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EXPERIMENTAL AUCTION MARKETS AND THE
WALRASIAN HYPOTHESIS!

VERNON L. SMITH
Kranncrt Graduate School of Industrial Administration, Purdue Unlversity

11s study reports on a block of experi-

mental market sessions designed pri-
marily to provide (1) the severest test vet
attempted of the equilibrating forces oper-
ating in competitive auction markets and
(2) a more rigorously controlled test of the
Walrasian hvpothesis.? Some data are also
supplied which show the effect of cash pay-
offs on the equilibrating behavior of such
markets; in particular, the effect of full cash
payofts to all successful trading subjects as
against payoffs to a subset of such subjects
chosen at random,

EXPERIMENTAL DESIGN AND SUBJLCTS

The supply and demand conditions un-
derlying the experimental design in this
study were intentionally unconventional.
In each experimental session, each of eleven
subject buyers could purchase at most one
unit of the fictitious commodity per trading
period at a price not to exceed the limit price
$4.20. Therefore, the demand per unit of
time, or trading period, was perfectly elastic
at $4.20 up to the maximum demand quan-
tity of eleven units. In each session each
subject seller could sell at most one unit of
the commedity at any price not below the
given minimum reservation price $3.10.
There were thirteen such sellers in two ex-
perimental sessions, sixteen in two addition-
al experimental sessions, and nineteen in the

1 The research reported in this paper was sup-
ported by National Science Foundation grants
G-24199 and GS-370 te Purdue University.

? An earlicr paper (V. L. Smith, ““An Experimen-
tal Study of Competitive Market Behavior,” Jour-
nal of Politicel Eeonomy, LXX [April, 1962], 126-34)
seemed to provide suflicient evidence to warrant the
tentative conclusinn that a linear version of the
well-known Walrasian hypthesis of competitive
market-adjustment behavior was inferior to a linear
test alternative called the “excess-rent hypothesis,”

final two markets. Therefore, the supply per
trading period was perfectly elastic up to
the maximum supply quantities of thirteen,
sixteen, and nineteen units, respectively, in
the three experimental treatments,

Each session was begun with a general
statement that the group was being asked
to participate in a decision-making experi-
ment; that they would not be subjected to
any unpleasant stimuli or experiences; and,
furthermore, that they would have an op-
portunity to earn real money during their
participation. Copies of instructions were
passed out and rcad aloud to the entire
group.? The payoff formula for each buyer
in each trading period was $0.05 for making
a contract plus the difference between his
limit buy price and his contract price. Each
seller received $0.05 for making a contract
plus the difference between his contract
price and his limit sell price.

Each subject trader had initial informa-
tion only on his own limit price.* The addi-
tional information provided in the course of
the market sessions consisted of the ordered
public bids and offers announced by the in-
dividual traders. Since the public acceptance
of a bid or offer constituted a contract, each
trader knew which bids and offers were

3 The printed instructions given to each subject
were reproduced in the Appendix to V. T.. Smith,
“Effect of Market Organization on Competitive
Equilibrium,”  Quarterly Journal of Economics,
LXXXVII (May, 1904), paragraphs 1-4, 58B,
G5B, 199-201,

4 The samc subjects held the same limit price
cards m all trading periods, and this fact was evi-
dent 1o all the subjects. They did not know that all
buyers had the same limit prices, and all sellers had
the same limit prices. They were not told the number
of buyers or the number of sellers, but they sgon be-
came aware, in successive trading periods, that
there was excess supply at the end of each trading
period.
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accepted and which were not. Under these
information conditions it is difficult to im-
agine a test of the equilibrium tendencies in
auction markets that would be more severe
than the design described above. In cquitib-
rium, with these supply and demand condi-
tions, the entire rent in this market, {$4.20

$3.10)11 = $12.10 per trading period, must
be allocated te buvers! In full competitive
equilibrium, each seiler would receive only
his “norraat profit” commission of $0.03 per
transaction, while huyers receive $1.15 per
trunsaction. Under such cash-payoff condi-
tions one would expect sellers to be very
resistant o contract prices heing forced

VERNON L. sMIU'td

trates the over-alk experimental design and
indicates the combination of experimental
conditions, course, and number of subjects
associnted with cuch session. No subject par-
ticipsted in more than one of the zessions,
The sessions were run separately in each of
two series separated by several menths. Sub-
jects were given ne advance warning that
an experiment was going to be performed in
their class, and the experimental sessions
discuszed in this paper were intermingled
with sessions for entirely different sxperi-
ments. This procedure was used 1o mini-
mize nformation transfer between subject
groups.®

TARLE 1

NUMBER OF SUBJECTS AND EXPERIMEN VAL C0NDITION ¥OR LACH SESSTON

IXreRIMENTAL

Canpreion

SEssinN MNo.
e=2
Course: 1. ..., ., 1{N=24)
Course 2., ... ..., 2{N=24)
Total snbjects. ... ... 48

down to the $3.10 equilbrium. Thus, sup-
pose each subject is assumed to have a
utility function for additional income which
is concave from below, and that an indi-
vidual's bargaining resistance is proportion-
al to marginal utility. Then the nearer is
price to the $3.10 equilibrium, the greater
18 seller resistance to a further reduction in
price and the weaker is buyer resistance to
an increase in price. The question is whether
the competition created by excess sellers
will produce equilibrinm even under this
condition of exaggerated imbalance in the
rental rewards to burgaining.

The 162 subjects participating in these
experiments were Sophomore and Junior
students enrolled in three sections each of
two undergradunte courses in economics.
One course was introductory economics, the
other infreductory economic theory. Two
replications were run under each of the
three values, 2, 5, and 8 for the “treatment”
variable, e = excess supply. Table 1 illus-

Copyright © 2001

5 e 8 Tatal Subjccis
3(¥=27) 5 (N =30) 81
6 (N =30} 81
o0 162

FXPRRIMENTAL DATA

Tigures 14-17F7, corresponding to experi-
rmental sessions 1-6, provide complete series
of contraet prices in the order in which they
vere executed in the four trading periods
of each session (six trading periods of ses-
sionn 1), Cash payofls for the six sessions
totaled 3342 of which 3281.70 cepresented
the earnings of buvers, the remainder being
earned by sellers. Motivation was excellent.

In spite of the cxtreme asyrametry in
buyer and seller rent, it is seen that contract
prices show a strong tendency to converge
to the theoretical competitive equilibrium.
It is alse clear from these charts that the
tendency to equilibrium is an increasing
funciion of e (a precise measure of this tend-
ency is discussed Liter in Table 2). In ses-
stons 1 and 2 (¢ = 2}, only six contracts
were at equilibrium io trading periods 1--4

5 Sep Smith, “Efiect of Market Organization si
Competitive Equilibrinm,” op. il pp. 134-80.

. All Rights Reseved.
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in sessions 3 and 4 (e = 5}, twenty-scven
coptracts were at equilibrium; in sessions 5
and 6 {e = 8) there were thivty-seven such
confracts. Two additional trading periods
were run in experiment. 1 fo see if the added
trading experience would produce equiiib-
Hum under the weak equilibrating condi-
tion, ¢ = 2. I'rom Plgurv 14 the convergence
tcndmmcs continue in evidence, though
weakly, in trading periods 5 and 6.

Session 2 shows the degree Lo which it
mey be possible for sellers to maintalo prices
above equiiibrium for comparalively long
series of transactions when there are only
two excess setlers in the market. In this ses-
sion a forn of temporary tacit co-operation
among sellers produced a minimum price
line of $3.50 until transaction 9 in period 3
This co-operative set was then broken by
the seller who sold at $3.75 {yielding a cash
payoft of $0.70} in period 1 and then failed
to make a contract in period 2, Rather than
fail again in period 3, he sold at $3.40. This,
of course, alerted all buyers to the possi-
hility of making contracts helow $3.50, with
the result that all remaining contracts in
periods 3 and 4 were at prices below §3.50.
In the absence of formal collusion and side
payments, which were prohihited in these
sessions, such tacit co-operation is extreme-
ly ditheult io maintain. One ‘“nervous”
geller may be sufficient to break the co-op-
erative set, and the probahility of having
at least oue increases with ¢, Thus, with
e =5 and ¢ = 8 in sessions 3-0, we see no
such extensive “price lines” being estab-
lished shove $3.10.

From figures 1.4 and 18 one might he
tempted to conjecture that the initial con-
tract price wos highly significant in deter-
mining the course of the market. The initial
contract in experiment 1 wag at 83.20, and
thereafter most contract prices were not far
from this level. Experiment 2 began at $3.50
and did not fall below this level for some
time. Bul experiment 6, as it happens, also
began at §3.20 and rese much above this
level for several transactions in spite of the
large excess supply of elght units. Similarly,
experiment 3 began at $3.30 but prices bL~

VERNON

I.. SMITH

haved differently than in experiment 2.
Trirst-period centracts tend to be very errai-
and sensilive to subtle differences in the
dynamics of different subject grovps. The
main treads that can be related 1o more
traditional economic variahles emerge more
clearly after the first-period lenwrning experi-
ence is completed.

TESLDS OF THE WALRASIAN HYPOITHESIS

The mfajor anzlvtical purpose of this
paper 1s to test the Walrasian hvpothesis
{WH} against a test alternative, the excess
rent hypothesis (ERH}. As we use them
here, WH refers to the hypothesis that price
tends to fall {rise) at a rate which is pro-
portional to the 2xcess supply (demand; at
any given price and ERH refers 1o the hy-
pothesis that price tends to fall (‘:iqe) al a
rate proportional 1o excess economic rent at
any given price, where excess rent is mens-
ured by the area between the supply and
demand curves from the price in guestion
dov\'“ (t’“' up) to the equilibrium orice. In
the present design, at the price p; and
EXCeSS suppiy e, escess rent is ¢ (. — 310).
The signtiicance of this design is that ¢ be-
comes a design constant under esperimental
control at all feasible contract prices. Fur-
thermore, e is independent of which partic-
ukar 'nuj.fctr: and sellers are paired in cach
conlract.

We shotild nnte that no a pr riori commit-
ment to ERH is intended. Tt is WIH which
has a long, aud by Trequency of reference,
pernaps 4 distinguished historyv. You canno!
test any hypothesis except by scference to
a competing test alicrnative, and BRI reps
resents such a plausibie alternative, In this
experimental design, ERH turns out to have
a distinet intuitive appeal. To see this, -
agine price -:ng, temporarily "cﬂtubli‘shtd”
at g I this price were to persist in further
contracis, any seller failing to make a con-
tract at p, stands to forego a proft (rent)
equal to p, — 310 cents, If ¢ = Z, so that

filr

we must have twe sellers failing to make
contracts, the total potentinl loss at p, is
2{p; - 310}, Under ERH the assumption
is that price-cutting occurs at a rate pro-

Copyright © 2001. All Rights Reseved.



EXPERIMENTAL AUCTION MARKETS

portional to this potential monetary loss
and is influenced both by the number of
excess sellers gnd their individual potential
losses. Thus, under ERH, the rate of price-
cutting diminishes as p, fails and the poten-
tial loss decreases. In other words, if you
have a lot to lose by failing to make a con-
tract, you are quick to undercut your com-
petitors in order to increase vour chances of
making a sale; if you have little to lose by
failing to make a contract, vou are slower
to undercut your competitiors. Under WH,

391

speed coefficient under ERH, and p, is the
contract price on the /th transaction. With
this experimental design it is evident that
the two hypotheses have cuite distinct em-
pirical implications. Phase lines for each of
the two hypotheses are shown in Figure 2
for two levels of the control variable, ¢; and
es, where ¢1 < ;. Under WH the phase lines
all have a slope of unity, and increases in
e simply shift these lines parallel to the
right. Under ERH, the phase line has a
slope less than unity and this slope is a de-

EXCESS RENT WALRASIAN
HYPOTHESIS HYPOTHESIS
P Pfo
Vel a5 !
°.INE
45° LINE
Py s Pype Be,
P,,|=(l+ae|)P,-ae|P P,‘|=P,+,Bez
0 P,, =(l+ae,)P, -ae,P°0
P ' tel 2"t 2 P~ "> f
! a<0 i | i B<0
I
1 1 | H
o]
P P Po PO-Bez Po-Bez R
Fia., 2

price-cutting is independent of such poten-
tial trading losses, dependirg only on the
constant excess supply on the market,
Mathematically, WH implies an adjust-
ment equation of the following form:

Apryr = o1 — Pu
Be+ wppr, if po > p° — Be

. . (1)
= iyl if PU = P < PO
— fe, B <0,
while ERH implies
Apept = P — pr = ae(pe — p°)
(2)

‘|" Vi1,

where $® = 310 is the theoretical equilib-
rium in cents, 4 is the adjustment speed co-
efficient under WH, a is the adjustment

a <0,

Copyright @ 2001.

creasing function of e as shown. It is secn
that our peculiar experimental supply and
demand design provides a relatively crucial
test of WH as opposed to ERH.,

Using this analysis and the data from the
six experiments reparted in the last section
the test of WH against ERH is based upon
the stochustic process defined by

Apeis = prp1 — 1= an

3
+ a{p: — pYed Bie -t e, i1, %)
which is a general linear hypothesis contain-
ing both WH and ERH as special polar
cases.

Table 2 shows the results of least-squares
regression estimates of the coefficients of
equations (1)-(3). Because of the “kink” in
the phase line at p, = p" — Be (see Fig. 2)
implied by WI, the regressions were per-

All Rights Reseved.
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formed using all the observations from the
six experiments and again with the obser-
vations 0 < #: < 0.05 emitted. The second
regression reduces bias in favor of ERFI by
eliminating observations in the flat region
of the kink. Under classical significance tests
we see in cither case, from the standard
errors of & and @y, that &; is quite signifi-
cantly different from zero, whereas 138 not.?

VERNON

L. SMITH

EFFECT 0F CASH REWARDS ON CONVERGENCE

Before conducting the six mcpcrimem‘r
discussed above, two pllot exper! mental ses-
sions were run. In the pilot sessions instesd
of paying every buyer {seller) who made 2
contract the difference hetween his contract
price and bis Hmit price plus $0.03, this
arneunt was pald to four subjects selected
at random at the end of each trading peri-

TABLE 2
REGRESSION ESTIMATES: W vynsus ERH

]
P arlh— 30 ot e Moo by proi—p
N pror- prmaontarlpr— Vet et er, ST S SR ar b Biot es.0p
SURSETS I it S - e e [
i = B a2 o 2
With all oh
servations || --0.6134 —0.0226 (.2168 0.2410 —1.0213 —1.3317 '0.0258
(W =250y (1.108) 0.0031 | {0.1032) (0390 (£.0030) (0.307) (0.1972)
Wilh 0<%,
<0 03
omitted....| —0.72i6 —0.0204 0.1393 —0,2191 7f_).f}185 --0 0868 -0.2400
(N = 150) {1.618) (0 .0073) (f3. 3008) (027 {00004 (1.328; (0. 2674
* S';andari errors :e shown in pareniheses.
® Bayesian Report: If we assume a uniform: joint  od. This reinforcement formula was made

prior distribution of @i, B, &, and Jog o*, where g =
am + enfpi -~ e -b Bie, in equatien {3}, then,
under the assumptions of normal regression theory,
the joint posterior distribution of o and 8 is hi-
vanate nermal, conditional on of with parameters

&y = —1.0204 8,=0.1593

{81) =0.073, o {1 = 1.3008,
=0.2109,
for the regression with V = 189,

From these parameters and tables of crrdinates and
cumnulative probabilities for the normal distribution
we compute, using Bayes's theorem, the following
posteticr experimental odds  favoring ERH as
against WI:

. F (.2_/
POERE e  ~ 7
PWHY

2 ! .
_Z)(—"'<ﬂ_1<0 51:(})2”{,{51:0)

P(B1<0]a; =0

The odds favoring ERH are over 300 to 1.

knowrn to the sub}'a-rtq at the beginning of
eact of the pilot sessions. Expected rewards
in these sessions would, of course, he mucdt

n
lower than with full cash payoils to all irad-
ing subjects. The objective was to provide
a low-cost means of testing the mcchanics
of the mpun nental technique prior to per-
forming the six analysis sessions and to pro-
vide two control sessions with weak payoifs
to determive the effect of reipforcement
conditivn on convergence.
Table 3 provides least-squares estimates
of the parameters of equation (4):

+ Gore+ e,
where mp = py — £ If we del

im E(x,) =Elx_),

Tepl = g (4)

as the expected deviation in experimental
equilibrivm price from the theorstical equi-
librium, then it is readily shown that® Bixr.,)

TCPLE
104,

Lffect of Market Organization,” op. ¢it., .

Copyright © 2001. All Rights Reseved.



EXPERIMENTAL AUCTION MARKETS

= ap/(1 — Bo). Estimates of E(rs) are also
contained in Table 3. It is seen that under
the full pavoff condition the experimental
market equilibrium is only 4.5 cents below
the theoretical, for ¢ = 2, and 4.3 cenis
above it for e = 5, as compared with a
discrepancy of 26,4 and 13.8, respectively,
under weak payofis. A i-test on the &, for
weak payoffs shows d¢ to be significantly
above zero for e = 2, (2} = 1.95, but not
for e = 5, #{(5) = 0.99. With full payoffs un-
der neither condition of excess supply is do
significantly different from zero, #(2) =

393

the rental rewards to buyvers as opposed to
sellers. These tendencies are weakest when
excess supply is small, strongest when ex-
cess supply is large. This conclusion, and
the results on which it is based, assume the
information conditions under which our ex-
perimental markets were operated and
should not be assumed without further in-
quiry to hold under different information
conditions.®

A test of WH as against ERH yields
strong support for the latter, The credibility
of this conclusion is strengthened by the

TABLE 3
COMPARTSON OF FULL VERSUS WEAE (RANDOM) PAVOFFS

Excess . -
“xperiment ag¥®
Supply, E Experimen 6

1, 2; full payoif

A; weak payoli 5.753
{2.960)
3, 4; full payoif 0.528

B; weak payoff

- . No. Ob-

B0 o servations Elren)
0.0584
(0.0367) 6,207 100 — 4.52
0.7820 -
(0. 0939) 12 885 58 26.4
0.8769 .
(00461 8.8 70 4.29
(0.8491
(0.0676) 8.455 50 13.8

* Standard errors are shown in parentheses.

—0.087, (5} = 0.40. An F-test comparison
of the estimates §* under weak and full
cash payoffs shows the differences to be
highly significant (a < 0.005) for ¢ = 2, but
insignificant for & = 5. We conclude that
there exist some conditions under which ex-
perimental resulis are likely to be biased to
an important degree by the substitution of
random for full cash payoffs. Consequently,
the use of random payofis cennot generally
be defended as a compromise between no
payolffs and full cash payoffs.

SUMMARY

The resulis of our six experimental ses-
sions tend to support the view that the
auction-market mechanism produces strong
competitive equilibrating tendencies, even
under conditions of extreme imbalance in

Copyright @ 2001.

fact that the experimental design was deter-
mined by the objective of providing good
discrimination between the competing hy-
potheses.

The experimental sessions under full cash
payofis to all subjects were compared with
two pilot sessions under full cash payoffs to
only a subset of subjects chosen at random.
The results show enough difference in mar-
ket behavior to suggest that one should not
arbitrarily substitute random payoff re-
wards for full pavoff rewards, on the as-
sumption that the results will not be signifi-
cantly altered.

8 See L. ¥Fouraker and 5. Siegel, Bargaining Be-
kavior (New York: McGraw-Hil! Bock Co., 1963),
pp- 142-51, 184-93, for a discussion of the cffect of
amount of information on oligopoly bargaining be-
havior.
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