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An Experimental Study of Cooperative Duopoly*

*¥%
James W. Friedman

l. Introduction

At least from the time of Adam Smith, economists may be found
who believe that oligopolists will collude rather than behave competitively.
Some think collusion very likely, while others merely &dmit the

possibility. Smith is among the first group:l

People of the same trade seldom meet together,
even for merriment and diversion, but the conversa-
tion ends in a conspiracy against the public, or in
some contrivance to raise prices. It is impossible
indeed to prevent such meetings, by any law which
either could be executed, or would be conslistent with
liberty and justice. But though the law cannct hinder
pecple of the same trade from sometimes assembling
together, it ought to do nothing to faclilitate such
assemblies; much less to render them necessary.

Cournot and Wicksell recognize the possibility of collusion,

but neither commits himself on its likelihood. Coﬁfnot states that if a

*Research undertaken by the Cowles Commission for Research in Economics
under Contract Nonr-3055(00) with the Office of Naval Research.

*%
I wish to thank Professor James I.. Pierce for many helpful comments and
discussions, and Professors M. E. Yeari, D. D. Hester and James Tobin for

helpful comments. They are not responsible for any errors or inadequacies
which remain.

1. Smith, Adem, The Weelth of Nations, Modern Library Edition, p. 128.




pair of duopolists collude, "the results ... would not differ, so far es
consumers are concerned, from those obtained in treating of a monopoly."l
Cournot appears to assume the ducpolists will maximize their joint profit
and then find some mutually acceptable manner in which to split the
proceeds. This implication is apparent from his phrase of qualification

"so far as consumers are concerned". He commits himself only to the posi-

tion thet the palr will jointly maximize.

Cournot's position was not merkedly improved upon until the

publication of the Theory of Games by von Neumenn and Morgenstern. In

passing it may be noted that Chemberlin believed that if the menmbers of an
oligopoly realized their fortunes were interdependent, they would behave
as joint profit meximizers even if they did not explicitly collude.2 Von
Neumann and Morgenstern present as the solution to the general two person
game all those outcomes which are Pareto optimsl end in which ench
perticipant gets at least as large & profit as he could guarantee himself

if he did not collude with the other.” This “"solution" is not satisfying

1. Cournot, Antoine Augustin, Researches into the Mathematical Principles
of the Theory of Wealth, translated by N. T. Bacon, A. M. Kelley (New York),
1960, p. 80. See also Knut Wicksell, Lectures on Political Economy, Vol. I,
Routledge and Kegan Paul, ILtd. {London) 193k, pp. 96-07.

2. Chamberlin, Edward H., The Theory of Monopolistic Competition, 7th ed.,
Hervard University Press (Cambridge) 1956, pp. 46-51. Chemberiin is
dealing here with a Cournot-type case: identical firms producing a
perfectly homogeneous product.

5. Von Neumann, John and Oskear Morgenstern, The Theory of Games and Economic
Behavior, 3rd ed., Princeton University Press (Princeton, N. J.) 1953,

Tp-. 5ﬂ9-550. Von Neumann and Morgenstern are dealing here with games which
heve transfersble utility. The solution is all payoffs (ai, aa) for which

@ 2 v((1)), a, > v((2)) and a t+oa, = v((1,2)) . v((8)) denotes the

value of the game to the set S .




because it does not predict a specific outcome. It only limits the outcome
to a specific set of possibilities. There have been several attempts at
developing "erbitration schemes" designed to predict the outcome of a
duopoly situetion. By far the best and most interesting of these is the
cooperative game solution proposed by John Nash.l This solution will be

examined later in the paper.

Very little evidence is available to test the conjectures and
theories alluded to sbove. Market data are generslly useless for the
purpose because not enough is available to determine where, on & spectrum
from Pareto optimality Yo competitive behavior, the actions of a group of
firms lle. One method which may be employed is controlled experiment in
which subjects may be used to teke the part of firms in a simulated
duopoly situation. This technique is utilized in the research reported here.
The experiment consists of a number of cooperstive duopoly games. The
games are cooperative in the sense that "... the two individuals are
supposed to be able to discuss the situstion and agree on a rational Joint

plan of action ... ."

Among the things the experiment reported here was designed to
measure 1s the extent to which subjects could agree on & joint course of

action. On the basis of economists' conjectures, one would expect sgreement

1. Nash, John F., "Two Person Cooperstive Gemes," Econometrica, Vol. 21
(1953) pp. 128-1%0.

2. Tbid; p. 128.



most of the time, and Pareto optimaelity should characterize the agreements
which are made. Clearly, if a pair can come to en explicit agreement on a
Joint course of action, it is unlikely they would choose an action in which
each recelves less then he could get if he made another agreement. Finally,
among those decisions which are Pareto optimal, an attempt iz made tb find
whether subjects choose points which afford equael profits, Jointly maximal
profits, or the division of profits indicated by Nash's solution for

cooperative games.

This experiment is a natural extension of earlier experimental
research in oligopoly by the present suthor and others. The quantity
ad juster oligopoly experiments of Foursker and Siegel showed subjects to
be noncooperative profit maximizers in incomplete information games, and
raised questions sbout the nature of behavior in complete information games.l
Incomplete information obtains when a subject knows only the profit he
receives &3 a function Of the cholces of all subjects in a game. Complete
informetion obtains when a subject knows the profits to each subject as s
function of the choices of all. The complete information gemes, both
duopoly and triopoly, showed very large differences in behavior from geme
to game. In some games subjects maximized industry profits; in some they
each sppeared to maximize the difference between his own profit and that

of the others in the game; and other games were arrayed between these

extremes. TFoursker and Siegel conjectured that in games of complete

1. Foursker, Lawrence E. and Sidney Siegel, Bargaining Behavior, McGraw-Hill
(New York) 1963. See Chapters 7, 8 and 9.




information the extent to which subjects are cooperative depends upon
personal characteristics of the subjects. They were not eble to test
hypotheses gbout individual subjects due to & lack of data. Each subject

in their experiments plsyed in only one game.

The Foursaker-Siegel experiments led the present writer to conclude
that the behavior of a subject in cooperative games might depend upon
personal characteristics and the degree to which others in the game are
cooperative.l This called for ean experiment in which each subject played
in reny gemes, providing meny periods of data on each subject and
allowing each to be grouped with different subjects from geme to game .

An index of cooperativeness was defined whose value is -1 if a subject
sets nis prices so as to maximize the difference between his profit and
that of the others, it is O 4if he sets his price to maximize his own
profit, and it is <+l if his price is chosen to meximize industry profits.
Of course intermediate values are possible. It was postulated that a
subject's index of cooperativeness is a linear function of the indicee of
the others, the parameters of the function being estimated from the data.
This model appeered appropriate and the hypotheses were both confirmed:
bekevior of a subject appesred to depend upon the behavior of others in the
geme, and subjects did not behave identically. It is generally true thaf
a subject is more cooperative, the more cooperative are those in the game

with hin.

1. Fricdmen, James W., "An Experimental Study in Oligopoly," Cowles
Foundabion Discussion Paper, No. 17k, September 23, 196k.



The experlments of both Foursker-Siegel end of the present
writer do not permit communication between subjects. Subjects occupled
separate rooms, did not see cne another and were not allowed to send messages
or converse, etic. The experiment described below differed in that it
employed complete information gemes with messages. The introduction of
messages allows a game o be explicitly cooperative. SubJjects may discuss
jolnt strategy and make asgreements. Another importent wey the experiment
differs from previous work is in the use of asymmetric games.l In
symmetric games the joint profit maximum coincides with both the Pareto
optimal point at which all have equal profits and the Nash cooperative
geme solution. Thus it 1s a very natural point for subjects to choose.
The presence of asymmetric games, in which these three polints are separated,
allows for & test of whether one of them, in perticular, characterizes

most agreements.

Four sections follow the present one. Section 2 gives the
experimental design and market model for the experiments end Section 3
discusses the experimental procedures. Section 4 contains the analysis,
and Section 5, the concluding section, contains additional comments and

conclusions.

1. Symmetry will be defined below on page 7.



2. The Market Model and Experimental Design

2.1 The Market Model

The model from which the payoff matrices are derived utilizes

a demand function which is linear in the prices of the two players:

(1) q; =100 - 3.5 p; + 2.0 P; i,3=21,2 341

Three different totel cost curve configurations are used. The first gives

rise to a symmetric game:

(2) ¢, = 820 + 10 + .1 g5 i=1, 2
i 4 Y ’

One may write profit functions for each player:

(3) I, =pq -C 1=1, 2

By substituting into equations (3) from equations (1), profit for each

can be expressed as a function of the two prices:

L =1, (2,, p,)

=1
i

* W%
The game is symmetric in the following sense: Let p and p be two



prices, not necessarily equal. Then
* ¥ * *¥
L{p,p )=0(p, 2 ).

. _
The profit recelved by pleyer 1 when he charges p and player 2 charges
*% *%
P is the same as player 2 recelves when pleyer 1 charges p and he
*
charges p . Of course both have equal profits when they charge the

same prices.

The second palr of cost curves is

2

cl = 10 a + .1 9
2
C2 =%

The third set is identical to the second, except pleyers 1 and 2 trade cost
curves. These three palrs of cost functions will be denocted B, A, and C ,

respectively.

2.2 Experimental Design

The experiment consisted of three replications, each of which
used six different subjects. Thus there were elghteen subjects in total.
The description which follows Indicates the experimental design which was

intended for esch replication.l Each subject received one of the following

1. Through an oversight the first replication utilized a slightly different
design which is given below on page 16.
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labels: Al, A2, A3, Bl, B2, B3 . An “A" subject was always paired with a
"B" subject in each geme, and conversely. The reason for this will be
apparent soon. Table 1, below, gives the three possible player pairings
used in the experiment. They are denoted «, B and y . Thus with the
& pairing, Al and Bl form a duopoly, A2 and B2 form & ducpoly, as do A3

and B3.

Table 1

Player Pairings

o ALBlL A2 B2 A3 B3
AL B2 AR B3 A3 Bl
y Al B3 A2 Bl A3 B2

In each game, the subjects possessed a peyoff matrix such as

that shown below in Table 2. The matrices used in the experiment had thirty
rows and columns. If, for example, the "A" subject chooses a price of

L2 and the "B" subject 34, the profit of the "A" subject is -7.2 points

and that of the "B" subject, 43.8 points. In all matrices profits are

given in "points", end there is & conversion constent from points to pemnies
for each subject. These constants change from geme to geme and are not
necessarily the same for both subJects. In all gemes & subject knows his
own points/money ratio, but he knows the ratio of his competitor in only

half of the gsmes. Ignorance of one another's points/money ratios puts an



Prices avallable
to "A" subject

29

31

34

38

L2

L5

5.4

9.3
8.4

8.4
12.1

-6.3
6.1

-36.0
18.7

-68.3
19.8

- 10 -

Table 2

Payoff Matrix

Prices available to "B" subject

31

8.4
9.5

13.7
15.7

1h.7
19.6

2.8

26.2

-24.3
31.6

-54.5
3.7

3k

2.1
8.4

19.6
1.7

23.6
23,6

15.8
3k4.3

~7.2
43.8

3k
50.0

28

16.1
-6.3%

26.2
2.8

34.3
15.8

31.9
31.9

k.4
16.8

-8.7
o7 -1

42

18.7
-36.0

31.6
-24.3

13.8
-7.2

416.8
lh.k

34.7
3.7

15.7
k9.1

k5

19.8
-68.3

34.7
-5k.5

50.0
3.k

5T.1
49.1
15.7

33.2
3%.2



obstacle in the way of ebtaining an equal profit for each. It was thought
that an equal split of profits would be more likely, and the Nesh solution
less likely, if points/money ratios were known. Varying points/money ratios
and player pairings each help to prevent a subject from discovering thé

identity of hls competitor.

Table 3 glves the experimental design which was employed in the

experiment.

Teble 3
points/money points/money
known not known
I IT ITT I g IIT!
AB ¢y B AB Cy Ba
Ce BB Ay Ca BB Ay
3 By Act cg By Acx cg

This is a double Graeco-Latin square design in which A, B, and C represent
the three basic models described sbove. The Roman and Arsbic numbers refer

to various points/money relationships:

1¢ = 1/3 point for 1, I and I’
1¢ = 1 point for 2, II and IT'
1¢ = % points for 3, III and II1'

The Arsbic numbers denote points/money for the "A" subject; the Roman for

the "B". Thus the A game corresponding to (3, III) hes spproximately



the same money payoffs es the A game corresponding to (2, I); however, in
the (3, IIL) game the payoff matrix shows e nunber of points for each
player three times the money payoffs, asnd in the (2, I) game the "A"
player's points equel his money payoffs while, for the “B" player, his

points are one third of his money payoffs.

The two Graeco-Latin squseres are identical. This 1s in order to
provide two replications of the basic set of nine games under each of
the two information conditions. The gemes represented by the first square
(with column headings I, II, III) were all played with subjects knowing
their own points/money relationship and knowing that of their competitors.
In the games represented by the second square, subjects knew only their

own points/money relationship.

It is clear from the cost functions that the A gemes are the
transpose of the C games; hence, for an "A" subject the strategle position
and possibilities in the A games are the same as for a "B" subject in
the Q games. It mey be seen from Table 3 that Al 18 paired for six
games with Bl , six with B2 and six with B3 . Similarly for A2
and A3 . It should be clear now that the eighteen games in which & single
player pleys can be grouped into nine pairs. In each pair everything is
absolutely identicael -- the person with whom he is paired, his and the
competitor's coet functions, his and the competitor's points/money ratios
-~ except for one thing. In one game the players know one another's

points/money ratio, in the other they do not.
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The use of the Latin square inmparts balance to the design of the
experj’.mre:nt.:L Looking at the left-hand square in Table 3 it may be noted
that the three A games are each played just once with each of the player
pairings, «, p and y , that they are played Just once with each of the
points/money ratios of the "A" subject, and of the "B" subject. The same

holds for the B and C games.

The eighteen games were played in a&n order which was randomly

chosen. The number of each game is glven below:

Table k4
II IIT I II! ITI’
2 17 3 9 1
11 18 8 13 6
15 12 10 5 16 14

The nine pairs of games each had all their profits mulitiplied by & constant
50 that overall profit levels for the gemes would a&llow the subjects an
opportunity to earn $2.00 to $3.00 per hour. These multiplicative factors
were not Ildentical for ail A and C gemes snd for all B games, but
were varied over a modest range so that the set of money peyoffs would not
be quite identical among & large number of gemes. They are shown in

Table 5.

1. On Latin squares an experimental design gee Cochran, William G. and
Gertrude M. Cox, Experimental Designs, Second Ed. John Wiley and Sons
(New York), 1957.
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Tsble 5

Geme Number Profit Multiplier

1 .06

2 .013

3 .01516
I .01516
5 .066

6 L0162k
T .01408
8 .01408
9 013
10 .01732
11 075
12 .0184
13 075
14 .01732
15 .066
16 .018k
17 .06
18 .01.624

3. Experimental Procedure

SUbjects were, in all cases, hired from the Financisl Aids Office
of Yale University. As much care as possible was taken to see that the
seven people hired for an experimental session lived in different buildings.
They were ell hired on the understanding they were to do clerical work
at the going rates for such work. Hiring seven students provided flexibility
in two ways. First, each subject could be given the option of "eclerical
work" (actually helping to run the games) and being a subject. Of twenty-
one students, all opted to be subjects. Second, before the games began,
each of the seven was in a monopoly game used as & rationality check. If

a subject behaved unreasonably in this (did not meximize profits fairly
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soon) he was pulled out and used to help run the gemes. This had to be
done only once. If all seven wanted to be gubjects and passed the
rationality check, one of the seven was randomly chosen to help run the
games. The subjects were matched rendomly with company titles, Al, Bl ,

etc.

Upon entering the building, each subject was escorted to a room
and given a copy of the instructions to read. Shortly thereafter some-
one would ask each subject if there were any questions.l Each subject was
in a room by himself in order to preserve anonymity. Each geme was
between 5 and 25 periods, although most were from 6 to 1l4. Because player
pairings were changed from game to geme, it was necessary to end all
three games simultaneously even 1f this meant they all ended in different
periods of play. Also, it was desirsble to ellow each game to run at its

own naturel pace -- largely to help avold boredom.

A perliod consisted of each pleyer sending two messages to the
other, then each choosing his price. One player wes designated to send
the first message. The second would read and reply. A second round of
messages would ensue after which the first would choose & price, then the
second would do so. The messages were carried back and forth by a project
assistant. After collecting both prices, he would inform each of the
price charged by the other; then the next period would begin. If someone
wanted to send no message, he was instructed to write an X. On the

average, & game took sbout 35 minutes to pley. This ineluded sbout 8-10

1. A copy of tke instructions esppesrs in the Appendix.
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minutes at the beginning when the subjects could exemine the new payoff

matrix, before the first period began.

The first of the three experimental sessions was not run according
to the design described in Section 2. This was due to some labelling errors
on some of the experimental materisls. Wrong points/money ratios were
specified for some of the games. The error was discovered during the first
evening of play and some of the unplayed gemes could be corrected. ‘The design
of this first set is given in Table 6. It will be noted that the games in
which the players know one another's points/money relationship, and the
set where they do not, still constitute two otherwise identical replications.
The effect of the misteke was to unbalance the design. The affected gemes

are underlined in the table.

Table 6
I IT IIT I° I1t Irr
1L ABCB Ay Cy B AB CB Ay Cy Bx
2 Ao BB A BB
3 By Ca By Ca

L. Analysis

There are three lines of analysis which are followed. The first
is concerned with the probability that a pair of subjects will agree on a

pair of prices to charge, and whether the agreement obtained is invariant
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to the amount of pest experience in the gemes or o certaln changes in the
structure and information conditions. The second line of enelysis employs

a limited dependent variables regression model to estimate the probsebility
that & declision will be Pareto optimal, and the expected value of its distance
from the Pareto set as a function of the presence or sbsence of egreement and
of other variables characterizing the game. The third line of enalysis

is concerned only with those points which are in the Pereto set and which
come from esymmetric games. The cobject here is to determine whether the

Nash solution, the joint meximum or the point of equal prof;.ta characterizes

the Pareto optimal choices.

Except when explicitly noted, all of the analysis which follows
utilizes observations which are weighted according to & scheme which is
explained in Section 4.1. Sections 4.2 through 4.4 contain the anelysis

described in the preceding parsgraph.

k.1 Weighting the Data

The date are weighted because a standsrd nuber of minutes
was not allotted to each period, and certaln periods naturally tock much
less time than others. A periocd of agreement which followed a peried of
honored agreement was geherally very short. This is becsuse the
negotlation necessary to meking an agreement had generally been completed
in an earlier period. Beceuse these periods took less time than the rest,
there are a larger proportion of them in the experliment than there would

have been if s8ll periods had been forced to a standsrd length. The data
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are weighted to compensate for the bias towerd too many short periods which
is inherent in the way the experiment was conducted. The following

regression line was fitted for this purpose:

9,58 = ig @ D, N + asg St + U t =1, ..., 162
N£ = the number of periods in the t-th geme
St = the number of short periods in the t-th geme
Dit = 1 if the i-th player pairing corresponds to the t-th
geme
= 0 otherwise

The first player pairing 1s Al Bl of the first session, or
replication. The second is Al B2 ete. The ninth is A3 B3 of the
first session and the twenty-seventh is A3 B3 of the third session. A
short period is a period of sgreement (whether or not the sgreement is
honored) which is preceded by a period of honored agreement. The
dependent varieble is the mean number of periods in the 162 gemes. The
important thing to note here is that the dependent varisble has the same
value in each observation. The use of 9.58 causes a convenient
normalization of the coefficlents by which the weighted sum of periods
equals the urwelighted sum. The regression is more properly interpreted
a8 a means of estimating the amount of time necessary to complete a period

under the assumption that all gemes laested the same number of minutes.
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ol

Thus if all games lasted 9.58 minutes, as is the estimate of time nec-

essary for the fifth pair of subjects to complete a (long) period
05 + Cpg is the time they need to complete a short period. In practice,
all gemes were allowed epproximaetely 30 minutes each. The regression

coefficients appear in Teble 7.

4.2 Agreement Analysis

In this section only two aspects of a period are teken into
account: whether or not the subjects agreed upon & course of action,
and, if there was agreement, whether it was honored. Each period is
classified as:

non-A nonagreement
A egreement (honored by both)
AC agreement (with one "cheating"; i.e., not

honoring it)
ACC agreement (with both "cheating")

It is assumed that the probability of being in each of these four "states"
in & given period depends only on the “"state” which characterizes the
preceding period. In other words a geme is being viewed as a first order
Merkov process in which there are four possible states, non-A, A, AC and
ACC. A matrix P in which each row corresponds to a "current state" and
each column corresponds to & '"next state", andlin which an entry, Pyy s
gives the probability that the next state will be state J , given thet

the present state is state i 1is called a "transition matrix" or "metrix

of transition probabilities".



player pairing
coefficient
standard error

player pairing
coefficient
standard error

player pairing
coefficlent
standard error

player pairing
coefficient
standard error

player palring
coefficient.
standard error

pleyer pairing
coefficient
standard error

~

ol

Al Bl ses.

l.h257
(.157)

g

A2 B3 ses.

1.4521
(.118)

%1

Al B2 ses.

1.2683
(.131)

%6

A3 Bl ses.

1.0932
(.120)

B

Al B3 ses.

1.8445
(-101)

%6

A3 B2 ses.

1.0506
(.113)

Gy

Al B2 ses.

1.1098
(.121)

~

C17

A3 Bl ses.

1.1402
(-119)

%o

Al B3 ses
1.8866

(.191)
ks

A2 B2 ses.

1.3491
(.144)

oo

A2 Bl ses.

L7611,
(.085)

027

A3 B3 ses.

1.%007
(.146)
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Teble 7

~

%

1 Al B3 ses.

1.2975
(.135)

%

1 A3 B2 ses.

1.2821
(.136)

%3

.2 A2 Bl ses.

1.1747
(.127)

%8

2 Ad B3 ses.

1.1203
(.128)

025

5 A2 B2 ses.

1.1998
(-129)

&8

3 ALL
-.3881
(.089)

~

%,

A2 Bl ses.

1.1863
(.127)

~

%

A3 B3 ses.

1.5660
(-163)

%y

A2 B2 ses.

1.1175
(.116)

%9

Al B1l ses.

1.4555
(.158)

%oy,

A2 B3 ses.

- 1.6056
(.167)

%
A2 B2 ses.
1.2066
(.137)

%0
Al Bl ses.

1.0260
(-127)

~

al5
A2 B3 ses.
1.4661
(-151)

%)

Al BZ ses.
1.1927
(.124)

G

A% Bl ses.
1.2240
(.134)
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Transition metrices were calculated with the dgta divided in
several weys: 1) A four way split according to knowledge of points/money
ratios and symmetry of the game structure. 2) A split according to which
the first transition from each of the games are used to estimate one
transition matrix, the second transition from each of the games are used
to estimate another, etc. 3) The transitions from the first two games
the subjects play are used to estimate one matrix, the transitions from
the third and fourth games ere used to estimate another, etc. The third

of these approaches turned out to be the most interesting.

The first approach tests whether the structure of the game end
the information conditions affect transition probabilities. The remaining
two are species of learning hypotheses. The first of the pair tests for
the presence of a learning pattern which tekes place within the geme and
operates in the same manner within each game. The finel approach tests
for changes in behavior as the subjects gain experience within the

experiment as & whole.

The four matrices estimated under the first approach were tested
to determine whether they are significantly different from one another.

Denoting by P the matrix estimated from the transitions which occurred

Xs
during symmetric gemes in which points/money ratios were known, the

hypothesis tested is:

ot T T s T Ty
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This is tested by a FXLQ test with 30 degrees of freedom. The calculated
value is 47.93 which is less than the critical value at the 19 level of 50.89.

The conclusion is thet any variation among the four matrices is due to chence.

Under the second approach, the data are divided according to
transition. Let Pi (1 =1, ..., 8 be the transition matrix estimated
from the i-th trensition, and let Pé be the transition metrix estimated
from all transitions subsequent to the elghth. The following hypothesis

is tested:

The calculated fkle velue is 84.9. These are 80 degrees of freedom. The
value ~,X°2 - Jen-1 (n = degrees of freedom) is known to be

approximately normally distributed with & mean of zerc and variance of one.

Je-)ie - J2n-1 = .42 wvhich is less than the critical value of 2.33
(1% level for a one tailed test). The conclusion is that the transition
probabilities do not depend on the timing of the transitions within the

game .

Having concluded that transition probabllities are not affected
by information conditlions, geme structure and timing of transitions within
the game, it remains to test whether transition probabilities are affected
by the amount of experience the subject has had within the experiment it~
self. Lét P,

i, i+l
estimated from the i-th and i+l st gemes. The hypothesis tested 1s:

(1 =1, 3, 5, ..., 17) be the transition matrix

=P8
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The value of ‘712 is 20305; and the mmber of degrees of freedom is 80,

aJE;tz - N2n=l = 7,56 which exceeds the critical value of 2,33 (1% level).
It must be concluded that learning tekes place as subjects gain experience
in the games. The contribution to the }ﬁe value of 203.5 from each

of the nine matrices are, respectively, 89.8, 25.0, 33.1, 5.3, 12.5, 10.0,
9.7, 135.8 and 4.2, Glancing at these nunbers raises the guesiion of
whether behavior is settled and invariant from the 7 through the 18th games.

This hypothesis is tested as:

H: P7,8 = P9,lo = 00 = PlT,lB °

The calculated 11.2 value is 45.1. There are 35 degrees of freedom

\fe X2 - Jon-1 = 1.19 which is less than the critical value of 2.33. Thus
it appears the tramsition probebilities became stabilized by the end of the

sixth geme.

Table & shows the transition matrices P 1 P g 8and
2 2

1,20 ¥

P The latter is estimated from games 7 through 18. The most

Ty soo 18 °
striking difference between the first three and the last is the increase
in the first two probabilities on the diaegonal: the probebllity of

going from non-A +0 non-A and from A to A.

Generally & matrix of transition probabilities uniquely determines
e set of asymptotic probabllities for being in each state in the t-th

period as t goes to infinity. These "equilibrium distributions" have
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Table 8

Matrices of Transition Probabilities

games 1-2 games 3-4
.558 .331 .08% .028 Byt 131 0 .022
161 803 .03%6 0 052 .Bhe 106 0
327 085 .588 0 289 .606 0 105
o 0 1 0 66T 0 0 333

gemes 5-6 gemes T-18
632,088 .250 .030 826 .128 .0L6 0
0  .903 .097 0 007 .96l .032 0
527 250 .223% o} JL08 257 .202 .0L3
1 0 0 C 1 0 0 0

the property that Px = x , where P is the matrix of transition
probebilities and x 1s the (column) vector giving the equilibrium
distribution. Also Pty +X 88 t +w vhere y is an arbitrary
initial distribution. Teble 9 gives the equilibrium distribution
which correspond to the transition matrices in Table 8. The last
column of Table 9 glves the observed distribution of transitions in the
sample for games T through 18. Games 7-18 show an equilibrium
distribution in which the second state, A , has a probability of

.8, much higher than the earlier gemes. This is not surprising

given the very high transition probebility of .96 for the ":ir=m
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Table 9

Equilibrium Distributions

observed,
games 1-2 games 3.k gemes 5-6 gemes T-18 gemes T-18
non-A 2301 .384 237 150 .190
A 562 537 .60k .802 .T59
AC 129 057 JA52 046 Rollle]
ACC 008 .022 007 002 002

A to A" w:. . All three remaining probsbilities are substantially smaller
for games T7-18. From this analysis, it appears that honored agreement will
prevail in cooperative duopoly gemes & substantial mejority of the time
after the initial few gemes when subjects are becoming experienced. Even
in the earlier games, honored agreement has asn asymptotic probability in

excess of .5.

4.3 Distance From the Contract Curve

The analysis in this and the following section utilizes distances
measured in profit space. A pair of prices chosen by subjects determine a
pair of profit levels and, hence, a unique point in & space in which the
profits of the first subject are measured on one axis and the profits of
the second are measured on the other. The Pareto set mey also be drawn in
this space, and the distance of a point from the Pereto set may be defined
as the Euclidean distance from the point in question to that point of the

Pareto set which is nearest the point in question. The distance concept
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requires some sort of normalization so that distances do not change when,
for example, the unlt of measurement of profit changes. Also, two games
which are identical in every way, except that profit levels in one are
double those of the other, would seem to present the same strategic
possibilities. The unit of distance in the high profit game should be
double the unit of the other in money terms so that. the distance between

g pair of corresponding points is the same in each game.

Figure 1 is a representation in profit spece of the asymmetric
games used in the experiment. The horizontal axis gives the profit of the
subject whose cost curve is C = q? . The cost curve of the other subject
is ¢ = 10g + °lq? « Any particuler asymmetric game differs only by the
application of a multiplicative factor to the profits from the game

i1lustrated in Figure 1.

The outer line, CC' is the set of Pareto optimel points for
the game. Thus it is the profit frontier and only points on or southwest
of this line are attainable by the two subjects. Three points are singled
out. JM is the jolnt mexirum, where total profits for the pair are
meximized. NS is the Nash solution when the game is viewed as 2
cooperative game. ES 1s the point, in the Pareto set, where both receive
equal profits. The other curve in the diagram is the optimal threat curve.

The point on it labelled NT is the Nash threat pointnl

1. Both the Nash solution and Nash threat are located here under the special
assumption that the marginal utility of money is constant for all subjects
throughout the ranges of payoffs prevailing in the experiment.
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Tt may be useful to review the nature of the Nash solution hefore
proceeding Mther.l The review which follows 1s intended only to outline
the characteristics of the solution in terms of a duopoly model of the sort
used in the present experiment. The Nasgh sclution is the only solution
which satisfies & set of axioms to be found in the original article. In the
discussion which follows it is assumed that the marginal utility of money
is constant for each subject and, therefore, the terms '"money" and "utility"
may be used interchangeably. The Nash solution is found in the following
way: 1) each player chooses a threat strategy (price). A threat strategy
is a strategy which the subject intends to use if he and the other subject
fail to come 0 an agreement. 2) The pair of threat strategies uniquely
determines a pair of "threat point profits" and the solution is that point
which is attainable by the players which maximlzes the product of their
gains from cooperation. I.e., if threat point profits are IIlT end JIQT ,
the solution is that point at which (H:L - IIlT)(II2 - IIET) is maximized.

Once a pair of players agree to the procedure of step 2), the choice of a
threat strategy by a subject reduces to choosing that strategy which will

meke his ultimate solution point profit as large as possible.

Figure 2 is an enlargement of part of Figure 1. A point in the

Pareto set may be found in either of two eguivalent ways: meximize IIl

1, See Nash, John, "Two-Person Cooperative Gemes," Econometrica, Vol. 21,
1953, pp. 128-140 for a complete and formel presentation of the model.
Mayberry, J. P., J. F. Nash and M. Shubik, "A Comparison of Treatments of
a Duopoly Situation," Econometrica, Vol, 21, 1953, pp. 1k1-154, contains an
application of the Nash solution to a duopoly geme. A discussion of the
Nash bargaining model appears in Luce, R. D. and Howard Raiffa, Games and
Decisions, John Wiley and Sons (New York) 1957, pp. l2k-135.
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with respect to P, and Pp s subject to the condition that 1'[2 = II;

As II; le veried, one moves elong the curve CC!' in Figure 2.
Alternatively, the problem could be formilated: meximize IIl + ;!\II2 with
respect to Py and Py e A 18 a positive, finite constent. As A is
varied, one moves along CC' . Either formulation gives rise to a relation-

ship which holds at every point in the Pareto set:

4 BlIe/apl aHQ/aPQ
(+) M7, < W7,

This condition is necessary but not sufficient for a meximm of I{l + m2 .

The optimel threat curve, TT' , may be derived in an analogous
way: Mlnimize IIl with respect to Py and P, subject to the condition
that T, = ne* . Again, as IIQ* 1s veried, the points of TT' are traced
out. A second way to derive the curve is to maximize I, + M[. with

1 2

respect to Py and P, where 2 is a finite negative constant. The
points of the optimel threat curve also satisfy equation (L) above. The
second order conditlons differ for the two curves. A polnt on the threat
curve is & point of tangency between two individuasl threet curves. The
point lebelled "A" in Figure 2 will serve as an illustretion. Tangent
to TT' at A is a curve lsbelled "THREAT CURVE OF #2". This curve
shows profits to both &s #2 varies his price while #1 keeps his price

constant. Note that in moving NE from A , #2 causes ever increasing
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gaeins for ;1 per unit of gain for himself. Moving SW he gives up
ever increasing smounts per unit loss caused to 1. The threat curve of
#1 shows the reverse characteristics. Thus, either player finds the

marginel profit trede-off getting worse 1f he moves from A .

As a final illustration, consider a point on the optimel threat

* *
curve TT' where profits are Hl = Hl and I[2 = H2 « At this point

Hl is minimized with respect to P, subject to the constraint

>
IIQ__I[ , 5

*
subject to Hl > Hl + With these properties of the threat curves in

hand; the characteristics of the Nash solution mey be given.

and, simulteneously I, is minimized with respect to Py

Two relationships define the Nash solution and Nash threat
points. (It is assumed that the latter is one the optimal threat curve

and the former is the Pareto set):

s T
md_.lzg\ R A O an/ap 1
| Ta T m T am_ - 2
dHl'// at NS Hi - Hf dHl, / at NT at NT
H? = the profits to pleyer 1 at the solution point
Hg = the profits to player 1 at the threet point.

The negative of the slope of CC!' at the solubion peint must equal the slope
of the straight line from the threat point to the solution point. The latter
must equal the sispe of the optimal threat curve at the threat point, which,

in turn, eguals the slope of the individual threat curves &t that point.
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<——_> at NT (51;51)) i

is a consequence of the definition of the optimal threai curve.

dHl at NS i

is a consequence of the condition that the solution must maximize (Hg - HT)

2
S Ty 1
(n - m).

H s o
H e =3

The somewhat subtle condition is:
(:dn

Consider point B in Figure 2 a3 a possible threat point where this equelity

}-'UJI'\)U‘J
}w-'l-Bl\)

does nut hold. The broken line Iro: B leads to B', the solution point with
respect to B. From the point of view of pleyer 1, any peint below and right
of" the broken line is & superior ihreat point to B becamuse it roves the
assoclated solution point to the SE. Part of the threat curve of #1 is

below the broken line, thus he can force the threat point in that direction

1. This uzy be shown very readily. Consider the funection y = 0(x) . Say

¥* * »* *
it is desired to meximize F = (y -y Hx - x ) = [®(x) -y Hx - x ]

*
aF X *\ dp — aF _ a _  a(x) -
=" Px) -y +(x -x) = '@ At the maximum > "0 emd == %

N X - x
P y* , vhich is the statement which was to be proved. The point
X - X
found is o raximum g'--2-< 0 .

de
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At the point lebelled NT, however, neither can move along his individual
threat curve without moving the associated solutlon point in a direction

which diminishes his final profit.

Two important characteristics of the Nash solution are that it is
Pareto optimal and it tekes into mccount the threat capabilities of the
two players. In the remsinder of this section the conditions under which
Pareto optimal choices are made will be invéatigated. The next section is
concerned with determining whether Pareto optimel choices are, in genersl,

at the Nash solution.

The remainder of this section is concerned with the extent to
which periods of agreement tend to be on the contract curve. The distance
of points from the contract curve will be measured as & function of:

1) whether or not the period is from a symmetric game, 2) whether or not
the subjects knew one another's points/money ratio and 3) whether or not
the period was one of agreement. In view of the finding that transition
probabllities are different in the first six games than in the remaining
sames, the measurement of distance will also teke into account whether or
not a period comes from one of the first six games. The unit of distance
is taken as the length of the straight line segment from the Nesh threat
point to the Nash solution. Tuis unit mey not be an ideal choice; how-
ever, 1t has the virtue thai in two games which are strategically identical,
the distence between & pair of corresponding points will be the same.

Consider, for example, & game A and & game B . They are identical,
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except the money payoffs in B are twice those of A. It is desirsble
that the distance from, say the equal split point to the joint maximum
should be the same in each. Measured in units of profit, the distance
in B would be double the distance in A ; however, using the metric

defined sbove the distances are equal.

The estimation of distance from the Pareto get is accomplished
using the technigue of limited dependent variables.l This technique is
appropriate for varisbles which: 1) cannot heve values below (or &bove)
a particular limit velue, 2) have & positive probability, p , of being
exactly equal to the limit value and 3) are distributed for t;lues greater
than the limit according to that part of the normal distribution for which

o

L<x<w, and [ f£(x)dx = l-p , where
L

I, = the limit value
% 1g the dependent varieble in question
f(x) is the normal density function.

As the Pareto set is the frontier of attainable profit points, no actual
point can lie above. Thus distance from the set can be only distance from
below and left. Distance is teken ag positive; hence zero is the lower
imit value. Maxirum likelihood estimates are calculsble for the parameters
of a limited dependent varigbles model, and hypotheses may be tested by

means of likelihood ratic tests.o

1. On limited dependent variables see Tobin, James, "Estimation of Relationships
for Limited Dependent Variables," Econometrica, Vol. 26, (1958) pp. 24-36.

2. For any periods of agreement which involve cheating, the profits used
are the agreed upon profits, rather than the observed.



“ 35 -

Let:

k¥nowledge of points/money ratios

lack of knowledge of points/money ratios
agreement

lack of agreement

symmetry

non-symmetry

distance from the Pareto set.

(ol ok Ny SN

[ O < N | S O I

Knowledge, agreement and symmetry cen be combined 1n eight ways: KAS,
KAg, KAS, ... « These eight combinations are mutually exclusive and
exhaust the ceategories into which any observation may fall. For each

of these eight cells or categories the following relationship is estimated:

Dy =By + By Gy + 1y

where Dt is the distance of the t-th observation from the Pareto set
and Gt is & dumny varisble which equals 1 if the observation is from
the one of the first six geames and equals zZero otherwise. Table 10 gives
the estimates of the coefficients and their standerd errors. The meximum
likellhood estimate of the mean distance for eéch cell; the probablility
that an observation in a given cell will he & limlt observation, the
expected value of an cbservation in the cell, the number of limit
observations in each cell, and the number of non-limit observations. The
expected values exceed the maximum likelihood estimates because of the
asymetry of the distribution of the dependent varisble. Clearly the

symnetric games show & higher probability of limit responses. Also, it

appears lsck of knowledge lncreases the probability. The most important



Table 10

mexcimum likelihood probebility of limit expected value of D number of cbservations
estimates of D response
By, Bs games 1-6 games 7-18 games 1-6 gemes 7-18 gemes 1-6 gemes T-18 st 1imit not at limit
KAg  ~1.285 76 0 0 .618 776 450 .218 237.26 117.76
{.136) {.240)
KAS* -.133 0 .938 +002% 243, 17.31
(.010)
KA$ .58L 1.268 1.852 .58l 222 105 2.162 1.286 9.58 120.16
(.a76)  (.451)
KES® .65 625 .098 648 1.28 35.38
(.111)
KAS -.318 065 0 0 687 .T30 .10k .085 259,33 123.56
(.0h2) (.068)
¥as -.254 167 0 0 0L .930 034 L0054 158.5 39.0
(.034) ( .040)
g 1.09% -.120 974 1.094 272 248 1.2hp 1.331 o . 127.27
(.181) (.306)
KAs g -.0k1 378 419 .023 .01k .380 420 2.ko 61,21
(.096)  (.091)

" :
For this cell there are no observations from the first six games.
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varisble is agreement. For zames 7 through 18, the agreement periods show
probsbilities ranging from .73 to .94, while the non-agreement periods never
exceed .4l. In most of the cells the probability of limit response is
substantially greater for games 7 through 18 than it is for gemes 1 through
6.%

In sumary, distance from the Pareto set 1s determined meinly by
the presence or absence of agreement. The meximum likelihood estimate of
distence is zero for all cells involving agreement, and positive in the
others. The symmetric games show much sharper results than the asymmetric.
Symmetric agreement games have probabilities of limit response in excess of
.9 (games T-18) and symmetric non-agreement games, less than .l. This
contrasts with spproximately .75 and .25 to .4 for the two categories of
asymmetric games. Xnowledge appears to add slightly to the probebility
of limit response. Compering the four pairs of cells, each K cell is
seen to have a higher probability than the corresponding K cell; however,

the differences are less than .08 in three of the four instances.

It is not swrprising, however, that periods of agreement are not

invariasble Pareto optimal. Choosing & point in the Pareto set is less safe

1. A likelihood ratio test of the hypothesis H: ﬁe = 0 for each cell

independently leads to acceptance at the 1% level for KAS, KAP and KAS. It

is the other three cells, for which the hypothesls is rejected, which show

the most striking differences between the probasbilities of limit response.

A joint test of the hypothesis H: 62 = 0 for the six cells with cobservations

from the first six games indicates rejectlon of the hypothesis at the 1% level.
The six values of -2 In A (where A 1is the likelihood ratio) are,
respectively: 10.34, 7.91, 1.17, 19.58, 2.7k, and .2. The criticel values

for 1 and 6 degrees of freedom are: 6.6 and 16.8.
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than one some distance awsy in the sense that if one subject cheats on the

agreement the loss in profit to the other will be smaller.

k.bh TLocation of Points in the Pareto Set

The lack of sn obvious point of agreement in the Pereto set in
asymretric games mekes it very important to attempt an anslysis of the
points chosen in order that any tendencies might be dlscovered. The
following snalysis utilizes 542 periods which involved asymmetric games
and Pareto optimel cholces. The Pareto set can be represented as &
straight line, with an erbitrary origin chosen at the Nash solution, end
the same unit of distance as was employed previously. This is displsyed in
Filgure 3. Any point in the Pareto set may be uniquely described by a
number which may be positive or negative, and which is the distance of

that point from the Nash solution.

Flgure 3

JM NS ES
L 1

-.33 0 6.72

Figure 4 shows & histogram for the 542 observations on distance from the
Neash solution. From the histogrem, it locks as if there may be two separate
distributions. The lerger of the two, with nesrly 500 observations, runs
from -6.4 to, say, 2.0. The smaller, with approximately 50 cbservations,

goes from 2.4 to 8.6. The mean of the first distribution is in the
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nelghborhood of the joint meximum and the Nash solution, while that of

the second is around 5.5 -- relatively close to the equal split point. Due
to the appearance of this histogram, a dummy verisble(S) was added to the
regression which equals 1 when distance is greater than 2.4, and equals

zero otherwise. From & glance at Figure 4, it is obvious this variable

will prove highly significant statistically. The addition of this veriable
hes two intuitive, but not theoretical, justifications: &) even in an asym-
mmetrlc geme, the equal split point retains some attrection es a "fair" divie
sion of profits and b) some mysterious notion of symmetry encouraged the
subjects to choose equal prices. The equation whose parameters were

estimated is:

D, = By + By KAf + B, KAC, + By KAf, + By, KAC, + By Sy + wy

KA¢ = knowledge, agreement, no cheating
KAC = knowledge, sgreement, cheating
KA = no knowledge, agreement, no cheating
KAC = no knowledge, sgreement, cheeting

S =D >2.4

As with the limited dependent verisbles analysis, the distance
meagure for a period which involves cheating is distance from the point egreed

upon, not distance from the point actually chosen. Results are in Table 11.

Table 11
coefficients -1.97 1.99 1.66 1.88 1.49 5.50

stendard error {.297) (.302) (.388) (.301) ( .386) (.136)
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An F test which tests the hypothesis that this model is not significantly
different from one in which Bl = ﬁa = 53 = Bh ¥ields an F rafio of
1.92. The critical value of F3’536 for the 1% level is 3.83. It must be
concluded they are not significantly different. The second equation is:

— 1 1 1
Dy =By +B] A + B S, +u

A = non-sgreement

(KA¢, KAC, KAf, FAC and £ are a mutually exclusive and exhaustive set

of variables).

Table 12 summarizes the results.

Table 12
1 T f
By Py Pa
coefficients -.055 -1.91 5.50

standard error {.043) (.299) (.136)

Thus the agreement periods with distances less than 2.4 have &
predicted value nearly zero (nearly the Nesh solution point), and these
account for some 480 of the 542 observations. The non-agreement periods
with distances less than 2.4 have a predicted value muich smaller then

the joint meximm. The Joint meximum is et -.33, while these perlods have
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a predicted value of -1.97. The remaining pointg, for which distance exceeds
2.4, are all agreement points, except for two. The agreement points over
2.4 have a predicted value of 5.4k. This is significantly distant from

the equal split value of 6.72 (t = 9.4l), | and also significantly distant
from the point at which prices are egqual, 4.95 (t = 3.60). It remains

8 mystery whether any meaning mey be resd into the coefficlent Bé s

particulerly the interpretations suggested here.

The conclusion is that the Nash solution in asymmetric gemes
sppears to have a strong a&ppeal. There remains & subgroup consisting of
10% of the sample whose values were far closer to the equal split than
any other point of interest. These leave the suggestion that the equal
split point or the equal price point may retain e secondary attraction

as a point on which to agree.

5. Conecluslons

The cocperative &,}hopoly games reported here have some special
characteristics in comparison with firms in real msrkets. First, all of
the power and suthority with & "firm" in the experiment is held by one
person. He hes at his disposal a&ll relevant Information about his own
firm, and all sbout his competitors (except for the points/money trade-
off). Authority in real firms is more dispersed, perhaps becsuse the
relevant information possesged by a8 firm le dispersed among & large number
of people. And such information as & firm hes is neither so complete nor so

precise. Finally, real firms have more than one decision variable.
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The cooperativze d.uoi)oly experiment reported here is an ideal case,
and therefore an appropriate starting point for the study of cooperative
oligopoly games. It embodies the essumptions found in theoretical discussions
and will give an indication of the appropriateness of these assumptions as
they are relaxed in further experimental research and the results compsared

with earlier work.

The results support the Adsm Smith hypothesis that, given the
opportunity to discuss, "People of the same trade...[will form &]...conspirecy
against the public.. ."l Over 3/4 of all the periods 'were period.s of agreement.
These were honored in nine out lof ten cases. Among the agreements, better
than 3/4 involved Pareto optimel points, which is in keeping with von Neumann

and Morgenstern.

The Nash hypothesis received quite strong, but qualified support.
If the observations more than 2.4 units to the right (see Figure 3) of the
Nesh solution, which seem to form a seperate distributlon, are left out of
account, the remaining agreement periods have & meéan almost exactly at the
Nash solution. These periods account for 85% of the Pareto optimsl periods
of the asymmetric games. The points gbove 2.4 have a mean significantly
distant from the equal split point; however, it 1s much closer to the equal
split point than the Nash solution or the joint maximum. Perheps the
frequency with which the equal split point is chosen as & point of agreement

varies inversely with 1ts distance from the Nash solution.

1, Wealth of Nations, Modern Library Edition, page 128.
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Instructions for Participants

In Research Project on Economle Decision Making

I. General Description of the Project

In this project you will be sble to earn an appreciable amount of
money. The smount you earn will depend upon the decisions you make and
you will be able to keep all the money you earn.

You will be placed in several decision meking situations.
The situations sall have certedin things in common. In each situatlon you
will be randomly paired with one other person. You will not see this
person or spesk with him at any time. You will never know his ldentity,
nor will he ever know yours. You will be able to send written messages
to him, and he to you.

You and he are the sole producers and sellers of some fictitious
commodity. Each decision making situstion will last for many time
periods and both you and the other seller will make one decision in
each period. Your decision wlll be to choose the price at which you
sell your commodity dwring the period. The other seller chooses the
price at which he sells. Before msking your decision for a period you
wlll be told the decision made by the other seller for the preceding
pericd. You and he each will have time to send two messages if you wish
to do Bo.

You will have a profit table on which the prices you msy chcose
are listed down the left hand margin. The prices the other seller
may choose are listed across the top of the teble. The body of the
table gives the profit to you and the profit te the other seller which
correspond to any pair of prices you end he might choose. Your profit
gppears gbove and slightly to the left of his. For exanple, look at
the sample profit teble which sppears below. If you charge 34 and the
other seller charges 38, your profit is 34.3 points and his is 15.8
points.

The number of "points" which equal $1.00 of earnings to you will
be different from one decision meking situation to another; however,
it will always be the same for all periods of a situation. You will
always knaow how many pointe equal $1.00 for yourself. GSometimes you
will not know how many points equal $1.00 for the other seller, and
at those times he will not know how many points equal $1.00 for you.
Your earnings for participating in the project will be the money you
make in the decision making situations.
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IT.

Detalled Description of How the Project Will Proceed

A. Materiels which you will use:
a) Profit Table
b) Price-Profit Sheet
¢) Message Record

You will retein one Profit Teble and one Price~Profit Sheet
throughout each Decislon-Making Situation. The Message Record,
on which you and the other seller will write youwr messages, will
be cearried back and forih vetween you and the other seller by &
project assistant.

B. Messages

In order to avoid biasing the results of this project, it is
extremely importent to adhere to & few simple rules regarding
messages;

a) A message mey consist of, &t most, two short sentences.
b) Messages should be printed in capital letters.

c) Messages mey not contein your neme or other information
which will identify you.. They may not divulge how many
points equal $1.00 for you when this information hes not
been given to the other seller. In your messages, you
are free, however, to discuss the prices you may want
to charge.

Cs Procedure

A "period" is completed when both you and the other seller have
each chosen your prices. A Decision-Making Situation will consist
of many periods, and you will not be told in advance how many per-
iods, in & given Situstion. During a Decision-Msking Situation,
you will retaln a Profit Teble and be Paired with a certain other
seller. When one Situstion ends and another begins you will, in
general, receive a new Profit Table and be paired with some new
other seller.



During & single period both you and the other seller will send
two messages each, and then you will each choose your price for
that period. If there is nothing you wish to say in a message,
you msy put a large X eacross the appropriate messege box.

Each Profit Teble has elther a large "A" or & large "B" in the
lower right-hand corner. If yours has an "A", the other seller's
has a "B". In the description of procedure below, the two sellers
will be referred to as A and B.

A period begins when the project assistant enters the office of
one seller, say A, and gives him the Message Record. He then
prints & message in the first box on the side marked A (or puts

an X in the box), then the project assistant takes the Message
Record to B who reads A's message and sends one in reply (or puts
an X in the sppropriate box}. The project assistant then goes
to A for his second messsge and back to B for his second. Finally
the project assistant goes to A for his price decision, and then
to B A and B write thelr prices on their Price~Profit Sheets,
and the project assistant coples them down.

D. Final Comments.

A perind will ordinerily be completed in less than five minutes;
however, at the beginning of each Decision-Making Situation you
will be given sbout ten minutes so you can familiarize yourself
with the new Profiit Table, before the first pericd begins.

At the end of the time for which you have been hired, you will be
paid. Remember, your total earnings for participating in the
Pproject will be the profits which you make.

If you have any questions as the project progresses, simply inform
the project assistant and he will bring someone to answer them.

The first Decision-Making Situation will be different from all
that cope after it, and will differ from the above description
in two ways: There will be no messages and you will not know
anything sbout profit for the other seller. All Decision-Meking
situations after the first will be exactly as described in these
instructions.

Please do not discuss this project with anyone tomorrow or in the
future, because such discussion could bias the resultis of future
projects of this type.
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