r- —,C
proposal player 2 can either accept this proposal or choose conflict,
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.. . - . . oo . . oo { been chosen by player 2.
11 |aYCl & ACUGPIS LHAYGT 13 PIuposal, playel 1 BoiS g; add prayer 4 uie i - - - P e e e . e e A
N”ngum— maocnﬂ Im , ~5 Dmmn O&b no :mnﬂ ﬁv Mr —m w O- N@ﬁ.On = iV Th&o«t»» v (Oﬂf\n-. w\uP—\r\- IS Ui tiiniuyg :k UYL YHIWWY W Al Wiy f.--——l‘.d (<>>n(\.-

¢=dy n ol players g _ he received. If; for instance, player 2 chooses the bundle (my, m,), his payoff is
(iliustration o! bargaining rules by various numerical examples). The _ m, DM 2+ m, DM 1. Player 2’s payofl is DM 2 times the number of chips
experiment will proceed as follows: _ which he received.
‘There will be &'=... barguining games with different amounts ¢ to be : {Illustration of bargaining rules by various numerical examples). The
distributed. First it will be decided by chance who of you will be players 1 H experiment will proceed as follows:
and who of you will be piayers 2 in the k bargaining games. All players 1 “ ] ) . o )
will be seated at the (isolated) desks on one side, whereas players 2 will be i _.q:mwm g%cﬁ kﬂ c.ﬂmm_m_:ﬂmmﬂom. ﬂ_qm“__ws__“ be awwﬁna_cﬁowmsow.fso
seated at the (isolated) desks on the other side of the room. b of you wit! be players 1 and who of you witl be piayers Z In the & bargaining

games, All players 1 will be seated at the (isolated) desks on one side,

Each player | will receive a decision form which informs him about the #
amount ¢ to be distributed. This is also the maximal amount player 1 can
ask for, Every player 1 has to fill in his decision a,. When determining his

whereas players 2. will be seated at the (isolated) desks on the other side of
the room,

i
. . : i Each player 1 wil] receive a decision form. Eveéry player 1 has to determine a
d . pl b d k ho of the k=... pl 2 will be h . ; .
QMMMMM.L: player 1 coes not know who of ihe players & will be fus _ bundle I=(m,, m;) of m, black-and m, white chips. By this he offers player 2
. _ e e , . | to choose between the bundle T=(m,, m;) and the residual bundle 1l=
>.=o«. all players | have made their decision, their “aon_m_o: forms are (5—my,9—my) of S—m, black and 9—m, white chips. When determining his
distributed by chance among the k=... players 2, Knowing the amount ¢ to decision 1=(my, my), player | does not know who of the k=... players 2 wil
be distributed and player 1’s demand «; each player 2 has to decide whether be his ovuoaﬁ.__n

he accepts the payofl proposal (¢;, ¢ —a;) of player 1 or not,

Each player has 10 minutes for his decision. When all decisions have been
made, the decision forms will be collecled. As described above the payoffs are
a,=DM .., for player 1 and ¢c—a, =DM ... for player 2 if player 2 accepts
the proposal (a;, c—a,). Otherwise both players receive DM 0. To get your
money you have to keep the ticket which is attached {o your decision form.

After all players | have made their decision, their decision forms are |
distributed by chance among the k=... players 2. Knowing the two bundles
I={m,, m,) and II=(5—m,, 9~m,) each player 2 has to decide whether he
wants the bundle I=(m,, m,) or the bundle [1=(5—m,, 9—m,).

Each player has 15 minutes for his decision. When ali decisions have been
made, the decision forms will be collected. As described abave your payolf
will be determined by the bundle of black and white chips which you
received, To get your money you have 1o keep the ticket which is attached to
your decision form. .

IT you have any questions, we will be happy to answer them now, During the
experiment it is forbidden to ask questions or to make remarks.

A-2. Instruction rules for complicated ganies (with high payoffs) | If you have any questions, we will be happy to answer them now. During the

You will be taced with a simple bargaining probiem with only two experiment it is forbidden to ask questions or to make remarks,
bargainers, player 1 and player 2. In each bargaining game both players have
to distribute a bundle of 5§ black and 9 white chips among themselves. Player !

1 will get DM 2 for each chip. Player 2 will be paid DM 2 Jor a black chip __ _ﬂm?..m_smm,,
and DM 1 for a white one. The rules of the bargaining game are as follows:
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First player [ can determine a bundle {m,m,) of m, black and m, white
chips with 0<m, £5 and 0 m, £9.
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in the world of perfect markets consumers are assumed o respond instuntly (o every small price
change. However, in the real world it is not clear (hat uny smull price change will have a great
impact on consumers' decisians and that, regurdless of their habit, they will shift from one brand
to the other. The purpose of this paper is 1o examine oligopolistic prive competition wnder the
assumption that consumers are non-responsive to small price differences,
existence of equilibrium in which firms do not necessarily churge the sume price; however some
of the firms charge their monopolistic price und others charge prices close to that price,

1. Introduction 7

Economists have always been suspicious aboul any irratiopality in the
‘_i:o: is,

oonms:_o; _ui wior, Therefore rational behavior,
... a consistent maximization of
as EEQ function .. ." is assumed in every {raditional model of ¢ 03?,_:3
amony lirms. The perfect rictionless Bm:ﬂo? n_mzﬁu_ [rom such behavior, are
far away from the economie realities we ¢ vorld of
parfect markets a smeall change of price !
great impact on the quantity demanded. However, in economic H.mn;:z the
purchasing process is much more complicated ::5 is usually .zmziaa the
perlect et models i ) [ L
have a preat impact on the consumers’ gmﬁ._,_o:m and that, repardless ol the
habits, they will shift from ong brand 5 :F othe er.

Since purchasing and consumi
ove 1e,’ there is a tendency to consume the same brands and not (o
n_._mnno them according to slight price changes. Moreover as Leibenstein
(1976, p. 196) points out many ase
the o?;c_.mm,‘ {for example by other me
implying % .. the existence of instances in which individ
Rmvo:n:& to some change in price’. The same criticism
218 was made by ﬂ:r DS m;.u Mi (1970} e waerld
jlarge crow
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