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Abstract We investigate the formation of market prices in aew experimental setting involving

multi-period call-auction asset markets with statedependent fundamentals. We are particularly

interested in two informational aspects: (1) the rde of traders who are informed about the true

state and/or (2) the impact of the "~ cec‘e *° frfecfe —'tTf—fe "~ —Gperfdent —oi o—f—:

fundamental values (BFVpto all traders. We find that markets with asymmetrcally informed

traders exhibit smaller price deviations from fundamnentals than markets without informed

traders. The provision of BFVs has little to no eftt. Behavior of informed and uninformed

traders differs in early periods but converges ovelttime. On average, uninformed traders offer

2™t Sc%St" Zcoc— V<. te fete§lAT—FFeecodtmiLtf " [T istatecs 0% ‘T O
0, f-btate) markets. Informed traders earn superior prdits. The precision of market price

forecasts is impeded by the presence of insiders.

JEL classificationC92, D47, D53, D82, G14

Keywords Experimental economics, asset markets, information@symmetries



1. Introduction

Financial markets are characterized by pronounced fiormational asymmetries. This is
particularly true in times of market uncertainty following economic turbulences or in
the wake of stock market launches (IPOs). Althoughsider trading is prohibited by law

in all prominent financial markets, insider information is often a prominent cause of
informational asymmetries! Given that the allocative efficiency of a market acially

depends upon the correct pricing ofts assets, insider trading could theoretically be see
as a positive. The more information the market pricereflects, the higher is the
informational and thus also the allocative efficieng of a market. As insiders potentially
bring critical information to the market, the proponents of insider trading presume

potentially positive effects on market efficiency. Pponents of the regulation of insider
trading, however, counter that the integrity of firancial markets is at stake, when no
barriers on insider trading are imposed?

In this paper, we study asset-price formation and the consequences ofsider trading in

a new experimental setting involving multi-period asses in an environment with

uncertainty about market fundamentals. Specificallyywe consider the existence of two
possible states of nature. We compare price formatioin markets with and without

insiders that have information about the true stateWe investigate to what extent our
financial markets are informationally efficient and fow informational asymmetries (due
to insider information) impact market-price formation. Swch an investigation would
hardly be possible (if not impossible) on real marketgrounds, due to the blurry nature
of underlying securitiesi ~ f Z -antl sthe uncontrollable and incalculable information
distribution among market participants. In the experiment we can control the
information available to market participants and thesecuritiesi ~— s« T f « . Adttforigh

the expectation formation of market participants remans difficult to grasp3 we can
explicitly control the informational asymmetries between market paticipants, including

the number of informed participants (henceforth alsoinside traders or insiders) relative

to the uninformed (henceforth also outside traders or outsiders We neither claim nor
aim to resole the debate between proponents and opponents of irder trading

regulation but strive to fuel the discussion with he provision of new experimental
evidence.

1 Bris (2005) even finds by using acquisition data from 52 countries betweernl990 and 2000, that the
introduction of laws that prohibit insider trading increases the occurrence and profitability of insier
trading.
2 In the ongoing debate, to date, neither efficiencyor fairness and equity arguments can mutually
persuade the debating parties (Bainbridge, 1998; Bhman and Hagerty, 1992).
3 How the available information disseminates through e market and is processed by the individual
traders to build individual expectations remains a temendous source of uncertainty. It resembles Keyise
(1936) "<t ™ "~ _St e_* e of”et— fe fimDwhightraders. dre-more goncerned about the
beliefs of others than about their own valuation baed upon all available information. As good as the
experimenters can control for the market parameters, as bad they canontrol the endogenous beliefs of
participants about other participantsi , S f TNgussair and Plott, 2008).
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Since the seminal paper by Smith et al. (1988) (henfmth, SSW) countless studies have
investigated common stock valuation in experimental sset markets with multi-period
assets characterized by declining fundamental value§~Vs) However, relatively few
studies consider informational asymmetries. If (expaemental) markets are efficient, the
market value should equal the risk-adjusted presenvalue of the rationally expected
future financial benefits conditioned on all availdle information. Asset price changes
should only occur when new information is brought ito the market, which changes
expectations about the income stream (Shiller, 2003)Deviations from fundamentals, if
at all, should be only temporary until the risk-adjsted expectations converge. Such kind
of markets would approximate what Fama (1970), the oginator of the efficient-market
S>"*—Stece a ... f ZZ7Z1tHoweler,«<SSWttypedrarkets predominantly resist
showing efficiency and persistently exhibit bubbles which hardly can be explained by
differences in preferences or risk aversion. The aerved bubbleand-crash
phenomenon is found to be strikingly robust to changs in the experimental
environment.* The only factor that fairly reliably impairs this widely observed pattern is
experience (in the sense of repetition)Dufwenberg et al. (2005) have shown that even a
fraction of experienced subjects in an experimentaiarket is sufficient to reduce the
occurrence of bubbles. However, this seems to holdnly if the market environment
(initial endowments and dividend structure) remains unchanged during the trials
(Hussam et al., 2008).

On the basis of Dufwenberg et al. (2005)Sutter et al. (2012) hypothesize that, in
addition to experience, an asymmetric distribution & information f,'—— fe feef—Te
imminent future dividends among the participants mightserve to reduce mispricing, i.e.,
the magnitude of bubbles. They conjecture that the nradriver of this alleviating effect
might be the common knowledge of the existence of ket informed or experienced
traders. Implementing a SSW framework, they find infonation asymmetries to
significantly reduce the size of price bubbles, imging higher market efficiency.
Moreover, they do not detect a significant differece in profits between traders with
different information levels. However, in an earlierstudy, King (199) finds no evidence
for asymmetric distribution of information to eliminate price bubbles in a SSW
environment. In his study informed traders, likewise, could not capitalize their
informational advantage through higher profits; theywere just able to recoup the costs
for the acquisition of the private information?

Another experimental literature strand studies asymméric information using an

approach different from SSW. It is based on one-pged Arrow-Debreu assets with state-
contingent and trader-type dependent dividends,and in the cases where insider
information is investigated, asymmetric distributions of state information (e.g., Forsythe
et al. (1982; 1984) Plott and Sunder (1982; 1988), Ang and Schwarz (193, Camerer

4 See, e.g., King et al. (1993 orter and Smith (1994), or Palan (2013) for comprehesive and salient
reviews of tS+ S 'f"cete—f2Z 0,—,,ZEd an ovérlifw-of "bubble definitions see, e.g., gl
(2003).
5 Unlike the work of Sutter et al. (2012), which use randomly assigned and free private information, Kig
(1991) investigates costly private information thatis auctioned off before the markets start.
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and Weigelt (1991), Sunder (1992), Friedman (1993)Ackert et al. (1997),and Ackert
and Church (1998)). The studies in this literaturestrand focus on the test of thegrior
information equilibrium pricing prediction model 6 versus the dully revealing
rational-expectations equilibrium prediction model 6 . Both prediction modds will
be explained in more detail in Section 3 below. Inusnmary, this literature strand shows
that markets are generally able to aggregate informa&n quite successfuly. Pl
predictions seem to be aood benchmark for trades in earlier repetitions of tle market,
whereas the RE predictions appear more accurate imter repetitions. Plott and Sunder
(1988), for example, argue as follow§i 0 f—<‘'efZ £8't..—f—<'ee ... fo f ofte
static theory of markets (e.g., in the efficient markt literature in finance) or as an end-
o= T f trefec.. f=S " fTE—e—ete—46 & ssrv

Our experiment is novel in that i combines both literature strandsand introduces state-
dependence in the SSW frameworkin our new framework, insider information is
defined as the knowledge of the state. The aim of ouwstudy is to analyze how
informational aspects, including the existence of inside knowledge, influeree price
formation and market performance.

In our experiment, the dividend paid by an asset, irach of 15 periods, has four possible
values and is the same for all traders. However, gach period, the dividend is stochastic
and its distribution function depends upon one of two possik# states of the world. In
other words, the state determines the probabilitieswith which the respective dividends
are drawn. The &tate of the world 6is determined at the beginning of the experiment
and stays the same over all periods. Traders genelaldo not know the state but are
informed that the probability of each state is 50 pecent. This is the prior belief, which
determines the ex-ante expected fundamental value tiie assets. Based on the observed
dividends during the experiment, this belief can beipdated according to the method of
Bayes, resulting in ex-post expected fundamental uas (BFVs) of the assets. In some of
the experimental markets informational asymmetry is eshblished via a random
assignment of cost-free information about the stateat some inside traders.

In this framework, we investigate how information is processed and disseminated
trough market prices. We are particularly interestedin two informational aspects: (1)
the role of traders who are informed about the truestate (insiders), and/or (2) the
impact of the '”*“<ec‘e ‘7 frfecfe — T f—Fe '~ —Gperfdentfundamertal
value to all traders. We compare the outcomes in mkets where two traders with
insider information about the actual &tate of the world Gare present (and the presence is
common knowledge) to the outcomes in markets without ay insider information.
Additionally, in half of the markets with insiders aad half of the markets without
insiders, we provide all traders in everyperiod with updated BFVs In all four resulting
treatments & —' o..."——<scoet —"ftTE"ei [, «ZepPcoFoelK f—F . —~otel |
issue in financial markets, we elicit ' f T 1 &xpectations about the future market prices
at the beginning of each pend and provide monetary incentives for the accuracy of
their predictions.



Our main results are surprising in that, in all treéments, we find bubbles to occur rarely,
even though all traders are inexperienced and haveever participated in a market
experiment before. Markets with asymmetrically informed tradersexhibit smaller price
deviations from fundamentals, suggesting higher markeefficiency. The provision of
BFVs has little to no effect. Behavior of in- andutsiders differs in early periods but
converges over the course of the markets. On averggee find outsider limit buy/sell
Mete = L F Z°™ME" S$(% ST <o —$EiOPet T6—-OfitfSe «f S ZT Zfeo
assets in 0 %o * -gtate 0, f-btdte) markets compared to insiders. Insiders manag&
exploit their superior position and are able to ean higher profits. With regard to price
expectations, we find forecasts and actual market mes to be highly correlated.
Forecast precision, however, seems to be impeded hyet presence of insiders, while the
provision of BFVs seems to have no impact on the gitglof the forecasts.

The remainder of this paper is structured as follows Section 2 presents the
experimental market design and describes the experimeal procedures. Section 3
introduces two behavioral models and provides testale hypotheses. Section 4 reviews
these hypotheses in the face of the experimental relts. Section 5 gives a summary and
concludes.



2. Laboratory Markets and Experimental Procedures

We conducted the computerized experiment in the Gétigen Laboratory of Behavioral
Economics at the University of Goéttingen, Germany,abed on the z-tree softwae
package (Fischbacher, 2007).

A total of 240 subjects participated in40 markets with six traders, each. Participants
were student volunteers recruited for a decision-makg experiment via ORSEE
(Greiner, 2004). All participants were Bachelor orMaster Students in business
administration or international economicsat the University of Gottingen and thus ha
some background in economics.

Each subject assumed the role of a trader in an assenarket. Six participants
(henceforth traders) participated in a market lastig 15 periods Each experiment
session involved two or three independent marketsAt no time, traders did know the
identity of other traders in the market. A market lasted 15 periods and involved trading
in call auctions (for buying and selling) in each g@riod.

The experimental sessions were conducted in two past In the first part, risk
preferences were elicited using lottery choices fédwing Holt and Laury (2002) (see
Appendix A for more details). Trading in the call-action market took place in the
second part. For both parts traders were given detked written instructions. For the first
part, written instructions were individually provid ed. For the second part, instructions
were read aloud in a briefing room and supplementety a presentation of screenshots
which included all screens traders encountered durig the experiment. Instructions and
screenshots of the program are provided in the Appatix C. The whole process before
the call-auction market started lasted on average aut 45 minutes. During the entire
session traders were not allowed to talk to each ber.

2.1. Characteristics Common to All Sessions

At the beginning of each experimental market each tder is endowed with 10 assets
and 10,000 ECU working capital. We have chosen toopide the same endowment to all
traders to prevent trading merely due to the desireto realign portfolios. King et al.
(1993) found no significant effect of equal endowmets on bubble formation. Each
tra T 1 " initial endowment in ECU is large enough to buy dtast a quarter of the other
—"f1TE"ei feet—e <atnitaf fmtamental values. Short sellingis not permitted.
The initial working capital has to be repaid at theend of the market session. " f T 1”17
asset and working capital holdings are carried ovefrom one period to the next.

Prior to the trading stage, at the beginning of ed&cperiod, traders have to state their
expectations about the prospective market prices othe present and all subsequent
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trading periods. Thus, each trader has to state irach period P D : s asaya total of
:sXF P forecasts. To create an incentive for participantso care about forecast
precision, participants are rewarded (in ECU) forte accuracy of each forecastlf the
forecasted price is within a 10 percent, 10-20 percent a 20-30 percent range, a
respective reward of 5 ECU, 2 ECU or 1 ECU is pdtar less accurate forecasts no
reward is paid. Over the course of the 15 market periods, for any ped Rs Q P QWP
predictions are requested and thus a reward may behtained up to Ptimes. In each
period, after all traders have stated their predicbns, trading commencedin a call-
auction market, where traders also could use theirawards from the forecasts for asset
trading.

Each of the 15 market periods on average lasted fivminutes (including forecasts). In
each period, assets with an initial lifetime of 15 eriods can be traded. Each asset pays
the same dividend to all its holders in a market. Thdividend is randomly drawn after
the trading at the end of each period. It can taka value of 10 ECU, 20 ECU, 40 ECU, or 80
ECU. The fundamental value of an asset is determinég the dividend stream that it
generates to its holder. It corresponds to the sunof all expected future dividends
Consequently, the fundamental value declines to zeiia the course of a market. After the
final payment of the dividend in the last period, lhe asset becomes worthless.

Since our research focus lies in the propensity oharkets to aggregate and disseminat

information, we incorporate state-dependency of asds, as in Camerer and Weigelt

(1991). Like in the SSW type markets, the dividend from hoidg an asset does not differ

across traders. That means that f"et—+ Sf~t ‘eZ> ‘et 0->'10 ‘égard for " ™ «—§
dividend value. However, the expected dividend depels upon the &tate of the world ¢

which is randomly drawn at the beginning of a market There are two equally likely

states. Statt s <o ... fZZ% 1 afliStaiée2 ‘théo,ft6 «—f—deh of pdssible

dividend values is equal in both states of the wod but dividend values occur with

different probabilities. We have chosen probability distributions of the dividends in
ordertofocus — St o — Et...—¢i f——Fe—c'e ‘o _SEt-TH 7+ P31 e — SHS 0l%o. -
fetT O,f 106 and fo-determine two clearly distinguishable state of the world. Actual

dividends originate from independent random draws ot of the set <sr&r & ré& r=of

possible dividends. The expected dividend per pertbin a given state is giverby the

probability weighted sum of the possible dividends.Table 1 provides the possible per

period dividend values and the corresponding probattities of occurrence under each of

the two states. It also provides the expected pergpiod dividend '&; in each state

5b :sat;

6 We use incentivized belief elicitation because itan be expected that participants exert more efforto
forecast correctly and that these forecasts are moraccurate than non-incentivized, as was, for example
found by Géchter and Renner (2010).
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Table 1: Possible Dividend Values and Probabilities

Possible Probability in Probability in
Dividends 0 "'1é6 AP} 0O f16 £5+13
10 0.1 0.4
20 0.2 0.3
40 0.3 0.2
80 0.4 0.1
'& 49 26

e —St 0% ‘t6 «—f—f —S1I ’highekdividends dre larger than in thed , f T 6
state, resulting in a higher expected dividend vaki per period and a higherFV in each
'tr¢'ta St 3. -1t tTcttet 18P io%et k@ wffcai—fet tx <o —St
state. In the first period, with no information abou the state at hand the expected
dividend is 37.5. This value changes a-1” tf..S "7 tie t< ctdet t7f™ f...
Bayes' theorem, since the updated probability to ben one state or the other also
changes according to this rule. For a givemstate of the world ¢ the FV is givenby the
product of the expected dividend per period and thenumber of remaining periods the
dividend is paid. Formally, the FV in State5 and period Pis given by :sxF B’ &;,
assuming no discounting.

FVs in both states reduce after each period by thexpected dividend per period. Given
the ex-ante probabilities for the states and actual dividend daws Bayesian inference is
possible due to the different drawing probabilities of the dividends in both states. The
Bayesian fundamental value (BFV) in a given period the probability-weighted mean d
the FVs<e —St 0% '‘t6 fe1 inihetréspectfve period. The weights are given by
the conditional probabilities based on Bayesian irdrence. The probabilities of dividends
in both states of the world and the probabilities ér both states are provided to all
traders in the (read-aloud) experimeng@l instructions and are thus considered as
common knowledge. We additionally provided fundamenthvalues for both states for
participants to have common expectations about fundaentals (Cheung et al., 2014).

To have control over the drawn dividends and to reder markets comparable, we follow

the approach of Sutter et al. (2012). We randomly dw sequences of 15 realizations of

the dividend (one for every period) with the respetive probabilitiesis —St 0% ‘‘t6 «—f—1%
fel 0ec””'70 —S«ce of“—te " S ¢ RTtcetfo—céeaST Wisfiss 6 o—f -1
easily feasible due to the symmetric framework. Amonthe randomly drawn sequences,

we choose one—Sf— T'fe ¢'— 0°—Z7756 "3"1f7 inSdrly-periots.ZPhis %o «—f —1
ef“—fe. .t 77 St 0% ‘TO e—f-1D,[ Po” ¥ isdthfokdl m&Kets.



Table 2: Sequence of Dividend Draws and Corresponding Fundamentals in the
o ‘““to fet 0 fto —-f-%

beriod o “t6 —f-% O ft16 —f-% Cond. Prob.

FV D ARV BFV | FV D ARV BFV | forthe State
1 735 40 720 563 | 390 20 420 563 0.50
2 686 80 680 557 | 364 10 400 493 0.60
3 637 20 600 594 | 338 40 390 381 0.86
4 588 10 580 533 | 312 80 350 367 0.80
5 539 80 570 413 | 286 10 270 413 0.50
6 490 80 490 444 | 260 10 260 306 0.80
7 441 20 410 429 | 234 40 250 246 0.94
8 392 40 390 376 | 208 20 210 224 0.91
9 343 80 350 334 | 182 10 190 191 0.94
10 | 294 10 270 292 | 158 80 180 158 0.98
11 | 245 40 260 238 | 130 20 100 137 0.94
12 196 20 220 192 | 104 40 80 108 0.96
13 147 80 200 143 | 78 10 40 82 0.94
14 08 40 120 97 52 20 30 53 0.98
15 49 80 80 49 26 10 10 26 0.99

Notes FV = Fundamental Values, D = Dividends, AFV = Adt&kundamental Values, BFV = Bayesia
Fundamental Values.

In the experiment we have chosen the states in suéhway that one half of the markets

™17t <o —St 0% ‘TO e—f—1 fet -0Sf 16 S FobiSiPBrOvides- Brieach

state, the ex-ante expected FVsf(the state were known), the sequence of the actual
dividend draws (Ds), the 0 £&'+—0 f ...RVs-fAFVs) and the (depending on the
dividend draws) updated Bayesian FVs (BFVs). Theslacolumn of this table provides

the conditional probabilities of the actually prevaling state at the beginning of the

period.

The columns displaying the AFVsn Table 2 show that the selected sequences of
dividends are not too optimistic or pessimistic with respect to the total value of
dividends in comparison to the FVs. It can be thuassumed that both sequences
properly represent the fundamentals of both states. As further can be seen, the
dividends at the beginning correctly suggest the wtherlying state, then by period 5 reset
state probabilities to 50:50, and subsequently agai correctly suggest the underlying
state. Toward the end, dividends reveal the state it almost certainty. This
characteristic of the dividend stream has the desable property to introduce initial
uncertainty regarding the real state as it is surgl frequently present on real markets.

Trading in the call market in each period lasts a maxum of 240 seconds. During the
first 120 seconds traders have the opportunity to sbmit a purchase offer; in the second
120 seconds they have the opportunity to submit a $a offer. Each trader may
determine one buy and one sell limit order per perid to buy/sell a certain number of

assets. A buy (sell) order consists of the maximum (mmum) price which a trader

wants to pay (is willing to accept) per asset andhie maximum number of assets the
trader is willing to buy (sell) at that price. Tracers are not obliged to submit buy and/or

9



177 "ti"ed o —St UfRE"6 f peeetBBought and/or sold at any market
price; traders just keep their stock of assets. Ato point of time, traders get to know the
offers of others.

All bids and asks within a period are submitted simaaneously and are aggregated into
market demand and supply. The call market features a mi@t-clearing condition such
that demand equals supply in each trading period. Mkets are cleared at unitary prices
for all transactions within each period so that thetrading volumes are maximized.
Transactions only take place as long as there areeaers who want to sell at a lower or
the same price than other dealers are willing to payThe market price is determined by
the average of the lowest limit buy price and the Ighest limit sale price for which a
transaction takes place. No trader has to pay moreif an asset than he/she offered and
no trader has to sell for less than he/she askedf. the aggregated market price lies above
the chosen sale price the trader is a seller and tiie market price lies below the chosen
buy price the trader is a buyer. If, depending onhe submitted buy and sell orders, no
transactions can take place, there is no market prc In this case we referred to the
market price as zero.

Ties on the demand and/or selling side are handledsing an order precedence rule
consisting of the price, quantity and entering timeOn the buy (sell) side higher (lower)
buy (sell) prices, higher quantities, and an earliesubmission time are favored® Traders
are instructed that they might not get all or part @ their buy/sell order fulfilled even if
they hand in an adequate price.

During the choice of buy and sell offers, tradersdve to make sure that these are
permissible. Firstly, they @n never sell more assets than they have at the begimg of

the period in their own portfolio. Secondly, neverbuy more assets as permitted by the
available sum of asset holdings of the other traderin their group. Thirdly, never buy
more assets at a certain price than permitted by thavailable trading capital. Fourthly,
the limit sell order price must exceed the limit buy oder price by at least one ECU.

At the end of the trading state in each period alpossible individual transactions are
completed, the drawn dividend is announced, and theipdated account of asset and
trading capital holdings along with the dividend eanings for the current period are
presented to the traders. Additionally the resultsfor the accuracy of price forecasts
along with the associated earnings are given for #h current period. Furthermore,
traders are provided with a complete history of reévant information concerning thar
portfolio (asset and cash holdings etc.) during béit phases of the trading stagén each
period.

7 The call market institution has the advantage thait yields for each trader a unique trading price pe
period for all buy and sell orders. Furthermore, Liu1992) found that call markets are more efficienthan
continuous double auction markets in settings were ninformed traders are present jointly with diversely
informed insiders (Sunder, 1995).

8 «TESErIr, ng,ESTogsk »Where s the price rank, decreasing with ascending (desading)
buy (sell) price; 4 ,is the quantity rank, decreasing in the buy (selljjuantity; and is the entering order

number. Lower rank numbers are favored and a lower ithex corresponds to a preferred offer.
10



The payout relevant profit (in ECU) to a subject isletermined by the available trading
capital at the end of the 1% period minus the initial working capital. It can be
alternatively calculated as the sum of the period mofits:

Period profit = Number of assets at end of the period x dividend passet
+ Proceeds from sold assets
Expenses for purchased assets (2)
+ Remuneration of market-price forecast(s)

Following the method of induced value theory, we exgct traders to exhibit a positive
utility for money, i.e., to maximize their earningsDemand for (Supplyof) assets is hence
induced by a preference for (higher) earnings (Smith1976).

All trading in the experiment was in terms of Experimatal Currency Units (ECU)

Earnings were converted into Euros at the end of #h market, at a known rate of

0.003 @ . Additionally, each trader was paid a show-up feef 3 @ & efeecte Zfoe—%t
‘o [TE"f% T f, —— tAw S'—"ea "f PEboutdS @e+%oe f L1 f

2.2. Treatments

We conducted our experiment by using & H tdesign. Firstly, the information structure
of markets differed across sessions, i.e., the sttuce of informed and uninformed
traders with respect to the true state of nature difered across markets. In the so called
Nin(B)10 sessions no participant was given a clue about thieue state of nature and it
was announced that no trader received information abut the state. In the so called
Tin(B) sessions two participants in a market are preided on the computer screen with
<o ef—cte fot—— =St —et1”Z>c*% 60 thefbeginhing-& theTthatket. In
these sessions it was publicly announced (common kmdedge) that there will be two
randomly chosen informed traders in each market andhiat their identity will remain
secret to all other participants. The information gven to the informed participants was
identical and perfect in the sense that it would reeal the state of nature with certainty
(this was also common knowledge). By virtue of theakign of the markets, insiders and
outsiders were the same traders throughout the ente markets. Secondly, we
distinguish between sessions where participants wex or were not provided with
updated conditional probabilities for both states a&ad the corresponding BFVs. The B
after Nin and Tin indicates that in these markets atraders were provided with updated
BFVs in each period.

9 Despite of the compulsory repayment of the initialvorking capital, no participant actually faced a les
(earnings of zero). The minimum payout earned in the mietsis 7.36 @ $3/5 ECU + 3@how-up fee).
10 When markets with or without insider information are considered together, regardless of the provision
of BFVs, we refer to them simply as Tin(B) and Nin{Bnarkets.
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Table 3: Markets and Information Levels

Treatment State Insiders Market
No. Label State Label BFVs *#) No.

. Good Nin+ 17,19, 21, 23
1 Nin Bad Nin- No NO 18 20,22 24

. Good NinB+ 1,3,5 7

2 NinB Bad NinB- Yes No 2.4.6 8
. Good Tin+ 25, 27, 29, 31
3 Tin Bad Tin- No Two 55 58 30 32
. Good TinB+ 9,11, 13, 15
4 TinB Bad TinB- Yes TWo 10912 14, 16
5 > 6 - No 5 <56 o3 339,36,
37, 38, 39, 40

Note: Markets are numbered in the order how the obsentions were collected during the experimental
sessions.

Thirdly, we conducted a control treatment in that weused the same set of possible
dividends <sr&r & ré& r> which were, however, equally likely to occur (25ercent).
There was no uncertainty about the state, such thatraders were in a sense all
0 << T tTahdea3 displays a summary of the design parametedd each of our40 asset
markets. Specifically, it gives an overview over theinderlying state, the provision of
BFVs, and the presence of insiders in each market.

12



3. Informational Models and Hypotheses

3.1. Informational Models

Following the studiesof, for example, Camerer and Weigelt (1991) and Plothd Sunder
(1982; 1988), we test two different models: the prio information equilibrium (PI)

model and the fully revealing rational-expectationsequilibrium (RE) model. Both
models assume traders to be risk-neutral and give flerent forecasts about trading
behavior of differently informed traders. These models can be formalized quéatatively

and tested against each other.

The Pl-model states that traders use their pdr dividend information to build
expectations about the state but do not learn fromprice signals. They ignore the
informational content of market prices (reflecting the aggregated information held by
others) and speculation possibilities based on thactions of other traders (Palan, 2009)
Traders only use Bayes' rule to update their expeations about the true state.

The RE-model additionally states that in equilibriumall traders behave as if they are
aware of the entire information of all traders in the market. Thus even uninformed
traders have the ability to supplement their prior (0 ” <~ f ¥ information with private
information of others via price signals from the marlet that entail (perfect) information
of insiders1ll They are aware of the relationship between the m&et price, the
underlying state, and their gains from trade and ulize the market price and their
0" < f—$06 <e" "ef—c'e <o —Stc” {Treles 1982 ... coc'o

In our experiment we chose dividendsprior probabilities of dividends, and states in a
manner that fundamentals and hence predictions of th€l- and RE-models clearly differ
in both states. Table 4 shows the expected FVs passet with respect to information,
state, and informational model. Independent of the site, when there is no inside
information in the market, the PI- and the RE-models dih predict no trade, when
traders have identical risk preferences. Accordingo both models, all traders have the
same expectations about the FVs, which equal the B&\here are no evident gains from
and thus no incentives to trade. Traders with diffeent risk preferences, however, will
trade since the more risk-loving traders would attrbute a higher value per asset than
the more risk-averse traders leading to an asset i@ from the latter to the former.

11 The RE-model has a close connection to the effictemarkets hypothesis. Bid/ask prices reflect divere
private information and thus induce trading actionsidentical to those if all traders had all market
information (Harrison and Kreps, 1978).
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Table 4: Expected FVs under Pl and RE by Informatio n and State

No Information

Inside Information

o “t6 o fi6 o Té °1To

Perod PI=RE _ PI=RE Pl RE PI RE
1 563 563 [§§§] [5739?] [ggg] [gg??]
2 557 493 [23% [232] [igg] [ggj]
3 594 381 [SSZ] [233] [s?gf] [gggl
4 533 367 [§§§] [ggg] [3?6135] [ggl
5 413 413 [jfg] [ggg] [Azjg] [ggg]
6 444 306 [222] [jgg] [:fgg] [gggl
7 429 246 [Z‘;‘é] [jﬁ] éj’g] éii{]
8 376 224 [;?3523] [ggg] [5(2)2] égg]
9 334 191 [§§Z’] [gjg] [igf] [iggl
10 292 158 [3331 égi] [igg] [iggl
11 238 137 [§§§‘] éi?] [g% [138]
12 192 108 [iSS] [igg] [igg] [igj]
13 143 82 [iﬂ] [12;] [;21 [Zgl
14 97 53 [3% [gg] [23%] [ggl
15 49 26 [23] [28} [gg] [gg]

Notes Figures show for the case of insider informationtte known FVs for informed and expected FVs fo

[uninformed] traders. The bold figures identify theconvergence period as defined in Section 4.1.

When insider information is present, both, the PI- ad the RE-model, predict different
expectations about fundamentals of in- and outsiderg-or the RE-model this is only true
for the first period. In addition to the differences in expectations, the occurrence of trade
requires that outsiders do not behave rationally. Rtional outsiders would not trade
since they know that trading with insiders is onlyto their detriment. If trade occurs, the
market price will approximately average the expected~Vs under the assumption thain-
and outsiders are strict payoff maximizers and plac®id prices marginally below and
ask prices marginally above their expected FVs.

Since in the first period the resulting market priceis higher (lower) than the BFV of 563
in =S+ 0% ‘t6 0,f106 «—f—1a their-priof informatiom fwith this price
14



signal and are able to infer the correct state unde¢he RE-model assumptions. Informed
traders can thus take advantage of their superior g@sition in the first period only. Under
the PI-model, with traders that do not behave in aully rational way, trade may virtually
take place throughout all periods assuming availability of assets on the supply sidend
sufficient trading capital on the demand side Since market participants ignore the
informational content of market prices, expectationsabout fundamentals only converge
slowly to the true value, which leads to a more perstent superior position of insiders.
According to both models, trading will result in aset allocations where insiders hold
more (less) assets<e —St 0% ‘‘t6 0 ,thanooutsidgrs @s long as traders have
identical risk preferences and behave not fully rabnal. Heterogeneous risk preferences
may additionally induce trading and enforce or mitigée the predicted asset allocation
pattern.

3.2. Hypotheses

To facilitate the illustration of the results in the following section our analysis focuses
around six hypotheses.

Hypothesis 1: Trading prices converge toward the actual FV under aflleatment
conditions but the convergence is faster in markets wittsider information and markets
where traders are provided with BFVs.

In our markets, convergence toward fundamentals depefs substantially on the
accuracy of the probability assessment. This is a mplex task, especially in an
experimental situation, where time is limited. Marketsaggregate information. However,
it will take time for prices to track the FV12 Following Romer (1993), the dissemination
of privately held information and/or expectations is likely to cause lagged price
movements. "‘'fefe—e ° _SF 0f " "c..cte.> [ 8% fl¥e <t —S'ff+
convergence of market prices toward fundamentals isabter when inside information is
present (Engelen and Liedekerke, 2007; Manne, 198¥cGee, 2008)Sutter et al. (2012)
and Dufwenberg et al. (2005) provide experimental @dence that markets where some
traders have an informational/experiential edge aboe others show a significantly
better performance in terms of market efficiency. Sice people are unlikely to carry out
Bayesian inference by themselves (Camerer, 1999; Kattnan and Tversky, 1972; Rabin
and Schrag, 1999), we expect markets where tradersrea provided with BFVs to
converge faster toward fundamentals than markets thaare not.

Hypothesis 2: Bubbles occur but the introduction of asymmetrically infoed tradersor
the provision with BFVs significantly reduces the occurce and extent of bubbles.

2 Forsythe et al. (1984) argue thaténvestors bring only their private information to the market and only
after traders have observed prices will they learrthe information necessary to achieve the [fully revaling
rational-expectations equilibrium]. {p. 973)
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A vast literature shows that the bubbleand-crash phenomenon is strikingly robust in
SSW markets (see footnote 4). Since the introductioof insider information is expected
to enhance market performance in terms of the duratiorof equilibrium adjustment of
market prices, we expect markets with asymmetricallynformed traders to be less prone
to bubble formation than markets with symmetrically informed traders, a result also
observed by Sutter et al. (2012) and Dufwenberg edl. (2005). Similarly, given that
markets that are provided with BFVs are expected toconverge faster toward
fundamentals than markets that are not, we also expethem to exhibit smaller bubbles.

Hypothesis 3: In early periods, trading behavior of uninformed tradersffiérs from that
of informed traders but converges along with the marketice toward that of informed
traders. Uninformed traders learn to grasp the catct state and to trade accordingly.

Informed traders condition their trading behavior on private information and
uninformed traders adapt their trading behavior base& on the belief that informed
traders only trade if it is advantageous for them talo so, thereby revealing gradually the
underlying state. In a fully revealing RE all privee information held by informed traders
is (sooner or later) revealed via the market price King, 1991). To the same extent as
information is revealed, we expect that an adaptatio of the trading behavior of in- and
outsiders takes place.

Hypothesis 4: ¢ —S3 0% ‘10 o—f—Fa& ™% 1§ 1.1 fewekfd"aS oS Zteett’
fot <o —SF 0,f10 e—f—FT& ‘——ocTE'Sfe' «SIZHES4EL foot—o

Given the different information structures of in- ard outsiders, we expect the two types

to show a significantly different buying and selliy behavior. In Table 4 above we

calculate the FV expectations of in- and outsider8ased on these calculations we derive

~Sf— <cooctte [ —> SZt 't foeef—atcof iSt0YitHGeo<f —ST 0,fT06
under both the PI- and RE-assumption. The predictedsymmetric asset distribution

should at least hold true in earlier periods, sinceve expect outsiders to learn in the

course of the market.

Hypothesis 5 : Informed traders have a trading advantage and earn sujme profits.

Given that, especially in the beginning of the marke, insiders are able to buy and sell
their assets for advantageous prices they should befit from their superior
informational position.

Hypothesis 6 : Elicited price expectations and actual market prices areghly correlated.
Thereby, we expect predictive power to be greater in markeith inside information, and
in markets where traders are provided with BFVs.

There is a certain circularity in the market-price évelopment process since current
prices depend on expectations about future pricesput both are simultaneously
influenced by current price levels and trends (Balland Holt, 1998). Self-fulfilling price
expectations can render observed market prices indegmdent of the asset's

fundamentals, leading to bubbles, in which even rainhal traders get involved in the
16



18 f ... —f—<'e 7 f71e 0% Efpedtations Amduld therefore provide crucial
information about the market price development.

B S | —,,Z%e f7F "FE"FT - fe & f Z {GdfriereYo 1989k ¢ %o o 4o’ Z> 0" f—<'ofZ
= mn Z (Dilba and Grossman, 1988bj Si> 074 sélﬁconﬁrmmg belief that the stock price depens

on a variable (or a combination of variables)-S f — <e <e—"<ceo< ... f Aiba antiGtdssan,d988a, p.

520). Porter and Smith (1995), however,” <+t — Sybjects report a tendency to think that if the marlket

turns [when the bubble bursts] they will be able tosell ahead of the others, but then are f « f ce T the f -

speed with which the crash occurs6 '& wsu
17



4. Experimental Results

4.1. Equilibrium Adjustment of Market Prices

Figure 1 illustrates the main findings of our expement by showing the course of the
average equilibrium market prices in our four treatmens. Each curve in the four graphs
represents four markets under equal conditions with respect to state, insider
information, and the provision of BFVs. All four gnahs show the tendency of
convergence toward the correct state. Most intriguig, the ubiquitous tendency of
earlier laboratory asset markets with well-defined ceclining fundamental value and
inexperienced traders to exhibit a well-known bubbé-and-crash pattern is not observed
in this aggregated examination, independent of thprovided information structure.

Strikingly, trade in both states starts, regardles®f the presence of insiders and/or the

T cecte T ¢4 ‘e %o %" T%of—F ...27%fl¢e St ot ftbeaff—Ta <otc...f
aversion for the average tradei? Indeed, we find slignt risk aversion for the average
_”f'l‘:t” e ‘—7 T(oo ’”:t_:to_o fo'l‘ (:l:oougji_’:t”o'oi'zo fIMo f__(__T:l: ¢

risk in the ex-post questionnaire (see Appendix ATable A. 1 to Table A. 4). Given that
average risk attitudes are very similar in all markes, we cannot find a significantly
negative Spearman correlation between the averagask-aversion measure in a market
and the st period market pricel®> However, when counting the number of risk-averse
(not risk-neutral, or risk-loving) traders per market, we find a slightly significant
Spearman correlation for Risk-Test 1 following Holtand Laury (2002) (é=-.3049, p-
value = .0897,N =32). Despite the substantial initial deviations from dindamentals
(especially in the good 6state), we observe a clear tendency of convergenoéaggregate
market prices toward fundamentals of the actually undrlying state around the fifth
period. Intuitively, convergence starts in either tate somewhere between the two
fundamentals. This implies that we should observe caergence from below in the
0% ‘tTO o—f—F fet ..t 1" %Fe... T ~76e o Mithéfolloviing e, ¢xplore
Hypothesis 1.

While markets on aggregate show a clear convergenpattern, individual markets show

substantial diversity. Some markets perform much bette than others in terms of
convergence toward the FV of the underlying statélen out of 32 markets even never

converge to it1#6 1 .. ‘eect:” eof”et— V¢ . te feo 0. "F"%I10 <St-St>
respective FV as close asGtr~ and stay in this range until the end of the markebr no

more trading takes place. For the very last periodspur definition of convergence

14 Since dividend draws can be considered as lottege trading prices below (above) fundamentals
indicate risk aversion (loving) of the average markeparticipant. Hence, the ratio of the realized pde and
the fundamental value can serve as a proxy for avage risk attitude in a market (Chen et al., 2004).
15 The algebraic signs point in the intuitive directon that higher risk aversion in a market leads to &éower
starting price. +Z> ~*” O-Testt,0 —St ec%oe <o ... '—e—F"co——c—<"ta
16 Markets 4, 6, 9, 10, 15, 21, 26, 28, 30, 32 newemverged toward the FV of the actual underlying ste
using the applied convergence measure.
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requires at least two consecutive periods without tading, when market prices
previously have deviated out of the rangé’ Figure 2 shows the course of individual
market prices for all markets in thefour treatments. As seen, market prices initially
fluctuate more erratically, but converge in most case sooner or later, toward the
genuine state. Table 5 presents the average convergce period by treatment and tke
individual market convergence periods for the markes$ that have converged.

To test for general convergence, we count for eadheatment the number of markets

that have converged. Applying one-sided binomial tés to the number of converged
versus the number of non-converged markets, we finda significant tendency of
convergence only for Nin, where seven out of eigimarkets converge (p-value = .0039).
The hypothesis of general convergence is neither sbrmed for NinB nor for Tin or TinB

markets, when analyzed separately.

When pooling the Nin and NinB markets, we observe 18f 16 markets to converge,
which yields statistical significance for general anvergence (p-value = .0106, one-sided
binomial test). Pooling Tin and TinB markets, we oleve only 9 out of 16 markets to
converge, implying no statistical significance. Thigwdicates that the presence of insiders
does not enhance but rather defer market convergencén the other hand, confidence
intervals for the absolute deviations from fundamenals are for the majority of periods
narrower for Tin(B) than for Nin(B) markets. Although not statistically significant, this
suggests that the above result lack of convergende Tin(B) markets is driven by the
small number of independent markets.

Result 1: Using our simple counting measure, we only observe a gdneonvergence
toward fundamentals in Nin(B markets. Our test for general convergence indicatesttha
the presence of insiders defers convergence. Thisllteeowever, might be an artifact
produced by the relatively small sample size. The provisif $ (8 (has no effect on
convergence.

17 Sco 0"—Z7236 Sfe ,Fte "tZ2f8tT fTE A St E STt effoer—3F <o —St Zfe— "¢":
trespassed the range in only one period, but was &éred to before, so that the assumption of convergee
seems prudent. S«<e 0..""t..—<'e0 Sfe —SF fco - '« fbe fReudte meashsef of
convergence. When no trading occurs, no pair of tdars is willing to trade away from fundamentals,
indicating that all traders are aware of the actuaFV and that it is common knowledge (as defined by
Aumann (1976))a St"f <o of T _ec—> ' 07720 fe'=St” —"ftta
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Figure 1: Average Market Prices
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The trajectory of average market prices exhibits clr differences in comparison to most
of earlier experiments using the SSW framework. Evein Nin markets the price course

resembles that of markets with experienced traders omarkets with a composition of

traders with mixed information or experience levels cee, for example, Dufwenberg et al.
(2005), Haruvy et al. (2007) Hussam et al. (2008), and Sutter et al. (2012))
Additionally, convergence, as we have defined itcours on average later than predicted
by the PI- and RE-modelg8 except for NinB+ and Tin-We thus conclude that neither the

Pl- nor the RE-model provide indeed good approximation®f asset markets in our

symmetric and asymmetric information settings. Thisihding stands in contrast to the

previously mentioned literature on markets involvingone-period assets and asymmetric
information.

18 Both, the PIl- and RE-models, predict convergence ¢ecur (as we define it) in the sixth period in bdt
states, when no insiders are present. The Pl-modetgdicts convergence in the first and in the sixth griod
andthe RE-‘1t3Z ""Ftc...—e ‘o 1" %ofe.. T <o FSF R"E" fdh «woo —Bt 0% ‘TO fet 0,f7T¢
respectively, when insiders are present.
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Figure 2: Individual Market Prices
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Table 5: Periods of Convergence

State Average Period of Individual Markets Market
Label Convergence Convergence Periods No.
NinB+ 5.3 3,2,2,14 1,3,5,7
NinB- 10.0 10,--,--, 10 2,4,6,8
TinB+ 11.0 --, 14, 8;- 9,11, 13,15
TinB- 6.0 -,6,9,3 10, 12, 14, 16
Nin+ 13.3 11, 15,--, 14 17, 19, 21, 23
Nin- 9.5 9,6,14,9 18, 20, 22, 24
Tin+ 7.3 11, 3,13,2 25, 27, 29, 31
Tin- -- 26, 28, 30, 32
Notes f"et—¢ —Sf— Tct o= ‘o731 "%t --f0'd TI9f% 1., futdd using’ converged
markets only.
4.2. Over- and Undervaluation of Market Prices
This chapter focugs on Hypothesis 2. ¢ efe—c'eft Ff"Z¢t”4 ,—,, 2% Tctei-

aggregated form. However, some markets exhibited pa&ttns that, though smaller than
in many previous experiments, could be considered aprice bubbles. To gauge the
severity of market-price deviations from fundamentals i.e., differences in market
performance, we employ two deviation measure$® both developed by Stdckl et al.

(2010).

The applied average bias measure for a market calcids the relative deviation (RD) as
the average difference between the market price Z) and the fundamental value (( 8)
normalized by the average fundamental value €8). It measures the average relative
distance between the market price and the fundamentatalue. A value of £0.1 indicates
that the assets are on average overvalued (undervadd) by 10% relative to the average
fundamental value.

59
4&L?SWI' | %%é%p 2)
c@5
The applied average dispersion measure for a marketalculates the relative absolute
deviation (RAD) as the average absolute differendeetween the market price (2) and
the fundamental value ((8) normalized by the average fundamental value 9. it
measures the average absolute distance between theenipd market price and the

19 Gijven the high correlation of these deviation measas with ‘-St” ... fZ..—Zf—-ftt 0,we,Zt6 offe-
restrain our analysis with the focus on these potetially most reliable measures RD and RAD. These
measures are robust to variations in the number of mrket periods, the determination of the FV and
dividend distribution/variation.
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fundamental value. A value of 0.1 indicates that thassets price differs on average by
10% from the average fundamental value.

59
s, _2F (8§
4#& LSV\{I:(I@5 3 p 3
Both measures are used to get a first impression offterences in price deviations from
fundamentals between treatments. We conduct two-sidedlann-Whitney U tests with

the null hypothesis of no difference for both deviaon measures. Table 6 displays the

results. e are not significantly different when compared by teatment, due to the fact

—Sf— F%of—-<"F ti <f—c'oe <o —St PPl fotce a&HK"d, fllO o —f -1
each other out. The comparison of RADs shows thahet provision of BFVs is only
conducive to market performance when no insiders arepresent. The presence of

insiders enhances performance compared to the situmn without insiders, however,

only when no BFVs are given. The performance of marisewhere insiders are present

and BFVs are given together is indistinguishable tonarkets where only one of these

features is at work20 21

To check the robustness of the results above andrfa deeper understanding of potential
factors that influence price formation and thus over or undervaluation of equilibrium
markets prices, we conduct panel-regressions with m&ets as cross sections
(I L sa @&at 8he dependent variable is derived from the abovementioned RD
measure (Stockl et al., 2010), denoted in percent.is defined as:

%¢ F (8,
48, L 9(@ %4 (4)

where 4 & . measures the difference between the market price gferiod P(2) and the
respective fundamental value ( 8), normalized by the average fundamental value {{$)
(Stockl et al., 2010). The indeX denotes the market.

20 We also calculated the normalized absolute price #@mtion measure O&Lw, which was
introduced by King et al. (1993) and van Boening etl. (1993). ND sums up the deviations of the market
prices from the FVs and normalizes this sum by the tat number of assets outstanding in a market. Given
that this measure yields qualitatively the same rest$ as RAD, we refrain from a detailed presentationfo

the figures for this measure.

21 Given the structure of our markets, it could be imresting to replace FV by BFV in both deviation
measures. Since the results remain qualitatively vergimilar, we refrain from the presentation of these

results.
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Table 6: Relative and Absolute Deviation Measures from Fundamentals

Comparison by Nin NinB p-value Tin TinB p-value
Fste 0.058 0.074 .8336 0.015 0.018 .9164
0.291 0.195 .0357 0.176 0.200 .5286
Nin Tin p-value NinB TinB p-value

cecti 0.058 0.015 8747 0.074 0.018 .5286
0.291 0.176 .0033 0.195 0.200 7527
Comparison by Nin+ Nin- p-value | NinB+ NinB- p-value
_fly -0.202 0.319 .0209 -0.095 0.243 .0209
0.242 0.339 .0209 0.124 0.265 .0433
Tin+ Tin- p-value | TinB+ TinB- p-value

_fly -0.097 0.128 .0209 -0.113 0.148 .0433
0.149 0.203 .1489 0.185 0.214 7728
Nin+ NinB+  p-value Nin- NinB- p-value

Frte -0.202 -0.095 .0833 0.319 0.243 .2482
0.242 0.124 .0209 0.339 0.265 .2482
Tin+ TinB+  p-value Tin- TinB- p-value

Frte -0.097 -0.113 7728 0.128 0.148 5637
0.149 0.185 .3865 0.203 0.214 7728
Nin+ Tin+ p-value Nin- Tin- p-value

cectt -0.202 -0.097 .0591 0.319 0.128 .0209
0.242 0.149 .0209 0.339 0.203 .0209
NinB+ TinB+  p-value NinB- TinB- p-value

cectt -0.095 -0.113 7728 0.243 0.148 .3865
0.124 0.185 .2482 0.265 0.214 .3865

Notes Mann-Whitney U test, two-sidedaN = 16 (8/8), ® N = 8 (4/4).

We control for treatment effects by using dummy varibles for different treatment
features (considering Nin+ as the control group) adh their interactions. In particular, we
control for the &tate of the world6(5 P = PAS«< ...
zero otherwise), for the provision of BFVs ¢ = U Awhich is one when BFVs are given
and zero otherwise), and for the presence of insiads ( +J O E @vAithGOs equal to one,
and zero otherwise). Adtionally, we control for
autocorrelation by inclusion of the dependent varidle with a lag of one period . RD,
for a time trend within markets by inclusion of a perod variable (2 A N [ ldr@ for the
trading volume (8 K H Q.I Burthermore we included the drawn dividend in the prior
period (.a& ERE @ Ant@he number of risk-averse traders within a maket

(S4 E G*R A N &3 Axplanatory variables. The results are showmiTable 7.

when

insiders are present,

S <o F*—f7Z

—¢ et <o =81 O, ftc

Since both regression models shown in Table 7 displajualitatively the same results, we
focus our analysis on Model 2. The model shows thptice deviations are strongly path-
dependent; a price deviation in the previous round (. &4 & has a significantly positive
effect on the current price deviation. Price deviabns decrease over time as participants
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gain trading experience. 2 A N Ellagaa significantly negative effect on price deuian.
The last dividend (. 4& E R E @has] &@significantly positive (euphoriant price bosting)
effect, the higher the dividend in the previous paod the larger the price deviation in the
current period. Trading activity as measured by8 K H QHas no significant effect, just as
the number of risk-averse traders within a market (S4E GG AN O A

Turning to the effects of treatment features,™ t «f1 —S fstatd nfarkets exhibit

significantly larger price deviations then 0 %0 ‘ “gtéte markets, a non-surprising finding,

consistent with the prior nonparametric analysis. Theprovision of BFVs has no effect in
both states, when the utilized control variables a& considered. This contradicts the
nonparametric result. We do not expect that this ldc of difference is caused by the fact
that traders were actually able to calculate BFVaiithe setting where they were not

provided. But traders seem to be intuitively able toanticipate approximated BFVs. The
presence of insiders is only significant, i.e., esténg a negative (price deviation

TF..."Ffece% F77 istate markéts# hdinding that requires further analysis for a

proper understanding.

We are able to calculate the treatment effects (cdafients), given that treatments are

comprised of combinations of several features. Thescoefficients are presented in Table
8 in descending order in terms of the coefficient ge. The calculated coefficients are
equal to the ones that result out of a regression fth treatments as dummy variables and
Nin+ as baseline.

Using these coefficients we are able to disentangldifferences between treatments by
conducting meaningful comparisons which consist of hree comparisons for each
—ffoete—d s f ..te'frcete ™S _S$§1 .0 f401GUEND a
comparison with the counterpart where BFVs are/are not provided, and (3) a
comparison with the counterpart where insiders arefare not present respectively. We
conduct Wald tests to test for the equality of estated coefficients for these
comparisons. The results can be retraced via Table @here all possible comparisons
are shown and significant differences are highliglgtd as bold figures.

—7 "<otco%o —Sf— 0,fT0 e—f—1 of.]ft—argsrgBice deviatita then
0 %o * -gtate markets is confirmed with the exception of Ti markets, where deviations
<o =St 0,ft6 e—f—1% f"F Zf %ot d> SV RlAc.ofp—8 -8 f7he—7-
provision of BFVs has no effect is unambiguously cbrmed. Moreover, as already seen,
—St "Fete .t 7 coectiTe %o <. fredTLf <t dFo—cstdle, MiikEets,
leading to an improved market performance.

22 This outcome is, as explained later, driven by thiact that Nin+ and Tin+ markets are not statisticajl
different. For NinB+ and TinB+ markets the presencef insiders is beneficial.
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Table 7: Regressions for RDs of Market Prices from Fun damentals

Dependent Variable:4 & . Model 1 Model 2
Constant (Nin+) 6.30 -3.53
(5.01) (10.12)
.ad4& 0.56*** 0.57***
(0.05) (0.04)
Period -1.15%** -1.20%**
(0.41) (0.57)
Volume 0.13 0.10
(0.27) (0.26)
State (Nin-) 22.30%** 25.38***
(7.03) (8.22)
Bayes (NinB+) -4.75 -2.68
(4.08) (4.87)
Insiders (Tin+) 4.43 4.66
(4.87) (5.10)
StatexBayes 6.56 3.12
(6.54) (9.12)
StatexInsiders -16.39** -17.29*
(7.93) (10.09)
BayesxInsiders 8.63 6.42
(6.53) (7.60)
StatexBayesxInsiders -8.06 -3.05
(9.41) (12.98)
L. Dividend 0.12%**
(0.04)
# Risk Averse 0.92
(1.68)
R2 7478 71534
N 247 247

Notes Prais-Winsten panel-regressions with heteroskedd& panels corrected standard errors and
panel-specific autocorrelation (AR1) (Beck and Katz1995). 32 markets as cross sections with
maximum of 15 observations over time (unbalanced). Oy periods where trade took place are
considered. Standard errors are shown in parenthese *, **, and *** indicate significance at the 10%

5%, and 1% levels, respectively.

Table 8: Treatment Effects on RDs of Market Prices fro m FVs in Model 2

Treatment ""f...— ‘"4 Coefficient p-value
NinB- 25.82 .000
Nin- 25.38 .002
TinB- S+B+I+SB+SI+BI+SB 16.56 .000
Tin- 12.75 .004
TinB+ 8.40 .062
Tin+ 4.66 .361
Nin+ -3.53 127
NinB+ -2.68 .582

Notes S=State 0 f T B=8FVs (provided),| = Insiders (present).
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Table 9: Wald Test for Differences of Treatment Coef ficients in Model 2

NinB+ NinB- TinB+ TinB- Nin+ Nin- Tin+ Tin-

NinB+ --- .000 .018 .000 .582 .000 .103 .002
NinB- --- .001 .032 .000 942 .000 .003
TinB+ --- 077 .062 .027 469 .364
TinB- --- .000 175 .016 379
Nin+ --- .002 .361 .004
Nin- --- .005 .087
Tin+ --- 134
Tin- ---

Notes p-values of Wald tests for the simple linear hypdiesis of equality of estimated parameters are
shown. Nin+ is the reference category. Bold figureshow significant differences at the 10 % level.

Furthermore, the presence of insiders leads to amcrease of the deviation measure in
St 0% 'tT0 WMSKk-1S4 %< Ie -sBife- markets tteénd to trade below

fundamentals, leads to an improvement in market performace, i.e., deviations from FVs
are smaller in absolute terms, when insiders are prent; however, the difference

between Nin+ and Tin+ is not significant. Thus, tiee findings confirm and broaden the
prior findings of the nonparametric analysis?3

Result 2: Bubbles occur but are infrequent. The nonparametric apsik indicates that the

introduction of insiders reduces bubbles, measured by &Id RAD, however, only when
BFVs are not provided. The provision with BFVs signifitaméduces deviations, however,
only when no insiders are present. The performancerarkets where insiders are present
and BFVs are given together is not distinguishable fronarkets where only one of these
ingredients is at work. The panel analysis refines andndeges the previous results and
indicates that the introduction of insiders improves markeerformance (measured by
4 & () and that the provision of BFVs has no effect on nmetrkerformance.

For the sake of completeness, Figure 3 presents theourse of the average trading
volumes conditioned on information and the provisionof BFVs. Each curve represents
—STt 71 f%f T1” T —" efref—ed <oO0-64f O O .. 05 FHZ54A
volume shows a tendency to decline on average with meet duration. Trading volumes

do not to differ significantly between different treatment conditions.

23 The replacement of FV by BFV in the RD measure bétregressions yields qualitatively very similar
results, we thus refrain from the presentation.
27
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Figure 3: Average Trading Volume
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4.3. Comparison of Insider and Outsider Behavior

Following the investigation of overall trading paterns, we now turn to the analysis of
the trading behavior of in-and outsiders and exploe Hypotheses 3 to S5Figure 4 shows
the course of average limit buy and sell order pricein the TinB and Tin market$4 As
can be seenin- and outsider limit bids and limit asks differ but rot substantially. Limit
buy and sell order prices only differ clearly in t first period(s) of the TinB- and Tin+
markets. In these cases both prices are lower for siders in the TinB- markets (in the
case of limit sell order prices 0<”” f —<‘ef ZZ aad Bigher in the Tin+ markets,
respectively. Furthermore, the following general pterns are visible. Firstly, both trader
types, on average, want to pay less when buying arask higher prices when selling
assets compared to the actual FV in the TinB+ andn¥ markets. Secondly, both trader
types, on average, want to pay approximately the Rd buy assets but ask more than the
actual FV to sell assets in the TinB- and Tin- martee

Result 3: Trading behavior of uninformed traders at the beginning difee from that of
informed traders but converges with the market price dag the market toward that of
informed traders. Uninformed traders are able to gragpe correct state and to trade
accordingly to it.

We continue our analysis with nonparametric statisttal tests on first-period bid and ask

behavior of in- and outsiders, measured by the limitbuy/sell order prices and

quantities. First-period behavior of outsiders doesnot differ between the two states

(using two-sided U tests) whether BFVs are provided or not. In other words,he starting

positions of outsider bid and ask prices and quarties are the same intht 0% ‘t06 fef
0,f1T06 <—f—pdériod«behavior of insiders, on the contrary, diffrs significantly

between the two s —f —1ed ™c—S S<%St” ,<t feoeo '"f=dindalsodafger 0 % ‘10
bid/ask quantities, when BFVs are not provided (se@able A. Sn Appendix A).

Comparing first-period behavior between in- and ouwiders, we find outsider limit
buy/sell order prices to be higher in TinB- marketsand insider limit buy order prices
and sale quantities to be higher in the Tin+ marketgusing two-sided U tests). The
differences in buy/sell order prices and quantitiesin TinB+ and Tin- markets are
insignificant (see also Table A. B Appendix A).

To identify overall differences in the buying and selling behavior of in-and outsiders, we
conduct panel-regressions with traders as cross séons (E L s & & {d).arhe dependent
variable used is again derived from the RD measures{ockl et al., 2010), denoted in
percent, and is defined as:

%4l
4820 EW(% (5)

24 Figures A. 1 and A. 2 in Appendix A additionallyxkibit the average limit buy and sell prices of the
Nin(B) and Tin(B) markets, whereby for the latter pices are averaged over both in- and outsiders.
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where 4 8&fgéflneasures the difference between the individual limibuy/sell order prices

of period Lf-jzéiand the respective fundamental value ( 8), normalized by the average
fundamental value ({£&).

We control for trader type effects by using dummy vaables for the trader types under
all treatment conditions (resulting in OEJ E 1Q P (& @hA Neference type).
Additionally, we control for autocorrelation by inclusion of the dependent variable with
a lag of one period ( 44 &, for a time trend within markets by inclusion of aperiod
variable (2 A N [ Ko@he bid/ask quantity (1 N @ AN 3RAHJIrRHe amount of assets
held in the portfolio ( # O O*KFH @ [ A&IG@or the trading activity in the previous perod
(.8%$KQ CHPO ARBDK H@ O)AFRu@hermore, we include the drawn dividend of the
prior period (.4& ERE @ AJw@riable that measures the individually perceied
understanding of the market (/=NGAB@ ANOP = e@ittd An the ex-post
questionnaire, ranging from 0 to 10), a variable tht measures individual risk aversion
(4 E GfR A N Q(Eligited following the approach of Holt and Lauy (2002), ranging from
-3t0 5), and ) A J @ (with women as reference category) as explanatoryariables. The
results are shown in Tablel0. Given the similar results for each of both dependée
variables, we focus our analysis respectively on ghaugmented Models 4 and 6.

The regression results for Model 4 show that bid pce deviations (measured by4 8ﬁb
are path-dependent; . 8 &has a significantly positive effect. Traders bidelatively more
eagerly in later periods; 2 A N EhEg@ significantly positive effect on bid pricesTraders
are cautious when buying, the higher the bid quarnty, the lower the bidding price;
IN@AN 3 Q(:I\@ghESPaJsignificantly negative effect. Current asséoldings (in the
portfolio) and the quantity of sold assets in the gor period do not have an influence;
Asset Holdingsand . 45 K Ht@ O Arfe @hsignificant. Previous buying success, howewne
reduces bid prices; . 4% K Q C/BH®O A& significantly negative effect. The dividend
drawn in the previous period has a slight price bosting effect, the higher the dividend in
the previous period the larger the bid price in thecurrent period; . 4a S ERE®@AJ@
significantly positive. Individual /=NGAP@ AN O P =dar@ HEFEIHR A N O lrakel
significantly negative effects on bid prices. Mal&raders bid higher prices compared to
women; ) A J @ia dignificantly positive.

Comparing the bid prices of in- and outsiders, weeg that on average insiders bid higher
prices in the Tin+ and TinB+ markets and lower price in the Tin- and TinB- markets. All
differences are significant, except for TinB- (se€able 11).
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Figure 4: Insider and Outsider Limit Buy Order and Lim

it Sell Order Prices
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The regression results for Model 6 show that ask pres (measured by48g‘A) are

strongly path-dependent (more path-dependent than Ml prices);

.84 & has a

significantly positive effect. Traders are satisfid with lower ask prices in later periods;

2 A N EhEs@ significantly negative effect. Traders seenot to be as cautious with regard

to their portfolio when selling; IN@ AN 3 Q(:h@)ganR:Wrent #OOAP *KHaad& JC O
to have a significant effect. On the other hand, @vious buying success reduces ask
prices, . 8% K Q C/BHM®O AsPs@nificantly negative, and previous sale sucss increases

ask prices, . 85 K Ht@ O AsPsiQnificantly positive. The dividend drawn in he previous
period again has a slight price boosting effect othe ask price in the current period,;

. a& E R E @Aig@icantly positive. Individual / =NGAP 7J@ A NOIEB®&ANCEKJ
and ) A J @heade no significant effects on ask prices.

Looking at the comparison of ask prices between inand outsiders we see that on
average insiders ask higher prices in the Tin+, TB#, and TinB- markets and lower
prices in the Tin- markets. However, the differencesre only significant for Tin+ and

Tin- markets (see Tablell).
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Table 10: Regressions for RDs of Limit Buy and Sell Prices fro m Fundamentals

Dependent Variable: Model 3 Model 4 Model 5 Model 6
. 5 5 =A £A
P 48, 48 48, 48,
Constant (Nin+ Outsider) -18.53**=* -5.78 7.47%* 23.40%**
) (6.23) (10.14) (3.06) (7.64)
Lagh” 0.32%%* 0.31%* 0.56%** 0.56%**
(0.06) (0.06) (0.03) (0.03)
Period 0.65* 0.62* -0.72%* -0.72%**
) (0.34) (0.33) (0.24) (0.24)
Order Quantity (\7a t -0.63*** -0.73%* -0.12 -0.11
(0.12) (0.13) (0.23) (0.22)
Asset Holdings -0.14 -0.25 -0.12 0.01
(0.18) (0.17) (0.23) (0.20)
L. Bought Assets =217 -2.17%* -1.20%* -1.08***
(0.36) (0.36) (0.39) (0.38)
L. Sold Assets -0.13 -0.18 2.36*** 2.55%**
(0.46) (0.45) (0.46) (0.46)
Nin- Outsider 41.83*** 43.75%** 25.94%** 26.12%**
(7.08) (7.18) (4.52) (4.31)
NinB+ Outsider 9.68** 10.12** -0.17 0.09
(3.90) (4.05) (2.76) (3.09)
NinB- Outsider 37.68*** 38.47%** 25.18*** 24.84***
(6.84) (6.94) (4.42) (4.55)
Tin+ Insider 4.63 10.77** 1.61 5.04
(4.59) (5.13) (2.77) (3.22)
Tin+ Outsider 3.29 1.14 -0.49 -3.38
(3.91) (4.13) (2.93) (3.21)
Tin- Insider 14.36*** 13.15%** 5.77 0.82
(4.68) (4.89) (4.39) (4.82)
Tin- Outsider 20.65*** 21.88*** 9.63*** 9.25%**
(5.06) (5.40) (3.42) (3.59)
TinB+ Insider 9.31* 10.35** 1.46 0.66
(4.91) (5.13) (2.82) (3.06)
TinB+ Outsider 0.53 -2.92 0.33 -1.83
(4.04) (4.83) (2.85) (2.86)
TinB- Insider 24.66*** 22.87*** 17.44*** 15.62***
(7.95) (8.16) (4.48) (4.81)
TinB- Outsider 26.44%** 25.60*** 10.91** 9.62*
(5.79) (5.80) (5.31) (5.40)
L. Dividend 0.05* 0.07**
(0.03) (0.03)
Market Understanding -2.98** -3.69
(1.29) (1.13)
Risk Aversion -1.57%** -0.34
(0.51) (0.53)
Gender (Male) 8.16*** 0.05
(2.45) (1.99)
R2 .3961 4131 .6099 .6170
N 1597 1597 1742 1742

Notes Prais-Winsten panel-regressions with heteroskedd& panels corrected standard errors and
panel-specific autocorrelation (AR1) (Beck and Katz1995). 192 traders as cross sections with ¢
maximum of 15 observations over time (unbalanced). YOnly cases where buy/sell offers were made
are considered. Standard errors are shown in pareheses. *, **, and *** indicate significance at th
10%, 5%, and 1% levels, respectively.



Table 11: Wald Tests for Differences of Treatment Coefficients in Models 4 & 6

Insider vs. Outsider

Treatment $H W
(State Label) (4) (6)
Tin+ .0291 (>) .0280 (>)
Tin- .0459 (<) .0704 (<)
TinB+ .0080 (>) 4158
TinB- .7135 .3083

Notes p-values of Wald tests for the simple linear hypdiesis of
equality of estimated parameters are shown.

Aggregating the results for limit bid/ask prices, weconclude that, particularly in the

beginning of the markets,<se<tt”s f"f —St —"ftt”s MSc... S —Beft 0%, F06 fo
state, when assets are relatively cheaply sdl ,> ‘——e<t$”e fot et 77 foef—o <o —
state, when they are relatively expensively boughby outsiders. Given this conclusiorit

is not surprising that asset holdings of in- and aisiders indeed differ significantly

between 0 %0 ‘ “gtéte and 0, f ‘state markets, at least in the beginning of the masks,

as it is theoretically predicted by both informatioral models (Pl and RE).

In the 0 %0 ‘ ~$tate markets, insiders are those traders that holén average more assets
during the entire markets and significantly more durng the first six periods. In the
0, f “state markets outsiders are those traders that holen average more assets during
the entire markets and significantly more during perods 3 to 13. All differences are
significant at the 5-10% level, using the Wilcoxomatched pairs signed-rank testN = 16
(8/8). Insiders are thus capable of using their superioinformational position and buy
relatively underpriced assets in the 0 %0 ‘' ‘' T 6 and sell relatively overpriced assets in
the 0, f 10 <Hpwelér, it should be noted that asset stocks afi4 and outsiders align
during the course of the markets in both states.

Result 4: Insiders are those traders that hold more assets etd %o ‘ ~dta@te markets and
outsiders are those traders that hold more assatshe 0, f -state markets.

Furthermore a concentration of assets at single pyers over the course of the markets is
evident. Over all markets the trader with the largesasset portfolio in one market holds
on average 27.2 assets (with a standard deviationf &.298) at the end of period 15.
Concentration, however, is not automatically equateevith a more remunerative trading
strategy of the 0 S* f " 1 <+ %o 6 Althfotigh i eleven markets those traders which held
the largest asset stock also earned the highest nptofit (total profit minus prediction
earnings), a significant correlation cannot be detged between the asset stock of a
trader at the end of a market and her/his net-profit The Spearman's rank correlation
coefficientis é L @t x Up-value =.7174).
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Although the behavior of in- and outsiders convergg insiders are able to benefit from
their superior informational position. Insiders on average earn higher total profits in
Tin+, Tin-, TinB+, and TinB- markets, though the ddrence to outsiders is only
significant for Tin+ (see Table A. 6n Appendix A). Aggregated over all treatments with
informational asymmetry, insiders earn significantly higher total profits (6346 ECU vs.
5565 ECUjwo-sided t-test, p-value = .0793N = 96, 32/64).

Result 5: Informed traders have a trading advantage that is reveal in superior profits.
—eefrctt ‘—" tTf—f Ticec—<"17Z> cotwe. f-Ff aBfo T<fpTd"ee co—
what Camerer et al. (1989) callth O ...—"+% ‘'~ ee*™MZ 1% 04

Our markets are not strong-form efficient, followingthe definition of Fama (1970)
ZE .o f—eF coecttre U f,ZF —* Ff7e"0'fradingfon the basis of their
private (insider) information. This result supports the findings of Jaffe (1974).

4.4. Beliefs and Market Prices

Since 0 —<efZ —"ftco%o f..—c' oo TH Fet ‘o ftZfgféef tH+.=c<S¥a ™S«
again depend on the beliefs of actions of otherstc. (Palfrey and Wang, 20093> we

examine if stated beliefs on the market price are infmative about the actual market

price. We investigate to what extent elicited price expectabns and actual market prices

are correlated. Furthermore, we are interested in he expectations change if the

available information and distribution of information changes.

We are aware that belief elicitation can alter desions in the experiment. Gachter and
Renner (2010) for example have shown that incentivied belief elicitation about
contributions of others leads to higher contributions in a public-good experiment.
However, the experimental asset markets investigatedy Haruvy et al. (2007), who
elicited beliefs about market pricesin the same way as we do, closely resemble markets
of previous studies without belief elicitation. This, we do not expect a large
manipulation.

In the beginning of each period, participants wergequired to state their expectations
about the prospective market prices of the presentrad all subsequent trading periods.
In the following we denote the elicited beliefs inthe form: $QU, where Pdenotes the
period of elicitation, i.e., the period in which taders were asked to submit their price
beliefs and Bdenotes the period forecasted, i.e., the periodrifavhich the price beliefs are
stated.

250 ¢ f ™MUZT 0 e " fcom> 0 —otfiottes fEICE Yot -t f L —(SUnderf fete—fZe0
1995, p. 468).
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Figure 5 shows the average predicted price levelsybtreatment. Each bar in all eight
graphs represents the average of four markets, i.€4 traders26 As can be seens-"f T "1
expectations about the price trajectory contain thebelief of declining prices as
theoretically prescribed by fundamentals. This indiates that fundamentals are clearly
interpreted as the expected value of the future didend stream, as emphasized in the
experimental instructions. In contrast to Lei et al(2001), in our framework, a common
dividend, and common knowledge thereof, seems to beufficient to induce initial
common expectations that are consistent with fundameals. In contrast, traders in
Haruvy et al. (2007) anticipated a flat price trajetory at the beginning, followed by an
increasing trajectory in the middle, and a decliningrajectory toward the end of the first
round of their experiment. Our findings resemble th& markets with most experienced
traders.2?

Individual beliefs for the first period ( $) start under almost all conditions around the
BFV in the t period, which is 563. A t-test for the null hypotlesis of no difference shows
only for Tin a significant difference, where the asrage is 465.7 (p-value = .0036N =48),
compared to 547.4, 528.6, and 552.9 for NinB, TinBand Nin respectively. Price
assessments do not differ significantly by state witin equal treatment conditions.

Within the insider treatments with and without the provision of BFVs we find that

insider $2 are respf ... —<" 17> e<%oe< <...fe—7Z> S<% ST ¢ fLiSH -0 %o SHO -
0,f 16 «tyo-sided U tests,N=16: 587.9 vs. 296.6, p-value = .0098; 596.5 v38.8,

p-value = .0712). Outsider beliefs on the other hahare, as we would expect, not
significantly different between both states (two-sded U testsN =32: 548.2 vs. 595.4, p-

value = .4677; 431.4 vs. 423.1, p-value =.7773)hough clearly different with and

without the provision of BFVs.

Applying our convergence measure defined in Sectiohl on the average last belief for
each period (@3, we find that beliefs converge more slowly toward dndamentals than
market prices. We find 21 out of32 markets not to converge, compared to ten markets
for prices. Convergence time is slower for all treatents, though the difference is only
significant for Tin (two-sided Wilcoxon signed-ranktest, p-value = .0487). This result is
consistent with the findings of Haruvy et al. (2007 when traders had some experience.
Comparing theRD and RAD measures for last beliefs$g and market prices, we find
that RD shows only a significant difference between belisfand market prices in NinB,
where it is larger for prices, while the RAD measer is significantly larger for beliefs in
NinB, TinB, and Tin markets (two-sided Wilcoxon siged-rank test, respective p-values:
.0687, .0251, and .0357)It seems that positive and negative deviations canteut each
other in RD for both, beliefs and prices, but thatleviations are absolutely larger for
beliefs as revealed by RAD. Markets seem to exerkad of S>*¥"%0> ¥ "% ...— ‘o ="ftF”
beliefs that help prices to converge faster to theational expectations equilibrium than
beliefs. To further test whether better market-price predictions in a market, measured

26 Figure A. 3 in Appendix A illustrates the associedl between-subject standard deviations of the market
price predictions.
27 Participants in Haruvy et al. (2007) played four mekets, consisting of 15 periods each, in a row.
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by the average total prediction earnings in a markie lead to lower price deviations from
fundamentals, measured byRD and RAD, we use a Spearman correlation test. Wedia
negative, however insignificant relation for RD (é=-.1850, pvalue =.3108), but a
significantly negative correlation for RAD (€=-.3082, p-value =.0862). Better
predictions thus seem to lower price deviations.

Since the most important characteristic of forecast®r predictions is their correctness,

we now turn to the ability of forecasts to make infeences about future prices. To

estimate the informational content contained in predctions of traders, we first estimate

<" fet S'™ St . F Z3717 feot,—SF FSEFMEI AT« UL 0.
using the following model:

2 LU E¥EU:E ¢4 (6)

where 2.is the market price in period + @g is the average stated belief for the market
price of period Pin period P : is a vector of further explanatory variables, coraining
treatment dummies, a period variable 2 AN [ lai@ the drawn dividend in the prior
period (. a4& ER E @ K 3l@rt-term expectations of market prices are uhiased, then
ULrUL sandU L are the expected coefficients.

Furthermore, to test the correctness of average tder beliefs concerning the
anticipation of the market price, we estimate the fdbwing model:
25
ﬁég F 2&(; L U E ,';ﬁgltc;?SF 2@1(;?5
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Zé(; 2@19?5

G EJ:E ¢4 @)

where (@g F 2.22 denotes the deviation of the average belief in a meet from the

market price, relative to the market price. :%f}’gF %2592 75is simply the one-period
lag of the dependent variable and is defined as above. If short-term expectations ar
unbiased, i.e., correct, therJ L yU L rand U L are the expected coefficients.

The regression results of both models are shown in ddlels 7 and 8 in Tablel2. As can

be seen from Model 7 price expectations and actuaharket prices are strongly
0..."""1Zf—11t6 ™Mc—S [ S<%SZ> < Uoafhc MBo—.. S ‘&7 S . TNETL" o %os<
different from one (U M, g-value = .0011). Model 8 shows that the forecastuqlity, i.e.,

the relative deviation of beliefs from market prices is not auto-correlated sinceUis not

statistically different from zero. Moreover, as itseems, the presence of insiders rather

impedes forecast precision than enhances it. The the largest negative coefficients of

treatment dummies, which hint on an underestimation of market prices, are all

attributed to treatments where insiders were present(TinB+, Tin+, and Tin}.

This finding seems to be driven by the outsiders ithe Tin(B) markets and is supported
by the following: On aggregate over all treatments ith informational asymmetry, we
find a significant difference in prediction earning between in- and outsiders (144.9 ECU
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vs. 115.3 ECU, two-sided t-test, p-value = .0738,= 96, 32/64).28 Prediction earnings of
outsiders in the Nin(B) markets are, however, not ginificantly different from earnings
of insiders in the Tin(B) markets; but they are alscsignificantly larger than prediction
earnings of outsiders in the Tin(B) markets (137.0 EU vs. 115.3 ECU, two-sided t-test,
p-value = .0562N = 160, 96/64). The presence of insiders thus seemes psychologically
impede the prediction ability of outsiders in the Tn(B) markets. This finding is
consistent with Lovaglia et al. (1998), who foundtat a randomly assigned lower status
impedes performance in a test of mental ability.

Given that the maximum possible amount for predictionearnings is 600 ECU, if all
predictions lie in a range of Gsr ™ of the market price, prediction earnings of both
trader types are quite bad and close to another, Wh a mean of 125.2 ECU, a standard
deviation of 76.3 ECU, and a minimum and maximum of @H and 396 ECU over all 192
traders, respectively. Nevertheless, although the iffierence in prediction earnings
between in- and outsidersis not large, it indicates that the trading advantagef insiders
is at least partially conveyed in a better abilityto anticipate market prices.

Result 6: Elicited price expectations and actual market prices areghly correlated.
However, forecast quality (precision of beliefs) seems ratteebe impeded by the presence
of insiders. The provision of BFVs seems to have no impadbrecast quality.

To test whether better predictors also earn highertotal trading profits (total profits

corrected for prediction earnings) we use a Spearmacorrelation test. Over all 196
traders we find a highly significant connection beween individual prediction quality
and trading profits (€= .2717, p-value =.0001). As we would expect, et predictors
have more success in the market.

Additionally, we found men to make significantly higler earnings for predictions
compared to women (139.5 vs. 118.5, two-sided t-testp-value =.0432,N =192,
113/79) and higher total trading profits, though here the difference is not significant
(5800 vs. 5559, two-sided t-test, p-value = .4362N =192, 113/79). Alike, master
students make significantly higher earnings for predttions compared to Bachelo
students (151.4 vs. 124.9, two-sided t-test, p-vaku=.0319,N = 181, 42/139) and also
earn higher total trading profits (6372 vs. 5430, wo-sided t-test, p-value =.0106,
N = 181, 42/139).

28 When Tin+, Tin-, TinB+, and TinB- markets are comlgred separately (see Table A. 6 in Appendix) Ave
find insiders to be slightly better predictors andearn on average higher prediction earnings, howevethe
difference to outsiders is not significant.
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Figure 5: Average Predicted Market Prices
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Table 12: Belief Regressions

. Model 7 Model 8
Dependent Variable 2 3§c F2. 2.
Constant (Nin+) 21.59 3.08
(15.35) (5.60)
g 0.90%**
(0.03)
5 F 2005 Aers -0.02
(0.05)
Period 0.56
(0.36)
L. Dividend 0.29** -0.04
(0.13) (0.04)
NinB+ 52.77*** -3.82
(17.91) (4.76)
NinB- 47.04** -9.22*
(19.04) (5.12)
TinB+ 40.51** -12.88**
(19.45) (5.53)
TinB- 3.21 -2.09
(13.43) (5.13)
Nin- 12.47 -9.65*
(17.45) (5.21)
Tin+ 71.08*** -22.26***
(18.89) (5.56)
Tin- -7.62 -10.34*
(13.08) (6.12)
R2 .8746 .1450
N 315 247

Notes Prais-Winsten panel-regression with heteroskedast panels corrected
standard errors and panel-specific autocorrelation(/AR1) (Beck and Katz, 1995).
32 markets as cross sections with a maximum of 15 obsetions over time
(unbalanced). Only periods where trade took placera considered. Standard
errors are shown in parentheses. *, **, and *** iridate significance at the 10%,
5%, and 1% levels, respectively.
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5. Conclusion

Our study investigates price formation in a multi-peiod asset market with uncertainty
about market fundamentals. This novel framework combias the SSW environment with

[ Os—fak" eofe—0 <o fe—<%f-1F1 ,>&ametertanf - Weiydt (1991). It
"FvFefe—e f Q0" "ffZce—<...0 of et £B ffA- S SIE&nBIKRB arf” T
not only characterized by uncertainty but also by mbiguity. In this newly designed
uncertain SSW environment, we investigate whether (1the existence of traders who
are informed about the true state and/or (2) the provision of Bayesian updates of the
f ** T -1 -edeperdent fundamental values lead to better marketgrformance.

Our results differ from earlier studies in that we lardly find any bubbles under all
treatment conditions, even though all subjects werénexperienced. Out of 32 markets
only four reveal a bubble pattern. Our explanations that possibly the two possible
states exert a psychologically restraining effectro market prices and force participants
to more carefully reflect on their trading decisions

We find markets with asymmetrically informed traders © exhibit smaller price
deviations from fundamentals, implying higher market #iciency. This result is
consistent with the findings of Sutter et al. (2012, and is most likely attributed to the
fact that uninformed traders act in a more prudent wg to bypass exploitation, when
they are aware of the fact that some traders have advantage (of whatever kind).

The provision of BFVs has seemingly little to no ef€t. The mere assistance in the
assessment of the state seems not to be sufficientitmprove market performance.

Concerning the trading behavior of in- and outsides, we find that it differs at the
beginning but converges during the course of the m&ets, indicating that that state
information is revealed over time. In accordance withthe predictions of the PI- and RE-
models, we further find outsider limit buy/sell prices on average to be lower (higher) in
St 0% ‘t6 0,ft0 e—f—-1 ... f 1177 28t 1Acéi—coechied
outsiders on average hold less (more) assets iD %o ‘' “$é f — 1 éstgte) arkets. Thus,
informed traders are able to earn superior profits.Depending on the state, they buy
cheaply from or sell expensively to outsiders andhius capitalize their superior position.

With regard to elicited price expectations, we findorecasts and actual market prices to
be highly correlated. The precision of forecasts,dwever, seems to be impeded by the
presence of insiders, while the provision of BFVseems to have no impact on forecast
quality.

We observe that the presence of insiders increasesarket efficiency. However, we have
to be very cautious with this interpretation. We ae not inclined to state that
informational asymmetries are per se beneficial for miket performance. In our
experiment, the existence of insiders increases thaformation in the market. Increasing
the level of information even more, we have conducteén additional experiment, in
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which we employed a standard SSW framework with a sjte state. Dividends again
could take values of 10 ECU, 20 ECU, 40 ECU, oE8LJ), however, with equal and fix
probabilities of 25 percent, respectivelyTraders did not face any uncertainty about the
state, and were in a sense all insiders. These matke again, hardly showed any
bubbles2® Additionally they exhibited with -0.078 a smaller aerage RD than all our
other treatments with two possible states (accountedor the state) and with 0.180 also
the smallest average RAD. This seems plausible if wensider these markets as pure
insider markets, since there are no traders with uoertainty about the state30

We may conclude that increased information in a marketends to lead to more market
efficiency. However, we have to be aware of the fathat informational asymmetries in
markets are not beneficial in all aspects. The highenarket efficiency in our markets,
where insiders were present and could trade on theiinformation, is based on the
expense of outsiders. Given the differences in thteading behavior, particularly in the
beginning of the markets, insiders on average manage shift their asset holdings to the
detriment of outsiders. In addition, the presence ofnsiders seems to confuse outsiders
given their significantly inferior market price forecast capability. Taken together, it is
likely that deprived market participants in such trading environments would lose faith
fet —"—e— <o =St o . —Tc—ctel of2EHIf P 2200, Zf M —SF "
rendering the market less liquid.

Hence, to maintain the confidence in the fairness dihancial markets, we rather support

the position of proponents of insider trading reguation, requesting traders and other

market agents possessing material nonpublic informatio to make reasonable efforts to
achieve public dissemination of the relevant informabn on the broadest possible basis
(CFA Institute Code of Ethics & Standards of Prof@snal Conduct, CFA Institute, 2010).
We advocate all types of rules which are targetedowards faster and broader

dissemination of information.
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29 The general lack of bubbles might, besides the gemaé difference of the structure of fundamentals,
might be caused by the relatively small number of tragks in our markets. This might decrease the
incentives to speculate, in particular in combinatio with the call-auction trading mechanism, which teds
to lead to a lower trading volume than continuous doble-auction markets. Sutter et al. (2012) and
Dufwenberg et al. (2005) observed bubbles with thesame number of traders per market, however, by
using double auctions; van Boening et al. (1993) @nHaruvy et al. (2007) observed bubbles by using #a
auctions.
30 Figure B. 1 in Appendix B shows the trajectory andividual market prices and Figure B. 2 the trajeary
of the average pricdn this experiment.
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Appendix A

Additional Tables and Figures

Attitudes Toward Risk

Table A. 1: Risk-Test 1

- Expected  Risk Attitude
Decision

Lottery A Lottery B Payoff (# safe
# . )
Difference choices)
1 1/10 of 50, 9/10 of 40 1/10 of 96 , 9/10 of 2 29.6 -3
2 2/10 of 50, 8/10 of 40 2/10 of 96 , 8/10 of 2 21.2 -2
3 3/10 of 50, 7/10 of 40 3/10 of 96 , 7/10 of 2 12.8 -1
4 4/10 of 50, 6/10 of 40 4/10 of 96 , 6/10 of 2 4.4 0
5 5/10 of 50, 5/10 of 40 5/10 of 96 , 5/10 of 2 -4.0 1
6 6/10 of 50, 4/10 of 40 6/10 of 96 , 4/10 of 2 -12.4 2
7 7/10 of 50, 3/10 of 40 7/10 of 96 , 3/10 of 2 -20.8 3
8 8/10 of 50, 2/10 of 40 8/10 of 96 , 2/10 of 2 -29.2 4
9 9/10 of 50, 1/10 of 40 9/10 of 96 , 1/10 of 2 -37.6 5
10 1 of 50, 0 of 40 10f96,00f2 -46.0 5
Notesda ZZ 'f>'""e f"% <o e8d ‘——1f"s fecaSt O HET..S ..t foT ‘—-

choice. -5 = extremely risk-loving, -4 = highly riskoving, -3 = very risk-loving, -2 = risk-loving, 1 = slightly
risk-loving, O = risk-neutral, 1 = slightly risk-aerse, 2 risk-averse, 3 = very risk-averse, 4 = hilyhrisk-
averse, 5 = stay in bed.

Market/subject mean = 1.750, market maximum (minimum) = 300 (0.500), subject maximum
(Minimum) =5 (-u & 't f7efeie "foe . ""FZf—c'e . ESE fCHLf Yot ™MELf —-
market and the market price in the ¥ period: -0.0979, p-value = 0.5942 (negative relathship expected).

Table A. 2: Risk-Test 2a

Expected Risk
Decision Lottery A Safe Payoff Payoff Attitude
No. . (# safe
Difference .
choices)
1 20 29 -5
2 25 24 -4
3 30 19 -3
4 Lottery A: 35 14 D)
4/10 of 80,
5 40 9 -1
3/10 of 40,
6 45 4 0
2/10 of 20,
! 1/10 of 10. 50 -1 L
8 55 -6 2
9 60 -11 3
10 65 -16 4

Notes All payoffs are in ECUs. -5 = extremely risk-lovin -4 = highly risk-loving, 3 =
very risk-loving, -2 = risk-loving, -1 = slightly isk-loving, O = risk-neutral, 1 = slightly
risk-averse, 2 risk-averse, 3 = very risk-averse, 4 highly risk-averse, 5 = stay in bed.
Market/subject mean = -0.813, market maximum (minimum) = QL67 (-2.167), subject
maximum (minimum) = 4 (-w & I f efeie "fee L VVFZf—c'e ‘+S
average risk attitude in one market and the market gce in the 1st period: -O0. 0369 p-
value = 0.8412 (negative relationship expected).
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Table A. 3: Risk-Test 2b

Expected Risk
Decision Lottery A Safe Payoff Payoff Attitude
# : (# safe
Difference )
choices)
1 5 21 -4
2 10 16 -3
1 11 -2
3 Lottery A: >
4 20 6 -1
1/10 of 80,
5 25 1 0
2/10 of 40,
6 30 -4 1
3/10 of 20,
! 4/10 of 10. 35 9 2
8 40 -14 3
9 45 -19 4
10 50 -24 5

Notes All payoffs are in ECUs. -5 = extremely risk-lovip -4 = highly risk-loving, -3 =
very risk-loving, -2 = risk-loving, -1 = slightly isk-loving, O = risk-neutral, 1 = slightly
risk-averse, 2 risk-averse, 3 = very risk-aversd = highly risk-averse, 5 = stay in bed.
Market/subject mean = 0.427, market maximum (minimum) = 1500 (-1.167), subject
maximum (minimum) =5 (-v & ‘I f efeie "fese i Zf—c'e . ‘ES
average risk attitude in one market and the market gce in the Ist period: 0.1205, p-
value = 0.5111 (negative relationship expected).

Table A. 4: Ex-post Questionnaire Question - Attitude toward Risk

Question: Are you generally willing to take risksor do you try to avoid risks?

Highly Highly
risk- -=-= --- -- - + ++ +++  ++++ I’IS.k-
averse loving
©) (5) (10)

Notes Market/subject mean = 4.646, market maximum (minimum) = 667 (2.667), subject maximum
DR R —y + Sr r a ’if".f.-l-. ”f.o _..‘“(“:u:oz_f?i‘_.TM_;ti:t.""_(s.;t f~¢"f%°:t Y
market and the market price in the %t period: 0.0956, p-value = 0.6029 (positive relatinship expected).
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Trading Behavior of Insiders and Outsiders

Table A. 5: First Period Comparisons of Insiders and Out siders

Insider w/ Bayes (1st Per.)
+ - p-value?

Insider w/o Bayes (1st Per.)
+ - p-value2

' H

338.9 147.4 .0397

524.3 340.0 .0235

W 609.8 301.0 .0541 761.0 607.5 .0279
«H 12.6 13.5 .7116 12.4 5.3 .0262
«W 4.4 6.2 .2245 8.6 4.4 .0626
Outsider w/ Bayes (Ist Per.) Outsider w/o Bayes (3t Per.)

+ - p-valueP + - p-valueP
' H 361.6 446.4 1257 290.7 355.7 .3250
W 581.8 609.5 .6807 517.1 602.8 .6921
“H 10.7 10.6 .9293 13.3 8.8 4297
“W 5.0 6.6 2744 6.1 5.6 .6287

w/ Bayes+ (1st Per.) w/ Bayes- (1st Per.)

Insider  Outsider p-valuec | Insider Outsider p-value®
' H 338.9 361.6 .6968 147.4 446.4 .0013
W 609.8 581.8 .6100 301.0 609.5 .0386
“H 12.6 10.7 7947 13.5 10.6 .8083
«W 4.4 5.0 .6733 6.2 6.6 .9159

w/o Bayes+ (Ist Per.) w/o Bayes- (1st Per.)

Insider Outsider p-valuec | Insider Outsider p-value®
' H 524.3 290.7 .0180 340.0 355.7 .7830
W 761.0 517.1 .1896 607.5 602.8 .3560
«H 12.4 13.3 .5238 5.3 8.8 4484
“W 8.6 6.1 .0871 4.4 5.6 4296

Notes Mann-Whitney U test, twosided:2N = 16 (8/8), ® N = 32 (16/16), <N = 24 (8/16).
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Table A. 6: Profit and Prediction Earnings of Insiders and Outsiders

Insider+ Insider-
w/ w/o val w/ w/o val
Bayes Bayes p-vaiue Bayes Bayes p-vaiue
Profita 7568 8962 .0929 4369 4483 6744
Pred. Earnings 133.1 172.9 .0460 137.3 136.3 .4005
Outsider+ QOutsider-
w/ w/o val w/ w/o val
Bayes Bayes p-value Bayes Bayes p-value
Profitb 7183 6527 .2582 4315 4235 .6242
Pred. Earning$ 100.3 121.5 4397 131.3 108.2 5216
w/ Bayes+ w/ Bayes-
Insider Outsider p-value | Insider Outsider p-value
Profite 7568 7183 .3913 4369 4315 .9025
Pred. Earnings 133.1 100.3 3272 137.3 131.3 .8303
w/o Bayes+ w/o Bayes-
Insider Outsider p-value | Insider Outsider p-value
Profite 8962 6527 .0059 4483 4235 .3913
Pred. Earnings 172.9 121.5 .1500 136.3 108.2 .2439

Notes Mann-Whitney U test, two-sidedaN =16 (8/8), PN = 32 (16/16), cN = 24 (8/16).
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Limit Buy and Sell Prices

Figure A. 1: Average Limit Buy Order Prices
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Beliefs

Figure A. 3: Standard Deviations of Predicted Market

Prices
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Appendix B

Results of Additional Experiments with Known Fundam entals
(SSW Framework)

Figure B. 1: Individual Market Prices in the SSW Fra mework
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Figure B. 2: Average Market Price in the SSW Framewor k
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Appendix C

EXPERIMENTALINSTRUCTIONSRISK TESTY

Welcomd You participate in an experiment that consists of o parts. In Part | of the
experiment, you first take part in a decision expament in which you can earn money. How
much you earn depends, in Part I, only on your pessal decisions. In Part Il, your earnings will
also depend on the choices of others. Each partieipt makes its decisions in isolation from the
others on her/his computer. We ask you not to talko other participants.

PARTI

Part | of the experiment consists of three tasksniTask 1 you have to make 10 decisions, first. In

each you must choose between two options, lottery Xr lottery Y. Each lottery involves two
payments, for which there are different probabilites of occurrence, in each case. The payoffs are
given in a fictitious currency ECU (experimental awency units). At the end of Part |, the
computer will select among your 10 decisions randoty one, for which you are paid according to

your selected option. The resulting ECUs are convted according to a fixed exchafet "f -1 <+ @ &

In Task 2A and 2B, you have to make 10 decisionscba choosing between a lottery and a safe
payment (in ECU). At the end of Part |, the computewill select from among these choices
randomly one, £ f...S& ~*” ™MSc...S >'— f"1 ' focyour sel@cted. optior, talig into

account the exchange rate.

AVAILABLE INFORMATION

A calculator is available at the right side of eactiecision screen which you can open viasmall
calculator icon. Once you have made your decisions all three tasks, you will receive your

"te 7 e ‘e _8F o "tte o Tt V%o pT—" 'Fra$t 1S i@<sTe—4

PAYMENT
IR - Jh ICHR "t St —STtifidfesd T ETY o' @& ™MSEUEf- tf
™S @rarrwa  ‘— ™ZZ fZe' Ui. for<your fappearantes The ‘payout is

conducted individually and anonymously at the end fothe experiment.

In order to start the experiment, you need to cliclon the <Next> button. After completion of Part
I, we ask you to stay at your place in the cabin drwait for further instructions for Part 1l of the
experiment.
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EXPERIMENTALINSTRUCTIONST INB)

In Part Il, the main part of the experiment, you wi participate in a market experiment in which
you can still earn money. How much you earn dependm this part, on your decisions and, unlike
Part |, also on the decisions of other participantsEach participant makes its decisions in
isolation from the others on her/his computer. We gk you not to talk to other participants.

PARTII

You now participate in a market which runs 15 tradng periods. At the beginning you will be
randomly matched with five other persons to build agroup of six, in which you remain
throughout the 15 trading periods. You will not knav the identity of your group members at any
time, though.

In this part, you assume the role of a trader on stock market, for assets of a single type. On this
market, you have the opportunity to submit a buy ad / or a sell offer in each of the 15 trading
periods. However, you are not obliged to.

At the beginning of the 15 periods, each group meneb is endowed with 10 assets and an initial
trading capital of 10,000 ECU. This initial tradingcapital has to be repaid at the end of the
experiment in full, again!

THE VALUE OF ANASSET

Each asset has a lifespan of 15 trading periods. §1s0-called fundamental value of an assé&t
determined in each of the 15 periods as the sum difie, for all assets identicagldividends to be
accrued in the future. After the last dividend payrant at the end of the last period the assds
worthless. The dividend for an asset is randomly dermined in each period by the computer
and can take a value of 10 ECU, 20 ECU, 40 ECWdEBU.

There are two possible "states" with respect to theasset, State 1 ("good" state) and State 2
("bad" state). Each state has the same probabilitpf 50%. Given these probabilities, the
computer randomly selects one of the two states befe the first trading period. This state (State
1 or State 2) withstands for the total market duraion of 15 trading periods.

Two randomly selected participants per group of siparticipants, whose identity remains secret,
will be informed at the beginning of the market wheh state has actually been chosen and applies
to all participants during the entire duration of the market. The other participants receive no
information about the actually chosen state. The mraomly drawn state determines the
probabilities with which each of the possible valus of the dividends of 10 GE, 20 GE, 40 GE or 80
GE are drawn. These probabilities and the expectelividend of one asset are presented in Table
1 for the two states.

Since, in the two states, the probabilities of theossible dividend values and thus the expected
dividend per period of an asset are different, also the fundamentals of arsset will develop in
different ways over the course of the market. Tabl@ shows the computation of the fundamental
values in the periods 1 to 15 for the two possiblstates.
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Table 1

—f-f s 0% """ —-f-Ft o,ftc
[50%] [50%6]
10 ECU [10%)] 10 ECU [40%)]
Possible Dividends 20 ECU [20%)] 20 ECU [30%]
[Probabilities] 40 ECU [30%] 40 ECU [20%)]
80 ECU [40%] 80 ECU [10%]
Expected Dividend
) 49 E 26 E
of an Asset per Period 9 ECU 6 ECU
Table 2

Fundamental Values (in ECU)

| S\tate,l, , Cond. State 2 Cond. Expected Value
Period 0% "t6  Prob. for 0,f10 Prob. for according to Bayes
[50%] State 1 [50%] State 1
1 735 (=15%49) 0.5 390 (=15%26) 0.5 (:0_5x75;65i.(5)_5x390)
2 686 (=14x49) P12 364 (=14x26) P22 P1,2X686+p2,2x364
3 637 (=13x49) P13 338 (=13x26) P23 P13%637+p,3%338
4 588 (=12x49) P14 312 (=12x26) P24 P1.4X588+D;,4x312
5 539 (=11x49) Pis 286 (=11x26) P25 P15x539+p, 5x286
6 490 (=10x49) Pie 260 (=10%26) P26 P1,6x490+p2,6%260
7 441 (=9x49) P17 234 (=9%26) P27 P17%441+pp 7234
8 392 (=8x49) P1s 208 (=8x26) P28 P1,8x392+p,,6%208
9 343 (=7x49) Pro 182 (=7x26) P29 P1,0%343+p2,6%182
10 294 (=6x49) P1.10 156 (=6%26) P2.10 P1,10%294+2,10%156
11 245 (=5x49) P11 130 (=5x26) P21 P111%245+p211x130
12 196 (=4x49) P12 104 (=4x26) P22 P1,12%196+p2 12104
13 147 (=3x49) P113 78 (=3x26) P213 P115%147+p2 1378
14 98 (=2x49) P1,14 52 (=2x26) P2,14 P1,14%98+p2,14%X52
15 49 (=1x49) P1.15 26 (=1%26) P2.1s P1,15%49+P2,15%26
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Since, in the game, you are not necessarily informed abibwhich state has actually been drawn,
you may only know the initial probability of 50% foar each state, you are provided at the
beginning of each period with recalculated probabities for the two states according to the so-
called Bayesian method. These so-called conditionptobabilities for the states take into account
the, up to that time, randomly drawn dividends. Beause the conditional probabilities cannot be
specified in advance, they are denoted in Table 2ithh Ly 4Vhereby, E & a tdenotes the state
and F 6 <tswvédénotes the period. In addition to the recalculate conditional probabilities
you are provided, at the beginning of each periodayith a fundamental value which is adapted to
these conditional probabilities (fundamental valueaccording to Bayes) on your screen.

DECISIONS

Before you can submit your buy and sell offers fothe assets in each trading period, you are
asked to forecast the resulting asset price in thmarket for all future periods. This market price
is determined and announced to you at the end of el period. In particular, you enter in each
period P 6 < s sava dotaléof :s xF Pfprecasts for the future periods. Because you caathink
your forecasts in each period, you have to submibf each period Pa total of Pforecasts in the
course of the market. Depending on the forecast amacy of your forecasts you receive a
payment (in ECU) after each period which was predied. Table 3 gives an overview of the
payments depending on the quality of forecasts. Tlse payments can be received for each period
Pa maximum of Ptimes. With the <Tabulator> button you can switchthe entry fields for your
decisions. All entries are completed by clicking othe <Submit Forecasts!> button.

Table 3

Accuracy of the Forecast Payment for each Correct

Forecast
Within £ 10% of the actual market price 5ECU
Within £ 10-20% of the actual market price 2 ECU
Within £ 20-30% of the actual market price 1ECU

Trading in each period takes place as follows. Eadhading period lasts a maximum of 240
seconds. In the first 120 seconds, you first havdné opportunity to submit an offer to buy by
entering a "limit buy price" and the corresponding'limit buy quantity” in the appropriate fields
on the screen.

The limit buy price is the price you are willing topay at most per asset. This means you buy at
this or any lower price which is established on thanarket. Please enter in addition to your limit
buy price your corresponding limit purchase quantiy of assets you want to buy at a price lower
than or equal to your limit buy price. If only a smber amount of assets is available on the
market for you, you get this smaller amount. In exeme cases, it is also possible that you get no
assets. If you do not want to buy at any price buwvant just to keep your asset inventory, leave
the entry fields empty.

Please confirm your entries by clicking on the butin <Confirm Buying Decision!>. Subsequently
you switch to the screen for the submissiomf your selling offer.
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In the second 120 seconds you have then the opportity to submit an offer to sell, by entering a
0Zcoc<— o377 ""<...10 feot —St ... 7% fPbecs%o> ®Lee—STLF """ f-F "<FZT
screen.

The limit sell price is the price you want to havet least per asset. This means you sell at this or
any higher price which is established on the marketPlease enter in addition to your limit sell
price your corresponding limit sell quantity of as®&ts you want to sell at a price higher than or
equal to your limit sell price. If there is only dower demand for your assets on the market, you
sell this smaller amount. In extreme cases, it idsp possible that you sell no assets. If you do not
want to sell at any price but want just to keep youasset inventory, leave the entry fields empty.

Please confirm your entries by clicking on the butin <Confirm Selling Decision!>. When all
participants have completed their decision to sellthe experiment continues. All buy and all sell
offers aggregated, respectively. Out of this, the arket price and the corresponding trading
volume (the total quantity traded) are determined.All individual transactions that are possible
under these conditions are conducted. If no transgions can take place, there is ho market price.
In this case, we denote the market price with O.

Transactions take place as long as there are deasawho want to sell at a lower or the same price
than dealers are willing to pay. For the determinabn of the market price and trading volume all
bids are aggregated, from the highest to the lowedtid, into a falling demand curve in price, and
all selling offers are aggregated, from the lowedb the highest selling offer, into an increasing
supply curve in price. The intersection of these tw curves determines the (maximum possible)
trading volume. The market price is determined ashe average of the smallest limit buy price
and the highest limit sell price for which a transation just comes about.

Please note that your inventory of assets and tradg capital changes through trade after each
period. The selling of assets reduces the asset aittreases the trading capital inventory. The
buying of assets increases the asset and reducesttrading capital inventory. In addition, the

dividend income, of the assets held by you at thend of each period, increases the trading
capital.

When choosing your buying and selling offers, you ust ensure that they are permissible. If you
trade, you firstly can never sell more assets thayou have in your own asset inventory in this
period, secondly never buy more assets, as is perteid by the available sum of the asset
holdings of the other market participants in your goup and thirdly never buy more assets at a
certain price, as is permitted by your trading capal in this period. Fourthly, you must note that
your limit sell price, at which you wish to sell asets, must be higher than your limit buy price, at
which you wish to buy assets. Possible prices thahay be entered are all integer numbers
between 1 and 1500, as long as none of the rules@e is violated. If you make an entry that
violates these rules, this will be automatically idicated on the screen and you have to revise
your input. However in this case, you also have thepportunity to continue without entering an
offer by leaving the entry fields empty.

Should you have not verified your buying and/or sding decision during the respective 120
seconds, the (possibly) until then entered decisiamn are not taken into account, i.e., you would
not buy or sell anything in the respective decisiorstage!
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AVAILABLE INFORMATION

A calculator is available at the right side of eactecision screen, which you can open via a small
calculator icon. Additionally, you are provided ineach period in all decision stages, withall
relevant information via a summary table on the sa@en. Just cliclon the button <Show Results
of Previous Periods> which is locatedn the middle at the bottom of the screenTo return from
this summary screen back into the respective decish stage, you have to cliclon the button
<Back toa y respectively. Furthermore, an overview of the results of the justompleted period
is displayed after each period on the screen.

PAYMENT

Your relevant income for the payout (in ECVin Part Il of the experiment is determined by your
trading capital at the end of the last period minughe initial trading capital. The relevant income
for the payout is calculated alternatively as thewm of your individual period profits. The period
profit is calculated as follows:

Period profit Your asset holdings at the end ohe period x Dividend per Asset

in this period (= dividend income)

+ Proceeds from the disposal of assets in this njed
Expenditures for purchased assets in this period
+ Remuneration for the forecast(s) of the marketrice in this period
Your relevant income for the payout (in ECU) from f " — <o L TR —fT <ot @& ™MSEVEf-

co ™S @rarrud e flto—cied >t >™MZZ " fXZE Sfup'iderS@UEA T
your trading capital at the end of the last periodf part Il is not sufficient for the repayment of

the initial trading capital, your relevant income br the payout in Part Il is negative. This negative
payment is deducted from your payout from Part | ad your show-up fee. However, you cannot
suffer a real loss, i.eyour minimum payout is zero. The payout is conductt individually and
anonymously at the end of the experiment.

We ask you now to go to the computer with your paitipation number. There you have to click
on <Continue>. You then will be given on your screea humber of questions regarding these
instructions. If you have any questions please addss yourself to the experimenter. Only when
all participants have correctly answered all questins, the experiment starts.
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Screenshots

Verbleibende Zeit[sec]: 179

Aufgabe 1: Bitte geben Sie fiir jede Zeile an, ob Sie Lotterie X oder Y wahlen

Lotterie X Lotterie Y
pZoi {in GE) der Auszahlung {in GE) der Ansl;"ﬂ; lung - Ihre {in GE) der Au: sml;lnng - (in GE) der Au: sl;al;lnng -
. 50 10% 40 20% Lotierie X ¢ " Lotterie Y 9% 10% 2 90%
2 50 20% 40 80% Lotterie X € (" Lotterie Y 96 20% 2 80%
3 50 30% 40 70% Lotierie X ¢ (" Lotterie Y 9% 30% 2 70%
4 50 40% 40 60% LotierieX € " Lotterie Y 96 40% % 60%
5 50 50% 40 50% Lotterie X ¢ " Lofterie Y 96 50% 2 50%
6 50 60% 40 40% Lotierie X ¢ (" Lotterie Y 9% 60% 2 40%
T 50 70% 40 30% LotierieX ' " Lotterie Y 96 70% 2 30%
8 50 80% 40 20% Lotterie X ¢ " Lotterie Y % 80% 2 20%
9 50 90% 40 10% Lotterie X ¢ " Lotterie Y 9% 90% 2 10%
10 50 100% 40 0% Lotterie X € " Lofterie Y. 96 100% 2 0%

Verpleibende Zeit [secl: 178

Aufgabe 2A: Bitte geben Sie fiir jede Zeile an, ob Sie Lotterie A oder die sichere Auszahlung wahlen.

Zeile

Lotterie A

80 GE mit Wahrscheinlichkeit 40%

40 GE mit Wahrscheinlichkeit 30%

20GE mit Wahrscheinlichkeit 20%

10 GE mit Wahrscheinlichkeit 10%
Lotere Ausu:ilf:::rrin GE)

Ihre Entscheidung

Lotterie A Lotterie A ¢~ Sichere Auszahlung 20
Lotterie A LotterieA ¢~ ¢ Sichere Auszahlung 25
Lotterie A Lotterie A " Sichers Auszahlung a0
Lotterie A Lotterie A~ ( Sichere Auszahlung as
Lotterie A LotterieA " (" Sichere Auszahlung 40
Lotterie A Lotterie A ¢ Sichere Auszahlung 45
Lotterie A LotterieA ¢ " Sichere Auszahlung 50
Lotterie A Lotterie A ¢ " Sichere Auszahlung 55
Lotterie A Lotterie A ¢~ Sichere Auszahlung 60
Lotterie A LotterieA ¢~ ¢ Sichere Auszahlung 65
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Aufgabe 2B: Bitte geben Sie fiir jede Zeile an, ob Sie Lotterie B oder die sichere Auszahlung wahlen

Verbleibende Zeit[sec]: 180

Lotterie B
80 GE mit Wahrscheinlichkeit 10%
40GE mit Wahrscheinlichkeit 20%
20GE mit Wahrscheinlichkeit 30%
10 GE mit Wahrscheinlichkeit 40%
. Sichere
Lotterie :
Auszahlung (in GE)
Zeile Ihre Entscheidung
1 Lotterie B Lotterie B ¢~ ¢ Sichere Auszahlung 5
2 Lotterie B Lotterie B € ¢ Sichere Auszahlung 10
3 Lotterie B Lotterie B ¢~ ¢ Sichere Auszahlung 15
4 Lotterie B Lotterie B~ ¢ Sichere Auszahlung 20
5 Lotterie B Lotterie B ¢ ¢ Sichere Auszahlung 25
6 Latterie B Lotterie B €~ ¢ Sichere Auszahlung 30
P Lotterie B Lotterie B~ ¢ Sichere Auszahlung 35
8 Lotterie B Lotterie B ¢ ¢ Sichere Auszahiung 40
2 Lotterie B Lotterie B ¢~ ¢ Sichere Auszahlung 45
10 Lotterie B Lotterie B € ¢ Sichere Auszahlung 50
Verbleibende Zeit [sec): 10
Ergebnisse fiir Teil |
Ergebnis aus Aufgabe 1:
Die zufallig fir die Auszahlung ausgewahite Zeile 1
Die von Ihnen gewahlte Alternative in dieser Zeile X
Ihr Efls in GE aus Aufgabe 1 40
Ergebnis aus Aufgabe 2A:
Die zufallig fur die Auszahlung ausgewahlite Zeile 5
Die von Innen gewahlte Alternative in dieser Zeile Lotterie A
Inr Erlés in GE aus Aufgabe 2A 40
Ergebnis aus Aufgabe 28:
Die zufallig fiir die Auszahlung ausgewahite Zeile 2

Die von Ihnen gewiahlte Alternative in dieser Zeile Sichere Auszahlung

Ihr Erlds in GE aus Aufgabe 28 10

Inre in Euro aus Ihren in Teil | 045

59



Periode

1 von 1 Verbleibende Zeit[sec] 24

Sie erhalten Information iiber den zufillig gewahiten Zustand, der fiir die gesamte Marktdauer Bestand hat!

Der zufillig gewahlte Zustand ist: Zustand !

Periode

1 von 1 Verbleibende Zeit[sec]: 21

Sie erhalten keine Information iiber den zufillig gewéhlten Zustand, der fiir die gesamte Marktdauer Bestand hat!
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1 von 1 Verbleibende Zeit[sec]: 179
Bitte geben Sie Ihre Marktpreisprognosen fiir die aktuelle Periode und alle kiinftigen Perioden an!
Prognose || Prognose || Prognose || Prognose || Prognese || Prognose || Prognose || Prognese || Prognose || Prognose || Pragnose || Prognose || Prognose || Prognose || Prognose
Periode 1 Periode 2 || Periode 3 || Periode4 || Periode5 || Periode 6 Periode 7 || Periode 8 || Periode 8 || Periode 10 || Periode 11 | | Periode 12 | | Periode 13 | | Periode 14 | | Periode 15

]

L]

[]

L]

L]

L]

O O

]

[]

.

]

[]

L]

Die Wahrscheinlichkeit fiir Zustand 1 ist 50.0 %. Der Fundamentalwert einer Aktie in der aktuellen Periode in Zustand 1 ware:

Die Wahrscheinlichkeit fiir Zustand 2 ist 50.0 %. Der Fundamentalwert einer Aktie in der aktuellen Periode in Zustand 2 ware:

Der erwartete Fundamentalwert einer Aktie in der aktuellen Periode nach Bayes betragt:

735

563

vosnn[| ereps Ubericht Inrer Preisprognosen der aktuellen und aller kiinftigen Perioden aus den vergangenen Perioden
1 [ 2 3 4 5 [ 6 [ 7 [ 8 | 9 [ 10 T m [ 12 [ 13 [ 14 ]
1 | | | | | | | | | | |
[Ergebnisse vergangener Perioden anzeigen
1 von 1 Verbleibende Zeit[secl 122
Periode. [ F inZustand1 | F inZustand2 | F nach Bayes
1 | 735 | 390 | 563
Zuriick zur Prognosen
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