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‘ MATUM BARGAINING

Werner GUTH, Rolf SCHMITTBERGER §
Universitit zu Kéln, 5000 Kéln 41,
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There are many. expenmental studwﬁ of bargaining

nearly no attempt has been made to investigate thg so-called ultimatum barga.mmg
behavior expenmentally The spécial property of ulfinatum bargaining games is that
on every stage of the bargaining process ‘only one player has to decide and that
before the last stage the set of outcomes is already jfestricted to only two results. To
make. the .ultimatum aspect obvious we concentratqﬂ on situations with two players
and two stages. In the ‘easy games® a given amount ¢ has to be distributed among the
two players, whereas in the ‘complicated games’ the players have to allocate 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 comphcated/ames By a special

havior, but surprisingly enough

experiment it was investigated how the deMands of subjects as gayer 1 are related to
thelr acceptance decisions as player 2.

1. Introduction

A game in strategic or extensive form, which is played to solve a

distribution problcn}\, is called a bargaining game. Such a 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 game with perfect
information whose plays are all finite. Such a game is called an ultimdtum
bargaining game if the last decision of every play is to choose between two
predetermined results. Often a game itself does not satisfy this definition, but
contains subgames for which this is true. »

In 2-person bargaining one usually speaks of an ultimatum if one party
can restrict 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 s narrowed down to only two results
before the last dec:s:on is made, this explains our terminology.

*The authors would like to thank Reinhard Selten (University of Bielefeldj and two
anonymous referees for their valuable advice.
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The specnahty of ultimatum bargaxmng ‘games can bo illustrated as follows: |

Su;ce 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
ovz' in the sense that they cannot influence its outcome 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 finds himself in & "{-perso n' game. Now considet ‘a’ player j
' 3 re playe x;m nates the game. If j knows
tht playcr i considers as” good ‘or ba layer j can easily predict how

player i will react. Thus in. a certain sense we .can say .that player j, too, is .

engagcd in a 1-person game. In the same way one can see that every player
in an ultimatum bargaining ‘game- finds -himself in a 1-person game. This
shdws that in ultimatum bargaining games strategic interaction occurs only
in | the form of anticipating - future - dcmsxons There is° no mutual
mtqrdepcndence rmultxng from sunuitaneous moves or infinite plays
¢ obvious solution concept for ultimatum bargammg games is the
subgame pcdect equilibrium point [Selten (1975)). The .subgame  perfect
cthbrmm behavior can be easily -computed by first dctermmmg the last
decisions, then the second last ones, etc. Most ‘ultimatum bargammg games
have only one perfect equilibrium point. The delicate problem to select one
of many cthbnum points as the solution of the game is of only minor
impostance.
In the economic literature bargammg proccsses are -often modelled as
ultimatum bargaining games [see, for instance, Stahl (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)]. We are mainly interested in ultimatum bargaining behavior
because it allows one to analyse in detail certain aspects of bargaining behavior.
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 optimally? And if not why and in which direction will they deviate
from their optimal decisions? Our approach is to. .investigate. first the most
simple bargaining modcis Only: when knowing what drives the individual
decisions in simple game; one can be sure how to-interpret the resuits of
more complex situations. Our distinction of ‘casy’ and ‘complicated! games is
a small step in. this direction. Therc 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, deal with bargaining probiems. But surprisingly enough, %s
far aa we know, nearly no experiments have been performed to analyse
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eir special structure ultimatum
bxperimentally how bargainers
jents. This is especially:true for
lays.. - SRS
e definition of an .ultimatum
choose between more than just
pe. Such a game will beicalled a
- (1976)]. Fouraker and Siegel

ultimatum bargaining behavior. Because of
bargaining games- are. useful .to. investigate
anticipate the decision behavior of their opp
games: with: only few, players and rather shor

-Consider.a game which’ does not satisfy
bargaining game :only .because the players c:
two bargaining results.at the last decision st
bargaining game with ultimatum aspect [G sh
(1963) have investigated the bargaining beBavior in such games. In their
interesting study they confronted their subflicts with a bilateral monopoly
where first the seller states the price andfthen the buyer determines his
demand at this predetermined price. =~ §

Fouraker ~and Siégel distinguish betwlien ..complete and incomplete
information -as - well -as single and repeatdd . transaction experiments. We
restrict our attention. to single transaction A xperiments. It is obvious from

the - repeated - prisoners’ ,dilemma—experiq%nts that a player will ot =

completely exploit the ultimatum aspect 1};; he can be punished later on.
Furthermore, we can neglect the incomplete information experiments. Since
the players do not know the types of their opponents, games with
incomplete information do not satisfy the requirement of perfect information
[Harsanyi (1968), and Selten (1982)]. According to thejf data Fouraker and
Siegel consider the subgame perfect equilibrium p#fint to be reasonably
consistent with the observed bargaining behavior. 11 of 20 experiments
price and quantity were chosen exactly as predicted by the equilibrium
solution. Our data will indicate that this result will change if the payoff
distribution 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 1. For us it is a surprise that
nevertheless the number of equilibrium results in Experiment 2 is only
slightly smaller than in Experiment 1. According to our data subjects punish
an opponent, who exploits the ultimatum aspect, if this is not too cogtly for
them. : o ‘,.
It seems that the strategic asymmetry of both players was more acceptable
in. the-experiments of Fouraker and Siegel. This can be due to their special
scenario. In highly industrialized countries most consumer markets are
cousidered as sellex markets. “Buyery therefate wmight b wsedl © e e
ATALHL-POWEX. In an osirack DarRiting Sitoation, wWhee the ‘oarppiting
VATBES hane o Ade 2 guen AMOVDL AL TMODRY, AN ATYOMLRHS POWRL
relationship is probably less acceptable. ’
Another explanation is that subjects in the experiments of Fouraker and

~Siegel could not see each other. They might not even have been sure whether

they actually face an opponent or a preprogrammed strategy. In our
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experiments all: subjects could sée €do
determined stwhasﬁcaﬂy' onéof't
In the: following - we “describe:
ultimatum bargaining behavior: experime;
in the experiments : will-'be- discusse
concluding  section: we ‘summarize-“odr: main: results andf'!i mdxcatc SQme
perspectives for the future study of ultimatim: bargaitting behavior. -

But smoc Batganmng pall"S were

2. Description of expenments o

It is well-known in the economic hterature [Selten (1978)] that subjects do
not anticipate - future: decisions in -the :way which characterizes the
individually rational decision ~behavior -in ultimatim -bargaining’ games.
Players tend to neglect that there is a 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 comphcated in the sense that ‘the: number of
stages is very large.

Now we are interested in ultimatum bargammg behawor since in these
games strategic interaction occurs only in thie form of anticipation. To make
sure thit 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’. Wheréas the optimal decision behavior in
casy games is obvious; complicated games require a slightly more thorough
arialysis of the game situation. Comparing the results for easy and
complicated games will show how the complemty 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 k. 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 sure. The k casy games differed only with respect to the
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amount ‘¢ ‘which ‘was to be’ distributed - among thf two subjects All
experiments- were games with complete information. &
“The number 'k of games ranged from.9-to 12.-So- the chanoes to meet a
specific’ subject: as- player 2 were: rather. low for all -players 1. ‘All ‘subjects
were: seated 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- partmpant could see all the
others::and - had’ a complete control ‘that the experiment was performed
according to the instruction rules in the appendix. We did not- observe
attempts to exchange messages during the expemncnts Between experiments
communication was not restricted. |

2.1.-Easy garﬁes

In.an easy game the two subjects were %rst determined to be player 1 and
player 2..The subject chosen to be player 1 then declares which amount a,
he claims for himself. The difference between the amount ¢ (>0), which can
be distributed, and q, 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 1's
proposal or not. If 2 accepts, player 1 gets a; and player 2 gets c—a,.
Otherwise both players get zero.

Every subject in the subgroup of players 1 got a form (table 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 himself. 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®l and one
for player 2. On each ticket there was a capital 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.

Table 1
The form given to subjects engaged in easy games.

The amount ¢ to be distributed is c=DM...
Player 1 can demand every amount up to c=DM...

Sign of player 1:...1
Decision of player 1: I demand DM ...

-Sign of player 2:...2
1 accept player 1's demand:...

1 refuse player I's demand: ...
(indicate the decision you prefer by an ‘X))
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Let us shortly discuss the rational decision behavior in easy games.
Indivisibility of money implies that there is.a minimal positive amount & of
money. Consider now-an-casy game: A rational player 2 will always prefer
the alternative which yiclds more for him and will choose conflict only if this
'does not cost him anything. Thus the optimal decision for playcr iis to
demand c—& for himself and to.leave. the minimal positive ‘amount & to
player 2. This clearly illustrates the uitimatum aspect, of easy games: The

decision of player 1 implies that player 2 can: only accept his minimum or
choose coaflict.

J
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) blacl% and m, (£9)
white chips and the complementary bundie (II) with (5—m,) black and
(9—m,) white chips. After the decision of player 1 player 2 has to decide
whether he wants to have bundle (I) or bundle (I1). The other bundle is given
to player 1. Player I got DM 2 for each chip. Player 2 was paid DM 2 for a
black chip and DM 1 for a white chip. Both playcrs were informed about
these values.

The form given to the subjects engaged in a complicated game is shown in
table 2. Again scveral examples were calculated to make sure that every
subject completely understood the rules of the game. Some subjécts had
difficulties to learn how the distribution of ch:ps determines the money
payofls.

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

Table 2 ]
The form given to subjects engaged in comphcalcd gamn

ngn of player 1.... 1
Decision of ph)mr 1: Player 2 has to choose between
th .. black chips and .., white chips

{not more than § black and 9 white chipe), or
i the ramaining chips.

Sign of player 2.2
Dectnon of player 2

| choose vector (1) of black and white cliipe
| chonme the remaining voctor of chipe (11)
nadicats the deciston you prefisr by an " X™Y
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chips as possible. Knowing this some easy calculations show that the optimal
decision of player 1 is given-by (my, m3)=(50) or (0,9). This will induce
player 2 to choose 1 in the first case and II in the second case. The
equilibcium payoff 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 payoff
would be DM 10, i.e, a deviation of player 2{would cost player | much more
than player 2 himself.

The complicated game is a well-known distribution procedure [see, for
instance, Kuhn {1978), Steinhaus (1948), Gith (1979)], often called ‘the
method of divide and choose’. In the economic literature it is mostly applied
to the probiem of cutting cakes fairly. In our example there are two different
‘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-dptimal in our special case. In

general, this method determines an allocatipn which is not Pareto-efficient
[Gath (1976)}. Observe that a complicated game has other envyfree and
Pareto-optimal allocations beside the equilibrium allocation. If player 2
receives .the bundle (5, 1) of 5 black and lu}hite chips and player 1 gets the
residual bundle (0, 8), this allocation js also envyfree and Pareto-efficient.
The same is true if player 2 receives the bundle (5,2) and player 1 the
residual bundle (0, 7). All other Pareto-efficient allocations are not envyfree.
Furtbermore, the equilibrium payoff of player 1 is his maximal payoff in the
set of envyfree allocations. This demoustrates that the method of divide and
choose allows player | to exploit the preferences of player 2. Player 2 would
prefer to be the one who determines two bundles [ and II between which
player 1 has to choose. » |

3. Experimeatal resuits " | o *

The subjects were graduate students of eéonomics (University of Cologne)
attending a seminar to get credit for the fipal 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 expgriments were performed at the
beginning of the next winter semester.

3.1 Easy games

For the ‘sake of compieteness we alsd ‘show the results of the pilot
experiment with casy games in table 3. The résults of one game, specified by
a capitsl letter inm column (1), appear in ong line. The second column of tabie
} gives the amount ¢ to be distributed. The third one the demand 'of player
. A "1’ in the fourth column indicates that player 2 dccepted, whereas a *0°
sayy that 2 refused player '3 proposal. Conflict resuited in three (games C, G
and Hi of the aine games in table 3. i

SEARD - D
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. Tobie 3.+ s
Pilot audy of my xamﬂ
c-amouni f‘k b i
tobe o Jfrbemandaf B
. distribwied© player 1. - Decision of
Game (DM)  (DM). . player?2
A ! 060 t
B 1 060 . 1
C 1 090 L0 -
D ! 0.50 1
E 1 ~0.50 - |
F 1 Q.51 e
G 1 1.00 0
H 1 1.00 0
1 1 1 -

0.50

R

In the same way the results of the ‘main expcnmcnts with easy games are
given in tables 4 and 5. The experiments of easy games listed in table 4 were
performed first. We refer to thcsc resu!ts as uncxpcncnoed dec1s10n bchavnor
in easy games.

These experiments havc been repcated after one week. Of course, a' subject
usually had to face a different amount ¢ to 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 cxpenenoed declswn bchavmr in easy
games.

Tables 4 and 5 contain thc rcsults of 21 games each. In both tables therk

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

unexperienced decision behavior conflict seems to be rather exceptional (it
results in only two of the 21 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 grcatcr frequency of conflict accordmg to the
cxpenenoed behavior by an increase of the average demand of players 1. The
average demand of players 1 is DM 4.38 in table 4 and 4.75 in table 5. But
the average demand of players 1 is a rather rough measure for the demand
behavior of playérs | since it neglects the variation in the total amount c to
be distributed. A certain absolute increase of player 1's demand is more
sigmificant if on!y 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
yields a higher payoff. The decision: behavior of players 2. also dcpcnds on
the difference in the payoffs which player 1-has- proposcd -

Although the sum of all payoffs in table 4.is ‘higher than in-table 5 the
average. payolf- oﬁ players not involved in-conflict is greater gccording to table
S, i.e., the higher frequency of conflict in table 5 is connected: to gameg with a

T
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6.00
$.00
4,00
200 -
3.50
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3.50
5.00
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Table 5

Experienced decision behavior in easy games.

¢=amount
to be”
distributed

" Demand of
player 1
(DM)

Decision of
player 2
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(DM)

10
10

pasa

7.00
7:50
4.50
6.00

'5.00
7.00
400
5.00
3.00
300
499
3.00
5.00
3.80
6.00
450
6.50
400
3.00

400
3.00
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were more “than 1
frequency of co ict t and on
whose more an
opponents.

behavior of plat’lers 1 in easy games, ,the varlanon of the amounts ¢ to be
distributed. To do this we calculated how the followmg three hypotheses

a,~ch[f, ’ ‘ ' 1)
a{:ac‘?, o @
al=¢ e}’; g o 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. In the second and third column appear the
values of the parameters o and f for table 4 (5) denoted by o, (2s) and B,
(Bs), respectively. The correlation coefficient 72 and rZ 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 c. It ‘can' be seen that the non-
linear hypotheses yield better explanatxons in both cases and, furthermore,
that all hypotheses yicld. better resuits 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 statlstlcal analysis since
there are not enough data available.

The acceptance behavior of playcrs 2 listed in table 4 (5) is visualized in
fig. 1 (2). Since player 2 has pnly the choice to accept (indicated by ‘1’) or to
refuse (indicated by ‘0’) a given demand of player 1, his payoff c—a, in case
of acceptance, ie., for a,=1, is of Special interést. This amount can be

Tablc6
Statistical analysxs of the demand behavior in easy ga.mes _
Hypothesis a, (@) B ®s) 7 3
ay=ac+f 0460  (0.562) 1210:  (0817)  0488:  (0.630)

a,=ac? 1054 (0.999) 0731 (0796 0511 (0.650)
ay=ac® 1947  (1.947) 0.111: ©121) 0511, (0.653)
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regarded as the costs of player 2 for choo'sing-cﬁﬂict. The decision of player
2 may alsq depénd on the share (c—a,)/c of player 2 according to plhyer I’s
proposal. One would expect that player 2 is more. likely to refuse a given
demand of player 1 if his payoff (c—a,) as well as his share (c—a,)/c in case
of acceptance are comparatively low. Beside one exceptional case (player R2
in table 5) where the rather moderate demand a;=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 line with our intuitive expectations.

3.2. Consistency of demands in easy games

r

After testing twice the behavior in easy games we became interested to
learn how.the demand behavior of a subject, i.e., 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)]. Wouldja
certain subject accept as player 2 an offer to distribute ¢ which he would
suggest ‘as player 1? In order to investigate this question, we performed a
third experiment of the easy game with c=7 DM in the following way: All of
the 37 subjects participated in the experiment as player 1 as well as player 2.
First every.subject had to decide as player 1 which amount a, he demands

Hzlc
ost 1 1 1 1 1 1
1 <1
04 o 1 ' o1
Lo . : 1 1
S A . 1 I’
L 1 1 .
0.2} 0
' 1.
ok - 1
1 1 5 i 1
0 1 2 3 4 5 H,

Fig. 1. Naive acceptance behavior in easy games.
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S " S o
1
B % I 5
‘0 D R S Tt 5 H,

Fig. 2. Experienced acceptance behavior in easy games.

for himself. Then every subject got another form which asked him to state
his minimal acceptance payoff a, as player 2. If c—a, Za,, player 2 accepts
player I's demand which yields the payoff a, for player 1 and c¢—aq, for
player 2. Conflict 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 a, as player 1. Since every subject had
to hand in his sign as player 1 and as player 2, we were able to identify
uniquely his decisions as player 1 and as player 2.

It should be mentioned that 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 a subject’s decision a, as player 1 is felated 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 démand a, 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 ‘som 1s greater ‘than/equal

to/smaller than c=7 DM, this is 1nd1cated by ¥ /‘0’/‘ Tin ‘the fifth column
of table 7. : . , ; o

it e s g i AT
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ii - ‘Congistency
.- of demands

oo, 00000 S|
—

P+ 1 Q1P+ LI+ 192191+ 11F

.

5 decision vectors are inv conflict (+), 15 consistent (0) angL 17 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 (a,, a,) were ‘

even in- antlconﬂxct. These subjects were wxllmg to accept demands of player
"1 which were mgher than their own aspiration levels a,.

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

’




DM) is proposed In the ot,‘
more * than as players 2
ultimatum aspect.

The average share al/c

players 1 re more ‘mode
explarned by the fact that

cannot expect in real life. that' players are. -able and: wﬂlmg to distmgmsh sO
clearly between the decrsron ‘in one game and the one in anothcr game
situation. L

3.3. Complicated games oy g i o i

In thet pilot study with comphcated games the paycffs were on.e tenth. of
the payoﬂ's as given in the descrrptlon of the game. In- ‘the second column of
table 8 is the bundle I= (ml,mz) as desrgn ‘by player: 1. The third column
gives the payoff vector H(I)=(H (I), H,(I)). which results if player 2 chooses
bundle I fof himself, whereas: the payoff vector H(II)= (H 1(I), Hy(ID) for the
choice of bundle I=(5— ml, -—-mz) by player 2 appears in 'the fourth

.. Table 8
Pilot ;tudy of comphcated games,

Decision .
I=(my,my)  (Hy (D (H, (1) (H y(I0); H,(IT) Decision of
of player 1 (D ) . ) player‘2 ‘

Q
B
|
o

—EommYows
P
]

AT 8 e ,(;40 }90 e
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column of table 8. The actual choice: T or I of player 2 is listed in the last
column of table 8: Tt can be seeii from table'8 that players 2 ‘always chose the

|
|

=bundle wlnch ylelded a hxgher payoff H 5. In the pilot study of complicated
games: only one playcr 1, namely subject 11 proposed the ethbnum
solution.” "

The same subjects who partlclpated in the main expcmnents of easy games
were afterwards 8onfronted with -the comphcated game. The results of the
main experiments with the eomplicated 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

: comphcated games with low payoffs. After one week the experiment was
f repeated with the rather high payoffs as determmﬁd by the description of

' game. These results -— we refer to them as demsmn behavxor in comphca

~ games with high payoffs — are fisted in table 10.

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 since it yields comparatively high payoffs for both .
players. There are two possibilities I=(m,, m,) for player 1 to suggest the
rational solution, namely (m,,m,)=(5,0) and (m;,m,)=(0,9). In 6 of the 17
games ‘in. table 9 players-1-suggested the rational solution, whereas in table
10: this: was done in 9 of 15 games. Thus compared to our results for easy

~games players-:1 in comphcated :games_ rely more often' on the rational

decision. behavior ‘although it is- moré difficult to derive. This indicates that

Table 9 -
Decision behavior in complicated games with low payoffs.
Decision
T=(my,m;)  (H,(D); Hy(D) (H,(11); H,(1) Decision of
Game of player-1 - - (DM) - . (DM) player 2
A C(50) (1.80; 1.00) 1(1.00; 0.90) 1
B (5.0 (1.80; 1.00) (1.00; 0.90) 1
C 5,2) (1.40; 1.20) (1.40; 0.70) [
D 3,9 - - (120,110 (1.60; 0.80) 1
E (5,0) - (1.80;1.000 (1.00; 0.90) II
F 4,5y (1.00; 1.30) (1.80; 0.60) 1
G - (5,2 o (140;1.20) " {1.40; 0.70) i
. H -(5,8) - (0.20;-1.80) - (2.60;0.10) 1
1. “,3) . (1.40; 1.10) (1.40; 0.80) 1
J 6.2 7 (140;1.20 "(1.40; 0.70) )
‘K 4,4 o (120;1200 - - '€1.60;0.70) I
Sl (50 .- (1.80;.1,00) - . (1.00; 0.90): H
M - 43 {1.40;1.10) (1.40;0.80) I
N’ 4,2) CO(L60;1.00) 0 (1.20;0.90) I
O (330 T (16050.90) (12205 1.00) 1
O I R X ) O oo (1.80;1.00) . - ¢ (1.00;0.90) 1
Q 6.0 (180100 - (1.00;090). I
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P .z Table-§0..; o S
Decls:on ‘behavxor;in'comphcated gpmu W h]gh payoﬂ‘s

Decision PR e cohet
Te=(myzmy)c o vx(l);Hi(I))"f" ,,1(!1«11);1{,(11))-- o ‘«'-Deci;i_on of .

Game of player 1 {DM) OM) player 2

A (5,00 T UU(E0) T ey 9y T

B {5:1) EEITN 7.7 ) § A C o128 v | B

Cc (5. 1) B 415 v ) I C (12,8 i

D (.0) (1810 169 1

E 5,0 o (1810 - 10, 9 B

F {5,0) (18; 10) 10;:9) !

G (5,0 (18;10) (10; 9 I

H 3,49 (14;10) (14 9 I

I (5,0 (18;10) {16; 9) I

J 5,0) (18; 10y 10; 9 his

K 41 (18; 9) (10; 10) II

L 4.1 .(18; 9) (10; 10) u

M (1,8 (10; 10) (18; 9) 1

N 0,9 (10; 9 (18;10) n

O (5,0 (18; 10). (10; 9) i

subjects did not- deviate from the optimal behavior because of their
difficulties in solving the game. The main reason seems to be that the
rational solution is not considered as:-socially acceptable or fair.

In one-of their. bilateral monopoly experiments Fouraker and Siegel (1963)
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, too, observed a strong tendency to behave
optimally in complicated games, the results 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 payoff distribution in their

. experiments. As already indicated in the Introduction, the different results of
* Fouraker and Siegel may be rc‘lated to the special scenario which they have

used.

In one of the six (four of the nine) games of table 9 (10) in which player 1)
suggested the rational solution, player 2 did not accept this, ie., 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 suffer a monetary
loss if they consider the demand of player 1 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 player 1’s loss is DM 0.80 or DM

8. Since on the other side of thq equilibrium payoff vector (DM 1.80; DM 1)

or (DM 18; DM 10) yields a considerably higher payoff to- player 1, it is no
surprise that sometimes playérs 2 chose the bundle which -implies lower
payoffs for both players. If player 2 is not willing to accept the payoff vector

-
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lmphed ‘by.the normative: solution, he can-cause a payoff vector with much
. more. balanced: individual payoﬁ's at relatlvely low costs: by dewatmg from
the rational solution.

- ‘Although:the: number of games in: table 10 is smaller than in table 9, the
ratxonal solution has been suggested more often by players 1. On one side
this:- tendcncy towards rationality .can be explained by the fact that the
subjects - were - more -familiar : with : complicated - games .in the repeated
experiment..On the other side payoffs in table 10 are much higher than those
of table 9. This might have caused some players 1 to consider their decisidns
more carefully.

-If player 1-wants-an equal split, he can propose thls either by 1=(4,4) or
the correspondmg bundle I or by I=(4, 1) and the correspondmg bundle II.
If player 2:-accepts the equal split, the payoff vector is (DM 12; DM 12) in
the first case and (DM -10; DM 10) in the second one. In both cases it pays
for player 2 to accept:the equal split; if he deviates player 2 would suffer a
loss while player 1 would ‘gain by such a deviation. It is, of course, better to
design (mj, m;)=(1,5) or the corresponding bundle (4, 4) since this implies
higher payoffs for both. players.

In table 9 only one player 1 suggests an equal split, namely the one with
high payoffs, whereas in table 10 three players 1 suggest the equal split with
low payoffs. This indicates that in the repeated experiment there is a stronger
tendency to suggest an equal split and that not all players 1 in the repeated
experiment. were fully aware of the payoff structure. At least for these players
1 it is doubtful whether they have analysed the game sxtuatlon carefully
enough.

In a complicated game player 1 chooses a maximin-strategy if he desxgns a
bundle I=(m,,m;) with m;+m,=7. Due to the special structure of
complicated games the choice of a maximin-strategy by player 1 determines
uniquely the payoff of player 1 (DM 1.40 in table 9 and DM 14 in table 10).
In table 9 five players 1 chose a maximin-strategy, in table 10 this occurs
only once. Thus: compared to the repeated experiment players 1 in the first
experiment seemed to be more risk averse. .

Altogether one can say that in the second experiment of complicated
games more players 1. tended towards the normative solution while more
players: 2: were willing to block unbalanced payoff vectors. This behavior of
players'2 has-its counterpart in a stronger tendency of some experienced
players 1-to design bundles which allow more balanced payoff vectors.

4, Conclusnons

Ultxmatum bargalmng games are. special bargaining games since
interaction of players occurs only in the form of anticipation. In order to
make the ultimatum aspect obvious, we concentrated on the easiest non-




ulttmatum aspée ca’rm‘c‘)t- -be oompletety :xplened since sub;ects d‘ “not
hesitate to: pumshaafithexr ‘'opponent asks for ‘too much’. - ‘

The typical consideration of a player 2 in an easy game seems to: bc as

followw ‘If player: 1-Ieft ‘a fair amount to’ me, I will accept. If not and if I'do
not  sacrifice -too: much,” I+ 'will = -punish “-him by -choosing. conflict.’
Correspondmgly, ‘A playcr 1 typically will argue like: ‘I ‘have to leave at least
an gmount c—ay for player 2:so that he will tonsider-the costs of choasing
conflict as too high.’ One. thcreforc should expect that the relation of player
I’s to player 2's payoff will increase if :the -amount -c: increases: To estimate
the -exact. functional form of “this: mlatxonshxp, one - should perform more
experiments of easy games with various amounts c. Especially, one should try
 to include situations: with very high amounts c; for instance ¢=100 DM. It is,
of course, very expensive to perform: experiments with such high values of c.
To deal with high-amounts ¢ one;might consider experiments where one

determines by chance k" (<k) out of the k simultaneous games whose payoffs °

are actually. paid. -Subjects ‘would face higher amounts ¢ which they can
distribute - with - positive. probability although: the sum of payoffs. 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 a:given casy game, others for the position of player 2.
Accordmg 1o the procedure used by Giith:and Schwarze (1983) the position
is sold to the highest bidder at the price of the second highest bid. Then the
winners of the two mdcpcndent auctions. finally play the game. The payoffs
would be their payoffs in the easy: game minus the price. of their position.
Apart from its lower costs this'procedure provides new explanatory variables
and-avoids tendencies toward egalitarian: payoff 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
player had to compete- for -his position and ‘to pay for it,” he might not
hesitate to exploit its strategic possibilities.

The consistency test 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 c to be distributed. One would expect:that the number of

decision-vectors (ay; a;)in conflict will decreasc because conﬂ:ct would 1mp1y
a serious loss in'such games. T s .
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- For.complicated games it was shown that they are special examples for the
method of divide and choose which is claimed to yield fair divisions. This
indicates. that the Aultimatum aspect of complicated games is less 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 tendency of
players ‘1 to explont the ultlmatum aspect ‘of such a bargammg situation.
Although -several * subjects tried to cause balanced payoff vectors, the
tendency. toward the normative solution with unbalanced payoffs was much
stronger. '

Ultimatum bargaining games are standard examples to demonstrate hdw
poorly the characteristic function reflects the strategic possﬂnhhes {Gith
(1978)). ‘'The characteristic function of an easy game is, for instance,
completely symmetric in spite of player 1's strategic advantage. That is why
cooperative solution concepts are not very informative. They either consider
all efficient and individually rational payoff distributions of easy games as
stable -or prescribe the equal split as the unique solution. Our results show
that efficiency does not hold in general. There are cases of conflict in easy
games ‘and non-efficient agreements in complicated games. Obviously some
subjects tried to:-cause egalitarian payoff distributions. But there was a much
stronger tendency to exploit the ultimatum aspect. Cooperative game theory
is therefore of only little help when explaining ultimatum bargaining
behavior.

In easy games all possible strategies of player 1 are maximin-strategies.
For player 2 the equilibrium strategy is also a maximin-strategy. For
complicated games the equilibrium strategy of player 2 is also a maximin-
strategy. But for player 1 the situation is different in complicated® games.
Here a maximin-strategy of player 1 requires that both bundles contain 7
chips. In 5 of 17 complicated games with low payoffs we observed that player
1 did choose a maximin-strategy. In the case of high payoffs only 1 of 15
players has chosen a maximin-strategy. This shows that the tendency to

avoid any risk is of only minor importance, especially for experienced

subjects.

Appendix: Instruction rules
A.L Instruction rules for easy games

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

. bargaining game are as follows:

First player 1 can determine any amount a, =DM ... between 0 and ¢ which
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he demands for himsell' The diﬁ'erence c-—-al 1s what ‘lp] ' f‘l"-blf{:rs"; to‘-‘jpl"éjrcr

resxdual axﬁdulxt 4—a1 'Ih céise of conﬂlct both players get zero

(Ilustration of bargammg ‘rules - by various numerical' examples). The
experiment will proceed as follows:

Them wﬂl be k—- . bargammg games Wlth dlﬂ'erent amoums ¢ to be
dxstnbuted Fxrst it wsll be decided by chance who of you will be players.
and who of you will be players 2 in the k hargaxmng games. All playest 1
will be seated at the (xsolated) desks on one su:le, whereas players 2 WLl be
seated at the (molated) desks on the other sxde of the room.

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

decision a,, player 1 does not know who. of the k=.. players 2 will be his
opponent.

After all players 1 have made thelr decision, their ‘decision forms are
distributed by chance among the k=... players 2. Knowing the amount ¢ to
be distributed and player 1's demand a; each player 2 has to decide whether
he accepts the payoff proposal (a,, c —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 collected. 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 to your Hecision form.

If 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 games (with high payoffs) \\

You will be faced with a simple bargaining problem with qnly two
bargainers, player 1 and player 2. In each bargaining game both plajers have
to distribute a bundle of 5 black and 9 white chips among themsejves. Pldyer
1 will get DM’ 2 for each chip. Player 2 will be paid DM 2 for 4 bl k Chip

and DM 1 for a white one. The rules of the bargammg game are a ffJWS'

First player 1 can determine a bundle (m,,mz) of m, black and m, wlnte
chips with 0<m; £5 and 0£m,59.

e e -
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will be informed: about player 1's decision (m,, m,). Knowing player
“(my, m,) player 2 can’ choose between the bundie (m,, m,) of m,
;white. chips. or the. residual bundle (5—m,9—m,) with 5—m,
blag my ‘whitechips. Player 1 receives the bundle which has not
‘The: payoff-of ‘each player is: determined: by the value ‘of ‘all the chips which
he received. If, for instance, player 2 ¢hooses the bundle (m,, m,), his payoff is
my-DM 24 m, DM 1. Player 2's payoff is DM 2 times the number of chips
which he received. ’ :

(Itustration  of bargaining rules- bby various numerical examples). The

experiment will proceed as follows: _

There will be k=... bargaining gameé. First it will be decided by chance who

of you will be players 1 and who of you will be players 2 in the k bargaining |

games. All players 1 will be seated at the (isolated) desks on one side,
whereas players 2.will be seated at the (isolated) desks on the other side of
the room.

Each player 1 will receive a decision form. Ever
bundle I=(m,, m,) of m, black and m, white ch
to choose between the bundle I=(m,,m,) a
(5—m;,9—m,) of 5—m, black and 9 >wm, whit
decision I=(m,, m,), player 1 does not know w
be his opponent.

After all players 1 have made their decisi
distributed by chance among the k=... player:
I=(my, m;) and U =(5—m,,9—m,) each playe
wants the bundle I=(m,, m,) or the bundle Il =
Each player has 15 minutes for his decision.
made, the decision forms will be collected. As
will be determined by the bundle of black
received. To get your money you have to keep
your decision form.

player 1 has to determine a
s. By this he offers player 2

the residual bundle II=
hips. When determining his
of the k=... players 2 will

, their decision forms are
. Knowing the two bundles
.has to decide whether he
| —m,, 9—m,).

then all decisions have been
escribed above your payoff
d white chips which you
e ticket which is attached to

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