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I. INTRODUCTION

Since the use of laboratory experimental techniques in the test-
ing of economic hypotheses seems to have become reasonably well
established in recent years, this paper will not attempt to provide
any general methodological justification for its existence.! A pre-
vious study 2 presented the results of ten exploratory pilot experi-
ments in competitive (multitrader auction) market behavior. The
major methodological purposes of that study were to (i) test the
feasibility of experimental techniques, (ii) synthesize one or more
standard experimental designs, and (iii) provide the foundation for
a more rigorous empirical examination of several specific hypotheses.
The conclusions suggested in that paper were based in part upon
hypotheses whose tests and theoretical rationalization were de-
veloped after the experimental data had been obtained. The results
of such a posteriori testing and theorizing based largely upon un-

* The research reported in this paper was supported by National Science
Foundation Grant No. G-24199 to Purdue. University. I am indebted to
Richard Swensson and John Wertz for computational assistance, and William
Starbuck for valuable suggestlons and comments.

1. 8. Siegel and L. E. Fouraker, Bargaining and Group Decision Making
(New York: McGraw-Hlll 1960). L. E. Fouraker and 8. Siegel, Bargaining
Behavior (New York: McGraw-Hlll 1963). P. Suppes and J. M. Carlsmith,
“Experimental Analysis of a Duopoly Situation. . . ,” International Economic
Review, Vol 3 (Jan. 1962).

2. V. Smith, “An Experimental Study of Competitive Market Be-
havior,” Journal of Political Economy, LXX (April 1962).
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replicated experiments should be considered highly tentative until
such results have been confirmed by further experiments designed
specifically to test the particular hypotheses in question.

This paper will report on the results of a series of experiments
designed exclusively for the purpose of testing various hypotheses
concerning the price equilibrium and adjustment behavior of markets
whose organization permits either sellers or buyers, but not both,
to engage actively in the higgling and bargaining process. Most
retail markets, at least in this country, are characterized by an
organization in which sellers post their offers competitively while
buyers passively choose among such offers to form exchange con-
tracts. With minor exceptions in such markets, custom precludes
buyers from making counter bids in establishing contract prices.

The motivation for the present study stems largely from a pilot
experiment 3 in which sellers only were permitted to make quota-
tions. The results of that experiment suggested that although the
initial contracts tended to be above the theoretical equilibrium
price, all subsequent contracts tended to be executed at prices per-
sistently below the theoretical equilibrium. After the fact, such
behavior appeared reasonable. Sellers, desiring to maximize trad-
ing profit, should offer to sell at the highest prices they might hope
to obtain. Buyers, perhaps fearing that they may be unable to do
better, might be expected to accept some of these initial high offers.
But as trading proceeds, and buyers learn that by waiting they can
take advantage of the competitive pressure on sellers, contract
prices may be lowered, possibly to a stable level below the theoreti-
cal equilibrium. Such a market has two forms of asymmetry which
may operate to the benefit of buyers: the active competitive pres-
sure is on the offers being quoted by sellers, and, in this process,
sellers are revealing more information about the prices at which they
are willing to sell than are buyers.® Buyers either remain silent or
passively accept certain of the offers that are tendered. If this
reasoning is correct, the results of the pilot experiment should be
confirmed by replication of an experiment designed for this purpose.
Furthermore, it is to be expected, a priori, that these results will be
reversed in an experimental market in which buyers only are al-
lowed to make price quotations.

3. Ibid., pp. 124, 125, 134.

4. My referee notes that the reasoning in this paragraph contradicts the
common assertion that administered pricing reacts to the disadvantage of the
buyer and that administered purchase pricing (as in labor markets) reacts to
the disadvantage of the seller. Also, that the reasoning is reminiscent of the
idea that, in von N euman-Morgenstern terminology, the price-quoter plays a
minorant game.
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II. Tur HyPOTHESES

We define the following trading rule conditions for subsequent
reference:

Ry —Sellers are permitted to make offers; buyers are free to
accept offers, but are not permitted to make bids.

Rgyp — Sellers are permitted to make offers and are free to
accept bids; buyers are permitted to make bids and are free to
accept offers.

Ry — Buyers are permitted to make bids; sellers are free to
accept bids, but are not permitted to make offers.

As a consequence of the pilot experimental outcome and specu-
lation thereon, but prior to performing the experiments to be re-
ported here, the following hypotheses were formulated:

H;: Initial contract prices (defined in advance as those con-
tracts executed in the first trading period) will tend to be ordered

PS>PSB>PB t=12,...,N;

H,: All remaining contract prices (defined in advance as those
contracts executed in trading periods 2, 3, 4 and 5) will tend to be
ordered

PS <PSB<PB t=Ny+1, N,+2,...,N

where N; = number of contracts in trading period 1,

N — N; = number of contracts in trading periods 2, 3, 4 and 5
combined,

P;S = contract price on the t* transaction under condition Rg,

PSB = contract price on the #** transaction under condition Rgg,

P8 = contract price on the #** transaction under condition Rjp.
Observe that Hy and H, refer to an ordering of the individual con-
tract prices. A third hypotheses, not entirely independent of H;
and H,, refers to the ordering of expected equilibrium prices.

Hj;: Expected prices in equilibrium will be ordered

E(PS) < E(PSB) < E(P®).

As before, the superscripts refer to the three indicated trading
rule conditions. The hypothesis Hs will be tested in two ways. An
ordinary analysis of variance test will be applied to the contract
prices in trading periods 4 and 5 (defined in advance as the equili-
brium trading periods). Then a first order stochastic difference
equation will be estimated for each trading rule condition, using
all contract prices occurring under each condition. The expected
equilibrium prices implied by these difference equations will then



184 QUARTERLY JOURNAL OF ECONOMICS

be used to test Hsz. The regression coefficients in these equations
will provide a measure of the speed at which contract prices con-
verge, and will be employed to test Hy.

H,: The speed of convergence to equilibrium will be greater
under condition RSB than either RS or RB,

Hypotheses H; through H, will be tested by classical statistical
procedures in Section IV. In Section V a Bayesian subjective
probability analysis will be used to determine the degree of confi-
dence to be attached to the hypotheses that the ordering relation
PsS < PsSB < P8 holds for the contract prices in trading periods
4 and 5 (equilibrium).

II1. SuBsECTS AND EXPERIMENTAL PROCEDURE

The above hypotheses will be tested using data from six experi-
mental sessions consisting of two sessions under each of the three
conditions Rg, Rgp and Rp. The two replications under Rgp served
as controls on the Rg and Rp sessions. A total of 144 male students
enrolled in three sections of each of two sophomore level courses in
economics (which we will call course A and course B) provided the
subjects for these sessions.® Table I illustrates the over-all experi-
mental design and indicates the combination of experimental condi-
tion, course, and number of subjects associated with each experi-
ment session. No subject participated in more than one of the
experimental sessions. The sessions were run separately in each
of two series separated by several months (one semester).

As a means of controlling on information transfer from earlier
to later sessions the following procedures were employed:

1. Every session was performed with “captive” subjects. I
never used volunteers. Volunteers were more likely to have heard
something about ‘“those experiments conducted by the economics
department,” and were more likely to have superior motivation,
which was not necessary for these experiments.

2. The subjects were given no advance warning of an experi-
mental session. I cleared with the instructor in charge and then
appeared on a specified date with equipment, payoff money, and

5. Experimental session 2, shown in Table I, had to be repeated on a
second group of Course B subjects at a later date to obtain data under ade-
quate controls. In the first run of session 2 a subject executed a contract in
violation of the limit price rules specified in the instructions below. This pro-
vided false, uncontrolled public information to the experimental market, and
it was decided to invalidate the session. Detailed tests were not performed on
the data from this invalidated session, but casual examination revealed that
the general results were similar to those obtained from the validated session.
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TABLE I

NUMBER oF SUBJECTS AND EXPERIMENTAL
ConpirioNn For EacH SESSION

Experi-
mental
Session -

Total
Number Ry Ry Ry

Subjects

Course A

(20

subjects) 1 3 5 60
Course B

(28

subjects) 2 4 6 84

Total
Subjects 48 48 48 144

Condition

materials prepared. The objective was to control as much as pos-
sible the amount of pre-game speculation and information-seeking
that could occur. This was important where substantial cash payoffs
were employed. (The individual subject payoffs in these experi-
ments ran as high as $6.50 for about 40 minutes of participation).

3. The results and all information concerning the constants of
the experiments were suppressed until the design block of six sessions
was completed.

4. The experimental sessions discussed in this paper were inter-
mingled with sessions for two entirely different studies involving a
variety of different experimental designs, conditions, and informa-
tion. In this way even if a subject had heard something about a
previous session, there was very little chance that the session was
identical to the one in which he was to participate.

Each session was begun with a general statement that the group
was being asked to participate in a decision-making experiment;
that they would not be subjected to any unpleasant stimuli or ex-
periences; and furthermore, that they would have an opportunity
to earn real money during their participation. Copies of instruc-
tions, printed as an appendix to this paper, were then passed out,
and read out loud to the entire group.

After reading the second paragraph of these instructions an
assistant passed out the indicated yellow and white limit price cards.
Then the remaining instructions were read. Paragraphs 5S and 6S
were read in the sessions under condition Rg, 5SB and 6SB under



186 QUARTERLY JOURNAL OF ECONOMICS

conditions Rgp, and 5B and 6B under condition Bp. Each session
consisted of a series of five trading periods. In order to provide
some control over end effects, this information was not given to the
subjects. In one session — number 5 — a sixth trading period was
run as an additional check on the assumption that periods 4 and 5
represented equilibrium behavior. As a means of assuring an
orderly trading process, the subjects were asked to raise their hand
when they desired to make a bid or offer. I would then skip around
calling upon those with raised hands for their bids or offers. I
would then repeat each price bid or offer before calling for another.
Each quotation was an outstanding bid or offer that could not be
withdrawn, until a new quotation had been made, at which time the
previous quotation was no longer outstanding. In this way, one
quotation at a time was before the group. The subjects were free to
alter previous bids and offers in any way they pleased ¢ provided
that their limit price conditions were not violated. The subjects
were given no information as to the number of buyers and sellers,
possible prices at which the commodity might, should, or could sell,
and so on — no information beyond that provided by the instruc-
tions and the limit prices.

Unknown to the subjects the limit buy prices generated the
demand schedules, while the limit sell prices formed the supply
schedules shown in Figure I. In experiments 1, 3 and 5, 20 subjects
were available in each of three sections of course A (Table I). The
supply and demand designs are given by SS’ (10 sellers) and DD’
(10 buyers). In experiments 2, 4 and 6, 28 subjects were available,
and the supply and demand designs are given by SS (14 sellers) and
DD (14 buyers). Symmetrical demand and supply designs were
used throughout the six experiments as a control on other variables,
not of interest in the present investigation, that might explain the
expected equilibrium biases under the study conditions By and Rjp.
Thus, in each session:

1. The number of buyers is equal to the number of sellers.

2. Equilibrium buyer’s rent (consumer surplus) equals equi-
librium seller’s rent (producer surplus). Differences in these rents

6. In their bilateral bargaining experiments, Siegel and Fouraker require
“bargaining in good faith.” That is, any bid turned down by a rival may be
subsequently accepted by him (see instruction 5, p. 20, in Bargaining and
Group Decision Making, op. cit.). I have elected to give the trading subjects
in these experiments the greatest possible freedom to alter previous bids and
offers that were not accepted. This is another aspect of market organization —
whether bargaining in good faith, in the above sense, is or is not required —
that would be of interest to investigate experimentally.
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might affect either the equilibrium level of contract prices or the
convergence process.”

Price

o’ Quantity )
! 1 L L 1 1 N

A1
2 3 4 5 6 7 8 9 10 [N A E I 1

Ficure 1
Experimental Supply and Demand Schedules

1V. ExpPERIMENTAL REsuLTs AND CLassicAL TEsTs or HYPOTHESES

Charts 1 through 6 provide a complete series of contract prices
in the order in which they were executed in the five trading periods
of each session (six trading periods of session 5).

(a) Test of H,y
H, will be tested by applying the Jonckheere k-sample test 8

7. See Smith, op. cit., pp. 119, 120, 130, 134.
8. A. R. Jonckheere, “A Test of Significance for the Relation Between m
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Price
255

240

225

2.10

195

1.80

65 . .
! Trading Period

L1 TN WO I AN TN NN T N 6 TS T B |
1357246 135713517
Transaction No.

CHaArT 1
Condition: Rs

against ordered alternatives to the first period contract prices under
the three trading rule conditions. The Jonckheere procedure pro-
vides a nonparametric test of the null hypotheses that the sample

observations 13?7 Ing, and Pf were drawn from three identical popu-
lations against the alternative that they came from populations
that are in an expected order of increasing value. In this applica-
tion we have three categories, with 14 observations in the first
category (the 14 contract prices in trading period 1 of sessions 5 and
6 under Rp), 15 in the second and 16 in the third. The results are
not significant.® Hence, we are unable to reject the null hypotheses

Rankings and k¥ Ranked Categories,” The British Journal of Staiistical Psy-
chology, VII, Part II (Nov. 1954), 93-100. Also see A. R. Jonckheere, “A Dis-
tribution — Free k-Sample Test Against Ordered Alternatives,” Biometrika,
Vol. 41 (June 1954), pp. 133-45.

9. Using the notation in Jonckheere, “A Test of Significance for the Re-
lation. . . )” pp. 94-97, we have n=45, m=1, k=3, h =14, [ =15 and
I, = 16. The test statistic is P = 268, with mean x.(P) = 337 and variance
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Price

2554

2401 9

2251

210 =~ — —n e e Kl

195

1801

165~

Lsor 2 3 4 5

) I SR N | 11 1 | S | 11 1
357 13857135857 246
Transaction No.

ol
EN S
o
ol

CHART 2
Condition: Rg

that the first period transactions under condition Rg, Rgs, and Rjp
came from the same or identical populations. The failure of the data
to support H; is evident in sessions 1 and 2, where it would appear
that under Rg the initial contracts are as likely to be below as above
the theoretical equilibrium.

(b) Test of Hy

H, was tested by applying the Jonckheere test to the contract
prices in all trading periods beyond the first under the three trading
rule conditions. The test is highly significant.! The null hypotheses

P =% — x(P)

. . Vx2(P)
nitely not significant.
1. Continuing with the notation of the previous footnote, we have n =

xa(P) = 2304. The unit normal deviate Z = =145 is defi-
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Price

270+

2551

240

210 41

[

195 |

1.80
165

1.50F

L I N T N N W W— R R | ) T L.l
246 1 35792468246 1824¢6278
Transaction No.

CHART 3
Condition: Rgs

that these contract prices came from the same population is re-
jected at « < 0.001.

Since the null complement of H; failed to be rejected while the
null complement of H, was rejected at a very high level of signifi-
cance, a more general hypothesis than H, is suggested by the data,
viz,

PS<PB<PE t=12 ...,N.

That is, the ordering relationship is expected to hold for all contract
prices in all trading periods, with an extremely low probability that
its null complement would be rejected if it is true.

It might be reasonable to conjecture that the tendencies im-
plied by this ordering relationship are influenced by the first

190, m =1, k=3, L =59, I = 62, I = 69, P = 8731, x:(P) = 6003, and x2(P)
= 17000. Hence, Z = 20.9, which is significant at o < 0.001.
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Price
255

240

225

SIAW A

195

180}

165

n
[
»
w»
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1 1 1 1 1 L 1 1 L 1 ] 1 1 1
24 6 8246 | 3571 35 724¢6
Transaction No.

CHART 4
Condition: Rgs

contract. For example, if the first contract is below equilibrium,
prices might tend to remain below equilibrium. These effects would
of course be random in these experiments since no attempt was made
to control on the first contract. However, it is of interest to note
that the first contract in sessions 1, 4 and 6 happens to have been
executed at $1.50 (See Charts 1, 4 and 6). Thus the first contract
was the same in one session under each trading condition, yet this
fact clearly did not disturb the fundamental tendencies expected
under this ordering hypothesis.

(¢) Tests of Hg

In testing H3 by an analysis of variance applied to the contract
prices of trading periods 4 and 5, we note from Table I, that a 2x 3
factorial design is appropriate. Our primary a priori interest is in
testing for the effect of trading condition. However, because of
differences in the number of subjects available, the two replications
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Price
240

225)

VN aaatn

195
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150
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246 1 3571357 135713572468
Transaction No.

CHART
Condition: Rz

under each condition could not be matched. Therefore, the experi-
mental design was deliberately balanced in a way that would permit
us also to test for the effect of subject group. The result of our
analysis of variance is summarized in the standard form for 2 x 3
designs shown in Table II.

TABLE II

ANALYSIS OF VARIANCE

Source of Sums of Degrees of Mean F
Variance Squares Freedom Square Value
Subject groups 1098.065 1 1098.065 10.894%*
Trading rule
effect 2706.666 2 1353.333 13.427%
Interaction 465.616 2 232.808 2.310%
Error 8466.637 84 100.793
** Significant at a << 0.001. * Not significant.

Table III shows the mean contract price in trading periods 4 and 5
for each subject group and trading condition. From the components
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Price

255}

2401

20—+ - ——-F——-— A\ —— —

195¢

1.80}

1651

1.50]

CHART 6
Condition: Rz

of variance shown in Table II, we conclude that there is no signifi-
cant interaction between the subject group variable and the trading
condition variable. Their separate effects are additive. However, both
subject group and trading condition are highly significant variables

TABLE III

Mean ConNTrACcT PrIcE 1N TrADING PERIODS 4 AND 5 BY
Sussect Group AND TrADING CONDITION

Ry Rgp Ry Marginal Means
Group A
20 Subjects 208 213 217 213
Group B
28 Subjects 195 209 213 206

Marginal means 202 211 215 209
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(a < 0.001). The effect of trading conditions Hg, Rgz and Rp are in
the direction indicated a priori by Hz (Table III). We therefore con-
clude in favor of Hj3 by the analysis of variance test. However, from
Table III we also note that the mean equilibrium contract prices were
lower for the 28 member subject groups than for the 20 member
subject groups. This consistent difference is highly significant, by
the analysis in Table II, but neither the difference nor its direction
were predicted a priori. Since I have no explanation as to why
equilibrium contract prices under all trading conditions should be
lowered by the addition of 4 submarginal sellers and 4 submarginal
buyers (See Figure I), I attribute this result to unanticipated dif-
ferences in the subject groups.

The second test of Hs was obtained from least square estimates
of the first order stochastic difference equation:

(1) Pt+1 = aP: + ag + €41, Ia! < 1, t = 0,1,2. e

where p; = P; — P°, P, is the t** contract price, and P? is the theo-
retical equilibrium price. The general expression for p; is given by

(2) P = atpo + 2L =) +2 s g,
s=1
If ¢ has mean zero and variance o2, then the mean and variance of
p; is given by
(1 — att?)

3 E = J
(3) (pe) 1—a

1 — o2
(4) S (pe) = 2.

1 — a?

If we define lim E (P;) as the equilibrium price implied by equa-

t> 0
ation (1), then the expected deviation of this empirical equilibrium
from the theoretical equilibrium is

ag

) B(p,) = lim Bp) =~

with variance

— a

. o?
(5) §*(p ) = lim V(p,) = .
© t> o0 1 — a2

The least squares estimates of ay and o in equation (1) for the
combined experiments under each trading condition are shown in
Table IV. The standard errors are shown in parenthesis. All price
deviations are measured in cents.
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TABLE 1V

StocuAsTIc DIFFERENCE EQUATION PARAMETERS FOR EXPERIMENTAL SESSIONS

Experi- Standard Number
Trading mental Correlation  Error of of Ob-
Condition Session a ao Coefficient ~ Estimate servations
Rs 1 0.38 —48 045 12.3 36
(0.13)
2 047 —8.9 052 215 38
(0.13)
Rss 3 0.03 +1.7 0.03 16.8 39
(0.16)
4 0.00 —43 0.00 119 36
(0.14)
Rs 5 042 +18 048 93 45
(0.12)
6 0.34 +4.6 0.44 12.0 36
(0.12)
Ry 1and 2 0.46 —6.6 051 176 74
(0.09) (23)
Rgn 3and 4 0.06 —-1.0 0.07 14.7 75
(0.11) 1.7
Rs 5and 6 038 +3.1 0.46 10.6 81
(0.08) (12)

The estimates of E (p.,) and S(p,) from (4) and (5) are
E(pS,) = —122, 8(p5 ) = 198
E(pSE) = —11, S(p%8) = 148
E(p2) = +50, 8(p8) =114.

From these estimates of E(p ) it is clear that E(pf° ) < E(pB)
< E(p?). The null hypothesis that these means came from a com-
mon population is rejected by an F test at « < 0.001, which supports
Hj. The importance of this test is that the estimate of £ (pw) under
each trading condition utilizes all the information in the samples, as
opposed to the previous test which utilized only the a priori assumed
equilibrium transactions in periods 4 and 5. The estimates of E(p )
provide predictions of the deviations from the theoretical equili-
brium based upon the convergence tendencies reflected in the entire
data. If H3 had not been supported by this calculation then there
would be serious question as to the validity of the assumption that
trading periods 4 and 5 represented a sufficiently close approxima-
tion to equilibrium.

(d) Test of Hy
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Examination of the a coefficients in Table IV reveals that a is
greater under conditions Ry and Ry than under Rgp, as predicted.
An F test of the null hypothesis that the three a coefficients shown in
the last three rows of column 3, Table IV, came from a common
population is rejected at a < 0.001. Rejection of the null hypothesis
in favor of differences as predicted confirms hypothesis H,.

The distinct effect of trading condition on the parameters of
the stochastic difference equations summarized in Table IV, suggests
the possibility of comprehending these results and those of the
previous analysis of variance in a more general nonlinear regression
hypothesis in which the trading condition variables are treated
explicitly. For this purpose we introduce the binary variables S, B
and SB, where

S = 1, Sellers making quotations
10, Sellers not making quotations

B— 1, Buyers making quotations
~ 10, Buyers not making quotations.

Thus, when both sellers and buyers are making quotations SB = 1,
otherwise SB = 0. The general nonlinear (in B, S and p;) or “inter-
action” hypothesis is
(1) D1 = aoo + aosS + aosB + (asS + apB

+ aseSB) p: + €41
in which ap = ago + aosS + aOBB and a = asS + aBB + agBSB,
from (1) and (1’). The empirical results of this regression are con-
tained in Table V.

TABLE V
Least Squares Standard .
Coefficient Estimate Error t Ratio F Ratio

Qoo —-25 0.63 —-401 16.0
Gog —41 235 -1.73 30
%o 56 2.54 2.20 48
ag 0.46 0.07 6.15 378
ap 038 0.11 3.37 114
age -0.77 0.17 —4.55 20.7

agg 18 significant at approximately the .04 level. The remaining
coefficients are significant at the .01 level or lower. The significance
of apg and aop implies that the organization variables B and S have
an important effect on the equilibrium states toward which these
markets are tending. The high significance levels of ag, ap and ags
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implies that these organization variables have an even more reliable
effect on the speed with which our experimental markets converge.

V. A BAYESIAN SUBJECTIVE PROBABILITY ANALYSIS

In this section a Bayesian analysis 2 will be developed for the
following hypothesis:

H: In the population of competive market equilibrium trans-
actions (defined as trading periods 4 and 5) contract prices are
ordered PS < P53 < PB. Based upon certain a priori specified
probabilities, and the outcome of the experiments, the objective will
be to compute the posterior probability that H is true.

In comparing corresponding equilibrium transactions under the

conditions Ry and Rgp, let Og be the sample outcome IA’-"; < ﬁfB on

the ¢ transaction, and Og be the outcome IA’f = IA’fB . Similarly
under the conditions Rgz and Rp, let Op be the sample outcome

Issf < PA‘f , and Op be the outcome PSB = P53 . Before performing
the experiments two kinds of prior probability assignments must be,
and were, specified:

(i) The a priori degree of belief or probability that the hypo-
thesis is true, P(H), and the probability that the hypothesis is false

P(H) = 1 — P(H). My assignments were
P(H) =06

P(H) = 04.

Thus, from the pilot experiment and my experience with these kinds
of experiments generally, I was prepared to give odds of 1.5 to 1
that the ordering relation in H represented the true state of nature.

(ii) The a priori degree of confidence in the ability of observa-
tions from the six experimental sessions to confirm or disconfirm the
hypothesis if it is true, or if it is false. These conditional prior
probabilities can be written

P(Og ~ Opl|H) =p1 P(Os ~ Og|H) = q1

P(Og ~ Op|H) = p2 P(Og ~ Op|H) = ¢2

P(Og ~ Op|H) = ps P(Og ~ Og|H) = g3

P(Og~ Op|H) = 1—py—p2—ps P(Og ~ Op|H) = l—qql—qz
- 43

2. See e.g., L. J. Savage, “Bayesian Statistics” in R. E. Machol and Paul
Grey (eds.), Recent Developments in Information and Decisions Processes
(New York: MacMillan, 1962).
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where P(Og ~n Og|H) is the a priori probability that the relation

Ih’f < IA’fB < P2 would hold on the tzEﬁ transaction if the hypothesis
were known to be true. It represents the degree of confidence in the
ability of the experimental sessions, under both the deviant condi-
tions Ry and Rg, to confirm the hypothesis if it is true. Similarly,

P(Og n GBIH), is the probability that the ordering relation

A A A th
P$ < PSB = P53 would hold on the {— transaction if H were true,
i.e., the left half of the ordering relation in H would be confirmed,

but not the right half. Again, P(Og ~ Op|H) is the probability that
t

the ordering relation in H would be confirmed by the t— transaction
though H were false. This is, of course, entirely likely due to experi-
mental error — the effect of random elements not controlled in the
experiment.

My prior assignments were

P = 0.55 g1 = 0.25
D2 = 0.15 g2 = 0.25
ps = 0.15 qs = 0.25
pe = 0.15 qs = 0.25.

I was prepared to believe that if H were true, a conservative
estimate of 55 out of 100 trials of transactions under Rg, Rgp and
R3, would be consistent with H. I guessed that 15 per cent of the
transactions would violate either the left, right, or both halves of
the ordering relation, if H were true. If H were false, then I felt
there was no reason to expect any sample outcome to be more likely
than any other (g1 = g2 = g3 = q4). If, for example, the condition
R does not introduce a downward bias in equilibrium prices then

I would expect ﬁf to be as likely above as below f’sf.
Now let E,», be the event that of the total number, n, of equi-

librium transactions, Og ~ Op (both the left and right halves of the
ordering relation in H is confirmed by the sample outcome) occurs

ny times, Og ~ Op occurs n, times, Oy ~ Op occurs ny times, and
Oy ~ O oceurs n — ny — ng — ng times. Hence, if the observations
are independent (equilibrium), the conditional distribution of the n;
are given by the multinomials

”—”1_”2_"3

(6) P(En,|H) = n!py P2 ps (1 — P1 — P2 — Ds)
nn; - nll'nz.,ng! (’n, — Ny — Ny — na)!

n—n —n —n

— n!qlnlqzn q; (1—¢q1—g2— qa)
(1) P(EnnlH) = mnaIng!(n — ny — ng — m3)!
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From Bayes theorem, we can now write the posterior densities
P (B, |H) P(H)

(8) P(H[E',,,,,i) =
P (B |H) P(H) + P(E,,|H) P(H)
n i n n—n, —n_—n
D1 lpz 21’3 (1 - D1 — D2 — D3) v *P(H)
nl—ﬂz—nsP(H)

g1 'ge s 1 —qu—qz—qs) — ° °P(H)
9) P(H|Eyn) =1 — P(H|E,,).

”n n n n—
D1 P2 ps (1 — P1 — P2 — Ps)

From the data of our six experimental sessions (see Charts 1-6),
we have® n = 31, n; = 14, np = 10, n3 = 3, ny, = 4. Applying (8)
and (9) to these results and the prior probabilities specified above
we compute P (H|Ey,,,) = 094, P(H|E,.) = 0.06.

I now stand 94 per cent sure that H is true.

APPENDIX

INSTRUCTIONS FOR MARKET EXPERIMENT

1. This is an experiment in the economics of market decision-
making. The National Science Foundation has provided funds for
the conduct of this research. The instructions are simple, and if you
follow them carefully and make good decisions you may earn a
considerable amount of money which will be paid to you in cash at
the end of the experiment.

2. In this experiment we are going to simulate a market in
which some of you will be buyers and some of you will be sellers in
a sequence of trading periods or market days. Two kinds of cards
will now be passed out — a set of white cards and a set of yellow
cards. Those of you who receive a white card will be sellers, and
only sellers. Those of you who receive a yellow card are buyers,
and only buyers. These cards have an identification number, which
you are to ignore, on the side facing up. On the side facing down
appears a figure or price in dollars and cents. You are not to reveal
this price to anyone. It is your own private information.

3. If you have received a white card you are a seller of at most
one unit of the fictitious commodity being sold in each trading

3. In sessions 1, 3 and 5 forming one trial set of observations, there are 16
transactions in periods 4 and 5 in sessions 1 and 3, and 15 transactions in
session 5. I considered this set as representing 16 “trials,” and counted the
“missing” observation in session 5 against the hypothesis. Similarly there are
14 transactions in sessions 2 and 4, and 15 in session 6, giving 15 more trials
for a total of 31. The missing observation in sessions 2 and 4 were counted
against the hypothesis.
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period. The price on the underside of your white card is the lowest
price at which you are to sell your unit of this commodity in any
trading period. If you have received a yellow card, you are a buyer
of at most one unit of the commodity being sold in each trading
period. The price on your yellow card is the maximum price at
which you are to buy a unit of this commodity per trading period.

4. The payoffs are as follows: If you are a seller, and you were
able to make a sale, you will receive 5 cents for having made a sale
plus the difference between the price at which you sold and the price
on your white card. Think of the price on your white card as your
cost of production. Your profits depend directly upon your ability
to sell above this cost, but you should be prepared to sell at this cost,
and receive your 5 cent commission, if you can do no better. If you
are a buyer, and make a purchase, you will receive a 5 cent com-
mission plus the difference between the price on your card and the
price at which you bought. Think of the price on your yellow card
as the price you can get by reselling the unit in an entirely separate
market, while the price at which you buy in this market is your cost.
Your profits depend directly upon your ability to buy at a cost below
the price on your card, but you should be prepared to buy at that
price, and collect your 5 cents, if you cannot do better. The payoffs
for each subject will be accumulated over several trading periods,
and the total amount paid in cash at the very end of the experiment.
You are not to reveal your profits to anyone until the experiment is
completed. There is no penalty except the profits you lose from
failing to make a contract.

58. The market for this commodity is organized as follows:
We open the market for a trading day. Any seller is free at any
time to raise his hand and make a verbal offer to sell at any price
which is not below the price on his white card. Any buyer is free to
accept the offer of any seller but no buyer is to buy at a price above
the price on his yellow card. As soon as an offer is accepted, a bind-
ing contract has been closed and the buyer and seller making the
deal are to drop out of the market, making no more offers or con-
tracts for the remainder of that trading period. This process con-
tinues for a period of several minutes, depending upon the volume of
trading. You will be warned when the market is to close and a few
more offers will be called for before actually closing. This completes
a trading “day.” We will then reopen the market for a new trading
period, and so on, for a sequence of several periods.

6S. Some of you may be unable to make a purchase or sale in
any trading period. Some of you will be able to make a purchase or
sale in some trading periods, but not in others. There are likely to
be many offers that are not accepted. You are to keep trying and
you are to feel free to earn as much cash as you can. Except for the
offers you are not to speak to any other subject until the experiment
is completed.

5SB. The market for this commodity is organized as follows:
We open the market for a trading day. Any buyer is then free at
any time to raise his hand and make a verbal bid to buy at any
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price which does not exceed the price on his yellow card. Likewise,
any seller is free at any time to raise his hand and make a verbal
offer to sell at any price which is not below the price on his white
card. Any seller is free to accept the bid of any buyer, and any
buyer is free to accept the offer of any seller. As soon as a bid or
offer is accepted, a binding contract has been closed and the buyer
and seller making the deal are to drop out of the market, making no
more bids, offers, or contracts for the remainder of that trading
period. This process continues for a period of several minutes,
depending upon the volume of trading. You will be warned when
the market is to close and a few more bids and offers will be called
for before actually closing. This completes a trading “day.” We
will then reopen the market for a new trading period, and so on, for
a sequence of several periods.

6SB. Some of you may be unable to make a purchase or sale in
any trading period. Some of you will be able to make a purchase or
sale in some trading periods, but not in others. There are likely to
be many bids and offers that are not accepted. You are to keep try-
ing and you are to feel free to earn as much cash as you can. Except
for the bids and offers you are not to speak to any other subject
until the experiment is completed.

5B. The market for this commodity is organized as follows:
We open the market for a trading day. Any buyer is free at any
time to raise his hand and make a verbal bid to buy at any price
which does not exceed the price on his yellow card. Any seller is
free to accept the bid of any buyer but no seller is to sell at a price
below the price on his white card. As soon as a bid is accepted, a
binding contract has been closed and the buyer and seller making
the deal are to drop out of the market, making no more bids or
contracts for the remainder of that trading period. This process
continues for a period of several minutes, depending upon the
volume of trading. You will be warned when the market is to close
and a few more bids will be called for before actually closing. This
completes a trading “day.” We will then reopen the market for a
new trading period, and so on, for a sequence of several periods.

6B. Some of you may be unable to make a purchase or sale in
any trading period. Some of you will be able to make a purchase or
sale in some trading periods, but not in others. There are likely to
be many bids that are not accepted. You are to keep trying and
you are to feel free to earn as much cash as you can. Except for
the bids you are not to speak to any other subject until the experi-
ment is completed.

7. Are there any questions?

PurbuE UNIVERSITY
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