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Abstract

Asymmetric distribution of information, while ommgsent in real markets, is rarely
considered in experimental economics. We study ldreéhformation about imminent future
dividends can abate bubbles in experimental assekets. We find that markets with
asymmetrically informed traders have significandgnaller bubbles than markets with
symmetrically informed or uninformed traders. Herfcedamental values are better reflected
in market prices — implying higher market efficigne when some traders know more than
others about future dividends. This suggests thbbles are abated when traders know that a

subset of them have an edge (in information) oveers.
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1 Introduction

In the wake of the bursting of the U.S. housinglidel2007 and the global financial crisis
it caused, bubbles and especially the role thatdens — i.e., subjects with information
advantages — play in the formation of such bubhbage come under increasing scrutiny by
regulators and academics alike. In this paper, wamée how bubble formation and
asymmetric information — where some traders knowenadout an asset’s fundamental value
than others — are related to each other. Wheneagers know that a subset of them have an
edge over the others (in terms of knowledge abauasset’s fundamental value), strategic
behavior of informed traders (who compete to maiditable trades, thus revealing their
information) and uninformed traders (who might gelieade in order to avoid exploitation)
should lead to more efficient prices. The main higpeis of our paper is therefore the
conjecture that asymmetric information on asseketarcan abate bubbles.

We will test this conjecture in an experiment talidws to control carefully for traders’
information about the fundamental value of an assatcondition that can never be met in
real markets, as traders will be unwilling to dise or unable to properly assess the quality of
their information relative to that of other trade@ur main finding is that asymmetric
information of traders about an asset’s imminetiri dividends (one or two periods ahead)
reduces the magnitude of bubbles significantly.sTtesult is mainly driven by traders
anchoring their willingness to buy and sell moresely on the expected future dividend
payments and hence pushing the market price iditbetion of an asset’s fundamental value.

Our main hypothesis is largely motivated by a deliathe law-and-economics literature
on insider regulation that forbids insiders to &razh their supreme informatiérGenerally

speaking, this debate addresses the issue of adyimmméormation and market outcomes.

! Interestingly, until 1933 insider trading was lega all major stock markets. However, in the wakéhe great
Depression the Securities Exchange Act of 1934wauttl insider trading in the U.S. Other nationsofod

suite and today insider trading is illegal on a#ljor markets.



The trade-off discussed with respect to insideditrg, in particular, is between efficiency and
fairness (see Easterbrook and Fischel, 1991, ott,St@08, for surveys). One camp of the
debate, mainly based in the field of law, arguekdep up the ban on insider trading, as
otherwise the market would be unfair, i.e., allege of fraud could flourish. Proponents of
the “efficiency-camp” point out that when insidene allowed to trade on their information
prices will be closer to reflect a fair value oétstock, which would benefit especially the less
informed, since information would be introduced maguickly into the market in this
situation* While we will not be able to finally resolve thisng-standing dispute, our more
modest goal is to provide controlled laboratorydevice on the impact of asymmetric
information on bubbles in asset markets.

Our experimental design builds on the seminal pap&mith, Suchanek, and Williams
(henceforth SSW, 1988). Their design has the cdemémproperty of persistently producing
bubbles, i.e., serious mispricing, when inexpemehsubjects trade. The abatement of
bubbles can thus be linked to treatment changespif2ethe fact that the development of the
traded asset’s fundamental value over time is comkmowledge in such experimental asset
markets, the literature that followed SSW (1988) tlacumented that bubbles are robust to a

plethora of modifications of the original SSW-desiglo date, trader experience has been

2 Milton Friedman, Daniel Fischel, Henry Manne, daftomas Sowell have been among the most outspoken
supporters of the “efficiency-camp”. They claimttiasider trading based on material nonpublic infation
benefits investors, in general, and therefore lgiss informed traders.

% None of the following factors has been found tevent bubbles: short selling (King et al., 1993ru¥g and
Noussair, 2006); buying on margin (King et al., 3P9using call markets instead of continuous double
auctions (van Boening et al., 1993); adding a jpelredarket with a short-term asset that exists dalyone
period (Lei et al., 2001); keeping the fundamemtdlie constant over time instead of letting it dexlas in
SSW (Noussair et al., 2001); precluding speculakigrprohibiting buyers to resell the asset andesglto
buy it (Lei et al., 2001); asking participants fxpectations about future prices (Haruvy et alQ70or
running the experimental markets with professidnadiness persons (SSW, 1988; King et al., 1993¢. Th
evidence is mixed for introducing a futures mar&eingside the spot market (see Porter and Smit95,19

and Noussair and Tucker, 2006).



identified as the only robust factor that moderdwelsbles in these markets. Exposing traders
repeatedly to a stationary market environment regllmubbles to the extent that prices track
fundamentals very closely when traders are twiqeeggnced with a given market setting.
Dufwenberg et al. (henceforth DLM, 2005) have shotat even a small fraction of
experienced traders in relation to inexperiencegsmuffices to reduce bubbles considerably,
such that prices in markets with a mixture of eigered and inexperienced traders are not
different from markets with twice-experienced tnadenly. This result provides a second
motivation for our main hypothesis, namely that ldes might be abated whenever traders
know that a subset of them have an edge over otédrite in DLM (2005) the edge concerns
the level of experience in such markets, we hymitleethat asymmetric information about
imminent future dividends can have the same effgath situations seem to capture realistic
features in markets. Similar to the claim of DLMO@B) that real financial markets are
characterized by a mixture of experienced and ieggpced traders, we argue that there is
heterogeneity across traders on real markets wgperct to their knowledge about the future
development of an asset’s fundamental value.

While the influence of asymmetric information had been explored in the SSW-design,
so far, insider trading has been studied experiatignin different contexts, of course. Plott
and Sunder (1982) have examined the predictive pa@iveational-expectations models in
markets where some traders knew the return of aperied security before trade opened,
while other traders did not. In a rational expaotat equilibrium, trading prices are expected
to reveal the return also to uninformed tradersabse in equilibrium prices must be
consistent with individuals’ expectations about #ttual return when they face those prices.
In fact, Plott and Sunder (1982) find that the fimarkets considered in their paper converge

relatively quickly to the prices implied by a ratad expectations equilibrium. However, Plott



and Sunder (1982) do not examine the formationutdbbes and whether or not asymmetric
information distribution leads to larger or smalbetbbles, as will be the focus of our stddy.
Schnitzlein (2002) has explored the influence ofnasetric information on market

efficiency and trader profits in an experiment thas been motivated by a theoretical model
of Kyle (1985). In this model noise traders andainied traders interact with dealers who can
bid in a first-price sealed-bid auction for traddigy or sell orders. Schnitzlein (2002) finds
that when the presence of insiders is not discloseatbalers then insiders use the timing and
size of orders to hide their information from themnd thereby generate positive trading
profits. When the presence of insiders is known petition between them drives prices
quickly to the efficient level. A key difference tour setting concerns the fact that in
Schnitzlein’s (2002) experiment dealers (the ummied traders) are not allowed to submit
buy and sell orders. Hence, it is impossible in design to examine how informed and
uninformed traders differ in their limit and marle@ters and how uninformed traders might
try to avoid exploitation through informed tradeby placing cautious orders only.
Furthermore, since noise and informed traders omke orders that can be accepted by
uninformed dealers in Schnitzlein (2002), it iscatsot possible to analyze how informed
traders accept other traders’ orders, and whichstygd orders they place. Since real markets
can be expected to have informed and uninformetétsainteracting with each other in both

submitting and accepting orders, our design widvalfor that®

“In principle, Plott and Sunder (1982) also haveadm how quickly prices converge to (rational etpgons)
equilibrium when all traders in a market know therent period’s returns. However, they are not répg
any comparison of the speed of convergence withnsstmic or asymmetric information (which would also
be much harder in their design since it is a wisbjects design and they have only five markatgyather,
making it hard to control properly for possible ergffects).

®> A recent paper by Bloomfield et al. (2009) haodtsoked at the interaction of uninformed and infed
traders in experimental markets. Their design sedaon a model by Hong and Stein (1999) and they ar
particularly interested in whether uninformed tnadare responsible for short-term momentum trading

long-term reversals. In fact, this seems to becttse, however for different reasons than in HorthStein’s
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As a short preview, our design has the followingrelsteristics and yields the following
results: Based on a control treatment of the SSy¥;tywhere no trader has advance
knowledge of a stochastic dividend’s realizationthie future, we set up one treatment in
which we inform each trader at the beginning ofaaling period about the asset’s dividend
realization at the end of the period. We find thalbbles — i.e., the difference between market
prices and fundamental values — are reduced intriségment. In three additional treatments
we implement asymmetric information distributioms.the first of these, half of the traders
have no information, while the other half know theidend realization of the current period.
In the second one we increase the asymmetry byidingvone third of traders with the next
two dividends, one third of traders with the nekiidend, while one third of traders do not
know any future dividend in advance. The asymmerypublic knowledge in these two
treatments. The third treatment with asymmetriorimfation is a replication of the second
one, except that traders are not informed abouasyenmetries, but are only told their own
information level and that other traders might héive same or a different level, without
specifying that further. This latter treatment s&snas a check whether public knowledge
about the degree of asymmetric information hasiarpact on bubble size. We find that all
three treatments with asymmetric information redbobbles to the same degree and that
asymmetric information causes market prices toidpaifecantly closer to fundamental values
than in the control treatment or the treatment withhmetric advance information.

In section 2 we introduce the experimental desigmore detail. Section 3 presents the
experimental results and analyzes the reasonshmrsimaller bubbles if information is

asymmetrically distributed. Section 4 concludespaper.

(21999) model, since uninformed traders turn oubeéorather contrarian traders than traders thatlaasing
trends. Bloomfield et al. (2009) do not focus, thluon the determinants of bubbles in particular am the

effects that the symmetric or asymmetric distribatdf information might have.



2 Experimental design
2.1 Basic market structure

We set up an experimental asset market in whichtags# a virtual company can be
traded? Holding an asset generates a stochastic dividieedrs. In each period the asset pays
a dividend of either 0 or 20 experimental currenoyts (ECU) with equal probability. The
actual dividend in a particular period is the sdoreall assets that can be traded. Eanket
consists of three rounds, and eactnd in turn has ten tradingeriods. A trading period lasts
120 seconds. Trading is organized as a continuoudld auction with open order book.
Subjects can buy and sell any quantity of assetenghe limitations of their asset inventory
and cash endowment, i.e., neither are loans prdvibe is short selling allowed. Cash and
stock holdings are carried over from one periodh® next within a given round. At the
beginning of a new round of ten periods the inveagsoare reset to the initial starting levels.
This means that an asset’s life-span is ten per®utee no “buy-out” is provided for holding
an asset at the end of period 10, assets are essthl the end of a round. This feature of the
experimental design implies a declining fundamengdlie within each round. The expected
dividend is 10 ECU per period. Assuming risk nditirathe fundamental value is given ky
x 10 ECU, wherék indicates the number of periods remaining. An s$endamental value
is, therefore, declining from 100 ECU in periocdb110 ECU in period 10.

Each experimental market consists of six tradensed of these traders are endowed with
3,000 ECU and 10 units of the asset at the beginoireach of the three rounds. The other
three traders receive 1,000 ECU and 30 stockseastdwt of each round. Hence, traders’
endowments are identical in expected value. Allléra are accurately informed about the

dividend generating process of the asset (seexierienental instructions in Supplement A),

® The design of the market and the parameterizatiene adopted from DLM (2005).



in particular about the expected value (in termdigvidends) of holding the asset for a given

number of periods.

2.2 Experimental treatments

Our five treatments differ with respect to the &exl knowledge about future dividends:

1)

2)

3)

TreatmentCONTROL. None of the six traders in a market knows anwrit
dividend. Hence, when trading in periodstarts, the realization of the asset’s
dividend for period is unknown. Only when trading stops after 120 sdsahe
dividend becomes known to all traders and tradeecsive the dividend for each
asset they hold at the end of periodn the following, we speak of information
level 10 for traders ifCONTROL.

TreatmentSYMM. When trading in period starts, all traders already learn the
dividend that the asset will pay at the end of qubti. Yet, traders have no
information about the actual dividends in periads t. The information about
periodt’s dividend is symmetrically distributed in thigatment, and we refer to
information levelll for all traders inSYMM, because they know one dividend
realization in advance.

Treatment ASYMM1. This treatment is characterized by an asymmetric
distribution of information. Specifically, each rkat consists of three traders
with information levellO and three traders with information levél Hence, three
traders know the dividend of peridét the beginning of periagl while the other
three traders have no such information. Informatemels are randomly assigned

to traders at the beginning of the experiment amdain fixed for the entire 30

" This treatment may be reminiscent of Porter anitt8sn(1995) design where each asset paid a fixadumt

for sure after each period, implying that tradems also symmetrically informed by knowirajl future

dividends with certainty. We have a much more kujtand probably more realistic, case in mind where

traders know at best the short-term future cashsflof a longer-lived asset.



trading periods. Traders know their own informatiewel and the distribution of
information levels, but they do not know the infation level of a particular
trader who has posted a bid or ask.

4) TreatmentASYMM2. Here we increase the information asymmetry bythicing
three different types of traders with respect tirtinformation about the asset’s
future dividends. The distribution of informatioa common knowledge. Two
traders get to know the dividends in periadsdt+1 before trading in periotl
begins. We call this information levé2. Two other traders have information
level 11, while the remaining two traders have informatiewvel 10, knowing only
that the asset will pay with equal probability OEGr 20 ECU in periodl.

5) TreatmentASYMM2 _ni. This is exactly a®ASYMM2, except that traders are not
informed about the distribution of information lésxeEach trader is informed
about his information level and is told that theesttraders might, but need not,
have different information levels. Hence, tradersow that asymmetric
information might be present in the market, buytten’t know more than that.

Table 1 summarizes the distribution of informatievels in the five treatments.

Comparing the relation of prices to fundamentalgalinCONTROL and SYMM will allow
examining whether bubbles can be abated if trakieosv an asset’s dividend already when
they are buying and selling it in a given periaa.bloth CONTROL and SYMM traders are
symmetrically informed, though. Comparif@ONTROL to ASYMM1 allows examining
whether some informed traders in the market infbeebubble formation. A comparison

betweenSYMM and ASYMML1 should be especially interesting, ass¥MM all traders have

8 In theASYMM2- andASYMM2_ni-treatments it is ensured that one of the two tiadéth a given information
level has an endowment of 3,000 ECU and 10 staoidthe other one of 1,000 ECU and 30 stocks. Hence
the endowment is balanced within and across infaomdevels. Recall that the different endowments a

identical in expected value.



information that is known to only half of the tragsen ASYMML1. Furthermore, keeping the
median information levell{) constant, a comparison 8¥MM to ASYMM2 (ASYMM2 _ni)

and of ASYMM1 to ASYMM2 (ASYMM2_ni) will reveal whether the stronger asymmetric
information distribution implemented IASYMM2 (ASYMMZ2_ni) has an effect on bubble
formation. Finally, comparind\SYMM2 to ASYMM2 _ni allows examining whether common

knowledge about the distribution of informationngortant for the size of bubbles.

[ Table 1 about here]

2.3 Experimental procedure

Before conducting the experiments, we drew randambequence of 30 realizations of
the dividend (of either 0 ECU or 20 ECU). We thesated a second sequence by “mirroring”
the randomly drawn sequence, such that in eacbgdéne dividends in both sequences were
different? Finally, we fixed these two sequences of divideadd used them in six markets
each in each treatment (see Supplement B). Thisedtoe of pre-determining dividends in
single markets was chosen in order not to confquossible differences across treatments by
different realizations of the dividends in the fiveatments.

Traders’ computer screens were also identical adrestments. During a trading period
traders were informed about their endowment in casth stocks, the future dividends (if
applicable), the current period’s trades, and fenoorder books for bids and asks. The prices
of trades were also shown in a graphical chartffse¢rading screen in the instructions, given

in Supplement A). At the end of each period, trad&w a history screen with details on their

° If the dividend in period was 0 ECU (20 ECU) in sequence 1, it was 20 ECBQQ) in period of sequence
2.



endowment, this period’s closing prices and thaiactividend, a trader’s total dividend
earnings from this period and the mean priceslgdralious periods in a particular round.

We ran 12 markets in each treatment, yielding altof 60 markets, in which 360
undergraduate students at the University of Inrdbparticipated. None of the students had
any prior experience in market experiments and rtwack been introduced to the literature
initiated by SSW (1988). The recruitment of papaits was done with ORSEE (Greiner,
2004), and the experiment was computerized witheeT(Fischbacher, 2007). Each
experimental session was run with 18 participagisiding three independent markets per
session), and the average duration of a sessionagpsoximately 90 minutes. Average

earnings were 24 Euro (about 36 Dollars at the tifitee experiment).

3 Results
3.1 Bubbles and (a)symmetric information

Figure 1 presents the main insight from our expenirby showing the development of
average prices in the five treatments. Recall ¢élaah market consists of three rounds with 10
periods each. The broken grey line represents tezage price in the 12 markets of
CONTROL. As is typical for the SSW-design, there is a redridifference between the
average trading price and the fundamental valud,tha difference is typically increasing
within a given round of 10 periods, but decreasawjoss rounds. The solid grey line
represents treatme8YMM. Bubbles are slightly smaller &¥MM than inCONTROL. Most
importantly, all three treatments with asymmetricformation ASYMM1, ASYMMZ2,
ASYMMZ2_ni) have considerably smaller bubbles, meaning thaep track the fundamental
value process much better thartGONTROL andSYMM. The difference betweeé®¥MM and
ASYMML is patrticularly interesting since the informatieet of all traders iISYMM is a strict
superset of traders’ knowledge ASYMM1. Despite this fact, prices IASYMM1 are much

closer to the fundamental value than $WMM. It is also noteworthy that the median
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information level inSYMM and ASYMM2 (ASYMMZ2_ni) is identical, but bubbles are much
smaller inASYMM2 (ASYMM2_ni). Thus, the asymmetric distribution of informatiseems

the crucial source for the smaller bubbles.
[Figure 1 and Table 2 about here]

We measure bubbles by the asset’s overvaluationf@lmv Stockl et al. (2010) who
have introduced the Relative DeviatioRD) as a robust measure that can be used for

comparison across different treatmefifBhe relative deviation is defined as follows:

RDm,t = (a - FVm,t )/W (1)

m

RD in periodt of marketm is the average difference between the averageangrice of

period t (Pm’t) and the respective fundamental valb¥,; normalized by the average

fundamental value of market I(FVm). For example, aRRD-value of 0.2 indicates that prices

are on average 20 percent above the fundamentad rathe respective periad

For the regressions reported in Table 2 weRIB&an percent as the dependent variable,
with positive values indicating overvaluation, a@@NTROL as the benchmark treatmént.
We employ a linear panel regression model with mtackusteram = 1,..., 60. In addition to

the treatment effects, we correct for autocorrefeti (by including the dependent variable,

1% The measure is robust, among others, to variationthe number of periods, the determination of the
fundamental value and the variation in dividends. details see Stdckl et al. (2010).

' Note that all results and significances would renthe same when alternatively the difference éégs and
fundamental values had been taken, bec&iBeonly makes a linear transformation. Furthermohs t
regression in Table 2 uses the average trading prithin a given period for calculatingD. Using the
weighted average price instead (weighted by the baunof stocks traded for a particular price) yields

qualitatively identical results.
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lagged by one periodRD(-1)), a time trend (period taking values 2,...,10), and dummies

for rounds 2 and 3. The model is estimated by amifeast squares (OLS), pooling all
observations. To account for potential correlationghin each market and potential
heteroskedasticity across markets, the robust atdnerrors of Beck and Katz (1995) are
employed throughout this analysis.

One can see from model “Base” of Table 2 that caleration is weakly significantly
smaller in SYMM than in CONTROL. The effects of asymmetric information about the
dividend realization on the level of overvaluatiare highly significant, however.
Overvaluation is about 8 to 11 percentage poiM&idn these treatments thanGONTROL,
where it is on average 27.4 percent of the averhgelamental value. Comparing
overvaluation in each asymmetric treatment to oadeation in SYMM shows that it is
(weakly) significantly smaller in the asymmetriedtments in two of three cases (two-sided
Wald-tests comparinggYMM againstASYMM1 (p = 0.044),ASYMM2 (p = 0.249), and
ASYMM2 ni (p = 0.085)). However, the more refined “Extended”dmloin Table 2 will
provide evidence that — when controlling in mordadefor dividend realizations and
autocorrelation — the overvaluation BYMM is significantly larger than in each single
treatment with asymmetric information. In the nembsection we will discuss the Extended
model more extensively.

The other independent variables included in the s&Bamodel of Table 2 show
qualitative results that are fully consistent wipnevious findings (e.g., DLM, 2005).

Overvaluation decreases across rounds, i.e., witinerease in experience. There is also

12 Note that there is no significant difference irepxaluation between the three treatments with asgtmien
information. If, as a consequence, one would ugedemmy for asymmetric information in the Base-niode
of Table 2 (instead of three dummies for each tneat with asymmetric information), this would yiedd
significantly larger overvaluation iIBYMM than in the asymmetric treatments. The extendedehwonfirms
this main difference between the set of all asymimdteatments andYMM on the level of each single

asymmetric treatment.
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strong path dependence, as overvaluation in theique period has a positive effect on

overvaluation in the current period.

3.2 Further details on trading behavior

In order to explain our main result establishethi previous subsection, we examine in
this subsection trading volume and trading timeshenmarket level as well as contingent on
single traders’ information level, and ultimately vanalyze how single traders’ knowledge
about future dividends is reflected in prices, thaxgealing information to uninformed traders.

Table 3 presents data on trading times acrossniezds. The average time to trade
(averaged over the timing of all trades within aegi period) is shortest IGONTROL (64
seconds), but longest RSYMM2 (68 seconds). Similarly, the average time untd fhist
trade within a period is shortest @ONTROL (18 seconds) and longest ABYMM2 (29
seconds). Hence, the asymmetric information seemsake traders more cautious in striking
deals, especially at the beginning of a periodsTdaills for a closer examination of trading

behavior contingent on traders’ information levels.

[Table 3 and Table 4 about here]

Table 4 presents key trading data for traders diiflierent information levels in the three
treatments with asymmetric information. First, weenthat there is a difference with respect
to the number of posted bids and asks across iafttomlevels (see panel [A]). In general,
traders with information levdD post more limit orders than the informed trad@tse better
informed traders make significantly more marketeosgd meaning that they accept standing
bids and asks more often than the less informeadktsa as can be seen in panel [B]. The
volume of trades shows no clear pattern and hanajysignificant results (see panel [C]). The

evidence presented in Table 4 thus suggests teabdlter informed traders are the most
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aggressive ones, trying to exploit their informatib advantage as quickly as possible by
placing market order$.If this is, in fact, the case, then we should obsea significant
reaction of prices to the information availablettaders who know the current (or next)
period’s dividend realizatioH.

In the specification “Extended” of Table 2 we examiwhether the information about
period t's dividend affects overvaluationRD in percent) in the treatments differently.
Therefore, we fit a panel regression that includéiseffects from the basic model and
additionally treatment-specific dividend informati@and treatment-specific autocorrelations.
In particular, we include dummies for each treattheneasuring the effect of dividend
realizations of zero (see the interaction term$wtUM_DIVO) on overvaluatiorRD. We
expect a strong decrease in overvaluation in peradfda dividend of zero, since especially
traders who are informed about the dividend redimain treatmentsSYMM, ASYMM1,
ASYMM2 andASYMMZ2_ni may have a dampening effect on prices.

One can see that there is no dividend effect (durroyv_DIVO) in the CONTROL
treatment while all interaction terms willJM_DIVO are significantly negative in the other
four treatments. This indicates that market prioesct strongly to dividend information,
especially in the negative direction when the divid of the current period is zero.
Furthermore, the autocorrelations differ clearlyoas treatments: In the control treatment,
prior deviations are propagated into the next penmuch more strongly than in all other
treatments. In particular, the asymmetric informatireatments have a significantly smaller
autocorrelation thalCONTROL and SYMM (p < 0.05; two-sided Wald-tests). Using joint

Wald tests of all three treatment-specific effects&e can, first, show that the size of

13 Similar findings have been reported by Bloomfietdal. (2005).
% In addition to prices reflecting information, weouwld expect traders with better information to teiacthe
quantity of their stocks to their information abal¢ dividend, and this is what we find. When tradeith

14



overvaluation is significantly smaller i8YMM than in CONTROL, meaning that advance
knowledge about this period’s dividend reduces g < 0.05). However, in a second step
we can show that the overvaluation in each singlatinent with asymmetric information is
significantly smaller than irSYMM (two-sided Wald-tests again&SYMM1: p = 0.005,
ASYMM2: p = 0.052,ASYMM2_ni: p < 0.001). This latter result confirms the centrelight

of our paper, i.e., that asymmetric information @hassets reduces bubbles. Consistent with
this main finding is the fact that there is no #igant difference in overvaluation across the
three treatments with asymmetric informatipn=(0.18; Wald-test).

Given that informed traders try to exploit theifarmation (which is then reflected in
prices), a final look at traders’ behavior condiab on their information level seems
warranted. Uninformed traders try to protect thdueseagainst the informational advantage
of the better informed ones, e.g., by posting nimds and asks themselves, as we have seen
above. If the informed traders reveal their priviafermation and if uninformed traders learn
to infer this information from prices, this shoudd visible in the difference between opening
and closing prices in each period. Whenever theend is 20 the closing price should be

higher than the opening price and vice versa wherdividend is zero.

[ Table 5 about here]

In a final analysis we explore this relationshighathe results presented in Table 5. We
set up a panel regression model for each treatesgrarately with 12 cross-sections (markets)
and 30 observations over time (periods) each. Tifierenhce between the closing and the

opening price in each period serves as dependeabl@aandPERIOD and a dummy for the

information levelll or 12 know that periodt’s dividend is 20 ECU, they increase their stockdimmys

significantly, but decrease it when the dividenéiswn to be zero.
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periods with a dividend realization of zerDUYM_DIVO) serve as dependent variabfes.
Hence, withDUM_DIVO we measure the difference of closing to openingeprin relation to
periods with a dividend of 20 (constant). From plositive constant in treatme@ONTROL
one can see a general trend of increasing pricéiseitourse of a period when no dividend
information is revealed during a period. Howevaen, all treatments with asymmetric
information the impact of precise dividend inforinatfor a subset of traders is visible, since
all coefficients ofDUM_DIVO are significantly negative with a magnitude raggirom -3.4

to -9.8. This indicates that informed traders gorsiwhen they see a dividend of zero at the
beginning of a period which has a dampening effeqgbrices. Hence, closing prices are lower
than opening prices when a dividend of zero is pautl in treatments with asymmetric
information. We can thus conclude that the privatermation of better informed traders
becomes publicly known through trading over therseuwof each period, leading to more
efficient prices in settings with asymmetric infation!® This pattern of decreasing intra-
period prices with a dividend of zero is also Misilin SYMM, but when looking at the
intercept of the regression one can see the médferahce to the treatments with asymmetric
information. With a value of 7.8 the intercept &fMM is much larger than in the other
treatments as traders compete for high dividendneays and thus drive prices up in the
course of a period. This effect is much weakerr@atments with asymmetric information,

since only a subset of traders competes for thie tilggdends.

15 All other independent variables which are includedable 2 are excluded from this analysis sifmytare
insignificant.
' In line with this finding, we find no significandifferences in returns between traders with différe

information levels in the three treatments withraeyetric information (Wilcoxon signed ranks tests).
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4 Conclusion

This paper has focused on the question whetherrasyic information about imminent
dividends can abate bubbles in experimental asadtats. We have found that experimental
markets with asymmetrically informed traders hamdact, significantly smaller bubbles than
markets where all traders have the same informaflfdms holds even when the overall
amount of information in the market is larger ire taymmetric distribution cas&YMM
versusASYMML1). Hence, fundamental values are better reflectadarket prices — implying
higher market efficiency — when some traders knoaremthan others about the future
prospects of an asset. This is even true when xhet alistribution of information is not
common knowledge (idSYMM2_ni), a condition that reflects most real-world masketost
appropriately.

We think that our main result offers an interesting to an earlier result by Dufwenberg
et al. (2005) on how bubbles can be abated in 8\&-8esign. They have shown that bubbles
decrease when traders know that some of them Hawadg gained experience in such a
market setting. Thus, it seems that bubbles aréedbahenever traders know that some of
them have an edge over the others, be it in poperence or more information about the
current dividends. In our case, we argue that oainmesult can be attributed to strategic
behavior of traders in ouASYMM-treatments: Traders with no information trade more
cautiously to avoid exploitation by informed trasleilherefore, they frequently post limit
orders to earn the bid-ask spread. Informed trattgréo hide their information by acting
mostly through market orders. However, better imied traders are the more aggressive ones
and they react to dividend information, which yeldtra-period prices to go up (down) when
the dividend is 20 (zero). Therefore, informatidntlte informed traders gets revealed over
time and prices track fundamentals much closer th&@ONTROL. In contrast, in Treatment
SYMM all traders know the dividend realization of therent period and hence compete for

the dividends by bidding up prices when the divdiezalization is 20.
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If these results are somewhat indicative for whegtgens in real markets, they can be
taken as evidence that bubbles are probably lks$y/lin real markets than in SSW-style
markets with symmetric information, as real markaets always characterized by asymmetry
in information and opinions — otherwise no tradeuldchappen. Our result also contributes to
the debate in the law-and-economics literaturehenpros and cons of insider regulation. In
general, our results support the position of regeas who question very strict insider
regulation. Asymmetric information seems to mitgabubbles, supporting the line of
argumentation of, e.g., Milton Friedman and Dakiskchel who claimed that letting insiders
trade freely is beneficial to market efficiency.iFs not to say that disclosure requirements
on real markets should be reduced to create mgrarastric information and thus mitigate
bubbles — since providing information is key to keds being efficient (Fama, 1970) — but
that asymmetric information itself is good rathieart bad for market efficiency. It is unlikely
that stricter disclosure requirements would creedectly symmetric information across all
traders, and hence our results should not be rerpirdted as favoring less disclosure. Given
that the asymmetry in information has been fountiddhe key factor in abating bubbles in
our result, it remains a (tough, but in case ofceas surely rewarding) question for future
empirical research whether bubbles in real marketge been related to the degree of
asymmetry in the distribution of information amamngrket participants. For instance, it could
be possible that the degree of asymmetry wouldediffetween developed and emerging
markets, and that this could have consequencdbéddikelihood and size of bubbles in such
markets. However, as we have argued in the inttezhycit seems very hard to quantify
asymmetric information on real markets, and theeefae have resorted to a controlled
experiment to provide evidence on the influencea®fmmetric information on bubbles in

experimental asset markets.
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Tables and Figures

Table 1. Summary of treatment conditions

# traders with information level

Treatment 10 11 12
CONTROL (N = 12) 6 - -
SYMM (N = 12) - 6 -
ASYMM1 (N = 12) 3 3 -
ASYMM2 (N = 12) 2 2 2
ASYMM2_ni (N =12) 2 2 2

Notes: |10 stands for traders with information level zero wieve no
information on the realization of the dividend hmetcurrent period.
Traders withl 1 already learn the dividend of the current petiatl the
beginning of period, whereas traders with 12 are informed about the
dividend in periodg andt+1. N indicates the number of markets run
for each treatment. In each market we have 6 tsadera fixed
matching.




Table 2. Differences in overvaluation conditional on treatment and dividend information

Dependent variableRD (relative deviatior Base Extended
in percent
Constant 27.43%* 22.66***
(8.87) (5.80)
SYMM —4.99* 9.88**
(-1.74) (2.29)
ASYMM1 —10.83*** 3.07
(-3.68) (0.72)
ASYMM2 —8.36*** 11.88***
(-2.84) (2.71)
ASYMM2_ni —9.97*** 8.88**
(-3.42) (2.04)
DUM_DIVOQ 0.39
(0.09)
DUM_DIVO * SYMM —21.22%*
(-3.35)
DUM_DIVO * ASYMM1 —14.61**
(-2.30)
DUM_DIVO * ASYMM2 —26.29%*
(-4.20)
DUM_DIVO * ASYMM2_ni —20.75%**
(-3.26)
RD(-1) 84.28*+* 99.20***
(43.24) (32.33)
RD(-1) * SYMM —9.79**
(-2.48)
RD(-1) * ASYMM1 —25.50%**
(—4.45)
RD(-1) * ASYMM2 —21.10%**
(-4.27)
RD(-1) * ASYMM2_ni —30.71xx*
(-5.87)
PERIOD —1.63*** —1.74%**
(-5.01) (-5.23)
ROUND2 —3.73%** —4.70***
(—-4.64) (-5.06)
ROUND3 —6.68*** —7.65***
(-5.62) (—6.15)
R2 72.23 77.11
AIC 195.48 -93.72
N 1590 1590

Notes Panel regression witinarkets as cross sections (60) and periods (30psarvation
over time. Dependent variableD: is the average difference betwdba average market pr
of periodt of marketm and the respective fundamental validg,;, normalized by the avere
fundamental value of the mark&&YMM, ASYMM1, ASYMM2 and ASYMM2_ni (where th:
realization of the dividend of the current perisackhown toall traders, half of the traders, ¢
two thirds of the traders, respectively) serveraatment dummies — hencbeteffect of th
baseline treatme@ONTROL is incorporated into the interce@UM_DIVO indicates perioc
with a dividend of zeroRD(-1) is the dependent variable lagged by one peR&tRIOD runs
from 1 to 10 within each round afRDUND2 andROUND3 are dummiesor rounds two ar
three, respectively. AIC is the Akaike informatiariterion with lower valuesndicating :
better goodness of fit of the model.

The model is estimated by ordinary least squar@sS§Oro account for potential correlatic
within each market and potential heteroskedastaitpss markets, the robust standard ¢
of Beck and Katz (1995) are employed throughowt éimalysis.

* xx xxek gignificant at 10%-, 5%-, 1% level,

z-values are included in parenthesis
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Table 3. Average trading time and time of first trade

CONTROL SYMM ASYMM1 ASYMM2  ASYMM2 ni
Avg. trading time
(in sec.) 63.8 65.1 67.4 6739 65.3
Avg. time of first
transaction (in sec.) 17.8¢d 23.58 24.3 29.7 22.8

¢ pairwise comparison yielgs= 0.05 (Mann-Whitney U-test, two-sided=24).
® pairwise comparison yielgs= 0.07 (Mann-Whitney U-test, two-side=24).
¢ pairwise comparison yielgs= 0.05 (Mann-Whitney U-test, two-sided=24).
4 pairwise comparison yielgs= 0.00 (Mann-Whitney U-test, two-sided=24).
All other pairwise comparisons yiefdvalues larger than 0.1, and are not reported tiailde
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Table 4. Trading behavior conditional on information level in treatments with

asymmetric information

Information level

10 11 12
[A] Average number of posted bids
and asks per period and trader ASYMM1 4.2 3.0} -
ASYMM2 3.1 2.7 2.7
ASYMM2_ni 3.8 2.7 35
[B] Average number of market
orders per period and trader ASYMM1 1.8 2.7 -
ASYMM2 1.2 1.6 1.9
ASYMM?2_ni 2.0 2.4 2.1
[C] Average number of assets
traded per period and trader ASYMM1 6.5 7.1 -
ASYMM2 5.4 5.7 6.3
ASYMM2_ni 9.0 6.9 7.8

a
b
c
d
e

pairwise comparison yielgs= 0.03 (Wilcoxon, two-sided\=24).
pairwise comparison yielgs= 0.06 (Wilcoxon, two-sidedy=24).
pairwise comparison yielgs= 0.06 (Wilcoxon, two-sided\=24).
pairwise comparison yielgs= 0.08 (Wilcoxon, two-sidedy=24).
pairwise comparison yielgs= 0.06 (Wilcoxon, two-sided\=24).

" pairwise comparison yields= 0.06 (Wilcoxon, two-sidedy=24).

All other pairwise comparisons yiefdvalues larger than 0.1, and are not reported tiailde
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Table 5. Regression on the intra-period difference between closing and opening prices

Dependent variable: Closing price minus openingepri

CONTROL  SYMM ASYMM1  ASYMM2  ASYMM2 ni

Constant 4.51 777 1.62 44T 2.16

(1.118) (3.008) (0.727) (3.057) (0.628)
DUM_DIVO 0.54 —7.90%% 343k _gD23wx  _Q gk

(0.447) (-3.333) (-3.264) (-5.141) (~4.037)
PERIOD —1.35%% 120 _Q71%  —(.81% —0.21

(-2.862) (~2.545) (-2.279) (~2.740) (-0.573)
R? 0.05 0.08 0.04 0.06 0.09
AIC 8.52 8.97 8.08 8.67 8.35
N 360 357 358 347 357

Notes: Panel--regression for each treatment segpar&lependent variable: Closing price minus opgnin
price in period. DUM_DIVO indicates periods with a dividend of zeRERIOD runs from 1 to 10 within
a round. AIC is the Akaike information criterionttvilower values indicating a better goodness obffit

the model.

The model is estimated by ordinary least squaréSJOTo account for potential correlations withizch
market and potential heteroskedasticity across etsrkhe robust standard errors of Beck and K&a5)L

are employed throughout this analysis.
* xx xxk significant at 10%-, 5%-, 1% level;
z-values are included in parenthesis
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Figure 1. Average trading prices of each treatment in comparison to the fundamental value
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