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Abstract

A Dbroad strand in experimental economics has been devoted to
testing the «Hayek hypothesis», whichcaanmonlyunderstood as

the proposition that competitive markets conform to befficiency
postulates. The precise content of this hypothesis, however, often
remains fairly vague.

We begin by restating the «Hayek hypothesis» in litpet of
theoretical work, which leads usitentifying three central elements

of the hypothesisBuilding on this restatement, we review the
literature on experimental (market) economics and show how this
literature has progressém testingthe first element of the «Hayek
hypothesis» to testing all three elements simultaneously.

Very recently, a number of scholars have moved these tests out of the
laboratory, establishing political stock markets as a new typelaf
experiment. These political stock markets can be viewed as the
toughest tests the «Hayek hypothesis» has been subjected to so far,
and they have tended to support it.

In the final section of the present paper, watline some design
features of the «Passauer Wahlbérse» (PWB), an ongoing political
stock marketexperiment being run at the Universiiassau, and
indicate a few differences between this experiment and previous
work.

JEL classification: C9, (D8)

Keywords: Hayek hypothesis, competition, information,
experimental economics, political stock markets






“Der Wettbewerb ist im wesentlichen
ein Prozel3 der Meinungsbildung...”
Friedrich A. von Hayek [1946]

“Why, any college Soph would know
Who took Ec One, and pulled a ‘D’,
That prices, if you let them go,
Will guide our conduct prop—er—lee.”
Bruce Knight [1976]

The central problem in economics basically invohssarcity,
change andimperfect information While invoking scarcity verges

on the commonplace (at least it should for an economist), the
economics of imperfect and asymmetrioformation are a
comparatively recent branch of our field, and it is only in the last few
decades thahainstream economics has rediscovered chakige

all, the economic problem is one ofaalinatingindividual activities

in an environment where society’s resourasslimited, and where
both their availability and the opportunities to employ them are
subject to continuous change; moreover, the particular knowledge of
all the relevant circumstances which is required to makbdbeuse

of available means is not simply “given” in its entirety, but is affected
by uncertainty and, above all, disperssadong large numbers of
individuals.

There is a strong tradition in economic thinkthgt competitionon
markets in conjunction with a price system unhampered by any
rigidities and manipulations, is particularly well-suiteditibzing the
knowledge dispersed throughout society, to economizing resources,
and tohandling change. This mechanismsigposed to work by
leaving scope for decentrablecision—-making and byroviding
incentives to make use of private information. As Friedrich A. von
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Hayek is one of the chief proponents of this tenet, the above
proposition is often labelled the «Hayek hypothekis».

Theoretical reasoning has developed a lot since the rigorous critique
applied by Hayek [1945, 1968] to economists’ understanding of
competition, market dynamics aerduilibrium: Ithas set upnodels

in which informationaldecentralizationcan be dealt witlexplicitly
(Hurwicz [1972]; Lucas [1972]). Furthermore, theorists hiaegun

to investigate the process afquiring information which is to be
aggregated and disseminated by the market (e.g. Grossman and
Stiglitz [1980]).

Generally speaking, the whole body of thdsemal approaches
provides some (modest) support for Hayeklaim concerning
competition. But nevertheless, theory still cannot do justice to the
richness of any field environment, and theorists seem always on the
point of committing exactlyvhat Hayek disliked most abotiiem:
taking for granted that a “competitive rational expectations
equilibrium”, for example, already exists or émsy to achieve,
whereas they ought rather to demonstrate that it is likely to be the
outcome of a competitive procéess.

Experimental economics endeavours to do just this. It emerged
during thel960s as a new branch of economic research. Obviously,
experimental researclwas (and isyiriven by contemporary
theoretical progress; yet, was meant to contribute to a better
understanding of market mechanisms at work than theory could
provide on its owR. In the vast majority otased, the laboratory

1 Hayek advanced his position in a less formal manner than modern theorists are wont to
do. Perhapshe true reason for this is thghs yet) there does not exist a formalized
apparatus of economic theory that is germane to Hayek'’s view. See section 1.

2 Cf. Hayek [1946, 1241

3 Plott [1979, 138-141§ives an interesting discussion l@w economic experiments
can interface with theoretical research.
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evidence gathered so far confirms economists’ faith in competition,
and this appears to hold true even in rather comgeironments
featuring uncertainfyand asymmetric or diverse informatfon.

Questions open to further research dinge the problems of testing
information acquisition in a competitive environment and, to a
certain degree related to thfsgm the shift to experimental settings
that come close to feld environmentThe most elaborate example
for this last stepmay beseen in the «lowa Presidential Stock
Market» (henceforth IPSM) conducted by Forsythe edwing the
1988 election campaign in the United States (iid. [1991]).

Forsythe and his colleagues linked market design and incentive
structuresfamiliar from laboratory experiments to the question of
how the 1988 US presidentials would end up—that is,donaplex
guestion, the answer to which nobdgcluding the experimenters)
knew beforehand. The accuracy of prediction they achieved is
impressive. All the same, there appears to be enough room for further
inquiry (a) into theprocess ofinformation gathering led by
competitive incentives in general, and (b) into the relevance of the
institutional design of experimental markets for the outcome of such
competition.

Ironically, this variety of experimental work meets another objection
made by Hayek [1968], who asserted that ttadidity of his
hypothesiscould not be tested empirically—at least, not beyond
some artificiallycreated laboratory situations, where the fagigh
competitionwas intended to discover were already known to the
observer—because the results of competition as a “discovery
procedure” were, by nature, unpredictabevidently, this statement

4 We confineour attention t@xperimental analysis of market performance (in its
broadest sense) hehile this is arguablyhe largesstrand ofexperimental research,
we are aware of work done in other directions—public choice, for instance—as well.

> For amore detailed review of both theoretical and experimental inquiry into the the
significance of the «Hayek hypothesis», see section 2.

6 Cf. Hayek [1968, 255 and 258f.]
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has not deterred experimental economists eitioen carrying out
laboratory tests—the practical value of which Hayek tended to view
with scepticism—or from developing experiments in a field
environment oorts. The key advantage of a political stock market
is that although election resulise unknown ex ante, the market’s
success in predictinfpemcan be gauged by comparirsgock prices

to the election outcome, ex post.

For the present paper, a threefold task arfems these general
reflections. First, the precise contents of the «Hayek
hypothesis»—which have beegiven insufficient attention in
experimental literature—will be examined more closely (section 1).
In section 2, we will review the relevant developments in
experimental economics in some detail. And finally, we shall outline
some design features of a political stock mavkath weset up in
Passau, Germany, in January 1994 and whiclwiWée continuing

to run until October of the same year. This market differs in a number
of significant waysfrom its predecessors, aspewatsich will be
treated in section 3.

1. The «Hayek hypothesis» restated

Quite a lot of empiricalvork, encompassing both experiments and
field studies, has been concerned with testing Hayjék45, 1968]
claim that markets handle information efficientlyThe precise
content of this hypothesis, however, often remains unspecified, and
where there is a definition—as in Davis and Willighh891]—, it
appears too narrow to do full justice to the Hayek hypothesis.

7 See the following section for a brief survey.
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Broadly speaking, the hypothesis contains thmaén propositions
about thefunctioning of marketsr, to be more precisepmpetitive
exchange

- Competitive markets lead to allocations whfally exhaust the
available gains from trade.

- Competition co-ordinates individual activities in suctvay that
individuals decide as if they hagtcess to society’s entire stock
of information, although each dhem possesses but &ny
fragment of it. Andbecause society is spared the expense of
explicitly collecting, aggregating, and disseminating this
tremendous amount of information—ask which might well
prove impossible—, competition as a coordination mechanism is
superior to alternative ones.

- Competition provides incentives for individuals to discover (or
create) new pieces offormation. Moreover, price signalshich
encapsulate all of society’s present knowledge, gindeidual
research efforts in the right direction.

The first proposition is, of course, the usual textbook conclusion that
a competitive market equilibrium is—provided a numbelinoting
assumptions hold—Pareto-optimal fronstatic point of view? It is

this best known part of the «Haydkypothesis» thaiwas first
subjected to experimental testing, with more or less satisfying—and,
for an economist, reassuring—resdltSome experimenters (e.qg.
Smith [1982], Davis andWilliams [1991]) have even reduced the
Hayek hypothesis to be identical with the first propositfon.

8 Kreps [1990, chs. 6-8] or Varian [1993, ch. 1Bpvide examples of how this
conclusion is presented and discussed in a modern microeconomics text.

9 Again, the reader is referred to section 2 for further references.

10 pavis and Williamg1991, 264—265]—referring t8mith [1982, 166f—distinguish
two formulations of this proposition, one of whiclgigenabove. The other formulation
claims that markets lead to competitive equilibrium pricing.
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In the last two decades,haige and controversial body of literature
has centred around the second part ofdedinition: the literature on
“rational expectations”. While the static efficiency propositmes

not pay particular attention to informationabpectd! rational
expectations theory starts dabm an explicit acknowledgement of
the impact of market prices on expectations and, hemdigjdual
market demand? In this framework, there is some scoperfarket
prices to transfeinformation fromoneindividual to the othe(see,

for instance, Grossman [1981]). Traders’ bids on the market
(partially) reveal such information athese individualpossess, and
other traders—if they areational—will use the consequent price
signals to update their own beliefs. These updated beliefs, in turn,
will be reflected in their market acitivities, offering further evidence
on which othersnay condition their calculations. In equilibrium, it
must be thecase that everyone is “contemith their decision”, so
that, given the current markeprices, there is no incentive for
anybody (a) to revise their belief system or (b) to enga@artimer
exchange. This natural extension of the ordinaguilibrium
concept3 to a world of uncertainty and asymmetitdormation

11 There is a close connection between fhet two propositions. Obviously,
competitive market prices in textboakicroeconomics do convey information—about
marginal costs and marginal valuations. However, it is proldablyo argue that the
second proposition godarther than thatAmongst other things, ifa) accomodates
revelation and aggregation of additional kinds of information(Bjhdreatghe implicit
market(s) for information linked to “ordinary” markets ¢mods and services explicitly.
See section 2 for further remarks in the context of experimental economics

12t is perhaps a binisleading tcsay that “market prices anet merely determined by
endowmentsand preferences tifaders but also, ipart, determine these preferences*
(Sunder [1992, 667])One would tendather tothink of individual preferences for
commodities as given, whilmarketdemand changes as individuals receive different
information about the likelihood of future states of the world (and, hence, the restrictions
for their optimizing problem).

13 This idea underlies the idea sthtic Walrasian equilibrium, asgell as thecommon
“solution concepts” in game theory. Ségeps [1990] for a discussion. Notieat the

first condition may be interpreted as the equilibrium condition for the implicit market for
information, while the second describes goods market equilibrium.
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requires that if information acquisitionasstless, market pricesust
fully reflectall of society’s relevant knowledge. Besidefrmation
revelation, (competitive) market prices thus achi@vi®rmation
aggregationas well.

Hayek’'s conception of competition as a “discovery procedure”,
however, is broader and inherently more dynamic than the rational
expectations hypothesis:

“This meansthat the, insome respectalways unigue, combinations of
individual knowledge andskills, whichthe marketnables them taise,

will not merely, or even ithe first instance, bauchknowledge of facts as
they could list and communicaifesome authority asked them to do so.
The knowledge of which | speak consists rather otépacity to find out
particular circumstanceswhich becomes effective only plossessors of
such knowlege aréenformed bythe marketvhich kinds of things or
servicesare wanted, and how urgently they are wanted.” (Hayek [1968,
257]. Italics added.).

Beyond the mere communication of symlces ofinformation that

the individualhappens to possesdthout any research efforts and
the inference of similar exogenopgces ofinformation from the
market activities of other parties, Hayek clearly envisaged the
discovery ofnewinformation as a central function to hdfilled by
individuals in a competitive system. Current market prices, reflecting
society’s knowledge in statu quo, direetlividual research efforts
into (socially) profitable fields—in the same manner in which they
guide other resources into their most valued use. This thiréinahd
aspect of the Hayek hypothesis clearly goes beyoncl#ma to
static allocative efficiency and even transcends the (“semi-dynamic”)
contention that competitive pricirfglly reveals such information as

Is supplied exogenously and gratuitously, be it ever so dispersed.

But is this hypothesis internally consistent? To this question, most
scholars would reply that it is not: gsatic part(the first statement
and, presumably, the lion’s share of the second) is taken to be at
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odds with thedynamicone. A related and well-known powmasfirst
raised in the literature on “workable” competitighwhich pointed

out that neoclassical individuals &rms lack any incentive to
innovate, since competitive advantages would erode instantly in a
(static) neoclassical world, leavingothing to remunerate the
innovator for his trouble. In a seminahper, Grossman artiglitz
[1980] brought this idea to bear on the rational expectations
hypothesis®> The gist of their argument goes as folld\WwsA
(rational expectations)equilibrium is characterized by the
compatibilityof individual beliefsand plans. This means that no-one
can have an incentive to revise his decisiomduding the decision

to get informed. An obvious condition for this is that the net expected
utility (or the net expected return, which is the same imtbel)

for both types of traders be equal. In the presendefafimation
costs, this requires the (expected) gross return of the informed to
exceed that of the uninformed. This, however, @ay occur if the
equilibrium price of the risky asset does nmily reflect all of
society’s information. Hence, there is a conflict betweenntiee

14 See, for instance, Clarke [1940], Kantzenbach [196heorecent overviearticle
by Mickl [1988]. Schumpeter [1987] argues in a simiain. The German literature
coined the nice term “Schlafmutzenkonkurrenztapturethe essence of this conflict
between the neoclassical and dynamic views of competition.

15wihlborg [1991], in comparing market activities to the efforts of motor-car drivers to
circumvent traffic jams by lane switching, gives a particularly illustrative and interesting
example.

16 As an analytical framework, the twauthors useéhe model of a simpldinancial
market with twoassets, a riskless and a riskye. Thereturn tothe riskyassedepends
on two stochastic variablesne of which ibservable at a certain coghile the other
cannot be observed. All agents are assumed to have rational expectations of the ordinary
variety. In this framework, bids by tradevio haveacquired information as to the true
outcome of the observabiisaw reveal information to theninformedagents. Because
the latter cannot distinguislbetweenprice changes due to the formers’ superior
knowledgeand changes due to “noise”, this revelatiooniy partial. Excepting the cost
of information acquisition and the concomitant presence of two types of indiitheals
size of each groupeing endogenous), Grossman and Stiglit880] model isakin to
the setup in Lucas [1972].
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formulation of thefully revealingrational expectations part of the
Hayek hypothesis and the claim that markets function as a “discovery
procedure”.From the point of view of static allocative efficiency,
there is a related problem becausfrmation, once it has been
obtained, is non-rival in consumption, so that we would want it to be
made available to everybody—which is not feasible if we desire
information to be acquired at all. Thpsiblic goods problentrings

us up against the “Schumpeterian trade-bff".

So far we have presumed that there is some “noise” precluding the
uninformed from learninthe entire knowledge the informpdssess.

In fact, this noise providesraechanisnfor theinformedto exclude

the uninformed In the absence of such a mechanisrfgrmation
becomes a pure public good, and traders have incentives to free-ride
on each other’s information-gathering activitidete, however, that
traders donot find themselveslocked in a prisonersdilemma
situation where “defection” (free-riding) is a dominant strategy. As
Grossman and Stiglitz [198895 and 404—405] point ouigcoming
informed is in fact thebest response i&ll others choose to stay
uninformed, and, consequently, “cooperation” is not strictly
dominated. Restricting our attention to the two-agest!8 we can
seeeasily that the game boils down to a generic “Battle of the
Sexes”, which is well known to havaultiple (Nash) equilibria in

both pure andmixed strategied?® It does not come as a surprise,
therefore, that Grossman and Stiglitz [1980, 395] caiuewitify a
single competitive equilibrium if information is non-excludable:

“In the limit, when there is no noise, priceonveyall infomation, and
there is noincentive to purchase informatioklence, theonly possible

17 See Nelson and Winter [1982] for an in-depth discussion.
18 And assuming, as Grossman and Stiglitz [1980] do, identical individuals.

19 ¢f., for instance, Kreps [1990, ch. 1Hudenberg and Tirol¢1991, 18-22].
Copeland and Friedman [1992jive a game-theoretianterpretation of some
experimental results which is akin to the present argument.
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equilibrium isone with no informatiorBut if everyone is uninformed, it
clearly payssomeindividual to become informed. Thushere does not
exist a competitive equilibrium.”

In the otherlimiting case,information acquisitiordoes not carry a
cost.This case—which is relevant, for instance, for datdrmation

as can be gathered as a (costless) by-product of one’s other
activities—has been thoroughly dealt with by Grossman [1981], who
showed that th&ully revealingrational expectations hypothesis holds
under these conditions, regardless of whether the berfiefits
information gathering are excludable or not.

Analyses such as those performed by Grossman and Stiglitz [1980],
however,may well fail to bring outhe main source of conflict
between the first two parts and the third part of Hayek’s hypothesis.
The formerrest on the usual neoclassical concepéafilibrium20
which prevails if opposing forcesre balanced anddividual
optimizing is mutuallycompatible, so that there is no incentive for
any agent to change anything. Although there Hepen attempts to
incorporate change into neoclassical modklshis change has
necessarily beereactive22 things chang®ecausendividualsadapt

to shifts in the constraints they face. To put it bluntgthing
significantly new can emerge in a modssed onequilibrium
concepts, unless its designer put it there in the first place.

Clearly, this is not germane to the réle of competition as a “discovery
procedure”. If we are tanmodel this process, we have to take
creativity into account, and thigill probably mean jettisoning the
idea of equilibrium—except, perhaps, as an attractor in a model of

20 Which, in fact, we have invoked twice when presenting them.
21 See Semmler [1994] for a very recent reference.
22 See Witt [1992a].

10
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chaotic dynamicg3 As Hayek was wont tpoint out, it is a sign of
ill-advised hubris on the modeller's part to proceed as if he knew
everything—hubris because this is patently untrue, and ill-advised
because this procedure insinuates that the results of competitive
market processes can be computed ex#dnte.

So how are we to reconcile tlgenflicting portions of the «Hayek
hypothesis»? In this paper, we intend to suggest two possible
approaches tdringing about such a reconciliation. As to the first
approach, we start byoting that therenay not banuch of a conflict
after all if the different propositions of the hypothesis refer to
different “worlds” with distinct phenomenological attributes. We
may conceive oéach of the propositions asanditional statement
about the (positive and normative) properties of competitive
exchange, advanced on the premise that uhéderlying model
captures reality to a sufficient degree. Furthermore,ade the
obvious observation that thermeay be timesnd places in an
economy whichare depicted well by static models, “steady state”
settings with recurring transactions of a similar nature and no
fundamental discoveries to be made, whereas @&etors (and
periods of time) in the same world thrive on creativity, change, and
vitality.25

If, however, we apply the propositions of the «Hayek hypothesis»
separately and selectively to the various sectors (or phenomena, or
periods of time) we risk severing the links between tpasts. The
«Hayek hypothesissight become a mere list of theorems bearing a

23 The recent collectioadited byDay andChen[1993] contains several papéist are
relevant heresome of themexpressly dealing with price formation on securities
markets.

24 This claim, undisputed irmuch of conventional economic theorizingarries
important policy consequences, since it provides the underpiniongseory-directed
interventions.

25 Of coursesome ofthis commotion will alvays carryover to the safe havens. We do
not purport to present a rigorous analysis here.

11
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superficial likeness (in that there optimistic about the normative
evaluation of competitive markets).

If one feels unhappy about thesate of affairs—as we do—, one
might seek asolution that integrates the various parts of the «Hayek
hypothesis» into a coherent whole. This suggests that it should be
supplemented by the following fourth claim:

- When faced with situations that differ in the degredyoiamism,
competitive exchange “strikes the right balance” between its static
and dynamic functions and predictions, both positively and
normatively.

To be sure, this is s@ery bold statement. Taken at face value, it
implies (among other things) that competition brings about an optimal
level of research and development effort, technological innovation,
and scientific invention—aarea generally held to be rife with
“market failures”. No state intervention would be needed to reach the
social optimum vis-a-visthe Schumpeterian trade-off, so that we
might dispense with patent laws and government-subsidized research
altogether.

The chances are that there aremahyeconomists in the world who
would second this view wholeheartedly. On the other hand,
theoretical argument against this “Hayekian proposittw€s not, to
date, appearery convincing either. For one thing, thivecause we
face some difficulties in specifying an adequate point of reference
that might serve as a baseline for normative evaluation in this field.
For another, we still seem to lack a satisfactory theomyynamic
change in a competitive environment. And, finally, it will not be
sufficient to reject the above stronfprmulation of the «Hayek
hypothesis»; additionally, one needs to pinpoint alternative
mechanisms that surpass competitive exchange in allocating
resources, handling information, and accomodating change.

In the present paper, however, we are not concerned with what
theoretical economics may contributeth@se questions (neither do
we want to delve any further into ipgst contributions that are of

12
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interest here). Rather, we deal with the rble of experimental
economics in gathering evidence relevant to assessing the validity of
the «Hayek hypothesis»—taking its elements both seperately and
jointly.

2. Review of the experimental literature

Even though the «Passau politisedck marketwhich we intend to
describe in section 3 is more of a field experin3énit, is worth
reviewing the evolution of laboratotgstsfrom their very beginning.

A good part of the basic design of political stock markets sfems
such work, as does the knowledge requiredudoningsuch markets.
Moreover, it is quite instructive teee howexperimental questions
and hypotheses on which politicsiock markets focus arise as a
consequence of previous work. A broad strand of the literature on
economic experimeré can be interpreted as representing gradual
progress in succesively testing the three aspects okiagek
hypothesis» distinguished before.

About ten years ag@mith[1982], reviewing experimental evidence
on the Hayek hypothesis, counted a total of 150 toi2d@idual
testswhich constituted the whole body of writing at that t#e.
Since then, experimental economics has bgamn increased

26 For reason which we will discuss later in this section we join Forsytie[2891] in

their classification.

27 Other fields towhich experimental economi¢ms extendedafter some “formative
years” are: trading institutions and other features of institutidesign; provision of
public goods and the related question of mechanisn@eference revelatiormcome
distribution and concepts of distributive justice; andre recently, experimentghich

are designed to test certain hypotheses of game theory. For a survey, cf. Smith [1991].

28 Cf. Smith [1982, 170].

13
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impetus from additionainterest in «rational expectations theory»,
and the number of studieéss multiplied. Therefore, weill content
ourselves with a selective survey of a few key developnvemth
have led to the present state of experimental ®frk.

Smith’s 1982 article, in a sense, rourmdf the experimental efforts

of the previous two decadesyhich Smith himselfcalled the
“formative years”: Up to that point, experimenters hadstly
concentrated on the problem of aggregating strigityvate
information on individual preferencesas induced by monetary
incentives to purchase or sell units of an arbitrary §&oBor
reasons of terminological convenience, as well as in order to promote
orderly thinking orthe point we are pressing here, we would like to
refer to such work as testing a market's capacity at@in
competitive equilibriumor to exhibit information revelatiomnder
laboratory conditions, rather than speaking offormation
aggregation or dissemination in the sense wiiak elucidated in
section 1. Hence, we suggest that this early stage of experimental
economics should, in our terms, be interpreted as devoted to testing
the first proposition which is encapsulated in Hayek’s hypotBesis.

In the first experiments, participants were divided into two groups,
assigned as “buyers” or “sellers”, prior to trading. Engironment

was completely stationary, i. e. supply and demand schedules were
held fixed for quite a number of replications during which prices
generally converged, at astonishispeed, towardscompetitive
equilibrium levels. This, o€ourse, conformed to the predictions of

29 Readersvho areinterested in further details of te&periments which we seldotre
may refer to the appendix. There, wg togive afull survey of the evolution of
laboratory tests on the «Hayek hypothesis».

30 Cf. Smith [19764a] for the theoretical underpinnings.

31 See section 1. In the appendix, we use the abbreviation “HH 1'shsriahand in
order to characterize experiments of this type.

14
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standard neoclassical microeconomics. Efficiemagmeasured by a
coefficient of price convergence, or by the after trade allocation of
units of the traded good amehs, throughout, fairly high. Treatment
variables were different slopes of aggregate supply derdand
schedules and, hence, different proportions between sellers’ and
buyers’ rent{Smith[1962, 1965]); or the use of trading institutions,
such as oral double auctions, (one sided) ask or bid auctions, posted
offer markets, and sealed bid auctions (Smith [1964, 1976D]).

Since the task oéttaining competitive equilibriunvas apparently
met by experimental markets in these simple settings, experimenters
extended their interest to the additional problems aridiom
unforeseen, but cyclicakhifts in demandPeriods of trade were
subdivided intd‘seasons” butdentically repeated as before. Either
“buyers” or a new group of “traders”, who were thely ones
allowed to buy units of the respective goog@ason 1 for resale in
the following season, were meant to learn abfuttire supply and
demand. By successfapeculation they contributed to establishing
an intertemporal equilibriunprice level, as distincfrom each
season’s autarchiequilibrium prices (Miller et al. [1977]Williams
[1979]).

With the exception of some teaising posted offer or sealed bid
institutions, all the experiments up to tkiate were carried out by
oral auctioning Hence, there were additional sourcesfidirmation
available to participants other than price quotations, such as
occasional moans or sighs, multiple acceptanceAlthough these
occurrences, strictly speaking, are against the rg@#rning
experimental markets, theye mostly unavoidable with oral trading
institutions32 In order to eradicate these disturbances, and to
simplify the task of recording datexperimental economists started

32 Cf. Williams [1980, 256], Plott and Sunder [1982, 6871].

15
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in the late 1970s to work witlkomputerized marketg§Williams
[1980]). Apart from the need for appropriate software and the
experimenters’ interest in whether computerized trade would work as
well as most of the oral experiments had done, market design and
experimental intentions remained roughly the same as before.

At first, however, the results with automated trade werevent
encouraging. Price convergensas much moreerratic than before
and was not entirely satisfying within a limited number of
replications. It appeared that, with computerized trade, the
experience possessed by the participants started to matter, at least in
terms of some familiarity witthe display of informatioand the use

of the mechanical tools which were available to trag@ridliams
[1980], Smith [1982]). Besides, the question as to exactly how to
model a double auction in a computerized environment turned out to
be crucial. In anycase, automated trade required precise rules
governing the sequence in which price quotativese displayed to

the market. The whole market procesas substantially slowed
down as long as all single bids aagks wereadmitted one after
another, each being announced to other participants for some
minimum time. Thingswere no different if, instead, subsequent
guotations were queued according to theme of entry, when
previous offers werestill outstanding. Traders, even if they were
willing to proceed towards competitiveguilibrium prices, appeared

to be “locked in” with such inflexible institutions. However, it proved
possible to overcome these problems by establishing an
“improvement rule” which forced subsequent price quotations to
continuously reduce the bid—adpread (Williams [1980]) and,
finally, by replacing the above-mentioned “time queue” with a so-
called “rank queue”, in which any offeras placedccording to its
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rank in the price scalgSmith and Williams [1983[}3 Given these
alterations, andgiven the presence of experienced traders,
computerized double action markets generally confirmed all the
standard results concerning price behaviour and market efficiency in
commodity trade when buyers and sellers hold strictly private
information on individual preferences.

It is not easy to draw &ne between, for example, Miller's et al.
[1977] and Smith’s [1982] experimental designs—as far as cyclical
demand or irregular shifts in demaawek involved—and some of the
later experiments in markets for multi—period liastsets where no
further source of uncertainty is preséhtWith respect totheir
theoretical background, however, the latter tests should be regarded
as special cases of assentially new type of experiment. To our
thinking, most of the experimental work subsequer@nuth[1982]

is designed primarily to explore raarket’'s capacity taggregate
relevant information which is dispersedacross individuals.
Individuals therefore face additional, and sometintgf$ering,
degrees ofuncertaintyabout the likelihood of varioustates of the
world, as distinctfrom the regular ignorance about their trading

33 For the sake of completeness, it shouldviemtionedthat, with the “improvement
rule” alone, theabove-mentioned minimum timir previous quotations t@main
standing was dropped (cf. Williaris980, 238f]),whereas thérank queue” institution
was actuallycombined with the non-binding requiremémit subsequent price quotes
ought tobe always on better terms than the outstandimeycf. Smith andwilliams
[1983, 1771]).

34 Hence, in the appendix we use the abbreviation “H{)1,n order to characterize

the type of experiments where the second proposition of the «Hayek hypqiteesse
relatively minor r6le, whereas testing tfiest andthe seconéspect of the<Hayek
hypothesis» on equal footing is referred to as “HH 1, 2” (e. g. Forsytile [¢0982]).

The inverse, “HH 21", isrestricted to experimentwhere the experimentershain
interest lies with testing a markettsapacity tocope with additional degrees of
uncertainty, rather than to extend the basic design of previous work to multi-seasonal or
multi—period settings.
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partners’ or their competitors’ preferenéés.Put differently,
experimental efforts during the ladecade weranostly directed
towards running “securities” markets, as distinguishécm the
former commodity markets, amowards testing the second aspect of
Hayek’s original hypothesis.

Plott and Sunder [1982] were firstrimoving explicitly to information
aggregation in laboratory double auction markets for securities, i. e.
for assetswith statecontingent payoffs. Participants were longer

split into distinct groups of buyers or sellers but all of thveene
“traders” now, with the power tbuy and sell at the same time. After
some initial training rounds, informati@bout the randomly chosen
state of nature was given to some “insider agents” whose number and
identity was not revealed to other participants. As a consequence, the
authors’ chief interestvas in whether prices, in spite sfch
asymmetrianformation would adjust to a level which revealed the
true state of the world to theninformed individualsand whether
markets would lead to efficient allocations witkspect to the
differing dividend schedules of sevetedder “types”.Building on
«rational expectations theory», Plott and Sunder were ablesess

their results mordormally in the light of competing models of
security behaviour: According to the alternative assumptions that
traders would (a) exhibit “perfect foresight” (that ast on“fully
revealed” rational expectations), or (b) show “naive expectations”
and stick to “prior information” without updating their beliefs on
price conveyed information, they formulatedo complete sets of

35 Friedman etal. [1987, 351fpropose a helpful distinctiobetweenthis kind of
ignorance and what is usuatBrmed “uncertainty” in both theoretical and experimental
literature: Sinceraderswith private knowledge oftheir own dividend schedules, or
preferences, nevdmow atfirst what priceswill be available to them, there Bome
endogenous type Gfmarket uncertainty” inherent in any competitive markeltditional
(exogenous) types of what they call “event uncertainty” or “insider uncertainty” occur
only onsecurities markets whedtvidends on théraded assets are statantingent and,
eventually, some traders are informed about the actual state of the world in advance.
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price, profits and allocations predictions as benchmarks for the
interpretation of actual market outcomes. Generally, the rational
expectations predictions clearly outperformed those of the prior
information hypothesis in explaining experimental results whenever
the respectivequilibrium values differeddence, evidence indicated
that all available informatiomvas successfully aggregated, or that
Hayek’s claim on competitivanarkets’ efficiency could be said to
hold even under more complex conditiéfs.

Real-world security markets are characterized by iwportant
dimensions. With their 1982 experiments, Plott and Sunder focussed
exclusively on the dimension of uncertainty, leaving the second
dimensiontime, to a complementary study by Forsythe et al. [1982].
The latter concentrated on the timgpect by establishing a double
auction market designed for multi-periegsets butlacking any
additional uncertainty. Actually, they were the first to establish the
more flexible design of a trader market without predetermined roles
for participants. Trading incentives were therefore created by
assigning different payoff schedules, or preferences, to several trader
types whose payoffs remained private knowletigdlith respect to
earlier research, it is nohuch of asurprise that the experimental
results again showed strong and rapid convergence of prices and
guantities towards perfect foresight price levels and towadfidgent

36 |t is worth mentioningthat this was tdhe authors’ surprise becaugieey initially
favoured prior information predictions as forecastsrader behaviour; cf. Plott and
Sunder [1982, 665]However, later work stronglyconfirmed that any alternative
approach, such as prigrformation or “maximin”, could serve at best to explain the
starting pointin the dynamic processes of formirgional expectations; cf. Plott and
Sunder [1988, 1090].

371n a laterexperiment, Smith etl. [1988]showedthatdiffering individual preferences
are not a necessacgnditionfor trading activities to occur. But in a secuntgrket
without any prior informatioraboutthe actual state of nature, sudesign (in most
cases) leads to bubblegich are followed by crashes during the price adjustment
process (cf. King et al. [1993] for more recent evidence).
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after trade allocations. Additionally, the markebcess appeared to

be substantially accelerated if the sequence of distinct spot markets
in each period was replaced hytures marketdor later periods’
assetholdings—a presumption frome 1982 results that wéser
confirmed by the same authors (Forsythe et al. [1984]).

On the basis of thpiloting work done by Plott and Sunder [1982]
and by Forsythe et al. [1982], there is a wealth of further studies
which combine features of the two complementary designs and
extend the experimental set—up to additional complications. Rational
expectations hypotheses were shown to correspond best to price
dynamics and allocations as generated by securities markets for
multi—-period assets with or without insider informationand,
eventually, with futures markets (Friedman et al. [1984]). This turned
out to hold, even if insiders werandomly choseifrom one period

to another, thus precluding that uninformed individuals wsigbly
guess the identity of insiders rather than adopting price—conveyed
information fromthe market only (Banks [1985]). Thing®re no
different when the security trases nolonger held orally—which it

had been so far—bwvas computerized; when insider information
wastransmitted sequentially, instead of simultaneously; or when the
content of informationvas nolonger homogenous in that all insiders
received either “good” or “bad” news but differed across trader types
(Copeland and Friedman [1987]).

The next significant move in the evolution of experimental design is
marked by Plott and Sunder’s [1988] work: They tegtéarmation
aggregation in a (single—period) securities market winéoemation
about theunderlying state of the world wasot asymmetric in the
above sense butiversein that all traders privately heldifferent
pieces of information, whereas the market as a whatzompletely
informed. For reasons whicHtimately remain unknown, the markets
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with this basic design generally failed to meet rational expectations
price predictions and apparently lacked efficie?ftywith some
alterations, however, the authors were able to showntfoamation
aggregationwas successful if either tilsengle compound security
was replaced by aomplete set of stateontingent claims, or if the
traders’ preferences were equalizeddaying identical—i. eonly

state contingent—dividends @l trader types. The result, with a
complete set of “Arrow—Debreu securities”, comes as no surprise.
The authors concluded that some knowledge of other agents’
preferences might be crucial for the operation of rational expectations
principles in the diverse information environment. This mere
conjecture wasonfirmed by Forsythe arldundholm[1990] who in

an otherwise identical market, instead of equalizing dividanodsss
traders, made thdiffering payoff schedulesommon knowledge.
Furthermore, they required all of their traders to participate in the
experimental markets more than once, thus ensuring that they gained
some experience with the present seflthddence, given some
additional, but not too artificial qualifications of tiheformational
structure, the case afjgregating information in security markets can
be expected to be met by the competitive behaviour of all the agents
involved40

38 To be precise, efficiencwas poor if measured lige proportion of the extracted
gains from trade to thenaximum possiblegains. Rational expectations predictions
about after trade allocations of assets and about profit distribsgiemed to hold,
though.

39 In another series of markets, Forsythe hoddholm everrotated payoffschemes
betweentrader types, so thaach became familiar with the all schedulesise. But

with otherwise experienceadaders andvith common knowledge of dividend schedules
alone, this turned out to be unnecessamgctoeve fully revealingational expectations
outcomes.

40 Obviously, aggregation gfartial andheterogenous information is not an etsyg

to accomplish. Butvith the exception of O’'Brien anffirivastava’s [1991] articléhere

is no report irthe literaturavhich may be regarded as unambiguous counterevidence to
the above claimfF-or reasons to bdiscussed in the appendix, agributethe failure of
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The final step towards testing the «Hayek hypothesis» irfuits
ramificationswas made by Copeland and Friedman [1991] and by
Sunder [1992]. Both move &xamining double auctiomarkets for
single—period lived securities where recipients of relevant
informationare nonger determined exogenously anfibrmation is

no longer costless. Copeland dreedman build extensively on their
own 1987 design, but in abolalf of their (computerized) markets,
there is a sealed bid auction for advamdermation on the actual
state of nature before security trading op&riSunder reports on two
series of (both computerized and oral) security markets which all
involve a market for information. In hiseries A" markets, traders
are invited to submitsealed bids for the purchase information,
which corresponds to the Copeland and Friedman desidixed
number of individuals—i. e. the three or four highest bidders,
respectively—receive a message enclosing hard information about
the true state of the world atuaiform price (equal to the fourth or
fifth highest bid) which is then made common knowledge. In
Sunder’'s “series B” markets, the price ioformation is fixed,
instead; it is publicly announced at the beginningeath trading
period, whereas thaumber oftraders who have actuallyought
information is not always discloséd.

By makingthe process dacquiring information endogenous to their
experimental design, Copeland and Friedman, as well as Sunder,
are—to the best of our knowledge—tfiest to investigate under
laboratory conditions the third proposition which is contained in the

their multiple assets,multi—period experiment to somdiosyncratic features of its
informational structure and of the trading rules which they established.

41In a further contribution, Copeland and Friedman [1992] concentabhasively on
the markets withendogenous information acquisition; however, referringgame
theoretical concepts, they simply apply another tool to assessing the identical data.
42 For obvious reasons, thidentity of thetraderswho havepurchased information is
never revealed.
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«Hayek hypothesis». By setting up our «Passau political stock
market», we aretrying to focus on examining competitive
information acquisitiorf3 Therefore, bearing imind some natural,

but fundamental, differences between laboratory environments and
field studies, the results of Copeland and Friedman [1991] and
Sunder [1992] are at the core of our interest in dhelution of
experimental economics.

At first glance, however, evidendeom the laboratory is not quite
clear cut. In both of the fixed supply offormation experiments,
assetprices converge taully revealingrational expectations levels,
as they have done ever since. According to Copeland and Friedman,
though, after trade allocation afsets and, above all, the prices and
allocation of thegpurchasednformationgenerally conform witlonly
“partially revealing” expectations predictions. Sunder, on the
contrary, reports that his “fixed number” markets corresporfialyo
revealing rational expectations forecasts at a statistisigihyficant
level: the price of informatiodrops “close to” zero, as theoretically
stated by Grossman an8tiglitz [1980], while the securities
market—in  terms of asset prices and after trade
allocations—converges to tlfidly rational expectationsquilibrium.

As a consequence, the distribution of net profits (i. e. nebstf of
information) across traders tends to be eéti@lloser scrutiny of the
Sunder [1992] findings, however, suggests that nm@y have
exaggerated the degree to which the experiméatal, as generated

43 For a further discussion of this claim, see section 3.

44 Following Sunder, it is rathethe “series B” markets (with the price of information
fixed) whereasset prica&lynamics and trading activities correspond to predictions of a
“noisy” rational expectationsnodel, as distinct from fully revealing expectations
forecasts. Therghe number ofraderswho actually purchase information shows no
tendencytowards zero; asset pricenvergence is much moeeratic; andnet profits of

the informed are statistically indistinguishable from those of the uninformed.
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by his series A markef$, correspond to strong—form efficient
rational expectations hypotheses: there is clearly a leftward shift in
the demand for information, but prices do not dsgnificantly
closer towards zero than they did with Copeland ERrniddman
[1991]. In spite of the markets’ efficiency, as indicated by security
prices and other data, themeust be some “noise” in the double
auction trade, which preservesuficient incentive for some traders

to engage in information acquisition activitiasd, in turn, allows
them to recover their cost of doing so.

Hitherto, we have omitted the Forsythe et al. [1991, 1992]
contributions on the «lowa political stock market» (IPSM)—an
experiment whichwas actually conducted in 1988. Was this that
ultimately inspired us to engage in simieork at Passau University.
We did this not onljpecause we wished to proceddonologically

in our review’é but, above all, because a “political” stock market,
although its desigrowes much to previous experimentabork,
represents dundamentally new type of experiment. Rather than
being a laboratoryest, markets like the IPSM comvery close to
testing the «Hayek hypothesis» in figld environment In the
experimental literature, some authors emphasizethénefeature of
laboratory work as being the experimentertntrol of both the
incentive structure and the informational situation of all participants:
private valuations are created [assigning (different) dividend
schedules to all participants, the arbitrary commodities or securities
having no significance of theawn to subjects who were recruited

45 |n fact, their number falls teneand a “half’ markets (out of seven), or ttotal of
20 trading periods, respectively. Hence, Sunder’'s main insgests to have been with
the “fixed price” marketswhich differ more from Copeland and Friedmad891
design.

46 Notethatthe experiments Sundgi992] reports omwereactually runbetween1983
and 1986; irCopeland and Friedmaril®91 articlethere is no corresponding not,e but
their first working paper on the respective tests dates back to 1988.
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for the laboratory testd. The distinction between private and
common knowledge—which is perfectlydrawn by private
communicationvs. public announcement of relevarformation
through the experimenter—is essential for setting up diséatg on
the aggregation of “asymmetric” or “diversaiformation or on
information acquisition, respectivet§.

Themain differencdetween laboratory markets and a political stock
market can therefore be seen in thmen—artificial informational
situation to which participantsare exposed: there is mopartial
observer able, a priori, to distinguighieces of relevant or true
information from any'noise”. Moreover, even the experimenters do
not know beforehand if information available to the market as a
whole can be said to be collectively complete. Thiagsslightly
different with respect to thimcentive structurewvhich governs the
participants’ trading activities in political stock markets: in
establishing a reward system which senilar to thoseused in
laboratory experiments, we arelying for a successfubrecast of
election outcomes, above all, on traders who conditiogir
behaviour first and foremost on monetary incentides.

Nevertheless, we are aware that with a political stock market, the
whole question ofudgement biasesrises whichmay bedue to

political preferences or some demographic characteristics of the
trader population. Hence, in addition to the economic background of

47 cf. Smith [1976a] who states that “control ighe essence of experimental
methodology (275)”.

48 This is particularly stressed by Friedmaraket[1984, 350]0O’Brien and Srivastava
[1991, 1818], andCopeland and Friedman [199d4ho pointedbut that “laboratory
asset markets are a natusgtting to study the issue of marlefticiency because
private information can be controlled... (265)”.

49 By a rather straightforwardnechanism which is to be explained in section 3,
equilibrium stock prices at a political stock market can be interpreted as a forecast of a
given candidate’s, or party’s, prospects for his or its fraction in popular votes.
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experiments like the IPSM or the one we araning in Passau,
related research in the political sciences and in psychaotoght
deserve some attention if experimentidta is to be assessed
appropriately. As a matter of fact, Forsythe and his colleages devoted
considerable efforts to detecting the influence of posbilblges on

the trading behaviour of their sample and on their market's outcome.
The results were generally negative: thevas nostatistically
significant impact arising from sampéharacteristics, such as sex,
race, orincome class, on trading behaviouAnd although they
clearly observed judgmebiases according to political preferences,
the market's forecast of election resultsas almost perfect?
Therefore, by means of additional surveys and various additional
ways of assessing our data, we are well prepared tondtbasuch
issues if oufindings suggest theeed to do so. However, we do not
expect this to be of particular interest.

Finally, note that unlike in all previous laboratory experiments, on a
political stock market participantsicur the risk of making real
losses This may help to discipline “irrational” or “ideological”
traders to some extent.

As a consequence of the complications we have just mentioned,
subjects in a political stock market face noticeafiféculties in
identifying reliable informatiormandturning it to their own profit. In
spite of these peculiaritiegpluntary participationcan be expected

to be much higher than laboratory tests. Most of thexperiments
which we reviewed earlier in this section involved no more than 20

50 Forsythe etal. [1992, 1157-1159] attributed this to whaty called the
“marginal—trader hypothesisivhich hinges on the simple argumehat results on
judgementbiases refer to thaveragetrader,while prices aredetermined bymarginal
traders. Fompolitical preferences and demograpbli@aracteristics of their sample, as
registered by several waves of additional mail surveys, cf. Forsythe et al. [1991, 11-13];
for the results on (non—)biasedness of trading behaviour accordimeséteatures, see

iid. [1991, 28f and 1992, 1153-1156].
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individuals. The IPSM finished up with a total ©92 traders!
During the first fewweeks of theexperiment weare running in
Passau, theumber of participants quickipse to 1562 Perhaps the

task of forecasting an election outcome could be regarded as a
perfect opportunity to test competitivemformation acquisition
empirically—with regard both to its inherent complexity and to the
natural interest of potential traders in the question at issue.

To summarize the ideas discussed in this section, we still have to
address one question: with respect to both the theorsgasdning

and the experimental experience of pgest decades, how can we
expect a “political stock market” to succeed in forecasting such a
thing as an election outcom&?ated differently, what can be said
about the relevambformation thaneeds to be aggregated, and about
the—perhaps fragile—incentives that exist to acquire and to
introduce them to the market? Three points need to be made.

» First, much of the information required for successful participation
in the market and, hence, for the stock prices to be reliable as a
forecastmay begathered by the participants accidentally and,
moreover, costlesslysimply in the course of their usual
activities. Given this, the whole conflict betwestock market
equilibrium and the dynamics ahformation acquisition
disappears3

* Second, the establishment of a political stock market diff@rs
laboratory tests in that gross profits (i. e. grossnfdrmation
costs) whichare accumulated on the traders’ cash account are
much easier to observe than net profits—for experimenters as

S1Cf. Forsythe et al. [1992, 1145f].

52 Since we set up two parallel markets (see section 3) with $nmeot all, traders
engaging in botlour experiments, these figurase notow perfectlycomparable. In a
later publication on our results, we will be more careful on this point.

53 Cf. Grossman [1981, 556].
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well as for the participants. Thus, even if information is not, or not
entirely, costless, some individuals may nofutlg aware ofsuch
costs. Howeverthis assumption does not necessaniply that,

in sharp contradiction to our theoretical foundations, nuest
expect our traders to bayopic or irrational. In their perception,
the (non—monetaryost ofinformation may beoutweighedin a
sense, by other sources oftility which they draw from
participating in a political stock market: e. g. intereggambling,
politics, or economic research; being part of a distinct group of
“stock market freaks”, and so on.

» Finally, the structure of information on a politicibck market is
not a simple one and is certainly not homogenous. If, therefore,
traders engage in sontdormal “division oflabor” in the use of
available, or rather the creation of, information, as a natural result
of an environment with asymmetric (partial) information, the
incentive to bring forth additional knowledge and to go on trading
could be sufficientlypreserved. In angase, thavhole theoretical
discussion about some degredeferogeneity-in beliefs,tastes,
endowments, and opportunities to produce information—which
may be necessary for arbitrage activities to occur and for
equilibrium prices to be achieved apphés.

Note that in both of the laboratory tests/olving information
acquisition, the security prices (which correspond to the stock prices
we arerelying on as ouforecast) showed convergence towdtdly
revealing rational expectations levels, even if after trade allocation of
assets oendogenously determined pricesrgbrmationappeared to

be somewhat misguidéd. This might beregarded as some, albeit

54 Cf. Working [1958, 192f], Grossman [1977, 440-44%yjhlborg [1991, 299f],
Madhavan [1992, 612].

55 Admittedly, Sunder{1992] reports onsome ofhis (fixed price of information)
markets arriving at “wrong” prices, i. e. at prieelsich correspond to a wrorggate of
nature. Thesignificancefor our setting must not leverestimated, though: In most of
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weak, support for our contention that the “no—informataase is no
equilibrium in competitive information acquisiti@and aggregation,
and for our tentativelaim that competition in a field environment
balances the use of all available strategies in order to solve the
central problem—here: to value a party’s election prospects
correctly—that individuals face at a given instance.

3. »Passauer Wahlb6rse«: Variations
iIn Experimental Design

In 1994, Germanywill see a total of 18lection$§6 at various federal
levels, culminating inthe general election to be held in October. A
multitude of politicalparties, some of whiclnly emerged in the
course of the last few months, a@mpeting in these electionsith
different parties running for different elections. Moreover,
Germany'’s political climate appears to be somewhat volatile in the
aftermath of the country’s reunification; thus, thevay well be the
potential for a landslide in one direction or the other.

This creates aruly excellentstage for a political stock market—a
tough job for speculators and the «Hayek hypothesis» alike.
Motivated by this opportunity, we launched the »Passau Political

thesecases, alinformedtraders aftesselling their (fixed) initialendowment ofassets
became inactive, and the uninformadho weretrying to gain an informational
free—ride—or “the blind leading the blind"—came to a wrong conclusion. In a political
stock market, however, tlomst of information, if any, should expected to increase
commensurate to the effortsade to collect ocreate it. Furthermorghere is certainly

no limit to the number ofarticipantswho hold oracquire “better’information
throughout the market'spening timenor is there any constraint on the number of
portfolios or stocks a single participant may buy and/or sell.

56 Not counting the presidential election. The Bundespréasident éected bypopular
vote; instead, thislecision is taken by a national assentbigt consists oflelegates
from various legislative bodies.
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Stock Market« (»Passauer Wahlborse«, referred to as PWB in the
remainder of this article) in January 1994. Thegperiment
encompasses two parallel markets, one for the Bavarian state election
and one for the general election, where party stock can be traded.
Instead of merely enlarging the existidgtabase, however, we

opted for aslightly different experimental desi§B.This section is
devoted to explaining the differences and discussing—although
rather briefly—why our experimerdppears to be interesting in its
own right.

For readers who are as ygtfamiliar withthe fundamental design of

a political stock market, however, wiemmence with a short sketch

of the basicgin which we follow Forsythe etl. to a considerable
degree). The PWB consists of two organized markets where party
stock can be tradeéd.Each share entitles its (final) holder to receive

a dividend that depends on the election outcome. For simplicity, one
share in party Xvill pay 10Pfennig(i.e. a tenth of a Deutschmark)

for each percentage point of the popular vote this party manages to
obtain in the respective election. Thus, stock prices can be translated
into predicted vote shares bynply multiplying them bylO, and the

57 Which is now quitebroad. Quiteapart from the renownedPSM operated by
Forsythe et al. in 1988, this groupas—in collaboration with local
researchers—organized several other markets in Denmark, Finland, Turkey, and
Germany (see Forsythe et al. [1992, 1157]). The German masketzin forthe 1990
Bundestag election, the first German general election to be held after reunification.

58 In a few weeks’ time, a politicatock market with the original institutioneésign
developed byForsythe etl. will commenceoperations at the Universitat Regensburg,
Passau’'sieighbouring university. As the student populations of the two universities are
rather similar demographically, a comparison of results may prove particularly
interesting.

59 Due to legal quibblesynly university memberare allowed to participate in our
experiment. Infact, organizers of political stock marketeem toface the samégal
hassle all over the world (see Forsythe et al. [1991, 7]).

30



Markets and The Use of Knowledge

PWB has a “resolution” of 0.1 percentage points, the same as the
official election result§9

We, wearing our banker’s hat, sell “complete” portfolios consisting
of seven shares—a single share in each of the six impsttant
parties running for an electiorand one share in the “rest of
field"61—to participants for 10 Deutschmarks. This means that the
PWB, as a whole, is a zero-sum gdA&here is no bindingmit63

to the number of portfoliosteaders can acquire, and fresh portfolios
can be ordered at any time. Moreover, we are preparedytback

at any time any number of “complete” portfolios for 10
Deutschmark84 In addition to the portfolios they hold, traders are
required to have a cash account with iaitial deposit of 10
Deutschmarks for each market they want to participate in. This cash
account furnishes the liquidity for their politicastock market
operations. We do not lend traders money, and short sales are
disallowed. It is possible for existing traders to inject additional funds
into the PWB, although we havianited their opportunities to
withdraw money from the experime.

60 Note that because tenth of a percentage point corresponde.2% cents in the
IPSM, the results of Forsythe ak bettered the design precision @#¥ percentage
points (see Forsythe et al. [1992, 1143f]).

61 A complete Bundestag portfolio encompasses share in each of théollowing
parties: CDU/CSUSPD, F.D.P.Biindnis 90/Die Griinen, Republikan&DS (the
former EastGermanSED), Rest ofield. For the Bavariarelection, we have included
the followingparties: CSUSPD, F.D.P.Biindnis 90/Die Griinen, Republikan@©DP,
Rest of Field. We have elected to include thges#ies that, othe basis ofthe results of
the 1990 elections, stand a chance of winning more than 2% of the vote.

62 |f we disregard interest foregone, that is.

63 To avoid unpleasantness, we have restricted an individual's maximum PWB
investment tdl000 Deutschmarks. Up tow, individual accountare noteven getting
close to this limit.

64 This isintended to allow some minimatbitrage operations. Due tite sluggishness
of the PWB, however, no actual arbitrage opportunities can arise (see below).

65 This is because our university’s administration was reluctamrtdle “premature”
withdrawals, except in cases of dire need.
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Trading can only occur through (se’re wearing our broker’s hat
now). Unlike previous experiments, however, our marketshare
organized as computerized double auctions; instead, we opted for a
call marketmodelled on the institutions of the “Kassamarkt” at the
Frankfurtstock exchange. There issmgle trading day peweek&6

Bids and asksnust be submitted in writing amate subjected to
severe feasibility tests: &ader’s portfoliomust contain, ex ante, all

the shares (s)he has put up for sale, and his/her cash holdings must be
sufficient to buy allstock ordered at the trader’'s outside Adter

those checks have been completed, we take the admissible bids/asks
and set stock prices so as m@aximizethe number of (voluntary)
trades, given traders’ offers. Obviously, this boils down to the
competitive market of basic textbook microeconomics—we use the
feasible bids and asks to derisepply and demand schedules, the
intersection of which determines taquilibriumprice$7 All feasible

trades are executed at tguilibriumprice, which is disclosed to the
traders (together withinformation regarding their individual
portfolios and cash balances). After this, the market starts afresh.

As you will probably have relized byow, the PWB differdrom
similar experiments in three ways:

- The German “Superwahljahr 1994” provides a much richer setting
than the elections that have been used previously (the German
election in 1990 comes close to, but cannot quite rivagrtiwaint
of information traders need to proce&);

66 This, of course, is for owonvenience onlyFrankly, we do not have the resources to
run our markets more frequently.

67 As PWB shares are nperfectly divisible, there is aeedfor some conventions to
govern price determinatiowhen there is no unique equilibrium, and to govern the
allocation of sharewhenthere is excess supplggemand) at the equilibriuprice. The
first difficulty is solved by taking the arithmetic mean of the margomales, in the
second cases, we resort to the usual rationing by the shorter side of the market.

68 Unfortunately, (to the best of okimowledge) neitheForsythe eal. nor their German
collaborators have published their 1990 German results.
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- Participating in the PWBdoes not presuppose access to a
computer terminal, nafoes itinvolve dealing with the intricacies
of a computer network;

- Most importantly, the PWB is organized as a call market.
Let us consider each of these differences in turn.

In order to succeed in predicting the vote shares of the various parties
correctly and, ultimately, to make moné&gders on a political stock
market mayuse information from ahost of sources: newspaper
articles, public opinion polls, conversations with friends and
acquaintances, history, arguments overheardbars, preceding
elections, to name but a few. The signals obtaifiech these
sources, however, are tainted with noisbjch requires agents to
filter the available information. The more information ther@ig the
more diverse this information, the more formidablettaders’ task
becomes, and the less chances of success we expecitidlyek
hypothesis» to have. Furthermore, falsification of this hypothesis
appears the mordékely the more partiesvsieing for power are
included in the experiment and the more unstable the political
environment in which it is performed. The German “Superwahljahr
1994” is exemplary imll theserespects. The PWB has been started
early enough to capture the impact of all the elections held in 1994,
and it covers two elections at different federal levels waitt
different initial condition$® For these reasons, ddtam the PWB
promises further insights into what piecesinddrmation individual
traders condition their decisions on and what pieces they deem
irrelevant?/0

69 The Bavarian electorate generally considered to Hairly conservative, and the
CSUenjoyed acomfortable majority during tHastdecades, although this majority has
eroded somewhat since tbdays of FranzlosefStrauss. Atthe federal level, things
appear much less clear cut a priori.

70 We intend tosupportthe internakvidence byseveral additional surveys. A
guestionnaire dealing withasicdemographic properties ampérty leanings is handed
out, andfilled in, on traders’ first registrationith us. Otherswill follow. Although we
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The previous political stock markets relied ratheravily on
computerized academic environments. As a rule, traders had to log
into a computer network in order to advance bids and offers. A
central computer recorded these offers and procesad to
determine the current market price of each brand of party stock, and
it supplied price information to authoriseérsons (who knew the
password) on request.We did not feel at all happy about adopting
this modus operandi at the Universitat Passau. First of all, quite a lot
of students over here do not have access tedhguter network,
mostly because they do not bother to apply forAdtditionally,
computer literacy seems to be distributed unevenly over the various
faculties. Since we intend to attract participafitsn all of our
university’s departments, a completely computerized experiment did
not appear to be a viable propositi@nAlso note that this “paper
approach” eliminates a possible source of extraneous motivation to
engage in trading activities: Willian{4980, 245] points out that
fiddling with computers and communicating over a computer network
provided some of his initiakubjects with incentives to enter
premature bids. As traders weremmitted to offers in his system,
this might have accounted for the failure of some of imsial
experimentg3 Smith [1982, 170]found computer literacy to be a
necessary prerequisite for success of the «Hayek hypothesis» in a
computerized experimental environment. &l same, we cannot
feel smugabout the “paper approach” just because it remeuvese

do not ask our participants for their names and addresses to preserve anonymity, we still
accumulateenoughdata tolink individual traders to questionnaires. Thvdl enable us

to perform simulationruns of our marketwith subsets ofthe trader population
removed.

71 See Forsythe et al. [1991 and 1992] for a description of how this was done.

72 \We do use a computer to calculate equilibria and for accounting purBesasse
we do not require our computer to be a network server and because ohéraisingle
trading day with simultaneous offersur software runs on an IBBlone with a
venerable 386SX processor clocked at 16 MHz.

73 See section 2 and the appendix for further remarks.
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incentives other than monetary rewards and thus helps to induce
carefully designed utility functiongsee Smith [1976a]). Political
stock marketdiffer from the usual laboratory experiments in that
they gain a lot of momentum from people’s—especially
students’—interest in elections, and we are unable to rule out, a
priori, the possibility that people join the experiment and deal in
party stock for other reasons than to make profits. Traders’
motivationsareall the more suspicious because the PWB is, strictly
speaking, a negative-sum game if take the interest foregone on
PWB investments into account.

The chief difference between the PWB and its predecessors lies in
the choice of market institutions: On designing our experiment, we
replaced the double auction mechanism withcal market
mechanism. There are three sources of additional interest afforded by
this form of experimental organization: First, there is a current debate
on whether stock markemstitutions based on the doublauction
principle ought to be supplemented by a call market or not. The
theoretical caséor a mixed systert rests on the contention thall
market elements (a) lemstiability to an otherwise volatile market and

(b) can operate under conditionsno@rket thinnesg® Although this

Is not our primary field of interest, PWB resuttay be of some help

for researchers in this area.

Second,running a call markeenables us to studinformation
acquisitionandaggregationaspects in comparative isolation and to
accentuate possible conflicts between the static andiythamic
parts of the «Hayek hypothesis». The first proposition we included in
our statement of this hypothesis is guaranteed by our market
institutions—more specifically by our stockbroking activities—while
the conventional stock market design entails an implicit testing of this
“original Hayek hypothesis” as statedSmith[1982], as well. Also,

74 Note that the Frankfurt Stock Exchange uses such a mixed system.
75 For a detailed analysis see Madhavan [1992].
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it seems fair to say that dynamic information acquisition, if it requires
us to gainsay static efficien¢gs the standar@rgument has it), may
be impaired under call market rules.

This leads us to our third point: For several reasons, thergeis/a

real probability that the «Hayek hypothesisay notfare as well on

a call market as it does on a double auction market. Note that in the
latter system tradingnay occur at inframarginal prices, which
enables informed agents to recougeaist some of their outlay on
information acquisitiof® whereas inframarginal trades are
precludedon a call market. Furthermore, such a market—especially
if run only once aveek—appears ratheluggish in comparison to a
continuous timedouble auctiorf/ More precisely, thdormer is of
time-discrete nature, which does not allow actual arbitrage operations
to be carried out® The mere spacing of trading dayayalso erode

the market value of fresh information as novelées conveyed
through other channels than market pricémally, our rigorous
feasibility checks impose further restrictions on the realm of possible
market operations. For example, agents are unalfieatoce stock
purchases with the proceeds of the saveek’s stock salesyhich
hampers them when re-allocating their portfolios. Taken together,
these problemmay wellimply that the «Hayek hypothesis» has less
chances of success in our experiment than in the previous studies.

76 See, for instance, Sunder [1992, 689]
77 See again Madhavan [1992].

78 We do have somfacilities for whatmight be calledpseudo-arbitrage”When the
market value of a “complete” portfolio exceeds D@utschmarks—as did on both
PWB markets in the first few weeks—, traders may order fresh portfolios fr(ah 1@
Deutschmarks, or 1Qfercentage points) am to sell them on the nextading day at
the current market price€asualevidenceshowsthat this opportunity waseized by a
substantial number dfaders,who managed to make sop®fits in the procesfne
trader reported aveekly return of 5% on his PWBvestment, gained entirely in this
fashion). However, this is nOteal” arbitraging because trading is carried out at the
subsequent week’s prices instead of the original “excessive” price vector. Evidently, this
operation is not riskless. Nateatthe inverse operation (buying complete portfolios for
resale to us) is also possible.
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There is, however, an upside as well. When markets arethiary
(see above), aontinuous time double auction mége much of its
appeal and may, in extremmases,even cease tdunction. As
political stock markets face notorious market thinness problems in
off-term time/® having arobust system of market institutions may
turn out to be a positive boon after all.

At least to our thinking, this makes for enough open questions and
gaps of evidence to justify our research. We sincerely hope that the
results of the PWB experiment will contribute to the understanding of

the «Hayek hypothesis» and of its limitations, as well gsaading

new evidence on the réle of (stock) market institutions.

79 Cf. Forsythe eal. [1991, 10]The German two-term academic yeagenders much
longer off-term periodshan its American (or English) three-terntounterparts. Less

than 60% of our PWB tradingeeksfall into the winter and summer ternfithough

trading subsided after winter-term lecturing ceased on February, 28, the PWB has but in
a single instance failed to quote a stock price.
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Appendix: Experimental tests of the «Hayek
hypothesis»

—Scheme of our review:—

Author(s) and reference

Teston... Comprehensive description of experimental design
type of experiment|
# of participants

Summary of maimesults

Smith [1962], Experimental Study of Competitive Market Behavior

Revelation of in- In this earlystudy, the author reports orsaries ofpilot
formation experiments which still are conductedithout
[HH 1] introducing monetary rewards, orpayoffs, for
“successful” participants. There meant téestsome of
laboratory tests by the hypotheses afeoclassical microeconomics. In each
oral double auct experiment, there arevo groups ofassigned “buyers”
tion commodity| and “sellers’'whoseindividual valuatiorfor the traded is

markets good is strictly pwate knowledge. Thus, the (stationary)
supply and demand schedules of each market—with
#: 21-43 different slopes and, hencdifferent proportions be-

tween sellers’ and buyerstents—are unknown to the
participants. Eackeller initially holds one unit of theaded good buthere are
several “days”, or periods of trade, in each markesome of the markets, after
a few replications, demand or/and supply schedules are shifted once.

Results Generally,contractprices show a strong and rapichdency towards
competitiveequilibrium levels in all othe experimentEfficiency is measured
by a (constantly decreasing) coefficient of convergeviteh is computed for

* Here, we use the abbreviations “HH 1 to 3” in order to relate the reportedresqsti
main intentions to the threaspects othe «Hayek Hypothesis» as distinguished in
section 1.
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each trading period and by the (vesynall) number of “submarginal”, or
extramarginal, traders who actually succeed in making contracts.

In the simple settings with bothormal supply and demand schedules, the
«Walrasian hypothesisfthe rate ofincrease in market price is amcreasing
function of excess demand @at price)seems to hold. lother cases—e. g.
when supply is perfectly elastic—, price behaviour l¢hdsauthor tdouild up

an alternative explanation which balls the «excess rent» hypothesis, relating
the “speed” of contragbrice adjustment to the excesshuolyers’ plus sellers’
virtual rent over the cumulateelquilibrium rent. Analysis ofthe experimental
data gives some support for this new hypothesis (cf. Smith [1965]).

Smith [1964], Effect of Market Organization on Competitive Equilibrium

Revelation of in-{ The idea of testinthe effects of market organization on
formation competitive equilibrium stems from one of the 1962
[HH 1] series of experiments whetede was orgared as an
ask auction market, as distinct from the double auction
laboratory test by| institution in all other markets. Here, the author
oral bid or ask establisheswo series oftests inwhich differentgroups
auction commod{ of participants, according to identical supply and demand

ity markets schedules, arenvited to trade under thredliffering
institutional settingsFirst, only sellersare permitted to
#:. 20-28 make offers, whereas buyers are only free to atloept

(ask auction); secondly, there is an ordinary double
auction market with botlsides free to make asks ahdis; andfinally, only
buyers are permitted to make offers (bid auction).

Results The resultgyenerallycorrespond to the authorisitial presumptions:
Speed of convergence of contract prices towards competgiutibrium level is

much higherunder the double auction rules, and prices on one sided auction
markets tend to persist levelsabove (below) thequilibrium price whenonly
sellers (buyersare permitted tonake offers. This is because sellers (buyers),
forced to lower (increase) their price quotations by competitive pressures, are
revealing more informatioabout theprices at which thegrewilling to contract

than arebuyers (seller). Thus, regardless of whethgial contracts—without

any observableegularity—are made at prices above or belberequilibrium

level, the inactive market side learns that by waiting they can taket@aglwan
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Smith [1965],
Hypothesis

Experimental

Revelation of in-
formation

[HH 1]

laboratory test by
oral
tion  commodity
markets

#: 24-30

double aucH

Auction Markets and the Walrasian

Smith’s 1965 experimentare intended to provide a
more rigorous comparison of tk&Valrasian hypothesis»
and his tentative «excess rent» (€. hpothesis, as
stated in 1962. Therefore, hetentiorally establishes
rather unconventional demand and supply schedules
which are botlperfectly elastic at different pridevels,
one of them ratiang the number of possibleontracts
and theother exibiting different quantities of excess
supply. Thus, irfull competitive equilibriumthe entire

rent in these markets must accrue to buyers.

Results In spite of earlier resultgontractprices show a strong ridency to
converge to the competitivaguilibrium level whichcorresponds to theetical

predictions. Obviously, this tendency is an increasing functidheofuantity of
excess supplye), so that in marketsvith a comparativelysmall e, price

behaviour still resemblethe 1962 data. With respect hs major analytical
purpose, the authorfinds strong support fohis e. r. hypothesiagainst the
Walrasian hypothesis by some regression estimates. It shontitdak though,

that the e. rhypothesis—having a distinct intuitive appealder the present
experimental design because each seller fatiagdanger of foregoingpme

potential rent at p > Stends to breakany tacit co—operation—becomes
observable only iHaboratory experimentdinally, from some pilot sessions
which were made with caspayoffs paid only to a randomghosen subset of

participants,

the author

concludaebhat market behaviour and, hence,

experimental results differ significantly between full and random rewards.

Smith [1976b], Bidding and Auctioning Institutions: Experimental Results

Revelation of in-
formation
[HH 1]

laboratory test by
commodity mar-
kets underarious
institutions

#.22-37

The maintask ofthis article is to review earlievork in
order to compare markdtehaviour undealternative
institutions such as double auction, asklod auction,
posted offer markets, and seaked alctions. Therefore,

the author reports omeveral previously unpublished
experiments, especially with multi—unitade where
participants gainmore experience during eadngle
trading period. Besidethat, the paper iparticularly in-
teresting in that itcontains precise definitions of the
market institutions under consideration and sums up ex-
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perimental evidence on their relative performance, asadoomplishing
competitive equilibrium.

Results Typical results of experimentavork which has beenarriedout so far
aresummarized in a sequenceprbpositions which, broadly speakirage not
news. Wen the significant efficiencyfeatures oflabaatory double auction
markets are compared to othmstitutional settings, it turn®ut that all
alternative rules are less efficientliratprice convergence tequilibrium level is
much slower and pricesften tend to persist akevels above or below
equilibrium. Ask or bidauctions generallyvork to the disadvantage of the
market side having the prigatiative, whereas posteaffer marketavork to the
advantage of price initiators because the other side is set to a take—it—or—leave—it
position. In the case of sealbdl auctions, there is no eaningfulcomparison
between contracprices or quantities and some respectggilibrium level,
since supply is fixedThe only conclusionthat can drawn fronexperimental
evidence is thatdiscriminative pricing generally leads tower bids than
competitive pricing where acceal bids are filled at the lowest accepted bid
price does.

Miller, Plott and Smith [1977], Intertemporal Competitive Equilibrium:
An Empirical Study of Speculation

Revelation of in{ The authorsmove from testing aggregation of private
formation information in a more or less stationagvironment to
[HH 1 (2)] examiningmarkets withcyclical but unknowrshifts in
demand Therefore, they condudivo experiments in
laboratory test by| which either buyers or spally assigned “traders” can
oral double auct buyseason 1 supply iorder tosatisfy theirown season
tion commodity] 2 demand (withzero stoage cost) or teesale i,
markets with cy-| respectively. In neither casgyeculatorsknow anything

clical demand about futuresupply and demand duture market prices.
Moreover, socalledtraders nevehave any information
#. 24 on individual oraggregatesupply and demandBoth

experimentsare repeated faeveral periods each of
which consists by identicakeasons but there is no carry over ofdbemodity
from season 2 to the following season 1.

Results In both experiments, there is a tendencygasftractprices towards the
intraperiod price—quantitgquilibrium inseason 1 of period Which weakens in
season 2 and during the following replications. After tpex®ds, pricesclearly
converge to an intertemgd equilibrium level.
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Market efficiency isassessed by a new measuranely bythe sum of actual

consumer plus producer surplus, i.the sum

ofreward payments to

participants, as a percentage of thaximumpossible gains. Alternatively but
without additional implications, it could be measured by theumber of
extramarginal units whicare traded, or theumber of intramarginal unitghich

fail to be traded.

The fact that the seconexperiment which includeswvo traders who are
exclusivelypermitted to speculate performedativelyworse than thérst one is
attributed tospecificfeatures of the participants’ behaviour strategy and, hence,
to sampling variations, rather than to the experimental design.

Plott and Smith [1978], An Experimental Examination of two Exchange

Institutions

Revelation of in-
formation
[HH 1]

laboratory test by

The experimentseported here areneant to compare
two different trading institutionsin multi—unit trade
(one—sided) orabid auctions vs. postedid markets.
The authors’ intention is to relate earheork by Smith
on one-sided auctions to a previous studyVdliams

one-sided ora] [1973] on postedoffer proceduresvhich seemed to
auction and posted contradict the results reported bgmith. Wiliams
offer commodity| attributed this tdhe multi-unit case he had considered,
markets as distinct from the singléor two)unit per trader
experiments which had prevailed so fahe a priori
#.8 expectation of the authors is that tdestribution of

prices in the former setting would dominate the
distribution in the latter for reasons which were stated briefly in Smith [1976Db].
Thus, they first replicat®Viliams’ 1973 experiment and complete it with an
otherwiseidentical oral bid auction. Secondly, theget up another tiabd
experiment which reflects some evolution of experimental design in general, with
commissions paid for trading as such and some more minor alterations.
A new feature of thenulti—unit trade is thaindividual buyersand sellers no
longer are told alefinite individualvaluation for units of théraded good but
rather hold anndividual demand or supply scheme in which additional units
have decreasing or increasing values, respectively.

Results Broadly speaking, both prigynamicsand the price comparison across
the different institutions correspond to the authors’ expectations: In both
settings and in each of their rkats,prices converge to competitieguilibrium
level frombelow. In posteaffer makets, though, convergence is slowegan
prices of each trading period are lower thatithauctions, and the observed
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degree offficiency issomewhat lowertoo. Inthe present papevhich is really
prior to Smith [1976Db], the authors develop #fieciencymeasure which igsed
there, representing the extracted gains from trade as well as the fractaxi-of
mum paynents which actually has to be paidp@rticipants. Hence, the results
of Williams are shown to depermlucially onthe posteaffer institution he
used, rather than on multi—unit trade.

Williams [1979], Intertemporal Competitive Equilibrium: On further
Experimental Results

Revelation of in{ The author's experimentare mostly an extension of
formation Miller, Plott and Smith’g1977] work. In anenvi-
[HH 1 (2)] ronment withcyclical but unknowndemand shiftsit is
meant to compare a market with the opportunity of
laboratory test by| speculationby carryingover units of thetraded com-
oral double auct modity between seasons to an otherwdsaticalmarket
tion commodity| with autarchic seasons. Thereforsgllers and buyers
markets with cy-| each arggiven marginal valuation®r two units which

clical demand differ across units, individuals and two seasons.
Additionally, there aréwo “traders” in each maet with
#:.12-14 the exclusive right topurchase in season 1 for resale

(with zero storageost) in thefollowing season 2 but
not for any further carry—over. These traders are kepnpletely uninformed
about the underlying supply and demand schedules.

Results The replication of a market with speculative carry—over shows rather
similar features as the previous studyMiler, Plott and Smith. Aplying the
usual measures for speed of convergence of market prices to the intertemporal
equilibrium leveland for markeefficiency,the author attributes sondetails of

the process tosampling variationbut his results arebasically the same.
Additionally, he explicitlydemonstrates thieey role oftraders for the reported
outcome.

The comparison with an otherwigkenticalbut autarchic market, i. ithout

any traders, showsadditional support for the interpretation of thirmer
experiment: As buyers and sellers becdamiliar with the cyclical demand
shifts in subsequenperiods of tradeprices almost perfectly adjust to the
different autarky pricequilibrium in eitherseason. Price convergencariach
slower than in stationary tests, thougidicatingthat thecyclical shifts at first
lead to cross—seasonal expectations which only gradually expire.
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Williams [1980], Computerized Double—Auction Markets: Some Initial
Experimental Results

Revelation of in-

formation

[HH 1]
laboratory test by
computerized
double auction
commodity mar-
kets with and

without shifts in
demand

#: 1620

The author reports on thigst series ofcomputerized
laboratory tests eveprimarily designed to compare the
results of automated trade to those of adalble
auction, and to re—examine standard propositions drawn
from experimental evidence so far, as summarized by
Smith[1976b]. Additionally, the experimentessill were
looking for appropate institutions, as to nuelling
double auction in a computerized environment.
Therefore, the setup of the computerized mardiffesrs

with respect to therules according towhich price
guotations are dealt witiwhen thereare owtanding
bids orasks: Previous quotations (a) aetanatically
rejected @er someminimum time for acceptance, and
subsequent offers amot governed byany rules; (b)

subsequent pricguotes must progress so as to reducebttieask spread but

there

iIS no minimum time for

previous quotations temain standng;

(c) subsequent offers are queued according ttintteeof entry before pdacing
the current quotatiorwhich standsdisplayed tothe market for the above
minimum time. For reasons gérogramming simplicityunder (c) aparticipant
cannot accept price quotes nor alter his own quotation while queued.

Results The results of comparing an otherwiskentical oral market to a
computerized double auction using rgtg, atfirst, arenot very encouramg:
Price convergence in the automatic trade settimguish more erratic and far
from being sufficient within a limited number ¢fading periods. However,
participants run about thréenes as much offerper period than in the oral
auction and apparently derive some (uncontroligitly from the mechanism
itself. Hence the failure of the experimentmay bedue to thenon-satisfying

gueuing procedure.

A second series dests ismeant to compare rulgs) and (b) in simple sta-
tionary environments. In most of these cases, price convergendeersthemn
before butstill muchslower than in oral double auction markets. Trflelence

of rent asymmetries on price convergence, as observed by $86t [L965] in
his first oral experiments, isignificantly loweredunder rule (bwhich forces
participants always to offer on better terms than the outstanding price quote.
With the coming up of computerized tradimgechanismghe question of ex-
periencedness of participants arises, at least as famdgrity with the diplay

of information and witlithe mechanicakools is concerned. Thusyith a final
series oftests (using rule (b))differences in trading behaviour between
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inexperienced subjects anthers who participated in a previous compnéer
markets are studied. The presumptibat paticipants may require a training
period to be adequately prepared to cope with computeriadd isgenerally
confirmed, sincethe sequence of market prictarts to resemble those of
similar oral auction experiments and statistidata onprice convergence and
efficiencyare close to the “standard” results. As a consequéifioeylties with
the first computered experimentmaynot be attributed to th@bsence of some
information other thanprices—e. g. occasional moans or sighs,maidtiple
acceptance—which is public in oral auctions, although sactirrencesctually
are against the rules of experimental markets.

Smith [1982], Markets as Economizers of Information: Experimental
Examination of the «Hayek hypothesis»

Revelation of in{ The author reports on quitenamber of experiments in

formation computerizeddouble auction marketall of which are
[HH 1 (2)] meant totestif, how fast, and undevhich conditions,

market prices for an arbitrary commodity would
laboratory test by| converge to competitiveequilibrium level when
computerized information of buyers and selleabout theinvaluation or
double auction  cost, respectively, is strictly private.

commodity mar-
kets with static

Efficiency ofthe markets is measured by the number of
single units traded, as compared to th@aximum

and cyclical de-| quantity of possible transactions wglven demand and
mand supply schedules.

Convergence anefficiencyare tested in botbktationary
#.7-12 and ‘dynami¢ (with a onetime shift in demand or

supply, respectively, withcyclical demand, or with

irregular shifts) environments.

ResultsLike most of previougxperimental evidenc#je reported testsrovide
strong support for theHayek hypothesis», with a higher speed of convergence
depending on the experience of participants, on tradohgme and on the
accuracy of price expectatiobsilt up in previougeriods. Alternative, but in
some sense weaker, hypotheses, like price—taking behavtich requires a
large number of participants, tire necessity of complete information, can thus
be rejected, at least under laboratory conditions.

Apart fromSmith andWilliams’s [1983] report on aignificant inprovement of

the computerized double auction mechanism, the present paper, in some sense,
completes the experimental work which has been carueduring the first two
decades of experimental economics. So far, experimenters rhasgty
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concentrated on price convergence towards competuaibrium and on
marketefficiency in amore orless stationarenvironment. Participants were
assigned to well-definadles—as buyersellers, ortraders,respectively—and
were privately told specified preferences, mdividual supplyand demand
schemes, regarding to the traded good.

There is nceasyline to bedrawn between Smithd982] experimental design,
as far ascyclical demand or irregular shifts in demaate involved, and the
following experiments iimarkets for multi-periodived assets. However, the
relationship of the latter tests to thosevolving seurity trade, with
state—contingenpayoffs and additionatlegrees of uncertainty, induced by
“asymmetric” or “diverse” information ofraders about future states of the
world, is much closer than to tkarly experiments. In general, sulpsent work

is explicitly built uponmore recent “perfect foresight” or “rational expectations”
theory, rather than on textboakicroeconomics. Note¢hat, in ourterms,
experimental economidlus develops to testing further aspects of«iHayek
hypothesis», as distinct from the first competigegiilibrium, or “information
revehtion”, element ofwhich Smith[1982] statessomething like a standard
version which, if ever, is referred to as “the” Hayek hypothesis in later
contributions.

Forsythe, Palfrey and Plott [1982], Asset Valuation in arExperimental
Market

Aggregation ofl The present paper can be looked upon gigoastudyto
information the wholelot of subsequent testsiilding on “rational
[HH 1, 2] expectations” theory. The authorstaddish a setting
with two orthree types of “investors” whdiffer with
laboratory test by| respect to theidividend schedules for an asseith

oral double aucti two—periodlife and, hence, have different preferences.
tion markets for| Individual payoffs in either ahetwo periods arestrictly
multi-period as- private knowledge. In spite of designating subjects as

sets purely buyers or sellergjl of them are allowed to buy
and sell their initial endowment of two orthree
#:. 8-9 certificates, and to resale thoseat they purchased

before on théwo periods’spotmarkets. In oneut of
five experiments, the periodspotmarket is replaced byfatures marketvhich
is run simultaneously with the period 1 spot market.
There ar@awo additional alterations of standard experimental design: First, there
is an artificial experimental currency whichoisly later converted in dollars, in
order to “finance” initial endowmentsthat are not convertethto reward
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payments. Secondlyhere are n@ommissions paid, sinaadividualscan be on
either side othe market, thukading to an infinite number of possittansac-

tions. When assessirige results, the occurrence of transaction costs is taken
into account, though.

The experimental resulgse interpreted in thigght of aset of hypotheseshich

first are stated formally. Basically, they encompass two alternative presumptions,
namelythat traders either act @rding to“naive expectations”, simplyelying

on their private information oawn payoffs, or exhibit'perfect foresight”, i. e.

buy or sell at the two periods’ maximum valuation of the traded asset.

Results Generally, experimentallata show strong support for the perfect
foresight hypothesis, with prices converging to the predexedibrium level in
second periods’ markets and, lesggidly, in first periods’ ma&ets. Throughout,
price convergence is from below, indicating tlrade starts from somewhat
close to naivexpectationsevel, aswas presumed by the authors. The that
prices seem to adjusightly below perfect foresight predictions could be
explained by imputing minimal costs of trading.

Efficiency, asmeasured by the after trad#ocation of certificates, is vetyigh,
since after one dwo replications almost no unit of asseh&d bythe “wrong”
type of traders. Such quantity convergencenmigch faster with the futures
market, whereas experiencednesgdraflersseems to have nsimilar impact.
The alternative measure efficiency, i. e.actual payoffs agpercentage of
maximum possible payoffs, confirms the above observations.

Plott and Sunder [1982], Efficiency of Experimental Security Markets with
Insider Information: An Application of Rational-Expectations Models

Aggregation off The reported testmark asignificantly new step in the
(asymmetric) in- evolution of experimental economics. Tdugthorsmove
formation under| to examining informationaggregation in laboratory
uncertainty security markets with uncertain, i. state contingent,
[HH 2, 1] payoffs. Explicitly receiving newlyemerged rational
expectations theoryo experimetal economicsthey
Laboratory test by substantially deviate from traditional commodity market
oral double auct design, ahough the authors attempt to create laboratory
tion security marq marketswhich aresufficiently simple. E. gthey abstract

kets from thetime dimension ofctual security markets (or
rather leave it to ForsythePalfrey andPlott [1982]),
#:.9-12 focusing solely ornthe second importadimension of

such markets, namelyncertainty
Therefore, the authoesstablish anarket with one securityywo possiblestates
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of the world, and three groups of trader “types”, eath differing valuations

on the securities per state. Hence, relevant information anhostrictly private
knowledge about individual valuations of thecertificates but, moreover,
information about the underlying state of nature which is randomly chosen. After
some first trading roundserving as training pers, such information igjiven

to someinsider agents whose number and identityest unknown to other
participants. Oneut offive markets is run with less than complettrmation

for the insiders, whereas imll other marketssome traders artilly informed
about the respective state of the world. Inlds market, the authorscrease

the number of the relevant states from two to three.

The results are assessed in light of two alternative models according to
which some hypotheses concerning price behavimafits and market ef-
ficiency are stated formally. Basically, following the predictions of fulygaéng
“rational expectations” (R. E.) theory, pricesequilibrium ought toreveal the
true state of naturebecause participants endogenously condition their
expectations on the price formation process. If theyadp“prior information”

(P. 1.) equilibrium should prevail in which pricesather correspond to the
exogenous expected value of the traded securities.

Results Data from the first market iwhich even insidersvere only partially
informed show littlesupport for the R. BEnodel. Throughout the other markets,
however, prices strongly converge to the Reduilibrium level of eaclperiod.
Whenever R. E. price predictions and Peduilibrium differ, the R. E.model
clearly outperforms the latter. It is wortinentioningthatthis is tothe authors’
surprise because thayitially favoured P. I. hypotheses, as to forecasting the
traders’ behaviour. Even in market 5, with a three—state environment, the R. E.
model applies as readily defore: The markatot only revealghat somestate
hasnot occurred but rather transmitdl information on exactly whattate has
been chosen.

Forecasts of the R. Enodelare also superior to its alternative as far as after
tradeallocation of the securities and the distribution of profits are concerned. In
particular, profits of insiders and tife uninformedagents tend to be equalized
as information spreads and experiencthé marketumdates, thusndicating

that theinitial advantage of insiderganishes with replicatiomMarket efficiency,

as measured by an applicationtloé¢ standarformula adapted to the case of
uncertainty, is very close to 100 per cent, i. e. to the R. E. prediction.

Finally, the authors attempt @ive somemore cluesaboutpossiblesources of
information which might explain whiyneir markets tend to be more accurate in
aggregating andisseminating information durifgter periods of traddesides
occasional curses, laughter, ather signs of emotiorwhich are more ofess
unavoidable in oral auctions, they consideother source of information, as
distinct fromthe pure sequence of previous pac®tes: The markeictivity of
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insiders in earlystages of the marketdicatesthat competitioramong insiders,
evidenceda) bytheir opening bids andsks or (b) by certain “critical” offers
which substantiallyalter the current quotation above or below sOsade” level
at which uninformedagents opened the marketyealsthe actual state to the
uninformed. The more theget used to looking, awaiting, for such
information, the better the market works.
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Smith and Williams [1983], An Experimental Comparison ofAlternative
Rules for Competitive Market Exchange

Revelation of in-{ The experimental design, although appearing to be
formation somewhat outdated at first sight, representsraueable

[HH 1] improvement, as compared to the computerized double
auction experimentgeported by Smith [1982] and
laboratory test by| Williams [1980].

computerized The authors’ main task is to compaakernative rules
double auction governing pricequoteswhen previous offersare still
commodity mar-| standing. Therefore, they complete the als®teofrules

kets (a) to (c) (cf. Williams [1980]) with another queuinde
which they call the “rank queue” institution: Prapgotes
#.8 ought to progress so as to reduce bick-ask spread,

but any subspient offerwhich is less favourable than
the currently standing best one, rather thaimgrejected, is placed in a queue
according to its rank in the price scale, i. e. from highest to |dvie:sir from
lowest to highest ask, respigely. Additionally, queued offersmay be
withdrawn or replaced by the maker at any time.

Results The authors conduct a total of 21 experiments under the founaditer

rules on price quotations, with both experiencediaexperenced participants.
Throughout,supply and demand schedulase basically idental. The 1980
result thatexperience matters &t with computerizedtrade is strongly

confirmed. What is morethe oldtime queue rule carclearly beshown as
destabilizing contract prices, whereas the rank queue institutiorotuirtts be a
powerful means to ensure fast astdong convergence toompetitive price
equilibrium and to achieve high efficiency outcomes.

Forsythe, Palfrey and Plott [1984], Futures Markets and Informational
Efficiency: A Laboratory Examination

48



Aggregation of
information

[HH 1, 2]
Laboratory test by
oral double auc;
tion markets for
multi-period  as-
sets

#: 8

linear in assets held.

Appendix

The present papéwilds much orthe previous dicle by
the same authors [1982], but it focuses on the
comparison of experiments with addition&litures
marketsfor assets with two—periolives to thosewith
distinct spot marketg each periotbnly. Again,there
are several trader typeswith different preferences,
induced by different dividend schedules for either period.
Hypotheses according to eithgraive” (“maximin”) or
“rational” (perfect foresight) expectations (R. E.) are
stated like in the 1982 articl&nlike as in anyother
experiment published so fathe authors use a rather
complicated returrfunction which is essentiallynon-
Sintades camnly occur in integrate discretenits of the

asset, there are a range of prices which support either model.

Results Generally,the naive expectations hypotheses can be rejected for all
experiments iboth periods during later repetitioithey may, to some extent,
apply to earlystages of each market, suttat participants can be regarded as
startingat, orcloseto, naive equilibriumprices prior to acquiringnformation
about otherparticipants’ preferences armaining some experience with their

environment.

The hypothesishat inexperiments with futures markespotmarkets converge
more rapidly to an R. E. equilibriunthan with sequential miegts only is
stronglysupported. It isnteresting tanote, however, that iearly stages of the
experimentsspot prices exhibit a considerably highariability with a futures
market than without them. According to the authors, thotigd,is what is to
be expected if futures markemiblicize existing private information, thus
leading spot prices simply to agust morequickly (see, howeverfFriedman,
Harrison and Salmon [1984] for evidence to the contrary).

Final conclusions on aftetrade allocations of assets and on mar&éiciency
confirm the above main results that (a) the Rmigdel predicts, withgreat
accuracy, market outcomes in the reportegperiments, andhat (b) the
introduction of futures markefscilitates and speeds up convergence to R. E.

equilibrium.

Friedman, Harrison and Salmon [1984], The Informational Efficiency of
Experimental Asset Markets
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Aggregation off The authorsreport on aseries of experiment&hich
information under| were partially run before those described in Forsythe,
uncertainty Palfrey andPlott [1984].They also focus othe role of
[HH 2, 1] futures marketsan price dynamicsand allocations of
multi—period assets. However, thegmbine such testing
Laboratory test by of the time dimension of real world security markets with
oral double auci some additional elements whcertainty as were present
tion security mar4 in the Plott and Sunder [1982] experiments.

kets Inasmuch adraders with strictly private knowledge of
own dividend schedules, or preferencesndd know at
#.9 first what prices will beavailable tothem, there is an

endogenous type of uncertainty in every market. The
authors refer to such uncertainthich occurred inall previous experimental
work but is greatly enhanced in multi-period asseade as rharket
uncertainty. Therefore, they run a first series of experimentsrder to test if
this type of uncertainty can be overcome in a world with one three—pigedd
asset, with three types of agemtkich differ with respect to theidividend
profile over time, and with either three distinct perggbtmarkets or a futures
market for last periods’ asset holdings.
If, additionally,dividends ofthe traded asset are state contingent, anttper
of (exogenous) uncertainty occushich the authors callevent uncertainty
Moreover, if under such circumstances some tradersnémened about the
actual state of nature, whereas others are not, there is what the author refer to as
“insider uncertaintyy Consequently, theget uptwo futher series of experi-
ments, each consisting of a world with or withodtifas marketsiespectively.
Both theseseries are in most respedtientical tothe firstseries’ setting. In
series 2, however, there amo possiblestates orwhich dividendsdepend, in
addition to theirdiffering across trader types and periods. In eagtication,
though, event uncertainty is resolved after the first periddade.This design
resembles the first no—information period$aftt and Sunder’s [1982] tests but
the combinationof event uncertainty, multi—-period assets and a futures market
actually represents a new step in experimental work.
Things are nodifferent withthe series 3 markets where anember of each
group of agents is prately informedaboutwhich state will occur before the
first period oftrade takes plac&xistence of insiders is common knowledge but
non—insiders have no prior knowledgigout theidentity of insiders. Again, the
distinct features chsymmetricallyinformedtraders,multi—periodtrade and fu-
tures markets have never been simultaneously tested before.
As a tool forassessing their resulthe authors compute a setprice and
allocation predictions for each of their markets, based (a) onipfoomation
vs. rational expectations (R. E.) models and, as a further distinction with respect
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to the latter, (b) on either strong forefficiency (“perfect foresight”) or
semi—strong form efficiency (“uninformed rational expectations”) concepts.

Results Two predictions of the authokghich come from theory were gerally
supported by previousxperimental work, namely that market ouwome
converges to stronger—formformational efficiencyandthat the presence of a
futures market speeds such convergence. Broadly speaking, these predictions are
confirmed bythe reporte@éxperiments withtwo egeptions: Foreach first
period in the second series, there wasnfiarmation atall availableabout the
underlyingstate of natureBearing this in mind, it i:i0t surprising to see the
respective prices converging to tHaninformed” R. E. level only,thus
indicatingthat tradersondition theirbeliefs on méaeet prices whichthen reflect

all private, butnot complete, information. Such price behaviour, of course,
cannot be overcome by the introduction of a futures ma8extondly, in the
final series, first periods’ prices asell remain at thissemi—strong form
efficiency levelfor most of the replications as long as there is no futures market.
However, insideinformation is leakedout rather quickly, as indicated by
convergence o$pot prices to perfect foresiglaquilibrium levels, if afutures
market is established.

After tradeallocations of certificates correspond to the above statements, and a
more rigorous statisticadnalysis ofthe resultyields nofurther insight. The
findings on theinformationalrole of futures markets, however, deserve some
more interestUnlike Forsythe,Palfrey andPlott [1984], the authorsbserve

that presence of a futures market only enhancesfficiencybut stabilizesspot
markets or reducespot price volatility. The theoretical justification is clear,
although there is a strong controversy in botkitics and economicabout it:
When futures markets are open, markets are nma&ly complete and more
information is availableHence, the authors attribute the oppositeirfigs! of
Forsythe et al. to their traders’ inexperiencedndssh was not isolated there

as a single treatment variable.

Banks [1985], Price—conveyed Information versus Observed Insider
Behavior: A Note
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Aggregation of| In his comment, thauthor points to a source pbssible
(asymmetric) in{ misintepretation in both previous tests arformation
formation under| aggregation under uncertainty. Flott and Sunder’s
uncertainty [1982], aswell as inmost of Friedman, Harrison and
[HH 2, 1] Salmon’s[1984] markets, thenformation structureis
fixed in that thesametraders arenformed in almost
Laboratory test by every period.

oral double auct Hence, the strong support for thetional expectations
tion security marqy (R. E.) model in either experiments couldnss| be due

kets to theability of initially uninformed participants to guess
the identity of informedtradersand then to simply use
#. 12 this knowledgeabout the isiders’ identities, as opposed

to gain price—conveyed information from the market.
Attempting to overcome this problemhe author conductsraplication of one
of the Plottand Sunder experiments (with one security, thossiblestates of
the world, and three types of traders). Timajor alteration is with the
informationstructure suchthat iformed traders are chosen at randomefch
period of tradeand thecombination ofthe informed mostly differs from one
period to another. Ainor alteration concerrthe auctioning institutions where
an “improvement” rule for subsequent offers, as compardtetooutstanding
best offer, is established.

Results The results of the neexperimenbasically confirmthe observations of
both Plottand Sunder andriedman et al. regarding price ndynics and
efficiency of the marketsAgain, R. E. predictionglearly outperform prior
information forecasts whenever thdiffer. However, the conclusions drawn
from the ratio ofinformed traders’ profits to thaininformedtraders’ profits,
namelythat the ratiodeclines to values ned00 per cent as the informed
become able to learthe state from markeirices, is weakened/ariability of
the ratio hadessened &t by constanthaltering theinformationstructure, and
final periods’ values remain abotbose of the previous test8lthough the
markets become in some sense mewealingover time, thdixed information
structuremay haveoverstated such revelatioespecially inPlott and Sunder’s
setup.

Copeland and Friedman [1987], The Effect of Sequential Information
Arrival on Asset Prices: An Experimental Study
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Aggregation off The present paper represents the firgport on
(asymmetric) in-{ computerizeddouble auction trade in a more qaex
formation under| environment, with (three types offraders having
uncertainty different preferences and withncertainty about the
[HH 2, 1] actual state of nature (owoait of two).Besideshe task
of replicating earlier results undéhe conditions of
laboratory test by| automated trade, the authors focus tao treatment

computerized variables: In each of their experiments afat all
double auction ser participants, event uncertainty is resolved during each
curity markets trading period. However, information arrives eitlser
multaneouslyat all paticipants, orsequentiallyat one
#.9 group of trader type after anoth&econdly, theontent

of informationis either homogeneous in thall par-
ticipants receive“good news” (state 1) or “badnews” (state 2), or
heterogeneous in that it differs across trader types.
Additionally, the authors attempt to observe thiguence of what theycall
“nuisance variablesAll participants of the computerized trade are trained in
someinitial pilot experiments. Nevertheless, the procedsarhing during each
experiment has to deken into account, at least as far as some distinct features
of its stationary repetition are concern@dditionally, the authors consider an
alternative payofprocedure irwhich a subjectvould no longer earn substantial
profits even if he refused to transact, krdeives onlytrading profits” instead
(Note that, in a sense, this means reintroducing commissions).
The authors use three competing concepts to predict pabaviour and
allocations irorder to asess their data: tHally revealing (“telepathic”) rational
expectations (TREhypothesis whicltorresponds to strong formfiefency of
the market, the ordinary rational expectatig@fRE) model as aveaker, or
semi-strong form, variant of the former, and the (prior) privébemation(PI)
equilibrium in whichtraders wouldnot condition their blefs onthe market's
process at all.

Results Analysis of experimental @ence clearlysupports thatational ex-
pectations predictions outperform private information forecasts, as regards price
convergence and allocation of certificates. FurthermoreT Rt model turns

out to besuperior to ORE predictions as far as price behaviour is concerned,
allocation forecastsbeing no different. Inaccordance with the authors’
presumptions, thénuisance” variables have no observable impacthese re-
sults. Hence, they concludleat neither learninghor thepayoff method matter

with experienced subjects.

Results regarding the treatmewdriables on whichthe experiments focus
contradict the authors’ predictions to some extent, though. In adviuege,
suggested thattional expectations predictions would significantly better in
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simpler enviroments, i. e. with simultaneous or homogeneaoigmation, than

in the informationallymore heterogeneous settings. However, their tests detect
only insignificantly “better” price and allocation convergence in the former
cases. To their surprise, thdind trading volume sudiantially higher in
environments with simultanes information arrival whichcontradictsall theo-
retical concepts thepuild on. Totheir thinking, this indicateshe need for
further development of concepts such“Bayesian” and“dynamic” rational
expectations as a foundation for new experiments.

Plott and Sunder [1988], Rational Expectations and the Aggregation of
Diverse Information in Laboratory Security Markets

Aggregation of, The authordliscuss three series (A—C) ekperimental
(diverse, but col{ marketsall of whichshould have performeidientically
lectively complete) according to rational expectations (R.E.) theory:
information under| Basically (inseries A), single securities with one period
uncertainty lives and statecontingentdividendsare traded between
[HH 2, 1] individuals with different prefeences andvarying

expectations about the underlying state of nature.
laboratory test by|  pitferent expectationare induced bpartially revealing
oral double auct the actual state to traders, such that participantatply
tion security mary pold diverse information(oneout ofthree states isot

kets occurring), whereas the market as a whotmiapletely
_ informed.
#.8-12 In series B, the single security is replaced lopm@plete

set of state contingent claim#/hereas in series C, traders’ preferences are
equalized by payinglentical (i. e. onlystate contingentlividendsfor asingle
compound security, again.

The results arexamined inthe light of three competingnodels of security
behaviour: The(fully revealing) R. E. equilibriunvs. the "priorinformation”
equilibrium and thé'maximin” model whichare used alsenchmarks against
which to evaluate R. E., or “as starting points in dynamic models of formation of
rational expectations”—a subject the authforally havenot aconclusion, but

only a mere conjecture about when assessing their data.

Results For reasons that reim ultimatelyundiscovered, the series A markets
generallyfail to meet R. Eprice predictions. Furthermore, they lasfkiciency

as measured by effective vs. possible gains traae and, hencéhey do not
successfullyaggregate the diversaformation. R. E. predictions about the after
trade allocation of certificates and about profit distribution seem to hold, though.
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As far as the series B and C markets are concerned, thenidgl clearly
outperforms the alternatives al regards. These results with a compkaté of
“Arrow—Debreu securitiesbeingnot somuch of asurprise, the authors discuss
the role ofidentical preferencesr, more geerally, of some knoledge about
other participants’ preferences for tipgoaess of information aggregation and
the operation of R. E. principles.

Smith, Suchanek and Williams [1988], Bubbles, Crashes, and Endogenous
Expectations in Experimental Spot Asset Markets

Aggregation off More than inall previouswork, the authors are in-
information under| terested in thgrocess of price adjustmeiiself. Their
uncertainty experimental design has some characteristics by which it
[HH 1, 2] focuses solely on the adjustment of the participants’
expectations about thencertainstate of the world: In
laboratory test by| each market, there are thrédasses” oftraders who

computerized differ with respect to theiinitial endowment but not
double auction ser with respect to theipreferencesTraders are allowed to
curity markets trade in units of a single asset with one—pelifedvhich
is to yield dividendsontingent on oneut offour pos-
#:9-12 sible states of the world. There i prior information

to anyone on which state will actually occur, though.
Hence, the first objective in testing rational expectations theorydstémmine
whether in suclenvironment, agents would engage in tradingllaiThe second
objective, giventhat trading occurs, is to characterize the obsenacke
adjustment paths.
The authors run a total of twenty—two markets (withatervention, or
disruption, by the experimenters), mostwdfich with theseidentical features,
involving bothinexperienced and experienced subjects. Sortlteexperiments
encompasgorecastingof next period’smeanasset price, with forecasts re-
maining private knowledge.

Results The first result ighat inducing different private dividend values on
traders isobviously not anecessary condition fathe observance of trade
activities. Even if it is common knowledgfeat identical probabilisticlividends
are to be paid on asdamldings athe end of each period, exchang@metimes
in large volumepccurs. Nonethelesall experiments with experiencéxhders,
and most of those witmexperiencedraders converge to “nea(lininformed)
rational expectations predictions prior to the tagting period. Expectations
seem to be adaptive, and adaptatmrer time is to rational expectation
equilibrium outcomes when “fundamentals” remain unchanged.
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However, only four of the reported marketgll using experienced subjects,
provide strong support for theational expectations model ithat prices
constantly correspond tustainable expectations on ass¢tirns. In 14 cases

of which 9 involved experienced subjetite market was charaadisd by price
bubbles followed by crashes relative to intrinsic dividendeslThis occurred
even if experienced participants didt expect the pasbility of a bubble from
earlier participation.

Statisticalanalysissupports thehypothesighat such price behaviour is due to
excess demand arising from homegrown capital gains expectations afigalan
period of price depression (probably caused by risk avenmsiaoh turn out to

be unsustainablever time. The collapse tendsftdlow a thinning of demand,
and is characterized by a trading volume which is snthber thevolume during

the bubble phase.

The forecasting experimenggenerallyshow a tendency to over—predioean
prices and turiout tofail to predict abrupt increases, or decreases, in price and
both upper and lower turning points of prices. Moreover, forecast® to be
highly adaptive, with changes from one period to anob®ing significantly
related to forecast errors in previous periods. However, there are some agents
who exhibit a highdegree of forecasting accuracy and, hence, tend to earn more
money. With experiencéough, participants tend to converge to common (and
sustainable) dividend value expectations as behavioural uncertainty decreases.
In a later contribution, King et al. [1993Fkport on asimilar series of
experiments involvinghortsales, margin purchases (i. e. vothrrowedfunds),

a brokerage fee and some further alterations. In spite of their assuthptitg

any of thesemeans bubbles should Isgnificantly shortened and dampened,
they findasset prices robustly deviating framtrinsic values—at least as long as
subjects areot experienced by participating in tlegperimental markets once
ore even twice.

Forsythe and Lundholm [1990], Information Aggregation in an
Experimental Market
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Building onPlott and Sunder [1988], the authors try to
identify conditions underwhich the “rational ex-
pectations” (R. E.) modesuccessfully predicts equi-
librium behaviour of markets with a singlstate
contingent security, different preferencedrafiers, and
diverse but collectively completenformation

In order togive R. E. predictions a better chance, they
alter the experimental design significantly: Besides
increasingthe number oftraders in each markethey
make all market parameters—includinthe differing
dividend scheduleseemmon knowledgand require all
traders to participate in markets two consecutive

nights, thus securing that participantsexperiencedduring the second-night

sessions, at least.

In a first series of markets, treuthorsadditionally rotate payoff schedules
between trader types so that eaelsamdamiliar with all such schedules in use.
This feature is dropped in a secosdries while, in a third series, even the
common knowledgeroperty ofindividual dividends i®mitted. In a fnal series,

common knowledge is re—establishbdt
randomly determined fronone period to the nexAgain, the

each tradergayoff schedule is
results are

interpreted in thdight of three alternativenodels forexplainingthe traders’
market behaviour: R. E. vs. “prior information” and “maximin” hypotheses.

Results Giventhe alterations of markeesign as represented iy first series,

the authors conclud¢hat an R. E.equilibrium can be obtained aingle
compound securities markets, with tradédding diverse information and
different preferences. Evidence fradhe second-night markets shaWwat the

R. E. model clearlyoutperforms either exogenousfarmation model in
predicting both prices and afteadeallocations. The corresponding first—night
results indicate, thougthatsome degree of experience is necessary, in addition
to the common knowledge dividendsor, more generally, ofthe set of other

traders’ preferences.

The counter—experiments in the third series stimtexperience alone, without
common knowledge, is alsmot sufficient to achieve R. Eequilibrium. With
experienced traders amdmmon knowledge however, it ot necessaryhat
tradersactually use other tradergayoff schedulespor thatthey knoweach
individual trader’s payoffs. Furthermorethe experience required must not
necessarily barawn from thesame parameteset orfrom identical market

design.
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Copeland and Friedman [1991], Partial Revelation of Information in
Experimental Asset Markets

Acquisition  and| Apart fromusing acomputerizediouble auction market
aggregation of, design, the authors conduct @xperiment which is
information under| rathersimilar totheir own [1987]work, i. e. there is no
uncertainty common knowledge about the (different) state
[HH 3, 2, 1] contingent payoff schedules of other tradef@rmation
on the underlying state of the world iggiven either
Laboratory test by sequentially orsimutaneously to thalifferent types of

computerized traders, as dimguished by different dividend schedules.
double auction se- Furthermore, the authodsstinguish betweetwo kinds
curity markets of markets where the state of nature esther
homogeneous or heterogeneous for all types of traders.
#.9 The main difference ihat in abouhalf of their markets,

there is a non—computerized (seal@d) auction for
advance informatiomn the respective state of natamed on owrpayoffs,that
is, before securityrade opens: Auniform prices (equal tthe fourth highest
bid) the three highest biddeasonymously receive eorresponding message,
whereas other traders are only informed about the price of such information.
The maintask of the paper is to compareewly proposed “partially revealed
expectations” (PREmodel tothe more currenhodels of“fully revealed”
(FRE) or “non revealed” (NRE) private information, as regards the prediction of
price behaviour and allocations on the experimentdtetear
In a further article, Copeland amdiedman[1992] concentratexclusively on
the eight market#volving endogenous decisions on information acquisition.
There, theyapply anotheranalyticaltool, namelysome basiconcepts of recent
gametheory, to the same data.

Results With regard to forecasting securities prices, the HBRothesis
significantly outpeforms the alternatives, whereasfails when other features,
namelythe allocation of securities and, abadle the price andllocation of
purchased information, are focused.

According to the FRE model, the priceioformation should have beeero in

any case. The PREmodel predicts zero information prices for the
“homogeneous” markets, agell, sinceall information can bainamliguously
inferred fromthe security’s pricewhen sometraders becoménformed. For
informationally “heterogeneous” environments however, it predicts positive
information valueghroughoutany trading period because the correspondence
between observable trading behaviour #imel actual state of nature is not
precise. These forecasts are best met by etk@erimental resultswith
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information prices generally tending fal from one trading period to another,
but converging to zero only on markets with homogeneous payoff states.

In their 1992 article, the authors pomiit that inthe FRE case, in the NRE
case, and in the simple (prior) “private information” c#se predictedialues of
the price ofinformation eacltorrespond to Naskquilibria in an “information
purchase game”, whereas the PRé&del, as they see it, has secificcontent
in this framework. Hence, it is now the NRE modhlch is comparatively more
accurate in forecasting prices and allocations of purchagedation in more
complex environmentdApart from that, the interpretation mot significantly
altered.
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Davis and Williams [1991], The Hayek Hypothesis inExperimental
Auctions

Revelation of in{ Building onpreviouswork by Holt,Langan and Viamil
formation [1986], the authors return to anformationally rather
[HH 1] non—complex problem, focusing dhe occurrence of
strategic behaviourin simple goods tradewhen all
Laboratory test by information about supply and demand schedules is

computerized strictly private. Therefore, theget up an environment
double auction ang with “seller market power”, i. ewith the possibility to
posted offer | increase the market priasilaterally through strategic
commodity mar-| withholding of supply.The experimentare conducted
kets with both inexperienced and experiencedigpants.

The main interest of the authorBes with comparing
#: 5-10 strategic behaviour, market prices andraoted gains

from trade undealternative trading institutionsThus,
they repeat their experimefa) on computerizedouble auction markets, (b) on
computerized postedffer markets, andc) like (b) butwith buyer behaviour
simulated by the coputer.

Results The results of the reporteskperimentsare notquite clearcut: On
either market, the authors observe sa@eation from competitive eqibtium
prices in the directionwhich ought to be expectedthen sellers swessfully
exercise some markgbwer. Under the posteaffer institution which isless
favourable for buyers who hawaly the option of purchasing et purchasing,
mean pricegend to behigher than uder double auction ruleEfficiency, as
measured by gains frotrade, isgenerally highthough, but on the postexfer
markets, itobviously takes more time, or trading periods, dohievelevels
above 90 %.

The mostpuzzlingfeature of the results is thahdependent of the respise
market institutions, there lgtle evidencefor strategicsupply withholding. All
the samesincethere are alternativerays to exercise sellenarket power, the
authors areainable to determine to whaktent the supposed relation to market
prices above the competitive equilibrium level holds.
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O’Brien and Srivastava [1991], Dynamic Stock Markets with Multiple
Assets: An Experimental Analysis

Aggregation of, With the intention“to make information aggregation
(diverse) informa-| difficult”, the authors choose a rats®phisticated
tion under uncer{ experimental design which ingmratesmultiple assets
tainty with two—periodlives and several arbitrage relationships.
[HH 2, 1] Payoffsare state contingent buniform across traders,
according to a payoff schedul&hich is common
laboratory test in| knowledge, whereas th€uniform) rate by which

computerized experimental cash will later lm®nverted into dollars is
double auction se privately told to eachirader. Thusgachtrader knows
curity markets but his own preferences. Informati@bout the
underlying state of nature innounced torandomly
#: 12-16 chosen subsets of traders, so that tragevately hold

diverse informationand the market as a whole can be
either completely or partially informed.
The trading rules in theeportedexperiment deserve some further interest: The
authors combine “rank queuing” with a strictlypinding improvenent rule
governingall price quotations, sucthat any subsequenbid (ask) must be at
least asigh as(no lower than) the outstandihgghest bidlowest ask). Once a
market clears at the currently highbst (lowest ask), théid (ask) queue is
flushed completely. Either rule precludesiaof potetially relevant information
from being transmitted to other traders.
Finally, the authorsestablish a complicatedechanism irorder to ensureisk
neutrality by which cash prizesrecompletely equalized amoniaders,and the
risk of losses—as usual in labtmy markets—is removed, thugeakening a
trader’s incentive to use market information frdise

Results Unlike as inmost of previousxperimentawork, theresults indicate
that even afterseveral replications, there is no convergence'futly” or
“partially” revealing rationaéxpectations (R. E.) prices, at least as fdfis’
periods of trashg—with a more complex environment tihat there are two
periods’ state contingent dividends to be computed—are concerned. Since this is
independent of the question whether markets as a wholecoanpletely
informed omot, the authorsoncludethatinformation aggregation, as predicted
by R. E. models, doesot perform verywell in compar#éively more complex
settings. Especially for first periods, the alternative “priorformation”
hypothesis works much better when compared with actual market prices.
With all arbitrage relationships holding asthndard testeing unable taletect
the source ofinformational inefficiency,the authorsiltimately lack any
explanation for suclfailure. In some sense, theyay betrapped in with the
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complex,but ratherartificial, experimental design and witle incentivesystem
they installed on their own account.

DeJdong, Forsythe, Lundholm and Watts [1992], DoPrices Convey
Information?

Aggregation of| Stated briefly, the present paper reports orcam-
(asymmetric) in-{ puterizedreplication oftwo ofthe Plottand Sunder
formation under| [1982] experiments, I. eests onrational expectations
uncertainty behaviour oftraders whodiffer with respect to their
[HH 2, 1] preferences when theye theyfacing wncertainty about
the actual state of nature, or asymmetricallynformed
laboratory test by| about it, respectively. Besides comparing resdtsm

computerized oral to computerized auctiortfie authorsexperimental
double auction ser designdoes not ganuch beyond Copeland and Fried-
curity markets man’s [1987], though.

Their maintask is toexamine to whaextent theout-
#: 12 come of earlier experiments tfat kind was dependent

on the richerset ofinformation which is unavoidably
transmitted in oral double auction, as compared to automatic trading institutions
whereprice information alonas availableThus, computerized trade provides a
more rigorous test orational expectations (R. E.) models accordingvhich
traders condition their beliefs on market prices only.

Results The comparison of both oral and computerized double auctions
generallysupports the R. Ehypothesis, asvell as confirming earlier seilts on
characteristics oautamatic trade: Inthe latter, market prices aatlocations
clearlyconverge towardsational expectationsquilibrium levelsdbut the process

of convergence tends to beuch slower, although there is sstantially more
trading per period (sed/illiams [1980]). Nevertheless, thesiferences which

can be observedhile informationspreads and prices asagljusting have no
effect onfinal allocations and on profits of informed traders.
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Sunder [1992], Market for Information: Experimental Evidence

Acquisition  and| Building much on the previous work by Plott and Sunder
aggregation ofl [1982, 1988], the authomoves toexaminingmarkets
information under| where recipients of information are no londetermined
uncertainty exogenously, and information is no longer costless.
[HH 3, 2, 1] Thus—with some similarites to Copeland and
Friedman's [1991] experiments—, he completes the
laboratory test by| 1988 design of a security market with an additional
oral and computer; market for informationabout the uderlying state of
ized double auct nature. He reports otwo series of experiments (A, B)
tion security marq in which eitherthe price of information or theumber of

kets traders who are allowed to buy information are fixed.
In the series A(fixed number)markets, traders are
#: 8-12 invited to submitsealed bidsfor the purchase of in-

formation. The four highest bidderscegse information
at the fifth highest price which is then made common knowledge.
In the fixed price markets (serie8), theprice of information ioublicly an-
nounced at thdeginning of eaclrading period. Thewumber oftraders who
actually boughtinformation is communicated in most of these markais, in
some of them it i1ot. Forobvious reasons, thieentity of buyers is never
revealed.
As a benchmark for assessitige results, the author usesfdly revealing”
expectations (FREnodel whichimpliesthat information, although it isocially
valued, has no private value. dhy one tradebuys information, it will be
revealed toall market participants and everyondl vbenefit equally from it.
Hence, there is no (persisting) incentive to purchase information at any price.
Alternatively, he considers a “noisy” rationapectations model iwhich prices
do notfully revealthe purchased information, thusoaling informedtraders to
recover their costs ohformation acquisition. It isvorth mentioningthat in
double auction markets, there is room for saobkt reovery, even if market
prices ultimately reveadll information tothe uninformed, becausthere is no
unique asset price during each trading period.

Results Evidence fromthe reporte@xperiments showthat in theseries A
markets, with the sygly of information heldconstant, the behaviour of both
asset and information markets converg®esards the predictions of the FRE
model: The price of informatiodrops close t@ero, as the assetarket—in
terms of asset prices, after trade allocations and neffleeency—converges to
the FREequilibrium. The distribution of net (afost of information) profits
across traders tends to be equal.
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In the series B markets wiftxed prices of information, however, theHaiour

of asset prices corresponds rather to predictions of “tloesy” rational
expectations model: Informativeness aefficiency are lower, i.e. the
convergence of market prices to FREels iserratic, and th@umber of buyers

of information fluctuate®ut shows no tendency towarksro. Gross profits of
the informed traders aregenerally highebut their net profits are $tdically
indistinguishable from the profits of the uninformed.

The fact that, fosome periods, in series B markets convergence to a “wrong”
price occurs, i. e. to a pridhat corresponds to a wrong state of nature, is
particularly interesting: In most of these casdlapformedtraders after selling
their initial endowment become inactive, ati@ uninformed who ardrying an
information free ride—or, “théblind leadingthe blind"—arrive at awrong
conclusion.
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