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1. INTRODUCTION

There are many theories of two—person bargaining games, but most of them do not seem
to have much relevance for the explanation of laboratory experiments. This may be due to
the fact, that most of the theories are normative rather than descriptive. Thousands of plays
of different three-person games in characteristic function form have been evaluated at the
Bonn Laboratory of Experimental Economics. Some of the theoretical questions posed by this
body of data already arise in two-person games. The experimental literature on two—person
games does not offer a well supported descriptive theory.

Since no experimental data were available, it was necessary to conduct an experiment.
The aim of this paper is to compare reasonable theories which are based on equity and parity
norms. Moreover, the present paper is concerned with the experimental testing of a new
descriptive approach to the bargaining problem.

The structure of the paper is as follows: after introducing some notations and definitions,
Section 2 describes a package of computer programs developed for computer controlled two—
person bargaining games. Section 3 will describe the experimental procedure and the data.
The new descriptive theory will be presented in chapter 4, followed by a discussion of the
experimental results in Section 5.

1.1 NOTATIONS AND DEFINITIONS

For the description of the games the notation of characteristic function games will be
used. v(12) is the value to be divided by the two players, if they agree to form a coalition,
while v(1), and v(2) are the values which the players receive if no coalition forms. These
values will be called "threat-point" or "status quo". Unless specified otherwise, it will be
assumed that v(12)2v(1)+v(2), which means that the game is superadditive.

Two two—person games v and v* are called strategicelly equivalent, if they are related as
follows:

A1) =)+,
v*(2) = av(2)+0;
vi(12) = av(12)+06i+Br (1.1)
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where a is a positive number and f§; and f; are arbitrary real numbers. A game v is called
one—normalized, if we have v(12)=1 and it is called zero—normalized, if we have
v(1)=v(2)=0. There is only one game which is both one-normalized and zero-normalized.

A game v is called essentialif we have:
v(12) > v(1)+v(2) . (1.2)

It can be seen immediately, that every essential game is strategically equivalent to the
uniquely determined game which is both zero-normalized and one-normalized.

Cooperative solution theories are usually based on the implicit or explicit assumption,
that the behavior of the players is invariant with respect to strategic equivalence. Already the
first experiments on characteristic function games by KALISH, MILNOR, NASH and
NERING [1954] supplied evidence against this hypothesis. Therefore it is not sufficient to
perform experiments on the game v with v(1)=v(2)=0 and v(12)=1 in order to obtain data
for the comparison of descriptive theories. Especially it seems to matter whether a game is
zero-normalized or not.

In experiments usually all values v(-) are integer multiples of a smallest money unit 9,
which in the context of this paper will be one. Therefore the range of possible outcomes is not
a continuum, but rather a finite payoff configuration (x;, xs). Games of this type are called
grid games [SELTEN 1987]. In the following the word "game" will always refer to a
two—person grid game in characteristic function form.

1.2 MEASUREMENT OF PREDICTIVE SUCCESS

For the comparison of different theories two measures will be applied: one for point
prediction theories and one for area theories.

The first measure, used for point solution concepts, was introduced by RAPOPORT and

KAHAN [1976] as the mean absolute deviation score which will be used in a normalized form,
in order to permit the aggregation of data obtained with different characteristic functions:
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Let K be the number of plays in the data set. Differeni plays may be plays of different
games. Let éli‘ be the theoretical payoff of player i and let xj be the actual payoff for play k.
The mean absolute deviation score D for the data set is defined as follows:

with (1.3)

LG e+ (xa-63)]
2(v¥(12)-v *(1)-v¥(2))

k. k
; If actual payoffs and solution payoffs are individually rational, i.e. if xij>v (i) and
£i>vk(i) holds for i=1,2 then this measure is between 0 and 1. In most cases this assumption
is satisfied.

The second measure, used for the comparison of area theories , called success measure,
was introduced by SELTEN and KRISCHKER [1983]. In the special case of two—-person
games the measure is the difference between the relative frequency R of correct predictions
(hits) and the average over the size of the predicted areas:

K
M=R—11r2 o (1.4)
k=1

The size of the predicted area a* of game k is defined as the number of predicted payoff con-
figurations divided by the number of all possible payoff configurations. We shall be interested
in area theories which specify lower bounds for the payofis of both players. For such theories
the areas o* can be computed as follows:

_ v (12)-ujug+l
v&(12)-v¥(1)—v¥(2)+1

u:‘ denotes the predicted lower payoff bound for player i in game k.

The success measure will be in the range [-1,1], if o* is lower or equal to one, which is always
satisfied within this framework.
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While a theory with a mean absolute deviation score lower than the score of another
solution concept is more successful, the inverse is true for the success measure.

13 PROMINENCE LEVEL

The phenomenon that subjects prefer "round" numbers is known to every researcher in
experimental economics. The idea of prominence was first introduced by SCHELLING [1960].
Investigation of prominence in the decimal system suggest that numbers are perceived as
"round", if they are divisible without remainder by a prominence level A, which depends on
the context [ALBERS and ALBERS 1983, TIETZ 1984, SELTEN 1987].

The prominence level in a data set must be a number A of the form A=pl0"y with
p=1, 2, 2.5, 5 and n=0, 1, 2,... . The prominence level is measured in smallest money units 7.
The method used in this paper for the determination of the prominence level of a data set was
developed by SELTEN [1987], but will not be described here. The prominence level will be
calculated in the separate data sets from all proposed values which a proposer demands for
himself.

2. MPUTER-CONTROLLED TWO-PERSON A G
GAMES

There are many advantages in using a computer in experimental economics, such as
bookkeeping, automatic data recording, checking subjects’ behavior for procedural errors, and
reduction of time necessary to run an experiment. More importantly, the computer insures
experimental constancy in presentation across conditions that might be very different psycho-
logically and in addition a human experimenter might unconsciously influence behavior
towards his own hypotheses. In the light of these arguments KAHAN and HELLWIG [1971]
developed a set of programs for computer—controlled bargaining games written for the PDP-8
computer. Using these ideas a different set of programs was developed at the Bonn
Laboratory of Experimental Economics for the use with Personal Computers in a Network

environment.!

! My thanks to Abdolkarim Sadrieh, who did a lot of the tedious programming.
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"NEGOTIATIONS 2" is a set of programs designed for two—person games in characte-
ristic function form. A version for 3-person games was developed some years ago, but will not
be described here. To run the 2-person game two different programs are necessary: The
Master-Program and the Terminal-Program.

2.1 SYSTEM REQUIREMENTS

In the maximal configuration 16 subjects can participate simultaneously . All in all 17
IBM PC, XT or AT computers (or close compatibles) running DOS 3.1 or a later version are
required. One PC is needed to run the Master-Program and one PC is needed for every sub-
ject to run the Terminal-Program, thus in the minimal configuration for two participants
three Personal Computers are required. The programs support all known Graphic Adapters
including VGA. No commands specific to a Network Program are used, thus the set of pro-
grams may run in all Network environments which allow to share a hard-disk or RAM-disk.
For use with the IBM PC Network Programs one PC must have 640 KB of memory and one
disk drive to run the Master-Program. A hard disk is desirable. To run the
Terminal-Program 256 KB of memory and one disk drive is required.

2.2 THE TWO-PERSON BARGAINING MASTER-PROGRAM

The main task of this program is to control the whole experiment. All data will be re-
corded and stored to disk. The experimenter can observe every negotiation step on the screen
of the PC running the Master—Program.

Further the program supports an interactive development of the experimental design.
First the program asks for the games to be played, then the combination of the players has to
be set and which game in the data base they shall play. Moreover, it has to be decided which
player moves first.

Finally the experimenter is asked for a point to cash rate. The complete setup will be
stored in a file. At the beginning of a session the experimenter is asked for the name of the
setup file. Now he turns into a spectator until it becomes necessary to change the setup or the
session ends. If a printer is connected, then a list with the money payoffs for the subjects is
printed.
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23 THE TWO-PERSON BARGAINING TERMINAL-PROGRAM

This is the computer—program, running on all terminals, which the subjects use to trans-
mit proposals to other subjects. Communication is restricted to a formalized interaction. The
players act in alternate order. A player in the decision mode has four options:

1) The player can propose a non-negative integer valued allocation of the coalition

value v(12), independent of any proposals made before.

2) The player can shift the initiative to the other player.

3) The player can accept an outstanding proposal. A proposal is called outstanding if it

has been made by the other player in his last decision mode.

4) The player can abort the negotiations.

There are no time restrictions or restrictions on the number of proposals. The game only
ends, if one player aborts the negotiations or a proposal is accepted. Figure 1 shows a
hardcopy from the display of the Terminal-Program. Due to the fact that the experiments
were conducted in Germany all instructions to the subjects are in german language.

——] THO PERSON BARGAINING GAME - TERMINAL PROGRAM b

= AKTUELLER VORSCHLAG — AUS EAHLUNGEN— (e B US TAND—
Vorschlag Ich Exr/5le Icu ER/SIE Entscheliden
Nr.| von |erhalte | erhidlt
32 128
3 |iha(r) 60 260 220 SPIELER : 1
VERMANDLUNGSGESCHICHTE KOALITION SPIEL KR : 1
1 |ihm(x) 40 280
2 | =ir 160 160 [nwesocex | |scurenen |[z1ncesen ||assrecue|
3 |inm(r) 60 260
PgUp/PgDn : Bléttern in
Home/End : Anfang/Ende } der Geschichte
t /4 T AL/AD in
-/~ : Links/Rechts Bewvegung
< 1 Axzeptieren
Esc 1 Furdck
Dal t Ldachen einer Ziffer

Leertaste : Lischen der ganzen Zahl

Figure 1: Hardcopy from the display of the Terminal Program
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3. EXPERIMENTAL PROCEDURE AND THE DATA BASE

The experiments reported below were designed as pilot studies. While evaluating thou-
sands of plays of different three-person games in characteristic function form the question
arose whether there exists a good descriptive theory for two—person games. Game theorists
have developed a lot of theories, which in the case of two—person games in characteristic
function form either do not restrict the imputation space or are equal to Schelling’s "Split the
difference” [1960]. These solution concepts, in the following called equal surplus solution, are
good predictors, if the game is symmetric. However, the games for this study have been
selected in such a way, that there is a large variation in the "threat—point".

3.1 EXPERIMENTAL PROCEDURE

The subjects were 24 male and female undergraduate students of economics and law, who
never participated in two—person bargaining games before. The experiment was conducted in
two sessions at the Bonn Laboratory of Experimental Economics. The bargaining procedure
was computer controlled by the software package described in chapter 2.

All participants were introduced to the experimental apparatus and the rules of the
games in a 30 minutes session immediately before the experiment started.

In each session two groups of 6 subjects played 5 different games in different dyads. The
games were played for money converted to cash at a fixed rate. The point to cash rate was
1:0.05 Deutsche Mark in session 1 and 1:0.025 Deutsche Mark in session 2. All dyads in one
subject group played the same games but in a randomized order. Therefore 60 results of 20
different games with four independent subject groups were obtained.

3.2 THE DATA BASE

The 10 games of session 1 were selected such that the relative distance between the one—
person payoffs and the coalition value (v(1)-v(2))/v(12) varies from 0.0 to 0.9 (see table 1).
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