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Abstract

We experimentally study the possibility that nevisarisis in one market may cause a
contagious crisis in another market though theeenar links between those markets. Literature
provides models of contagion in which news of gisrmay cause contagion in Bandwagon and
Strategic risk channels; however, these models éaagirical evidence. The reason may be that
it is difficult to isolate the effect of news ofcaiisis in real data, as markets are linked in many
ways. To our knowledge this is the first researdb contagious effects of the news of a crisis.
We modify the influential experimental design ofiBnet al. (1988) to construct an environment
in which two separate markets are traded simultasigpand there is no link between these
markets other than possibility of observing priaeshe other market. We create a crisis in one
market by simulating a price drop in that marked abserve whether prices in the other market
drop in a contagious manner. Our results show rieats of a crisis is a significant source of
contagion and the Bandwagon channel is significauhije the Strategic risk channel is not.
Further, news of a crisis may cause contagion anghls other than Bandwagon and Strategic
risk; however, we do not identify which channelstive present study, leaving it for future
research.
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1. Introduction

This study uses a financial market experiment tlysthe role of news of a crisis effect
(NCE) in contagion. NCE is the contagious effecwvimch news of a crisis may transfer a crisis
across markets. News of a crisis in one market affgct the sentiments of agents in another
market, inducing them to change their trading sgi&s, resulting in a crisis in the other market
as well, even when there are no links between thua&ets. We use a double auction financial
market experiment in which two assets are tradedilsaneously, and news of a crisis in one
market may cause a crisis in the other market.ekperimental design allows us to isolate NCE
and test whether it has a significant role in cgra. We use an experiment because in real life
it is impossible to isolate NCE from the effects mmany links connecting markets such as
common traders, common shocks, fundamental liriks, e

News of a crisis in one market may affect the badrasf agents in the other market
through different channels. The present study demsi two of the possible channels:
Bandwagon (Calvo and Reinhart, 1996) and Strateghq(Ahnert and Bertsch, 2013) channels.
The Bandwagon channel transfers NCE from one maokahother when agents in one market
think that two markets are similar, and if a crisggpens in one market it is likely to happen in
the other market as well. The Strategic risk chatmaasfers NCE from one market to another
when there is no common knowledge of others’ infation. When each agent has information
that markets are not similar but they do not knbuallithe agents in their market have the same
information, they face strategic risk about theeosh information. Each agent may think that
others might not have the information about nonilanity of markets and that they may create a
crisis by trading as if a crisis is likely to happe their market too. Thus, for each agent it is
safer to trade as if there should be a crisis @ir timarket too, though each agent knows that the
markets are not similar. If some critical numberagents chooses to trade safely when facing
strategic risk, a self-fulfilling contagious crigigy occur.

We construct four treatments which allow us to testhe significance of NCE in general,
and particularly in Bandwagon and Strategic ris&rotels of NCE. We control Bandwagon and
Strategic risk channels in our experiment by elatimg them from one treatment to another. In
one treatment, we eliminate both Bandwagon andegfiarisk channels, nevertheless there is
still NCE. We realize it is possible that there ahannels of NCE other than Bandwagon and

Strategic risk. For example, a crisis in one markght have a sunspot effect on traders in
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another market and result in a crisis there as.vidgdtause our design does not allow us to
separate possible other channels from one anotveergroup them in “channels other than
Bandwagon and Strategic risk” (OBSR).

The experiment is designed so that the two maitkate different parameters. We believe
knowledge about the differences between marketsvarether this knowledge is public can
control for Bandwagon and Strategic risk channetpectively. When subjects do not know that
markets have different parameters, they may thak markets are similar, and if prices drop in
one market they are likely to drop in the othemasdl. Giving information to subjects about
differences between markets should eliminate thedBagon channel. Further, if it is not
common knowledge that all the subjects know abloaitdifferences between markets, there is a
Strategic risk channel, as subjects do not know bther subjects will react to price changes in
the other market. Making this knowledge public éhates the strategic risk channel of NCE, as
there is no more uncertainty about others’ inforaragbout the similarities between markets.

We have a section labeled “Additional Informatian”our instructions with which we
control Bandwagon and Strategic risk channels oENIG two of four treatments there are only
baseline instructions which do not include “Additad Information” section and do not give
subjects information about differences between etarkdn the other two treatments there is the
“Additional Information” section in the instructisrwhich gives information about differences
between markets in addition to the information abie experiment provided to subjects in
baseline instructions. Having “Additional Informati’ in a treatment eliminates the Bandwagon
channel, and making it public knowledge that adl garticipants have “Additional Information”
eliminates the Strategic risk channel.

Our results show that NCE is a significant causeasftagion. Our findings compliment
the study of Calvo and Reinhart (1996) by showimgg the Bandwagon channel is significant.
We do not find support for the model of Ahnert dertsch (2013), as in our experimental
setting, the Strategic risk channel is insignificaAfter eliminating the Bandwagon and
Strategic risk channels we find that NCE can bglIsignificant, which implies that at least one
of possible OBSR channels is significant.

The paper further is organized in the following w&gction 2 provides relevant empirical

and experimental literature. Section 3 describesekperimental design. Section 4 describes



data obtained from the experiment. Section 5 dessrmethodology and results, and section 6

concludes the paper.

2. Literature Review

Many studies discuss contagion channels which arnected to the links between
countries (Kaminsky, 1998; Kodres and Pritsker,2(yle and Xiong, 2001; Goldstein and
Pauzner, 2004; Aloui et al., 2011). However, treeefew studies related to the role of news of
a crisis in contagion, and those studies fail tovjgle evidence which would prove the
significance of NCE. Calvo and Reinhart (1996) gttite incidences of crises in Latin America
and Asia after the Mexican crisis of 1994 and exanthe possibility of contagion. They find
co-movement between weekly returns to bonds imLAtherican countries in the wake of the
Mexican crisis. According to the authors, a poss@tplanation would be that the co-movement
is caused by herding behavior. Calvo and Reinhatislanation is in accordance with the
hypothesis that news of a crisis may cause cormag® herding behavior across countries may
occur when agents receive news about market peafarenin the other countries. However, the
authors argue that a contagion may also be causédebdecision of a few large investors to
liquidate assets in different markets. Thus, tiseilts of Calvo and Reinhart (1996) do not allow
us to identify news of a crisis as a cause of @jata

Eichengreen, Rose and Wyplosz (1996) examine |aaigel data from 1959-1993 in order
to find evidence of contagion. The authors contool macroeconomic fundamentals and still
find that the incidence of crises in one countrgréases the probability of crises in another
country. Thus, news of crises in other markets rbaya cause of contagion. However,
Eichengreen, Rose and Wyplosz do not control fonmon shocks, which does not allow us to
identify the role of news of a crisis in contagiarhus, few empirical studies which discuss
whether news of a crisis may cause contagion dgruwtde enough evidence to conclude that
it does.

The present study contributes to the literatur@ioyiding evidence from an experimental
laboratory. There has been no experiment condustédthe same objectives as the current
research to the best of my knowledge. There are=sexperiments which study contagion or
correlation between markets (Fisher and Kelly (30@Ckert, Mazzotta, Qi (2011), Qi and
Ochs (2009)); however, they do not relate to theeru study closely as they focus on the

arbitraging across markets and transfer of inforomarom one market to another.
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We use a financial market experiment which is a ifrcadion of the Smith, Suchanek,
Williams, (1988) financial market experiment. Theeriment is not constructed to replicate the
model of Calvo and Reinhart (1996) or Ahnert andi®# (2013); however, it allows us to test
whether the news of a crisis may cause a contagi@my of possible channels and further, it
allows us to test for the Bandwagon and Strategik channels considered by Calvo and
Reinhart, and Ahnert and Bertsch.

In their influential experimental research, Smitlake (1988) constructed a double auction
financial market experiment to test the Efficienaiidet Hypothesis, according to which prices
in the market should reflect all the available mfiation. In Smith et al.’s experiment, subjects
trade stocks which have constantly declining funelatal value (FV). Theory predicts that
prices in each period should equal the FV; howaberresults of the experiment of Smith et al.
show that prices have an inverse U shape and tray & bubble. Figure 1 shows an arbitrary
example of FV and a price line which is similarthe results of Smith et al. The green-curved
line is the average of prices of each trading meridhe blue straight line is the FV of a stock in
each period. Prices increase above the FV and dtareasing closer to the end of trading
creating bubble.

Figurel: Example of price development in Smithlé$ @xperiment.
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Figure 1 depicts an example of the usual patterprafes in Smith et al.’s experiment. The blue lisethe
fundamental value of a stock and the green curtleeisverage traded prices in a period.



Many studieshave used different modifications of the experitakdesigned by Smith et
al. (1988) in order to understand why the priceasmfbubbles and do not follow the theoretical
prediction. Unlike those studies, the goal of pn¢sesearch is not to understand the reasons for
bubble formation as in Smith et al., but to underdthow a crisis can be transferred from one
market to another. However, it is important for gesent study to ensure that the price
formation process in the experiment is similare price formation process in real life financial
markets and that it is not particular to the expental design. Otherwise, the results would not
be informative as they could have been driven bifiquaarities of experimental design.

Smith et al. explain bubbles in their experiment speculative trading: the subjects
understand that the prices are higher than the HoWever, they do not know if the other
subjects understand it as well. They speculateuyynly assets with higher price than the FV in
hope that they can sell it latter at an even higinee and thus gain capital profit. A more recent
study by Kirchler et al. (2012) argues that bublmeSmith et al.’s financial market experiments
are purely a result of confusion connected withdéelining nature of the fundamental value. In
contrast Kirchler et al., Akijama et al. (2013),daGheung et al. (2014) show that the price
pattern in Smith et al.’s (1988) experiments is paty caused by confusion but also by
uncertainty of the subjects about other subjeakavior, which results in speculative trading.

The possibility of confusion in the experimentalsid@ of Smith et al. mentioned by
Kirchler et al. is not desirable in the design lo¢ fproposed study because any result may be
driven by confusion which is a particularity of teeperimental design of Smith et al. and does
not reflect reality. To avoid confusion, we addp design of one of the treatments of Cheung
et al.

Cheung et al. argue that the results of Kirchlealeare biased by the fact that Kirchler et
al. publicly provide information about the declining natureFdM. As a result, elimination of
confusion also eliminates the uncertainty aboutersth behavior because it is common
knowledge that all agents have more informatioruaBb¥, which makes others’ behavior easier
to predict. Cheung et al. eliminate confusion ining subjects about FV; however, unlike

Kirchler et al., they do not eliminate the uncertgiabout others’ behavior as theéy not make

'Boening et al. (1993), Noussair et al. (2001), Kiec et al. (2012), Akijama, Hanaki, Ishikawa (2D1Gheung
(2014).



it common knowledge that all subjects have trainifi@e results show that mispricing is almost
as large as without training. This shows that theepdevelopments in Smith et al.’s experiment
are caused not only by confusion connected to ¢isegd of the experiment, which is not natural
in real life. The price pattern in Smith et al.)gperiment is also caused by traders’ expectations
of how other traders will act, which is naturalreal life. | present below the details of Cheung
et al.’s experiment that are important for the gesif our experiment.

There are 4 treatments in Cheung et al.’s expetinvga give details for 2 of them. In the
first treatment, 20 participants all are trainedwbthe FV of the asset, and it is common
knowledge that everyone is trained. This is Pukhowledge (PK) treatment. Further subjects
are divided into 2 groups of 10 and each groupesad one benchmark Smith et al. experiment.
The second treatment is Non Public Knowledge (NPFK)this treatment, 20 subjects are
gathered in the lab; however, only 10 receive inginAfter training is complete, subjects are
divided into 2 groups of 10, one group consistifigrained and the other untrained subjects.
Each group trades in one Smith et al. market; hewethe subjects in the group of trained
subjects are not told that everyone in their grbap been trained. Thus, in the NPK treatment,
there is no confusion in the group of trained sciigj@and at the same time there is uncertainty
about others’ behavior as it is not common knowdetligat all had training.

The results show that mispricing in NPK is not #igantly different from the base
treatment of Smith et al., and PK is significardlfferent. Further, PK is different from NPK, at
10 percent significance. Based on these resultsy@et al. conclude that reducing individual
confusion alone cannot account for the observegnmiag, but the uncertainty about others’
behavior does.

We use the NPK treatment design of Cheung et ekfgeriment, as the confusion about
the declining nature of FV, is thus eliminated d@imel uncertainty about others’ behavior, which
is a natural factor, is preserved. Similar to tH&KNreatment of Cheung et al., in all treatments
of the current experiment, subjects are divided imto groups which trade in two separate
markets, and in one group all the subjects araeadaiabout FV; however, it is not common
knowledge that among the group all the subjectstitzaging.

Another important financial market experiment foe tcurrent study is that of Bostian,
Goeree, and Holt (BGH) (2005). Though their condias do not concern the present research,

two aspects of their experiment are used. Firdteprof one of the two markets traded



simultaneously are controlled in such a way thatdhs a drop in prices. The drop represents a
crisis in that market, and it allows us to obsenee the prices of the second market react. In
order not to create artificial numbers in the marmealized prices of two sessions from BGH's
experiment are used (Figure 2).

Second, the BGH experiment has significant diffeesrifrom Smith et al.’s (1988) design:
the FV of a stock in the BGH experiment is constamike in Smith et al., where FV is
decreasing. One of the two markets in the curnepéement is a Smith et al. type, and the other
is a BGH type. The information about these diffeemis used to control the Bandwagon and
Strategic risk channels of NCE. If the subjects rasegiven the information about differences
between markets, they may think that the marketssemilar; this is the condition for existence
of Bandwagon channel, similar to the model of Calwnd Reinhart (1996). In two treatments the
Bandwagon channel is eliminated by making the mfttion about differences between the two
markets available to traders. Further, the strategk channel is controlled by making it
common knowledge that information about the diffiees between markets is available to all
agents. If the subjects are given information altbetdifferences between markets, yet, they do
not know that everyone has the same informatioareths strategic risk related to other’s
information, similarly to the model of Ahnert aneBsch (2013). If it is common knowledge

that all agents have the same information, then® istrategic risk.

3. Experimental Design
3.1.Main features of the experiment

Two stock markets are traded simultaneously inctimeent experiment. Both operate for
20 periods, each lasting 100 seconds, and thengagpens and closes simultaneously in each
period. Because NCE affects beliefs and sentim&gsibjects, it is important to have a trading
environment closely resemble a natural trading renwent. Therefore, we design the
experiment with two markets traded simultaneouslther than with possible alternatives in one
market. For example, there could be one marketratite end of each period subjects could be
given information about realized prices of a siméaperiment conducted previously. Such a
design would not be similar to natural environmientvhich contagion occurs. There may be
other effects than NCE present. Subjects mightedemd this information, thinking that the

realized prices of other experiments from the pastirrelevant to the present trading, or they



may think that, as they are given this informatibare should be some use to it, which would
lead to the experimenter demand effect.

The trading is computerized, and the markets anstoacted with Z-tree software. Each
subject trades only in one market and there ardinks between markets other than the
possibility to observe trading in both markets amputer screen. Subjects trading in one
market can observe trading in the other markeheir tomputer screen in two ways: First, they
can observe “offer to buy”, “offer to sell” and dnled” prices in the current period (lower right
corner of Figure 2) and second, they can observéigiory of the average prices in each period
on a diagram for all perioggecedingthe current period, so that the average pricaé@eturrent

period appears on the diagram with a one perioditager left corner of Figure 2).

Figure 2: Trading screen

Offers to buy Offers to sell

) — L1
=
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The average price of each market is given on aranagvith price lines. The average price
line of a subject’'s own market is labeled “Your ketf and average price line of the other
market is labeled “Other market”. Subjects candsastic changes in average prices in the other
market on the diagram; thus, the diagram transfdosmation about substantially large drops in

prices without any effort from subjects creatingE®NC

3.2.Market environment
One of the two markets in our experiment plays sspa role because we control the

prices in that market in order to generate priacgdrwhenever convenient for the purposes of
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the experiment and observe how the prices in theramnarket react. The markets are called
respectively Originate and Follower in the text émnvenience: we want to see if and how a
shock from the Originate market transfers to thkole@r market prices. These names are not in
the instructions for subjects. As the prices ingiiate market are controlled, we consider only

the prices of Follower market.

3.2.1. Controlling pricesin the Originate mar ket

Controlling prices in the Originate market is aimé&ul minimize the costs of the
experiment and to make the identification proces®NGE attainable. If we did not control
prices in the Originate market, we might not havagaificantly large drop of prices in each
session in any of the markets. As a result, theyeldvbe no news of a crisis and we would not
be able to use the results. Even if there wereemiops in one market, most likely the prices of
the market experiencing the price drop would takEer@nt paths, and drops might occur in
different periods of trading in different sessiomssting for NCE would be cumbersome in the
latter case.

The prices in the Originate market are controllgddke subjects. There are 12 subjects
participating in each session. 10 are genuine stgjeho are invited to participate only for one
session and whose trading behavior we want to sidye fake subjects who control prices in
Originate markets in order to create price dropsclviiepresent crises in the context of the
experiment. In all 16 sessions the 10 genuine subjects timtlee Follower market, and 2 fake
subjects trade in the Originate market, so thatugenand fake subjects do not interact
throughout the experiment.

Because we are using fake subjects to simulategiic the Originate market, we are
cautious in our instructions and throughout theeeixpent to avoid deception. At the end of the
instructions for all 16 sessions the participaméstald:

“The group of participants is divided into two gmsl

One group will trade in one market; the other growitl trade in the other market.

None of the participants can trade in both markets”

Thus, the subjects are not told how the two grarpsformed, how many participants are

in each group, or who is in their group. One groapsists of 10 genuine subjects who trade on

The fake subjects are two students from CERGE-E pdurticipated in all sessions of the experiment.
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the Follower market and the second group consis2sfake subjects who trade on the Originate
market. Genuine subjects also are not told thasthgects trading in the Follower market are
fake subjects who will control prices. We do ndbim genuine subjects about the fake subjects
because it might affect their reaction to price pdia the Originate market and bias our
identification. For example, they might pay too muwattention to the Follower market prices
because of the experimenter demand effect.

Genuine subjects may by default assume that treegithey observe in the Originate
market are formed by profit seeking behavior, ay thre not given information that subjects
trading in the Originate market are fake subje@stmann and Hertwig (2002) discuss
deception in their paper and suggest that violatiohpossible default assumptions should be
avoided. To avoid these violations, we instructefakibjects to simulate realized prices of two
sessions of the BGH experiment. Because the sghijethe BGH experiment were genuine, the
prices were formed by profit seeking behavior. @opently, by simulating realized prices of
the BGH experiment in the Originate market of oxppeximent, we do not violate any possible
default assumption of genuine subjects that priicgbe Originate market are formed by profit
seeking behavior.

The realized prices of two sessions of the BGH erpnt, which fake subjects replicate
in our Originate market, are given in Figure 3. fEhare 4 treatments in the current experiment.
One control (Ctrl) treatment which is constructearder to observe how prices in the Follower
market develop when there is no price drop (inahsence of NCE) in the Originate market,
and three main treatments (M1, M2, M3) which arastaicted in order to observe how the
prices of the Follower market react to price dropthe Originate market (in the presence of
NCE). The treatments are described in detail insthetion Treatments. The “No crisis” price
line in the Figure 3 depicts the prices on the @dtg market in Ctrl treatment and the “Crisis”
price line depicts prices in the Originate marketthree main treatments.

The prices of these two particular sessions ofBfH experiment are chosen for two
reasons: First, price patterns are similar ungl # period; as a result, prices on the Originate
market have the same effect on the Follower markit the 10" period in both main and Ctrl
treatments. Thus, observing differences in pricengles of the Follower market in period 10
between main and control treatments can legitimasblow if a drop of prices in the main

treatments is due to NCE. Second, usually in Smiital.’s experiments, prices are relatively
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more volatile in the early periods, and are mofecéd by FV in the later periods. As the price
drop in the Originate market in the present expenioccurs in the™period of trading, the
described patterns of prices in Smith et al. typpeements in the early and late periods of

trading do not affect the identification of NCE.

Figure 3: Prices on the Originate market for cdrdra main treatments
700 -

600 -
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12 3 4567 8 9111213141516 17 181920
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Figure 3 depicts the prices according to whichftle subjects trade in the Originate market. “Nigigt depicts
the Originate market prices in Ctrl treatment &i@lisis” depicts the Originate market prices inafrments M1, M2
and M3. The prices are taken from the results oHBG2005) experiment. The original BGH prices acaled up
and adjusted to match the parameters and goals @xperiment.

The prices for the Originate market are chosen ftoe@xBGH experimental results not
only because of their suitable pattern for our expent, but also because the design of the
financial market in the BGH experiment is subsalhtidifferent from the Smith et al. type
design. The information about these differencassed in the section “Additional Information”

of our instructions in order to control Bandwagaml &trategic risk channels.

3.2.2. Originate market parameters
The parameters of the Originate market replicagep@irameters of the BGH experiment
market and are scaled up with the same scalingaized prices in Figure 3 for convenience.
The subjects in the beginning of trading receivefplio of experimental currency units (ECU)
and stocks. Cash holdings carried over from oneg@do another pay interest of 20%. Each
stock pays dividend from set {13, 19} with equablpability and the expected dividend is
0.5*13+0.5*19 = 16 ECU. Each stock has terminalugabf 80 ECU at the end of the

12



experiment. FV is constant for each period and isRRECU (expected dividend/interest rate =
16/0.2 = 80).

3.2.3. Follower market parameters
The parameters of the Follower market replicateseh@f Cheung et al.’s (2014)
experiment, which is a Smith et al. type and a@dest up for the convenience of the present
research. In the beginning of the first period,heaabject is given a portfolio of stocks and
experimental currency units (ECU). If all subjest®re given the same portfolio in the
beginning of the experiment with equal amountstofls and cash, they might employ similar
trading strategies in the first period, which migksult in a low number of trades. To avoid this
possibility, the 10 subjects are given 3 diffengattfolios, similar to Cheung et al.’s experiment.
The portfolios have equal initial value of 1665 EChuit different composition of stocks and
ECU. The initial endowments are as follows:
* 3 subjects have 2 assets and 1185 ECU
e 4 subjects have 4 assets and 705 ECU
» 3 subjects have 6 assets and 225 ECU
Cash holdings do not earn interest. Each stocklyialdividend in the end of each period
from distribution {0; 4; 14; 30} with equal probdity and expected dividend is 0.25*0 + 0.25*4
+ 0.25*14 + 0.25*30=12. The terminal value of act@t the end of the experiment is 0. The
FVs of stocks are decreasing, and in any givenogdedare equal to the sum of expected
dividends across all the remaining periods. TheoFthe Follower stocks in the first period are
equal to the number of periods (20) multiplied bg expected dividend (0.25*0 + 0.25*4 +
0.25*14 + 0.25*30 =12). This is equal to 20*12=24We FV decreases in each period by 12
and in the last (20 period equals 12*1=12. At the end of the experiméhe subjects receive
their ECU holdings converted to CZK at an exchamage of 1 ECU=0.18CZK as a reward.
Thus, the parameters of the Originate and Follonarkets have considerable differences.
We believe that knowledge of this may eliminate Bamdwagon channel. Unlike the Follower
market, in the Originate market, cash holdings earerest at the end of each period, stocks
have positive terminal value, and the FV of stoiskeonstant for each period and equal to the
termination value. Furthermore, the dividends otks in the Follower and Originate markets

are from different sets; this shows that besidessthuctural differences in the two markets there
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is also no correlation between them in terms oidéind realizations. In other words, good and

bad states in the two markets are not correlated.

3.3.Additional information about the Originate mar ket

The objective of giving “Additional Information” alit the Originate market is to inform
the subjects that the markets are different anccaotlated. Subjects are given the description
of the Originate market, which shows that the Q¢ market differs from the Follower market
in four ways:

* The ECU holdings in the Originate market earn egéer

* The stocks in the Originate market have terminataine.

* The stocks in the Originate market yield dividefrdsn different distribution.
» The stocks in the Originate market have fixed F\éach period.

Further, subjects are informed that dividend realins are independent.

After subjects are acquainted with the detailshef ©riginate market, they are asked eight
guestions about the two markets which stress tffereinces between the two markets. For
example, subjects are asked:

1. How much interest do cash holdings earn in the Riegket in each period?
(The correct answer is 0%)

2. How much interest do cash holdings earn in the setooarket in each period?
(The correct answer is 20%)

Subjects cannot pass to the next question untl ginee the right answer. The answers to
the two questions above show that the two marketslifferent in terms of interest earnings of
ECU holdings. The other six questions are compared similar manner to highlight the
differences in terminal value, FV in each periaal] @orrelation of dividend realization.

3.4. Treatments
The three of four treatments where there is NCElesgnate main treatments (M1, M2,
M3) and one treatment where there is no NCE wegdage control (Ctrl). The treatments differ
from each other in three respects:
e Whether there is a price drop in the Originate ratade not; synonymously, whether
there is NCE or not. This feature is controlled $gnulating either “No crisis” or

“Crisis” prices in the Originate market.

14



* Whether subjects know that the two markets arewdifft; synonymously, whether there
is a Bandwagon channel. This feature is controlsd either having the section
“Additional Information” in our instructions or not

* Whether it is common knowledge that all the sulgigcading on the Follower market
know that the markets are different; synonymousliiether there is a Strategic risk
channel. This feature is controlled by whetheisicommon knowledge that all agents
have the section “Additional Information” of insttions or not.

Ctrl: There is no “Additional Information” and “No criSigrices are used in the
Originate market. Thus there is no NCE for subjetthe Follower market in period 10.

M 3: “Crisis” prices are used in the Originate marketthere is NCE in period 10. All the
subjects have “Additional information” and they dwmd thatall of themhave “Additional
information.” Thus, there is neither a Bandwagon adtrategic risk channel in treatment M3,
as all agents know that the markets are differ@md, this is common knowledge. Nevertheless,
as there is news of a crisis, there are OBSR clieoh&ICE.

M2: “Crisis” prices are used on the Originate marlsst, there is NCE in period 10.
Subjects are told thaome of thenhave “Additional Information” and others do notély are
not told how many have “Additional information,” ddater when they are divided into two
groups they are not told whether the subjects @i throup have “Additional information” or
not. Ten genuine subjects receive “Additional infation” and two fake subjects do not. Ten
genuine subjects trade on the Follower market amal fake subjects trade on the Originate
market. Thus, in the M2 treatment, all the subjéctthe Follower market know that the two
markets are different, so there is no Bandwagomrm#la but they do not know if others know
that the markets are different, so there is a &yratrisk channel. Further, as there is NCE there
are also OBSR channels.

M1: “Crisis” prices are used in the Originate marks, there is NCE in period 10.
Subjects are not given “Additional Information” ath possible channels of NCE including the
Bandwagon channel are present.
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Table 1: Characteristics of treatments

Periodof | Additional | ,COMMON
. . . knowledge | News of a . The
price drop on|  information g OBSR Strategic
Treatment - that all have crisis . Bandwagon
the Originate about the " . ; channels| risk channe
L additional | in period 10 channel
market Originate market . .
information
M1 9 - n/a + + + +
M2 9 + - + + + _
M3 9 + + + + - -
CTRL 14 - n/a - - n/a n/a

In all the treatments after instructions and “Aduial Information” (in M2 and M3
treatments), subjects are told that they are divideo two groups and each group trades on one
of the markets. They are not told how many paréintp are in each group and they are not told
who is in their group. The characteristics of tneats are summarized in Table 1.

3.5.Hypothesis
The four treatments of the current experiment all®ano test two sets of hypotheses: The
first set asks whether NCE is significant giventthizere are none zero number of NCE
channels. As the number of NCE channels differssectreatments we have four hypotheses
stating that within each treatment NCE is signifitca
As there is no NCE in the Ctrl treatment, thereudthdbe no unusual price drop in the Ctrl

treatment.

Hypothesis 1: There is no significant drop in prices in period ih0~ollower market in the

Ctrl treatment.

As in treatment M3 there are only OBSR channelsNQE significant, drop in the
Follower market prices in period should indicate that NCE is significant iBER channels.

Hypothesis 2: There is a significant drop in Follower market ggcin period 10 in the M3

treatment, which indicates that NCE is significemOBSR channels.

As in the M2 treatment there are Strategic risk @BBER channels of NCE, significant
drop in prices in period 10 in Follower market sldoindicate that NCE is significant in the

Strategic risk and OBSR channels.
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Hypothesis 3: There is a significant drop of Follower market mgcin period 10 in the M2

treatment which indicates that NCE is significanStrategic risk or/and OBSR channels.

As we do not control for any channel of NCE in tHeMeatment, a significant drop in

prices of Follower market in period 10 would melattgenerally NCE is significant.

Hypothesis 4: There is a significant drop in Follower market ggin period 10 in the M1

treatment, which indicates that NCE is significant.

The second set of hypothesis asks which channekC& are significant. The number of
channels of NCE decreases across four treatmemsNt1 to Ctrl. Assuming that NCE as well
as the Bandwagon, Strategic risk and OBSR chamie\,CE are significant, it should be that
the magnitude of the effect of NCE on Follower nedrices should decrease across treatments
from M1 to Ctrl as the number of channels of NCErdase in the same manner. Thus, we have
the following three hypotheses:

The difference between treatments M3 and Ctrl & ith M3 there are OBSR channels of
NCE while in Ctrl there is no NCE channel. If pscen the Follower market in period 10 drop
more in treatment M3 than in treatment Ctrl it mbstthat the OBSR channels of NCE are

significant.

Hypothesis 5: The drop in prices in period 10 on the Follower ke&trin treatment M3 is

larger than in treatment Ctrl, indicating that ti@BSR channels of NCE are significant.

The difference between treatments M2 and M3 is thaM2, in addition to OBSR
channels, there is also the Strategic risk chanh®&CE, while in M3 there are only OBSR
channels. If the Follower market prices in peric@ drop more in treatment M2 than in
treatment M3, it must be that the Strategic riskrotel of NCE is significant.

Hypothesis 6: The drop in Follower market prices in period 10tieatment M2 is larger
than in treatment M3, indicating that the Strategék channel of NCE is significant.

The difference between treatments M1 and M2 is ith&d1, in addition to the Strategic
risk and OBSR channels, there is also the Bandwapannel of NCE, while in M2 there are
only Strategic risk and OBSR channels. If Followearket prices in period 10 drop more in
treatment M1 than in treatment M2 it must be tha Bandwagon channel of NCE is

significant.
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Hypothesis 7: The drop in Follower market prices in period 10tieatment M1 is larger

than in treatment M2, indicating that the Bandwagtiannel of NCE is significant.

3.6.Procedure
A group of twelve subjects consisting of ten gepusubjects and two fake subjects are
invited to the LEEexperimental laboratory at V8EEach picks a table number randomly. They
fill a participation consent form. Afterwards, sebjs are given ten minutes to read the first part
of written paper instructions “Instructions A” (Aepdix A), which gives general information
about the experiment and computerized trading.rAftading “Instructions A,” subjects have
“practice period” of trading for two hundred secenih which they practice how to insert “offer
to buy” and “offer to sell” prices, and how to aptéhem. After the “practice period,” the
second part of the paper instructions “InstructiBigAppendix B) is distributed and subjects
are given five minutes to read. “Instructions Bsdebes the Follower market on which genuine
subjects trade. After subjects read “Instruction’stBe experiment continues on the computer
screen.
After “Instructions B,” subjects have training ab®&y on their computer screens. Though
FV training does not play an important role in it#eation of NCE in our design, it is
necessary to eliminate confusion about the dedinisture of FV in the Follower market. This
would ensure that our results are not driven byfuian is connected to the design of the
experiment and irrelevant for real markets. Ondbieen, subjects read that some participants
receive FV training and others not. Ten genuingesiib receive training and two fake subjects
do not. Note that in the BGH experiment, subjects ribt receive training about FV. In our
experiment, two fake subjects also do not have faihing, and they trade on the Originate
market, which is a replica of the BGH experimepi@ameters and price realizations.
In all four treatments the procedure is the sant# the end of the FV training. After the
training, the experiment in different treatmentatawues in the following ways:
1. In treatments Ctrl and M1 subjects are divided itwio groups after FV training and
trading begins. Subjects read information on theeest saying that all subjects are

divided into two groups and one group will trade amre market and the other on the

3 Laboratory of experimental economics at Universit{Economics, Prague
4 University of Economics, Prague
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other market. Subjects are not told how many ggp#ids are in each group or who is in
their group. Ten genuine subjects are assignethaoFbllower market, and two fake
subjects are assigned to the Originate marketlantading starts.

Because the ten genuine subjects who trade indhewer market know that only some
of the subjects had FV training and they do notvkmweho is trading with them in the same
market, they do not know that everybody had FVntray. Thus, there is uncertainty about
others’ knowledge of FV, which creates uncertaitput others’ behavior. This uncertainty is
present in all the treatments in a similar way.

2. In treatments M2 and M3, subjects are given “Addidil Information” after the FV
training. The difference between M2 and M3 treattaénthe following:

* In the M2 treatment, subjects read on their scrédeatssome of them receive “Additional
Information” and others do not. Ten genuine subjéetve “Additional Information” and
two fake subjects do not.

* In the M3 treatment, subjects read on their scredmas all participants receive
“Additional Information”. All the subjects have “Atitional Information”.

After receiving “Additional information” in both éatments M2 and M3, subjects are told
that they are divided into two groups and theytal@ in which market they will trade. Because
in treatments M2 and M3 there is “Additional Infation” about the Originate market which
says that the two markets are different, the sthj@e informed in which market they will trade
after the instructions end. Two fake subjects tradthe market described in the “Additional
Information” (the Originate market). Ten genuindjsats are told that they trade in the market
described in the “Instructions B” (the Follower rat). However, they are not told how many
or which subjects trade with them in the same ntaB&ecause in the M2 treatment not all the
subjects have “Additional Information” and they dot know whether all the subjects trading
with them in the same market have “Additional imh@tion,” there is strategic risk about others’
knowledge of the differences between the Origirzaie Follower markets. In theM3 treatment,
all subjects know that everybody has “Additionalohmation”, thus there is no strategic risk

about others’ knowledge about differences betwherQriginate and the Follower markets.

After the end of trading in the t2hOperiod, subjects are given a questioner for their
feedback about the effect of prices in the Originatarket on their decision making. After

filling in the questionnaire subjects receive theiwards and the experiment ends.
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3.7.FV training

The training is about the FV of the Follower mar&ssets. The training is done in all four
treatments and minimizes possibility of confusibowat fundamental value among subjects.

The FV training is similar to the training done @heung et al. (2014). The process of
training subjects in FV consists of two sets of toonquestions: one framed from the
perspective of buying an asset, and the other frenperspective of selling an asset. There are 5
guestions in each frame:

In the buyer frame, subjects are asked, for t 5 {&) 12; 8;4}.

Suppose that you buy one stock in period t andytbatkeep it until the end of the market
(i.e. until period 20). What is the average totalidend that you will receive from this stock?

Similarly, in the seller frame subjects are askedt = {19; 15; 11, 7;3}:

Suppose that you sell one share in period t antl yba do not buy it back. What is the
average total dividend that you give up on thick®

The questions are asked in descending order afqberi

4. Data

16 sessions of the experiment were conducted inLEfEe experimental lab at VSE in
Prague in spring and fall of 2015. 4 sessionsasheof the 4 treatments were conducted. A
total of 156 subjects participated in the experitn&here were 10 participants in 13 sessions, 9
participants in 2 sessions and 8 participants & sgssion. Most participants were economics
students, and some students from the Business Astnaition and Computer Sciences
departments were also invited.

We have individual level data on “traded”, “offev buy” and “offer to sell” prices.
However, in our analysis we use average trade@®€ a given period of a given session as a
unit of observation. Because trades by one sulgffects the trades of all other subjects
participating in the same session, individual ledala does not add information compared to
average traded price data.

Figure 4 depicts the average price developmensadreatments. As the drop in prices in
the Originate market occurs in period 9, and subjet the Follower market see this drop in
period 10, we analyze price behavior in periodd @st for the significance of NCE. We do not

take into account the price developments startiognfperiod 11 for analyses of NCE because it
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would be hard to differentiate NCE from effect dbabble bursting. If there is a bubble drop of
prices in period 10 may be cascaded by drop inepria the following periods as well not
because of NCE from the Originate market in pefi®dut because the bubble in the Follower

market burst in period 10.

Figure 4: Average traded prices on treatment level.

300 -
P 250 —A
r e N ’\\ —-— -
' 200 +1—k \7\’;:;; 1=
Cc / s "~ \
e SN \ - M
- ny .
150 |7 "N [ en—————— RS M2
/ .\Q.‘~~ '\
v A — —M3
a 190 S Ctrl
| TR
u \\“\\"\. FV
e 50 , e
1 2 3 45 6 7 8 91011 12 13 14 15 16 17 18 19 20

Periods

Figure 4 depicts treatment-level-average-priced., M2, M3, and Ctrl are average traded prices @givan period
for 4 sessions of respective treatments. FV iguhdamental value of a stock in each period.

As subjects in theFollower market receive news ofisis in period 10, we are interested
to see howthe average prices of each treatmengelfaom period 9 to 10. Plain observation of
changes of treatment-level-average-prices fromope® to 10 shows that NCE may be
significant. In treatments M2 and Ctrl, the drops aery similar (-11.3 and -11.8 respectively),
suggesting that inthe M2 treatment there is no waludrop due to NCE. However, in theM1
and M3 treatments, the drops (17.4 and 17 resmdgtivare about 1.5 times larger than in
theCtrl treatment which is a sign that NCE may igaicant. Deeper analysis of price changes

and NCE are provided in the next section.

5. Methodology and Results

We construct two tests to analysis the two setsuofhypothesis. The first test analyzes
our first four hypotheses. We call it a Within-tie@nt test as it tests whether there is a
significant drop in the Follower market prices ierppd 10 within each of four treatments

separately. The second test analyzes our last thypotheses. We call it Between-treatment
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test as it tests whether NCE and its different ae&nare significant by comparing the drop in
Follower market prices in period 10 across fouatimeents.

Within-treatment and Between-treatment tests arsotoe extant robustness checks for
each other. The pitfall of the Within-treatmentt tissthat we have to assume that usually prices
do not follow a particular trend which results insanificant drop in period 10. If this
assumption is wrong, we would find false significaesults with a Within-treatment test. In
such a case, a Between-treatment test would prawvides objective results, as comparison
between treatments would cancel out the trend.piifel of the Between-treatment test is that
if sessions of one treatment appear to be mordilotaen sessions of another treatment it is
possible that treatment with more volatile sessisilisresult in significant NCE. In this case, a
Within-treatment test would provide more objectigenclusions as it would account for
thevolatility of a session. Thus it would be safeconclude that NCE is significant if it is

significant in both tests.

5.1.Within-treatment test

The Within-treatment test tests whether prices egpee a relatively higher drop in
period 10 compared to periods 2 to 9 within eaclioaf treatments. We look at the rank of
price changes in period 10 among price changesiiogs 2 to 10 to see how price changes in
period 10 compare to price changes in other peridtds ranks take values from [1, 9]. The
higher the rank the lower (relatively more negdtisgethe price change, with rank 1 (rank 9)
meaning relatively more positive (negative) pribamge.

As we have four sessions of each treatment, ounezies of observation are the average
ranks of price changes of a given period acrossdessions of the treatment (ARPC). Thus, for
each treatment, we have nine observations for gerbto 10. We construct the theoretical
distribution of ARPC and compare the observed AR®®@ the theoretical distribution to test
whether the observed ARPC is significantly difféarérom the expected ARPC in a given
period.

We assume that price changes do not follow anycpdat trend in order to construct the

theoretical distribution of ARPC. The assumptiomplies that the rank of price changes in each

*Note that while declining FV might cause price tienthere is less reason to expect that declinvigniay also
imply trend in price changes.
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period is a random variable uniformly distributed[1, 9] and each value has 1/9 probability of
occurrence. The four sessions of each treatmenhdependent of each other and ARPC is the
average of the rank of price changes in a giveiogercross four sessions of a given treatment
and the theoretical distribution of ARPC is thetmalgition of the mean of four independent
draws from the later uniform distribution. The distition is given in Appendix C. The p-value
of ARPC is the probability of the mean of four ipéedent draws being higher or equal (lower
or equal) to the observed ARPC for upper tail (Ioted). The results of the Within-treatment
test are given in Table 2.

Panel A of Table 2 reports ARPCs and their p-valwbhen considering periods 2 to 10.
First we check whether our assumption that pricesia follow trend holds or not. The “*”
(“**") indicates that ARPC is in the lower (uppetp-percentilé. In the 29 and 3rd periods, 6
out of 8 ARPCs are in the lower 10-percentile, Wwhicdicates an upward trend in prices in
these periods. The observation that ARPCs in epégods are in the lower tail of the
distribution is consistent with the results of &xig literature that prices in the starting periods
are more volatile. There are no similar indicatiofigrends in other periods. In both periods 7
and 10, 2 out of 4 ARPCs are in the upper 10-pditeehowever, this might be caused by the
upward price trend in starting periods.

We analyze periods 4 to 10 to avoid the effectrefd in periods 2 and 3. In the same
fashion as for periods 2 to 10, we construct distion of ARPC for periods 4 to 10 (Appendix
D). The ARPCs and respective p-values are repant&anel B of Table 1. In this case, ARPCs
are more consistent with the assumption of no tieratices and we can discuss the ARPCs of
period 10 (ARPC10) to analyze news of a crisis.

5We use p-value <=0.1084 for 10-percentile as walgona non parametric test and, this is the p-valasest to
10%.
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Table 2: Within-treatment test

Panel A: 9 periods Panel B: 7 periods
ARPC ARPC
Treatment M1 M2 M3 Ctrl Treatment M1 M2 M3 Ctrl
Period Period
3* 3.5 2% 2.5% 3.25 4.5 3.75 1.5%
2 | 4 |
0.0754 0.1495 0.0107 0.032 0.273 0.359 0.452 0.006
6 3.25*% 2.5% 3.25* 4.25 3.5 4.5 5.75*
° B 0.256 0.108 0.032 0.108 ° B 0.452 0.359 0.359 0.053
4.25 5.75 55 2.5% 3.5 3 3.25 4
’ N 0.320 0.320 0.390 0.032 ° N 0.359 0.198 0.273 0.548
55 5 6.5 7.5 2.75 5.25 2.5*% 5.25
° N 0.390 0.537 0.150 0.032 ! N 0.136 0.136 0.088 0.136
4.5 4.5 4.75 55 4.25 3.25 4 3.75
° B 0.390 0.390 0.463 0.390 ° B 0.452 0.273 0.548 0.452
3.75 7* 4.25 7* 4.25 4.25 4.5 4
! N 0.199 0.075 0.320 0.075 ° N 0.452 0.452 0.359 0.548
55 4.5 5.75 55 5.75** 425 55*% 3.75
° N 0.390 0.390 0.320 0.390 o 0.053 0.452 0.088 0.452
55 6 6.25 5.75
° B 0.390 0.256 0.199 0.320
7** 55 7.5%* 55
10 —
0.075 0.390 0.032 0.390

Table 1 reports ARPCs of each treatment for perbtis 10. P-values are given in italics. P-valuesgiven for
upper (lower) tail if the average rank is highew(er) than the expected ARPC. Panel A reports ARBCgseriods
2 to 10 and the expected ARPC is 5. Panel B regdRBCs for periods 4 to 10 and the expected ARPL iEhe
o (“x*7) shows that p-value is lower than 0.1084nd the ARPC is in lower (upper) tail of the distrion.

The ARPC10 of Ctrl treatment has p-value 0.451%letail, indicating that without NCE
the prices in period 10 do not have a negativedtrdimis result supportslypothesis 1The
ARPC10 of M3 is 0.0875 upper-tail, indicating negatNCE through channels other than
Bandwagon and Strategic risk (OBSR channels). Thsilt supportsHypothesis 2.The
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ARPC10 of M2 is 0.4519 upper-tail, indicating no EGQvhen the Bandwagon channel is
eliminated and all the other channels are preddms. result rejectslypothesis 3The ARPC10
of the M1 treatment has p-value 0.0525 upper-tadicating sizably negative NCE on price
formation when all the channels of NCE are presEmt result supportdypothesis 4

The results of the M2 and M3 treatments contradic@ another. M1 and M2 together
imply that there is a sizable negative NCE exceyatily through the Bandwagon channel; while
M1 and M3 together imply that there is NCE excammity through OBSR channels. This can be
interpreted as implying that the Bandwagon and OBB&nels may play an important role in
transferring NCE interchangeably, and the Strateigic channel does not transfer NCE. Thus
the Within-treatment test shows that there is sezaegative NCE which can be transferred
either through Bandwagon or OBSR channels.

5.2.Between-treatment test

Abnormal price change (APC) in period 10 is usedaasnit of observation for the
Between-treatments test. APC is the differencerafe change in a given period from the
average price change for some length of histopdat changes. We do not have any criteria for
how many periods before period 10 for calculatimg historical average price change is optimal
in the context of our experiment. Therefore, wecalate APCs for eight possible lengths of
history and report results for all eight.

Abnormal price changes in period 10 for the givemgth of history are calculated using
the following formula:
~10j

where: APC(j) is abnormal price change in periodwtich equals the difference of the price

A ;AP (1)

APC(j) = AP(10) — forj=2, ..., 8 (1)

change in period 10 and the average price chan@8-pperiods preceding period 10 akidi =
average price of period i — average price in pefidd, is price change in period i.

The number of channels of news of a crisis is deing from treatment M1 to Ctrl in the
following manner: M1-all channels, M2-all but Banalgon channels, M3-OBSR channels, Ctrl-
no channel - no news of a crisis. This implies #8RRC(j) must increase from treatment M1 to
Ctrl in the spirit ofHypothesis 5-7

APC(j)(M1) < APC(j)(M2) < APC(j)(M3) < APC(j)(Control) (2)
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The significance of NCE, and Bandwagon and Strategk channels of NCE are tested in
three steps: First, it is assumed that NCE, anticpéarlythe Bandwagon and Strategic risk
channels of NCE are not significant. This implieattAPC(j)-s across treatments must not differ
significantly and inequalities in equation (2) mbstd with equality signs. Moreover, APC(j)-s
must be from same distribution. Second, the bagistlistribution of the mean of APC(j)-s
across sixteen sessions of all treatments togetloenstructed. Third, the positions of treatment
mean APC(j)-s (the average APC(j) across four sassdf the treatment) is checked with
respect to the bootstrap distribution constructedstep two. If NCE, and Bandwagon and
Strategic risk channels of NCE are not significtime, means of APC(j)-s of each treatment must
be close to the mean of the bootstrap distributiorthe opposite case, the means of treatment
APC(j)-s of treatments must be positioned in beafstdistribution with the sequence of
equation (2) with APC(j)(M1) in the lower tail andPC(j)(Ctrl) in the upper tail of the
distribution. The results of the Between-treatmeess$ are reported in Table 3.

Table 3: Between-treatment test

Panel A Panel B
Bootstrap of 16 APC(j)-s across 4 treatments Treatment average APC())
Normal-based
apc() | Ooserved| Bootstap [gli(tﬁ)rS/::ITf M1 M2 M3 ctrl
APC(2) -14.2 3 -20.1 -8.4 -19.5 -3.6 -20.8%* -13
APC(3) -10.7 2.6 -15.8 -5.6 -14.4 -2.5 -16.77* 9.1
APC(4) -5 3 -11 0.9 -15.8** -1.5 -1.3 -1.6
APC(5) -3.5 2.8 -8.9 19 -14.4* -0.7 -3.1 4.0*
APC(6) -6.4 3.5 -13.3 0.5 -15.5" -1.1 -11.1 2.2*%
APC(7) -4.5 3.2 -10.7 1.8 -15.2* -1.1 -6.4 4.8*
APC(8) -4.5 3.7 -11.8 2.9 -13.0™ -5.3 -3.9 4.4*

Panel A of Table 2 reports the observed mean of (ARCacross 16 conducted sessions of 4 treatmémts,
standard error and the 95 % confidence intervathefbootstrapped mean of 16 APC(j)-s. Panel B diler&
reports the observed mean of APC(j) across 4 ses$ow each treatment. The “*" (“**") shows thatetobserved

mean of APC(j) of a treatment is in upper (loweB% tail of the bootstrapped distribution of theamef APC(j)-s
of 16 sessions.
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Panel A of Table 2 reports the observed means @ (AR across sixteen sessions, their
bootstrap standard errors and 95% confidence mier?anel B of Table 2 reports the observed
means of APC(j)-s for given treatment. All the AR&(of main treatments are negative, while
APC(5)-APC(8) of Ctrl treatment are positive. Tltizn be a signal of NCE present in main
treatments. By looking closer at thePanel B conspariof APC(2) and APC(3) to APC(4)-
APC(8) across treatments shows an average upward in prices in periods 2 and 3 as is also
shown in the Within-treatment test section. As sulteof this trend APC(2) and APC(3) across
treatments does not show support for the signitieaof NCE.

APC(4)(M1) is in lower 2.5% while APC(4)(M2), APQ(M3) and APC(4)(Ctrl) are
close to each other and to the mean of the disioibu This might indicate that NCE is
significant. Further, the Bandwagon channel is gnificant channel through which NCE is
transferred, as after eliminating the Bandwagonnobh in treatment M2, NCE became
insignificant.

M1 is in the lower 2.5% and Ctrl is in the uppes?.tail of the distribution while M2 and
M3 are closer to the mean of the distribution foP@{5)-APC(8). This is closer to our
hypothesized sequence of APC(j) across treatmangguation (2). The only difference is that
APC(j)(M2) and APC(j)(M3) for all j-s except for 8=are in opposite order than hypothesized:
APC(j)(M2)> APC(j)(M3).

APC(j) of the M1 and Ctrl treatments are in the éovand upper 2.5% tails, which implies
that NCE is significant. Further, APC(j) of M2 ikser to the mean of the distribution, implying
that eliminating the Bandwagon channel from M1 t@ tecreases NCE but does not eliminate
it completely as APC(j)(M2) < APC(j)(Ctrl). This iphies that the Bandwagon channel transfers
NCE; however, it is not the only channel throughaehNCE is transferred: Strategic risk and
OBSR channels may transfer NCE as well. Eliminatimg Strategic risk channel from M2 to
M3 treatment does not decrease NCE as APC())(MRPE(j)(M3) in most cases; this implies
that Strategic risk channel is not significant.tRar, as APC(j)(M3) is closer to the mean of the
distribution rather than to the APC(j)(Ctrl) it ings that OBSR channels transfer NCE as well.
Thus, results of the Between-treatment test shetvNICE is significant and can be transferred
through Bandwagon and OBSR channels, and thatttiage§ic risk channel is not significant.

These results suppdtypotheses 5 andahd rejecHypothesis 6.
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The results of the Within-treatment and Betweeattrent tests are very similar. In both
cases the NCE is sizable and the Bandwagon and QiB&fhels transfer NCE and Strategic
risk channel is insignificant. The difference igtlin the Within-treatment test in one case the
Bandwagon channel is significant and other chanm@&aot (M2), and in the other case OBSR
channels are significant and the Bandwagon chamnehot significant (M3), which is
contradictory. In the Between-treatment test, thereo such contradiction; elimination of the
Bandwagon channel in treatment M2 decreases NCEdbes not eliminate it completely,
leaving room for OBSR channels to be significant.

The reason for these differences between the sesiltthe Within- and Between-
treatments tests may be that the Within-treatmesttdoes not take into account the magnitude
of price changes because ranks of price changessark For example, if a difference between
price changes in two periods in one case is -Sratite other case is -15, the ranks in both cases
are the same, though, obviously, the two casesddierent. Thus, because the Between-
treatments test takes into account the magnitud@rioe changes and its results do not
contradict the results of the Within-treatment teg conclude that the Between-treatment test
describes the nature of NCE properly: NCE is sigaift and can be transferred through the

Bandwagon and OBSR channels, and the Strategichishnel is not significant.

6. Conclusion

We address the question whether the news of asdnsione market can result in a
contagious crisis in another market in an envirommeéhere there are no links between markets.
Further, we test for two of the possible channketsugh which news of a crisis in one market
can affect another market; the Bandwagon and S$icateck channels. To do so we apply a
novel methodology which, to the best of my knowkedbas not been applied before. Taking
into account that it is almost impossible to isel#te NCE in empirical data, | construct an
experiment which allows us to isolate NCE. It ifirencial market experiment in which two
markets are traded simultaneously. In one marketetlis a simulation of price drop which
represents crisis. It is possible to isolate th&=MIDe to the design of the experiment which does
not allow any links between two markets other tttam possibility to observe the prices on the
other market. Further, the information about défezres between designs of two markets is used

to control for Bandwagon and Strategic risk chasiaeross four treatments.
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The current paper is the first attempt to testther significance of NCE to the best of my
knowledge, and it complements the theoretical n®utelvhich news of a crisis is shown to be a
significant factor in contagion. The results of thi@rent experiment show that the NCE is
significant and robust to both Within-treatment aBdtween-treatments tests. The Within-
treatment test tests if NCE is significant in eacratment separately given that there are a
positive number of channels of NCE. Between-treatmtest tests whether NCE and
Bandwagon and Strategic risk channels are signifiocg comparing four treatments.

Further, the results allow us to say distinctlytthiae Strategic risk channel is not
significant, while the Bandwagon and OBSR channeds be significant, though this
significance is weak in the sense that in onermeat they are significant, while they are not in
the other. This result, though contradictory, i#l $bgical, as news of a crisis may cause
contagion by affecting the sentiments of subjeAtssentiments are not constant, it is intuitive
that some channel of NCE may play a significane riol one case and not be significant in
another.

Our results compliment the work of Calvo and Reihl{®996) who suggest that beliefs
that two markets are similar can be the cause ofagion. Further, our results do not support
the theory suggested by Ahnert and Bertsch (20d&)ording to whom strategic risk about

other agents’ information may result in contagion.
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Appendix A: Instructions A
(are the same for all treatments)

Instructions A

Dear Participant! We welcome you to this experirakséssion.

This is an experiment on decision making in markd#tsyou follow the instructions
carefully and make good decisions, you may earavarage 400 CZK which will be paid to
you privately in cash at the end of the experiment.

At the end of the experiment you will be asked ¢mnplete a questionnaire, after which
you will receive your payment. The entire experimenll last approximately two hours,
including half an hour for instructions and praetic

Please, do not talk to each other for the duratibthe experiment or your participation
will be terminated without any payment. If you faary difficulties or have any questions,

please raise your hand and we will answer it pelyat

General Information

In this part of theinstructions you will receigeneral infor mation about the experiment
and you willlearn how to use computerized market. You will get more detailed information
later.

This experiment is about an asset market on whiatlets can trade the stocks of a
fictitious company for 20 consecutive periods. Epehod will last 100 seconds. There will be
two asset markets operating simultaneously. Eagloofwill trade in one and only one market
during the entire experiment. There will thus be subject who will trade in both markets.
However, you will be able to see the trading inaktiger market.

Trade is organized in the form of a double auctian, each trader can appear as buyer
and seller at the same time. At the beginning effitst trading period you will be given some
amount of Experimental Currency Unit (ECU) and samenber of stocks for trading.ECU is
the currency which will be used for trading durittgs experiment and at the end of the
experiment your ECU holdings will be converted tee€h Koruna (CZK) using an exchange
rate of CZK/ECU=0.18. At the end of each periodgte stock will yield some dividend. In
every period you can sell and/or buy stocks. Thdiren balance of your stock and ECU
holdings at the end of each period becomes youmbig balance of your stock and ECU
holdings in the next period.
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How to use the computerized mar ket
1. The number ofhe current period and time left till the endlthe current period
In the top right corner of the screen you will $emv much time is left in the current

trading period. In the top left corner of the sargeu can see the number of the current period.

aaaaaaaaaaaaaaa
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50
560)

4
385]

2
210)

2. Trading

Below the first row on the top of the screen thame six columns next to each other. The
first column to the left shows how much cash and eany stocks you have. Each time you
make a trade your balance of cash and stockssrcthiumn will adjust accordingly.

The other five columns are used for trading. Yon participate in the market in one of
four ways.

Making an offer to sell a share, by entering thie@iat which you would like to sell:

To offer to sell a share, enter the price at whjich would like to sell in the box labeled
‘Enter offer to sell' on the right of the scredmert click on the button 'Submit offer to sell'.

The second column from the right will show a listaffers to sell, each submitted by a
different participant. The lowest offer-to-sell @i will always be on the bottom of the list.
Submitting a new offer will replace your previouseo You can submit only offers-to-sell lower
then already submitted offers-to-sell.

Making an offer to buy a share, by entering the@iat which you would like to buy:
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To offer to buy a share, enter the price at which would like to buy in the box labeled
'Enter offer to buy' on the left of the screenntleick on the button 'Submit offer to buy'.

The third column from left will show a list of offeto buy, each submitted by a different
participant. The highest offer-to-buy price wilhays be on the bottom of the list.

Submitting a new offer will replace your previouseo You can submit only offers-to-buy
which is higher than already submitted offers-tg-bu

Buying a share, by accepting an offer to sell:

You can select an offer to sell in the second coldrom right by clicking on it. If you
click the 'Buy' button at the bottom of this colunyou will buy one share at the price that you
selected. However, you are not allowed to buy aestram yourself.

When you accept an offer-to-sell, it will disapp&am the list. If you had also placed an
offer-to-buy, it will disappear from the offers bay list because you have just bought a share.

Selling a share, by accepting an offer to buy:

You can select an offer-to-buy in the third colufrom the right by clicking on it. If you
click the 'Sell' button at the bottom of this colunyou will sell one share at the price that you
selected. However; you are not allowed to sellaesko yourself.

When you accept an offer-to-buy, it will disappé&am the list. If you had also placed an
offer-to-sell, it will disappear from the offers $ell list because you have just sold a share.

Transaction prices

When you buy a share your money decreases by ite qirthe purchase. You can only
buy a share if you have enough money to pay for it.

When you sell a share, your ECU holdings incregsthé price of the sale. You can only
sell a share if you owned one to begin with.

In the fourth column from right of the screen, lgoke' Transaction prices’, you will see the
prices at which shares have traded in the currembgb.

3. Information about other market and average prices

The lower half of the screen consists of a diagtanthe left of the screen and three
columns to the right of the screen. The three cakimill show offers to buy, transaction prices,
and offers to sell in the other market in the coirggeriod. You cannot trade in the other market,

S0 you cannot accept offers to buy or offers tbafehe other market.
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The diagram will show the average prices of botinkets in each of previous periods. The
diagram will be updated after each period.
4. Summary screen

After the end of each period you will be given suanynstatistics of the period in the
following screen:

eeeeeeeeeeeeeee

a) Where you will be given information about:

b) Average price of the period in your market,

c) Average price of the period in the other market,

d) ECU holdings before dividend —your ECU balance te&xiding dividend earnings,

e) Dividend for this period —realized dividend for theriod,

f) Dividend earnings from stocks —Dividend for theipeémultiplied by your ending
stocks of the period.

g) Ending ECU —your ECU holdings including dividendreags for period. This will be
your beginning ECU balance in the next period.

h) Ending stock —your ending number of stocks forgéeod. This will be your beginning
stock balance in the next period.

5. Practice interface
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You now have 180 seconds to practice buying anithgestocks. Your actions in this
practice period will not influence your earningsyaur position later in the experiment. The
only goal is to master the use of the interface.

Please make sure that you successfully submitsoftebuy and offers to sell. Also make
sure that you successfully accept other peopléssofo buy and sell shares.

If you have any questions, please raise your haddaa experimenter will assist you.

Appendix B: Instructions B
(text in //... // for treatments Main 2,3)

Instructions B

In this part of the instructions you will learn afbahe //First of// experimental asset
markets that will be operating during this expermne

The market lasts for 20 consecutive periods. Eaclog lasts for 100 seconds.

In the beginning of the market participants areegigome amount of ECU and a number
of stocks for trading. You will find out what arewr initial holdings of ECU and stocksin the
beginning of thefirst trading period in thefirst column from the left.

Each stock has a 0 value in the end of the mairketfter the period20.

/INo interest is paid for ECU holdings.//

Each stock at the end of each period pays a didifflem the following outcome set {0; 4;
14; 30}. Dividends are realized randomly each pkribhe probability of each outcome to be
realized is the same and is equal to 0.25. Theategalividend of a stock for each period can
be calculated by

Expected Dividend = 0.25*0 + 0.25*4 + 0.25*14 +0:26=12

Fundamental Value (FV)
The table below may help you to make decisions.
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C. D. E.
Ending' perioc Currelr?t' period Number Qf Holding Average Dividgnd B Fundqmental Valus
Periods X Value per Period | = |[per Unit of Inventory
20 1 20 X 12 = 240
20 2 19 X 12 = 228
20 3 18 X 12 = 216
20 4 17 X 12 = 204
20 5 16 X 12 = 192
20 6 15 X 12 = 180
20 7 14 X 12 = 168
20 8 13 X 12 = 156
20 9 12 X 12 = 144
20 10 11 X 12 = 132
20 11 10 X 12 = 120
20 12 9 X 12 = 108
20 13 8 X 12 = 96
20 14 7 X 12 = 84
20 15 6 X 12 = 72
20 16 5 X 12 = 60
20 17 4 X 12 = 48
20 18 3 X 12 = 36
20 19 2 X 12 = 24
20 20 1 X 12 = 12

ColumnA in Table 1 indicates the Ending Period of the markelumnB indicates the
Current Period for which the Fundamental Value éng calculated. ColumC gives the
Number of Holding Periods from the Current Periodhte Ending Period.

ColumnD gives the Average Dividend per Period for eachesiiaat you hold. Columk
gives the Average Fundamental Value per Shareythahold from the Current Period until the
end of the market.

That is, for each stock that you hold for the m&sthe market, you will earn on average
the amount listed in columi. The value in columi is calculated by multiplying the values in
columnsC andD.

Calculating Your Earnings
Your earnings for a period are given by the actligidends received at the end of a

period, plus revenues for assets sold, minus exjpeas for purchases.
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YOUR EARNINGS FOR A PERIOD=
DIVIDEND PER UNIT x NUMBER OF UNITS IN INVENTORY (A THE ENDOF THE
PERIOD) + REVENUES -EXPENDITURES (WHICH YOU HAVE INHE COURSE
OFTRADING).

Your total profit at the end of the experiment @gial to the initial cash endowment plus
the sum of earnings acquired in all 20 tradingqusi

YOUR TOTAL EARNINGS IN THE EXPERIMENT=
INITIAL CASH ENDOWMENT+EARNINGS FOR PERIOD 1 + EARINGS FOR PERIOD 2
+ EARNINGS FOR PERIOD 3 + EARNINGS FOR PERIOD 4 ARNINGS FOR PERIOD 5
+ EARNINGS FOR PERIOD 6 + EARNINGS FOR PERIOD 7 ARNINGS FOR PERIOD 8
+ EARNINGS FOR PERIOD 9 + EARNINGS FOR PERIOD 1EARNINGS FOR PERIOD
11 + EARNINGS FOR PERIOD 12 + EARNINGS FOR PERIOB t+ EARNINGS FOR
PERIOD 14 + EARNINGS FOR PERIOD 15 + EARNINGS FORRROD 16 + EARNINGS
FOR PERIOD 17 + EARNINGS FOR PERIOD 18 + EARNING®H PERIOD 19 +
EARNINGS FOR PERIOD20
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Appendix C: PDF and CDF functions of ARPC considering periods
210 10 (9 periods)

CDF
N ARPC | PDF | p-value | p-value
lower upper
tail tail
1 1 0.000 0.000 1.000
2 1.25 0.001 0.001 1.000
3 15 0.002 0.002 0.999
4 1.75 0.003 0.005 0.998
5 2 0.005 0.011 0.995
6 2.25 0.009 0.019 0.989
7 2.5 0.013 0.032 0.981
8 2.75 0.018 0.050 0.968
9 3 0.025 0.075 0.950
10* 3.25 0.033 0.108 0.925
11 3.5 0.041 0.150 0.892
12 3.75 0.049 0.199 0.851
13 4 0.057 0.256 0.801
14 4.25 0.064 0.320 0.744)
15 4.5 0.070 0.390 0.680
16 4.75 0.073 0.463 0.610
17 5 0.075 0.537 0.537
18 5.25 0.073 0.610 0.463
19 5.5 0.070 0.680 0.390
20 5.75 0.064 0.744 0.320
21 6 0.057 0.801 0.256
22 6.25 0.049 0.851 0.199
23 6.5 0.041 0.892 0.150
24** 6.75 0.033 0.925 0.108
25 7 0.025 0.950 0.075
26 7.25 0.018 0.968 0.050
27 7.5 0.013 0.981 0.032
28 7.75 0.009 0.989 0.019
29 8 0.005 0.995 0.011
30 8.25 0.003 0.998 0.005|
31 8.5 0.002 0.999 0.002
32 8.75 0.001 1.000 0.001
33 9 0.000 1.000 0.000
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The table gives the PDF and CDF functions for gaesvalues of ARPC for a given
period when considering periods 2 to 10.

ARPC is the average rank of price changes of theesaeriod across four sessions of a
treatment. The ARPC in the table shows the possiliees that ARPC may obtain. There are
33 possible values of ARPC (N=33). Analytically sbevalues are obtained as the average value
of four draws with replacement from set {1, 2, 3546, 7, 8, 9}. This set of values corresponds
to the ranks that price changes in periods 2 t@9 nave among price changes of periods 2 to 9.

PDF shows the theoretic frequency (probabilityeath value of ARPC. It is calculated
the ratio of the number of combinations of fourvdsavhich have the same average value over
the number of all possible combinations.

CDF p-value lower tail (upper tail) shows probagilof ARPC to have value lower or
equal (higher or equal) to the corresponding valudRPC.

* (**) indicates 10 (5) % lower or upper tail thiesd.
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Appendix D: PDF and CDF functions of ARPC considering periods
41010 (7 periods)

CDF
N ARPC| PDE | Pp-value | p-value
lower upper
tail tail
1 1 0.000 0.000 1.000
2 1.25 | 0.002 0.002 1.000
3 1.5 0.004 0.006 0.998
4 1.75 | 0.008 0.015 0.994
5 2 0.015 0.029 0.985
6** 2.25 | 0.023 0.053 0.971
7* 2.5 0.035 0.088 0.948
8 2.75 | 0.048 0.136 0.913
9 3 0.062 0.198 0.864
10 3.25 | 0.075 0.273 0.802
11 3.5 0.086 0.359 0.727
12 3.75 | 0.093 0.452 0.641
13 4 0.096 0.548 0.548
14 4.25 | 0.093 0.641 0.452
15 4.5 0.086 0.727 0.359
16 475 | 0.075 0.802 0.273
17 5 0.062 0.864 0.198
18 5.25 | 0.048 0.913 0.136
19* 5.5 0.035 0.948 0.088
20** 5.75 | 0.023 0.971 0.053
21 6 0.015 0.985 0.029
22 6.25 | 0.008 0.994 0.015
23 6.5 0.004 0.998 0.006
24 6.75 | 0.002 1.000 0.002
25 7 0.000 1.000 0.000

The table gives the PDF and CDF functions for gmesvalues of ARPC for a given
period when considering periods 4 to 10. The patarseare defined similar to the ones in
Appendix C.
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Abstrakt

Experimentald ovéiujeme domanku, Ze zprava o krizi na jednom trhuigpbi krizi na druhém
trhu, prestoze tyto trhy nemaji spotee ekonomické fundamenty. Stavajici modely ndkaggim
trhy mluvi o moznosti nakazy diky médnim vinam neb@ategickému i@nosu rizika, nicmeén
tyto modely nebyly empiricky testovany, pr&podobrt diky obtiznosti testovani na datech
z realnych try, které jsou vyjimeéné zcela izolovany. N&S experimentélni design modjék
Smith et al. (1988) a obsahuje dva &®Br¢ probihajici trhy, jez jsou propojeny pouze diky
moznosti pozorovat ceny na obou trzich. Po vigmdkrize na jednom z tihpozorujeme ceny
na druhém trhu a potenciélnakazu krize. Nase vysledky ukazuji, Ze zpravaio ka jednom
trhu je signifikantnim zdrojem nakazy na druhénutdiky efektu modni viny, nikoliv diky

strategickémuignosu rizika.
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