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Flat bubbles in long-horizon experiments:
Results from two market conditions®
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Abstract

We report the results of asset market experiments with a long horizon of 100 periods
conducted under two market conditions: call markets and continuous double auctions.
In both market formats, we observe flat bubbles, i.e., situations where market prices
remain steady while fundamental values decrease as the experiments proceed, as well
as multiple bubbles. We confirm the stylized facts found in short-horizon experimental
asset markets such as bubble—crash price dynamics, and the similarity of the price
dynamics between call markets and continuous double auctions. We also examine the
relationship between individual trading performance and cognitive ability.
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1 Introduction

Several stylized facts are widely known following the large experimental studies of asset
markets pioneered by Smith et al. (1988).! In this study, we report new price dynamics,
called flat bubbles, in long-horizon experimental asset markets with 100 periods. We formally
define these flat bubbles and detect them using our long-horizon experimental data.

One of the most prominent stylized facts in the experimental asset markets is that the
price starts below the fundamental value (FV), forms a bubble, and finally crashes back to
the FV in periods close to the end of the experiment. The FVs are given as the sum of the
remaining expected dividends per share, and the subjects are informed about the FV of the
asset in each period. This bubble—crash price dynamics contradicts the standard financial
economic wisdom based on common knowledge among homogeneous traders (in terms of
their beliefs, degree of rationality, and preferences), which shows that transaction prices
that differ from FVs cannot be realized.

On one hand, the price dynamics commonly observed in these experimental asset markets
are considered to be the result of confusion (Huber and Kirchler, 2012; Kirchler et al., 2012),
non-profit-related motives (Lei et al., 2001), and the low cognitive ability (Bosch-Rosa et al.,
2017) of participants. On the other hand, there are studies demonstrating that they result
from interactions among heterogeneous participants who face uncertainty regarding other
participants’ understanding of FVs (Cheung et al., 2014), behavior (Akiyama et al., 2017),
or cognitive abilities (Hanaki et al., 2017).

One hypothesis regarding subjects’ cognitive ability as well as uncertainty about that of
others they face points out that the bubble—crash pattern is the result of limitations in the
subjects’ ability to carry out the backward induction reasoning from the final trading period
or the uncertainty that subjects face regarding others’ ability to do so. If this hypothesis

is true, a bubble should only burst once, in the periods near the end of the experiment,

1Palan (2013) and Powell and Shestakova (2016) provide good summaries of the relevant literature.



regardless of the number of trading periods.

Lahav (2011) was the first asset market experiment with a very long horizon (200 pe-
riods). Lahav (2011) employs a call market format and shows that multiple bubbles and
crashes are observed during the 200 periods of the experiment. Some of the crashes take
place in earlier periods, rejecting the above hypothesis about the limitations of (and uncer-
tainty about) the participants’ ability to carry out backward induction reasoning.

We aim to reexamine the experimental results in Lahav (2011) by conducting long-
horizon asset market experiments (100 periods) under two market conditions: call markets
(CMs) and continuous double auctions (CDAs). The literature suggests that these two
market formats generate similar market outcomes, although the trading volume is larger in
CDAs than in CMs (Palan, 2013, Observation 27). However, these two market conditions
have never been compared in a long-horizon setup such as that used in this study.

Similar to Lahav (2011), we observe multiple bubbles and crashes in our experiment.
However, our results also demonstrate a new price pattern that we call flat bubbles. In
fact, in our experiment, a flat bubble involving a single crash was observed more often than
multiple bubbles and crashes.? We also find, as the literature demonstrates, that while there
is no significant difference in terms of the magnitude and direction of mispricing between
the two market conditions, the trading volume is larger in CDAs than in CMs.

The rest of the paper is organized as follows. In the next section, we explain our ex-
perimental settings for both the CMs and CDAs. Section 3 presents a formal definition of
flat bubbles, and examines which market format demonstrates flat bubbles. We also com-
pare the outcomes between the two market formats and examine the relationship between

subjects’ cognitive ability and trading performance. Section 4 concludes.

ZSmith et al. (2014) also conducted long-horizon experiments of 50 periods using CMs and observed a
single bubble rather than multiple bubbles in most markets. However, their motivation was to measure
the neural activity of subjects facing price bubbles using functional MRI. To simplify the trading task for
subjects for this purpose, Smith et al. (2014) restricted the trading volume to a maximum of one unit per
subject per period, and thus their results are not directly comparable to those of Lahav (2011) or ours.



2 Experimental settings

Our experimental asset market is based on those of Smith et al. (1988) and Lahav (2011).
We consider a market with 12 traders that lasts for 100 periods. Each trader is initially
given six units of an asset and 7,500 experimental currency units (ECUs). A dividend of
either 0 or 30 ECUs is randomly determined and paid for each unit of the asset that a trader
holds at the end of each period. The assets and cash holdings of each trader are carried over
from one period to the next for 100 periods. After the final dividend payment at the end of
the 100th period, the asset loses its value. Therefore, the FV at the beginning of period ¢
is calculated as 1/2 x 30 x (100 — (¢ — 1)) ECUs following the payment of the dividends.

We conducted experiments under two different market conditions: CMs and CDAs. In
CMs, subjects can submit one buy order and/or one sell order (or none of either type) in
each period of 60 seconds. For a buy order, a subject needs to specify the maximum price
s/he is willing to pay for a unit of the asset, and how many units s/he is willing to buy. The
buy orders have to satisfy her/his budget constraint. For a sell order, s/he must specify
the minimum price at which s/he is willing to sell a unit of the asset, and how many units
s/he is willing to sell. The number of units s/he specifies in the sell order cannot exceed the
number of units s/he holds.

After all of the traders have submitted their orders, we compute a single market-clearing
price for the asset in the period. The CM structure we employ follows that of Lahav (2011),
van Boening et al. (1993), Haruvy et al. (2007), and Akiyama et al. (2014, 2017). In our
CMs, the market price of each period is determined by the minimum price at the intersection
of the demand and supply curves derived from subjects’ orders. At the end of each period,
subjects are informed of the market price, how many net units they have traded (this will
be a negative value if they sold more than they bought), and their cash and asset holdings
after the transactions. They are not informed of the orders submitted by other subjects in

the market, nor of the total volume of transactions in the period.
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In our CDAs, each period also last for 60 seconds. Following Smith et al. (1988), subjects
can post as many buy orders (bids) and sell orders (asks) as possible. Here, a bid and an ask
correspond to a price for a unit of the asset. Subjects can trade as many units of the asset
as they wish (while respecting their budget constraint) during a period. Similar to CMs, a
subject cannot post a bid that exceeds her/his current cash holding, nor post an ask when
s/he has no units of the asset. Similarly, no subject can accept an ask posted by another
subject that exceeds her/his current cash holdings or a bid posted by another subject when
s/he holds no units of the asset. Subjects receive a warning message when trying to post
such orders.

All of the outstanding orders that subjects have posted are shown on their screens
in descending (ascending) order according to the selling (buying) price. A transaction is
completed when a subject selects one of the outstanding orders shown in the screen and
presses a button to buy or sell, depending on which side of the transaction the subject is
on, to conclude the transaction. When a transaction is completed between two subjects, all
of the remaining outstanding asks posted by the seller and all of the remaining outstanding
bids posted by the buyer are deleted from the screen. Note that it is only the orders posted
by the two subjects involved in the transaction that are deleted; all of the bids and asks

posted by other subjects are retained.

3 Results

The experiments were conducted at the University of Tsukuba (Ibaraki, Japan) between
June 2013 and January 2014. We recruited 144 subjects (72 for both CMs and CDAs) who
had never participated in similar experiments. Each subject only participated in one session.
The experiments lasted for approximately three hours, including time spent on providing

instructions, one practice period, and a post-experimental questionnaire using the Cognitive



Reflection Test (CRT). For the CRT, no monetary incentive was provided for correct an-
swers. We took a 10-minute break between periods 50 and 51 to allow subjects to visit the
toilet if necessary. The exchange rate between ECUs and Japanese yen (JPY) was 10 ECUs
= 2 JPY. On average, each subject earned 3,800 JPY, including a participation fee of 500
JPY. Both the CM and CDA experiments were computerized using z-Tree (Fischbacher,
2007).

3.1 Flat bubbles

Figures 1 & 2 show the observed price dynamics, along with FVs, in six CMs and six CDAs.
The CMs consist of Groups 1-6, while the CDAs consist of Groups 7-12. In the figures,
there is no dot in some periods, making the graph discontinuous. The absence of a dot
means that there was no trade in the corresponding period.

The trading prices remain constant for a long time in Groups 1, 2, and 6 in CMs and
Groups 7, 9, 11, and 12 in CDAs. We first characterize this constant price behavior using
the following criteria that are independent of the price scale.

Let F'V; be the FV at the beginning of period ¢ € {1,---,100}. Since the FVs decrease
by 15 ECUs in each period in our setting, the FV’s rate of change in period t is defined as
RF, = (FV,— FV,_1)/FV,_y = =15/FV;_; for t € {2,--- ,100}. In the same way, let p; be
the realized price of a group in period t € {1,--- ,100}. Then, the rate of return in period
t is defined as Ry = (pr — pi—1)/pi—1 for t € {2,---,100}. We now formally define a flat

bubble in terms of price dynamics.

Definition 1 A price sequence, {ps, Prs1, - Peik ), is called a flat bubble between t and

t + k if it satisfies the following conditions:

1. |Rs| < |RF| for any s € {t,t +1,--- ,t + k} with k > 1
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2. There exists a price sequence that encompasses {ps, pri1,- -, Prrr} such that it is

either constant or not significantly different from a random walk with no drift.

The first condition requires the rate of return to be smaller than the F'V’s rate of change.
Note that this condition does not necessarily mean that the deviation from FV increases.
For instance, imagine that the price changes from 1000 ECUs to 910 ECUs between periods
90 and 91. The FVs at the beginning of periods 90 and 91 are 165 ECUs and 150 ECUs,
respectively. In this case, Rg; = 0.099 and RFy, = 0.100, which satisfies the condition.
Such a situation occurs when the bubble has been already sustained at much higher prices
than the FV. Our first condition allows such situations to occur even when the price falls
quite drastically.

For the second condition, we test whether or not the price dynamics is significantly
different from a random walk: psy1 = ps + Y, € for each period s € {t,t +1,--- ¢t + k},
where {¢s} is independently and identically distributed and its mean is zero. Then, even
when the price dynamics includes a price fall satisfying the first condition, we can examine
the flatness of the price dynamics on average. In addition, when ¢, is always zero, the
dynamics is not a random walk, but rather is constant. The second condition includes such
a case. Note that we still need both conditions to identify the periods in which flat bubbles
form.

Table 1 shows periods that satisfy condition 1 for those groups that had such periods.
Some groups demonstrate several spells intermittently. We examine whether a consecutive
sequence including these intermittent spells has a unit root, using a standard time series
analysis, to test for the second condition. We use the augmented Dickey—Fuller (ADF) test
with neither trend nor intercept for the minimum consecutive price sequence of each group,

which encompasses the prices of all the periods?® listed in Table 1 to examine whether the

3The price dynamics we tested in each group did not include the period where the bubble bursts. Thus,
we are not concerned with the structural change of sequences as mentioned in Enders (2009, Ch. 4), for
instance.



null hypothesis that the sequence has a unit root can be rejected. For instance, the minimum
consecutive price sequence in Group 1 in the CM consists of the prices between periods 13
and 67, and that of Group 12 in the CDA consists of the prices between periods 6 and 77.

Next, we identified the flat bubbles in each group. The columns of t-statistics and p-
values in Table 1 are the results of the ADF test. The null hypothesis is only rejected
for Group 8 in the CDAs. For this group, we also checked for various sub-sequences of
intermittent spells to determine whether any subsets of periods satisfied condition 2, but
the null hypothesis was also rejected for these. Therefore, we concluded that no flat bubble
was observed in Group 8 in the CDAs.

Next, we examine why flat bubbles both form and burst suddenly. We first consider
the hypothesis that a specific set of subjects in each group trades repetitively during a flat
bubble. If trades only occur among a specific set of subjects who tend to trade around a
constant price, they may form a trading price pattern such as a flat bubble as a result of,
for example, inertia in their trading behavior. To test whether this is the case, we compute
the ratios of both individual selling and buying trades to total trades in all of the periods
during the flat bubbles. Figure 3 shows the outcomes for each of the eight groups that

demonstrate flat bubbles. In the figure, the vertical axis represents the trader IDs, while

Table 1: Identification of flat bubbles using the second condition

’ Group H time periods satisfying condition 1 \ t-statistics \ p-value ‘
1 CM 13-14; 19-20; 22-31; 33-53; 55-67 1.150950 | 0.9337
2 CM 26-31; 33-37; 41-43; -0.733149 | 0.3839
4 CM 46-52 -1.128440 | 0.2076
6 CM 5-74 -0.363085 | 0.5502
7 CDA 26-39; 50-70 -0.952891 | 0.2985
8 CDA | 14-16; 19-21; 26-27; 29-33; 37-38; 40-43; 46-49 | -4.483727 | 0.0000
9 CDA 10-12; 16-43 -1.015684 | 0.2725
11 CDA 26-52 -0.931577 | 0.3026
12 CDA 6-7; 9-11; 13-16; 18-26; 30-37; 39-77 0.022670 | 0.6865




the horizontal axis represents the ratios of both successful asks and successful bids during
flat bubbles. The negative values show the ask ratios, while the positive values show the
bid ratios.

There are cases where some subjects do not trade at all (subjects 10, 11, and 12 in
Group 2 and subjects 1, 2, 5, 6, 7, and 8 in Group 4 in the CMs). However, all of the
subjects trade with each other in Groups 1 and 6 in the CMs and all of the groups in the
CDAs. Therefore, it is not the case that only a specific subset of subjects trades during flat
bubbles.

We also consider another hypothesis involving subjects’ budget constraints before the
flat bubbles burst and the markets face liquidity constraints. If subjects do not have enough
cash to continue trading, they must stop trading. To test whether this was actually the
case, we examined the histories of subjects’ cash holdings over nine periods centered around
the bursting of flat bubbles. Figure 4 shows the outcomes. The horizontal axis represents
the four periods before and after the bursting of the flat bubble, while the vertical axis
represents each subject’s cash holding. The subjects’ IDs are identical to those in Figure 3.

In Group 1 in the CMs, subject 2 increased her cash holdings drastically around the
end of the flat bubble (period 67), while subjects 4 and 6 decreased their cash holdings.
However, even after decreasing their holdings, these two subjects still had more than 5000
ECUs. In addition, subjects 9 and 12 already had a relatively small amount of cash even
before the bubble burst, and thus their small amount of cash did not contribute to the
bursting of the bubble. We can see similar tendencies in other groups. Therefore, we fail to

conclude that the liquidity constraint triggers the bursting of bubbles.

3.2 Comparison between the two market conditions

We now address the difference between the two market conditions and examine how it

impacts on trading. Recall that each of the 12 subjects in a market commences with six
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Figure 4: Cash holdings: each vertical line
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units of the asset, and thus there are 72 units of the asset in the market. Figure 5 shows the
dynamics of relative mispricing, ((p; — F'V;)/FV;, red lines?) and relative trading volumes
(Q¢/72, blue lines) for each of the six CMs. Figure 6 shows the same information for the
six CDAs.

As can be seen in Group 3 in the CMs and Group 10 in the CDAs, there are markets that
have multiple price peaks under both market conditions. In this sense, the price dynamics
in some of these 100-period CMs and CDAs are similar to those in the 200-period CMs
examined by Lahav (2011). On another front, it is noteworthy that the markets with flat
bubbles do not have multiple price peaks except for Group 1 in the CMs and Group 9 in the
CDAs. Even in these two markets, the impacts of the multiple price peaks are negligible.
Indeed, in Group 1 in the CMs, there is another peak after the flat bubble bursts, but it is
much smaller. In Group 9 in the CDAs, there are two peaks after the flat bubble, but they
are temporary.

In the other markets with flat bubbles, Groups 2, 4, and 6 in the CMs and Groups 7,
11, and 12 in the CDAs, as shown in Figures 5 and 6, most of the relative mispricing after
the bursting of the flat bubbles is so small that it is close to zero, or the no trade situation.
Therefore, we can conclude that either markets with flat bubbles do not have multiple price
peaks or there is little impact from the peaks. This observation is consistent with the hy-
pothesis that the flat bubbles are the result of limitations in the traders’ backward induction
reasoning, and the bursting of the flat bubbles means that their backward reasoning begins
to work.

To compare the market outcomes between the two conditions more precisely, we measure
the magnitude of mispricing in terms of the relative absolute deviation (RAD) and relative

deviation (RD) proposed by Stockl et al. (2010) and the trading volume by the turnover

4 When no trade occurs, the price is set at one and zero in CMs and CDAs, respectively. Then, nearly
and exact ‘-1’ of the relative mispricing corresponds to the periods in which no trade occurs in CMs and
CDAs, respectively.
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Continuous double auctions
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Figure 7: Distribution of RAD (left), RD (center), and TO (right) in CMs (red) and CDAs
(light blue). P-values from the Mann-Whitney test are also shown.

(TO) measure proposed by van Boening et al. (1993). For each group n, RAD, RD, and
TO are defined as

100
1 lpi — FVi
100 tzl FV (1)
100
1L = FV;
RD" = 2
100 ; FV @)
100 "
TO" =) L 3
> 13 3)

where p} and ¢} are the realized price and number of units of the asset traded in period ¢
in group n. FV = WIO ,}201 FV;. Since there are several trading prices in each period of the
CDAs, we use the average trading price of group n in period ¢ of the CDAs for p}.

Figure 7 shows the cumulative distribution of the RAD (left), RD (center), and TO
(right) in CMs (red) and CDAs (light blue). We test them using the Mann—Whitney test,
as shown at the bottom of figure, and find that the median RAD and RD in the CMs
and CDAs are not statistically significantly different, while the TO is. Thus, just as in

the standard shorter markets in the literature, the two trading conditions generate similar

mispricing, with trading volumes being larger under CDAs than under CMs.
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Figure 8: Price dynamics of all the groups in Lahav (2011).

Lahav (2011) also examined price data from CMs using the same measures. However,
his data® include many no-trade periods, as can be seen in Figure 8, and do not show the
prices in periods without trade. Therefore, we do not compare the mispricing measures

between our data and those of Lahav (2011).

3.3 Trading behavior, profits, and cognitive ability

Recent studies have reported interesting relationships between subjects’ cognitive ability and
gender, and their trading behavior and performance. Corgnet et al. (2015) and Breaban
and Noussair (2015) report a positive relationship between the subjects’ CRT scores and
their final earnings. Eckel and Fiillbrunn (2015) report that male subjects tend to earn
more than female subjects, and also that an increase in the number of female subjects in
the market reduces the magnitude of mispricing. We test whether similar findings can be
obtained in the long-horizon experiments.

Table 2 shows the distribution of the CRT scores in the two treatments. There is no

statistically significant difference in the CRT scores between subjects who participated in

®We are grateful to Prof. Lahav for providing his experimental data.
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Table 2: Distribution of CRT Scores

0 1 2 3 Mean Score
CM (n=72) 13(8) 12(5) 25(5) 22 (4) 1.78
CDA (n=72) 11 (5) 9(2) 26(4) 26 (4) 1.93

IThe numbers in parentheses represent female subjects.

Table 3: Relationships among profits, CRT scores, gender, and flat bubbles

Final profits (1) CMs (2) CDAs (3) Pooled
CRT 104.04 103.41 -24.65 -19.94 39.94 41.10
(93.25)  (91.22) | (105.67)  (112.06) | (56.57)  (58.08)
Gender 1016.83 1011.06 | 1051.93**  1049.18** | 1047.33"** 1037.75***
(505.73)  (531.67) | (315.68)  (315.00) | (221.49)  (217.26)
Flat bubbles 26.14 75.18 65.59
(190.02) (87.37) (61.55)
Constant 2372.617  2372.617 | 2622.80™*  2565.78"* | 2489.72**  2450.96™**
(233.50)  (231.50) | (274.83)  (299.07) | (158.87)  (180.49)
adj. R? 0.089 0.089 0.077 0.078 0.084 0.084
N 72 72 144

"Male = 1 and female = 0 in gender dummies. Groups 1, 2, 4, 6, 7, 9, 11, and 12 = 1 in flat bubbles,

otherwise 0.

iRobust standard errors corrected for the within-group clustering effect are shown in parentheses.
Mp < 0.10, **p < 0.05, ***p < 0.01.

the two market conditions (p = 0.377) according to the Mann—-Whitney test.

Table 3 shows the results of regressing final profits on CRT scores and the gender dummy

with/without the dummy variable indicating the occurrence of flat bubbles. The gender

dummy takes a value of 1 if a subject is male and 0 otherwise. The flat bubble dummy takes

a value of 1 if a flat bubble was observed in the market in which the subject participated.

We performed linear regressions of the individuals’ final results in CMs, CDAs, and the

pooled data from both CMs and CDAs. Contrary to the findings of Corgnet et al. (2015)

and Breaban and Noussair (2015), the CRT score is not a significant predicator of final

profit in any of the regressions. However, in the regressions of the CDAs and pooled data,
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gender is significantly correlated with final profit. In our experiment, males made more
profit than females, which is consistent with the findings of Eckel and Fiillbrunn (2015).

To better understand the differences between the final profits of males and females, we
analyze the orders submitted by subjects. We use a measure of the maximum losses that
can potentially be generated by orders submitted by a subject over the 100 periods. Because
the types of orders submitted by subjects differ between CMs and CDAs, we define them
separately.

For CMs, we follow Akiyama et al. (2014) and define the potential loss for subject i,
PLi, as follows:

PLL,, = M;W ; (d; max(pd; — FV;,0) + s;max(FV; — ps;,0)),
where pd! and ps! are the maximum price at which 4 is willing to buy and the minimum
price at which ¢ is willing to sell a unit of asset, respectively, as specified by subject ¢’s
orders submitted in period ¢. d! and s! are the maximum quantities demanded or supplied
in association with pd; and ps!, respectively. The potential loss is normalized by the value
of the initial endowment (=16500, 7500 ECUs plus six units of the asset with F'V; of 1500)
so that PL’ denotes the share of the initial endowment subject i would potentially lose if

his or her orders were executed at the prices submitted.®

For CDAs, we define PL* as

PLipy = 16500 Z (Z max(by, — FV;,0) + > max(FV; — aj, O)> !
k

where b} , is the bid (or price paid when responding to others’ asks) of the u-th buy order

the subject posted in period t. Similarly, a; . is the ask (or price received when responding

6Tt should be noted that submitting such orders may not result in any losses in our experiment because
the actual trading prices can differ from those submitted by the subjects.
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to others’ bids) of the k-th sell order the subject posted in period ¢.

Table 4: Relationships among potential losses, CRT scores, gender, and flat bubbles

Potential losses (1) CMs (2) CDAs (3) Pooled
CRT -0.38  -0.39 | -1.11  -1.37 | -0.59 -0.62
(0.33)  (0.35) | (2.90) (3.36) | (1.58) (1.71)

Gender 1.32 1.18 3.91 4.07 3.54 3.82
(0.95) (0.78) | (5.04) (5.50) | (2.85) (3.66)
Flat bubbles 0.67 -4.23 -1.94
(1.08) (9.52) (6.60)

Constant 1.90™ 1.58* | 10.12* 13.32 | 5.07"  6.22
(0.64) (0.72) | (4.75) (9.95) | (2.24) (5.86)
adj. R? 0.061 0.077 | 0.009 0.019 | 0.011 0.015

N 72 72 144

Male = 1 and female = 0 in gender dummies. Groups 1, 2, 4, 6, 7, 9, 11, and 12 = 1 in flat bubbles,

otherwise 0.
"Robust standard errors corrected for the within-group clustering effect are shown in parentheses.

il ) < 0.10.

Table 4 shows the results of regressing potential losses on CRT scores, the gender dummy,
and the flat bubble dummy. We do not observe any statistically significant gender differences
in potential losses. This lack of a significant relationship between potential losses and the
gender dummy is puzzling given the significant gender difference in relation to final profits.
However, we note that regressing the final profit on a constant term and P L, while adjusting
the standard error at group level, results in a negative and significant estimated coefficient
under CMs. For CDAs, the estimated coefficient is also negative, but not significantly
different from zero. Note that in the above regression of final profits on gender and CRT
scores, gender was significantly correlated with final profits under CDAs but not under CMs.
The lack of a significant relationship between final profits and potential losses in CDAs and
the lack of a significant relationship between gender and final profits in CMs explain this

result.
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4 Summary and conclusion

In this study, we identified new price dynamics in experimental asset markets that we called
flat bubbles and formulated them based on two criteria: a smaller rate of return than that of
FV and the random-walk property of price time series. Our long-horizon setting enables us
to examine the relevant properties of the observed prices. Our experiments were conducted
under two different market conditions: CMs and CDAs. Flat bubbles were observed in
both CMs and CDAs. While the magnitude of mispricing was not statistically significantly
different between the two market conditions, trading volume was. We also tried to identify
the reason for the flat bubbles through two hypotheses relating to liquidity constraints and
the concentration of trades among a small fraction of traders in a market. However, we did
not find support for these hypotheses.

Except for the existence of flat bubbles, our experimental results basically confirmed
the stylized facts found in the standard short-horizon experimental asset markets, namely,
bubble—crash price dynamics and the similarity of price dynamics between CMs and CDAs.

We also examined the relationships between trading performance and CRT scores and
gender while controlling for the occurrence of flat bubbles. While we observed a statistically
significant difference in trading performance between males and females, the subjects’ CRT
scores were not significantly correlated with their trading performance.

One of the motivations for conducting long-horizon asset market experiments is to exam-
ine price dynamics in a setting that is closer to that of real-world markets. The long-horizon
setting can be especially useful in examining the effects of various policies, both monetary
and fiscal, on the future expectations of market participants and price dynamics. Indeed,
these policies are increasingly being viewed as highly influential on people’s expectations
(Honkapohja, 2015; Mertens and Ravn, 2014). Recently, some researchers have begun to
investigate the effects of monetary policy on mispricing and trading behavior in experimen-

tal asset markets a la Smith et al. (1988) (e.g., Fischbacher et al., 2013), as well as on
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expectation dynamics in learning-to-forecast experiments (e.g., Hennequin and Hommes,
2017; Bao and Zong, 2017). On one hand, typical experimental asset markets use a rather
short horizon (10 to 15 periods) and are conducted without eliciting future price expecta-
tions from the subjects. On the other hand, typical learning-to-forecast experiments use a
longer horizon of 50 periods or more, but in these experiments, subjects are only required to
forecast future prices, and do not trade. Therefore, it would be of great interest to investi-
gate the long-run and short-run effects of policies on future expectations, trading behavior,
and market outcomes using long-horizon asset markets in which subjects both forecast and

trade.
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Appendix: English translation of the instructions

This Appendix contains an English translation of the instructions. We distributed
handouts containing these instructions to all subjects. The Japanese version of the
handout is available from the authors upon request. Please note that our two treatments,
CMs and CDAs, share many common elements, which are presented in black text. After
the common elements have been presented, we then show the script for CMs, followed
by that for CDAs. Further common elements follow the separate scripts for CMs and
CDA:s.

Instructions for the Asset Trading Experiment
Please do not turn over any page until instructed to do so. Before the experiment begins, we kindly
request that you:
» confirm that you are seated in your designated seat
* do not log in until instructed to do so

* inform us immediately if your computer is not working correctly.

[Today’s schedule]
Today, we will be conducting an experiment consisting of three games following the four steps
outlined below.
1. Explanation of the experiment (games) and a practice round.
2. First session of games (about 70 minutes, followed by a break, and then a second session of
games (about 70 minutes).
3. Quizzes.

4. Payment: The attendance fee (500 yen) plus any profit that you earn in the games will be

paid in cash at the end of the experiment.

*  The quizzes do NOT affect the results of the games.

[Today’s experiment]

Today, you will participate in stock trading games in which you trade stocks in an artificial stock

market. Please listen to the instructions carefully. If you do not understand any part of an instruction,
please raise your hand. If you have any questions during the experiment, raise your hand and an
instructor will come to you and answer your question.

Throughout the experiment, please respect the following rules:

1. Do not talk to the other participants during the experiment or the breaks, as this may affect

the results of the experiment.



2. Use your mouse or keyboard only when instructed to do so by the instructor, otherwise this

may cause a problem. If any malfunction occurs, all participants will have to restart the

ame.
[Outline of stock trading game|
*  You have been divided into groups, but you do not know the identity of the other members
of your group.

*  Your group will buy and sell dummy stocks in an artificial market.

[Trading period]
In the experiment, a period lasts for 60 seconds. You will trade with the other members in your group

for 100 periods.

[Objectives of the game]

Your objective in this game is to maximize your trading profit. We have termed the currency used in

the experiment the ‘Mark’. At the end of the experiment, your total profits in Marks will be
converted into Yen and paid to you.
There are two ways of making a profit:
* Buying and selling stocks

* Receiving dividends on your stock holdings.

[Earning profits]

Here, we explain how to make a profit by buying and selling stocks.

To earn a profit from trading, you need to buy stocks and then sell them at a higher price. For
example, suppose you buy a stock for 100 Marks, and then the price of the stock increases to 120
Marks. If you sell the stock, you will earn 120 (selling price) — 100 (purchase price) = 20 Marks

profit. Later, we will explain how the prices are determined.

Now we will explain how to use the experimental program interface. We will also explain how to
trade assets. Please do not perform any operations other than those you are instructed to perform,

otherwise this could jeopardize the results of the experiment.



<The common elements end here. The instructions for CMs are presented next, followed by
those for CDAs. Then, more common elements are presented.>
[CM] [Order-entry screen]

The following screen will appear, through which you can enter your orders for each period.
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(1) This shows the time remaining for you to enter your orders. You will be given 60 seconds to
enter your orders. When that period of time has elapsed, a red warning message will flash in the
top right corner of your screen and you must enter your order as soon as possible if you haven’t
already done so. A period ends when every member of the group has pressed “OK”; note that
this could occur prior to the expiry of the 60-second time limit.

(2) This indicates your cash balance, i.e. the amount of money at your disposal; you may buy
stocks up to this value.

(3) This shows the number of stocks that you have. This is the maximum number of stocks you can
sell.

(4) This is where you enter the maximum price you are willing to pay for a stock in this period. You
must enter a whole number between 1 and 10000.

(5) This is where you enter the maximum number of stocks you want to purchase in this period. If
you do not want to purchase any stocks, you should enter 0. The product of (4) and (5) must be
no greater than the cash balance shown in (2). An error message will appear if (the number of
stocks you wish to purchase) x (the maximum price you are prepared to pay for each stock)

exceeds your cash balance.

In practice, the price you actually pay for a stock may not be the same as the maximum price you
are willing to pay. This is because the market price is set based on all the orders placed by market

participants. If the market price is greater than the maximum you are willing to pay, your order will



not be processed. This will be explained in more detail later.

(6) This is where you enter the minimum price at which you are prepared to sell your stocks in this
period. You must enter a whole number between 1 and 2000. The price you enter here should
not be greater than that entered in (4).

(7) This is where you enter the number of stocks you want to sell in this period. If you do not want
to sell any stocks, you should enter 0. The maximum number of stocks you can sell is the
number of stocks you hold, as shown in (3). If the number of stocks you want to sell exceeds

the number of stocks you hold, an error message will appear.

In practice, the price at which you sell a stock may not be the same as the minimum price at
which you are willing to sell. This is because the market price is set based on all the orders placed by
market participants. If the market price is lower than your minimum selling price, your order will not

be processed. This will be explained in more detail later.

(8) After entering appropriate values in fields (4)~(7), press the “OK” button. Once all market

participants have pressed this button, the current period ends.

[Remarks on trading]

You can simultaneously place both buy and sell orders, or you can place only a buy order or a sell

order. You can also decide not to submit any orders at all. If you do not want to submit a buy order,

please enter 0 as the quantity you want to buy. If you do not want to submit a sell order, please enter

0 as the quantity you want to sell.

o The screen displays an error message if any of the following conditions are violated:

1.  The maximum purchase price you are willing to pay multiplied by the quantity you wish to
buy must be less than or equal to the cash you have available at the time. That is, you cannot
buy stocks valued above your cash holding.

2. If you simultaneously place both buy and sell orders, the maximum price at which you are
prepared to buy must be less than or equal to the minimum selling price you are prepared to

accept.

[End-of-period screen]
(1) Market prices
The price is set according to the order book within your market. There is a single price for all stocks

in each period. The price is set to equate the number of buy orders and sell orders.
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The following two examples explain how the market price is determined.

[Example 1]

Consider the following buy/sell orders placed by four traders:

— Trader 1: One sell order, which can be executed at 10 Marks or higher

— Trader 2: Two sell orders, which can be executed at 40 Marks or higher

—Trader 3: One buy order, which can be executed at 60 Marks or lower

—Trader 4: One buy order, which can be executed at 20 Marks or lower.

A graph summarizing these orders is shown below.

Quantity
3
2 O
1| @

Quantity demanded = Quantity supplied at
21 Marks <= p <=39 Marks
° The market price will be set to the

minimum price of this interval: 21 marks

> Price

O 10 20 30 40 50 60

A seller is willing to sell at the price requested or a higher price. A buyer is willing to buy at the

price specified or a lower price. As shown above, there is only one stock supplied at 10 Marks or

higher. If the price rises to 40 Marks, the number of stocks supplied increases to three. Conversely,

only one stock is demanded at 60 Marks. If the price falls to 20 Marks, the quantity demanded

increases to two. Therefore, the quantity demanded is equal to the quantity supplied at prices

between 21 Marks and 39 Marks. The market price is set to the minimum price in this range, i.e., 21

Marks.



Now let us consider the second example.

[Example 2]

Consider the following buy/sell orders placed by five traders:

— Trader 1: One sell order, which can be executed at 10 Marks or higher
— Trader 2: One sell order, which can be executed at 30 Marks or higher
— Trader 3: One sell order, which can be executed at 30 Marks or higher
—Trader 4: One buy order, which can be executed at 60 Marks or lower
—Trader 5: One buy order, which can be executed at 30 Marks or lower.

A graph summarizing these orders is shown below.
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3 °
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As shown above, only one stock is supplied at 10 Marks or higher, as in the previous example. If
the price rises to 30 Marks, the number of stocks that are supplied increases to three. However, there
is only one stock demanded at 60 Marks or lower. If the price falls to 30 Marks, the quantity
demanded increases to two. As a result, two transactions can be completed at 30 Marks. In this case,
the market price is set to 30 Marks. Which orders will be fulfilled is determined as follows.

Priority is given to Trader 1, because he/she requested a price less than the market price. In
addition to the order of Trader 1, the order of either Trader 2 or Trader 3 will be filled. This is

determined randomly by the computer program.

[End-of-period screen]

At the end of each period, the following screen is displayed containing the information described
below.

(1) This shows the market price, as explained previously.

(2) A positive value denotes the number of stocks you have purchased in the current period, while a

negative value denotes the number of stocks you have sold in the current period.



3)
4
)
(6)

(7

This shows your cash holding after the transactions and dividend payments have been processed
for the current period.

This is the number of stocks you currently hold.

The next slide provides an explanation of Next Value.

This is the number of correctly predicted prices. This is explained in the slide entitled “Earning a
profit by predicting future prices correctly.”

The remaining time (maximum of 20 seconds) for which this screen will be visible is displayed
here. After observing the information on the screen, press the “Continue” button (8). Once all of

the participants have pressed this button, the next screen is displayed.
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[End of instructions for CMs]



<These instructions for CDAs follow the initial common elements>

[CDA] [Order-entry screen]

The figure on the right shows e

the actual screen you will use
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[End-of-period screen]
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If you want to sell some or all of your stocks, enter the price at which you are willing to sell and

click the S8 button. Your sell order will appear in blue in the SellOrder column. Other

traders’ sell orders are shown in black in the same column.

When you see the price at which you are willing to buy stock in the SellOrder column, select the

price and click the [ button. When you select a price, its color changes to blue.

When a trade is executed, the trade price appears.

If you want to buy a stock, enter the price you are willing to pay and click the -I

button.

When you see the price at which you are willing to sell stock in the BuyOrder column, select the

price and click the _‘ button.

At the end of each period, the following screen is displayed containing the information described
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below.

The first line in the top red rectangle shows the average trade price in
the current period, while the second line shows your cash holding before
adding the dividend for this period.

The first line in the middle red rectangle shows the dividend for the
current period, the second line shows the number of stocks you hold, and
the third line shows the total dividend you received in this period, which
is the standard dividend for this period multiplied by the number of

stocks you hold.



The first line in the bottom red rectangle shows your total cash holding after adding the dividend
for the current period, while the second line shows the number of stocks you will carry forward to
the next period. This number is always identical to that in the second line in the middle rectangle.

The last line shows the Next Value per stock in this period, which is explained later.

[Remarks]

. All of the orders are reset at the start of each period.

. You cannot buy stock valued at more than your cash holding.

. You cannot submit any buy order valued at more than your cash holding.

. Once you submit a buy/sell order, you cannot cancel it.

. You can submit more than one buy/sell order.

. Once a buy order is executed, all the other buy orders disappear. The same applies to sell
orders.

. When you buy a stock in the SellOrder column while you are submitting buy orders, all of
your other buy orders disappear. The same applies when you sell a stock in the BuyOrder

column while submitting sell orders.

[End of instructions for CDAs]



<Additional common instructions>
[Earning dividends]
In each game, there are 100 periods in which you can submit buy/sell orders and trade with other

traders in your market.

[Expected dividend values]
You will be offered a dividend of either 0 or 30 Marks per stock with equal probability. Thus, the
expected dividend value is calculated as (30 +0)/2 = 15 Marks. Note that 15 Marks is only the

expected value; you will actually receive either 0 or 30 Marks.

[Next value]

As noted above, at the end of each period, a Next Value amount is displayed. This is the sum of the
expected dividend value per stock that will be offered in the remaining periods. For example,
consider Next Value at the end of the second period. There are 98 periods remaining. The expected

value of 15 Marks per stock will be offered 98 times. Thus, Next Value is 15x98 = 1470 Marks.

[List of Next Values]
Turn to the next page to see a table of Next Values. Before the beginning of the first period, the Next
Value is (100 remaining periods x 15 Marks = 1500 Marks). After period 100, a dividend is also paid

according to your final stock holdings. Then, the value of the stocks becomes zero.

[Questions regarding Next Values (1)]
To confirm your understanding of Next Values, please answer the following questions:
Q1. After period 40, how many periods remain?

Q2. After period 40, what is the Next Value?

Please turn to the next page.

[Questions regarding Next Values (2)]

To confirm your understanding of Next Values, please answer the following questions:
Q1. After period 90, how many periods remain?

Q2. After period 90, what is the Next Value?

[Summary of ways to make a profit]
There are two ways of making a profit: (1) buying and selling stocks and (2) receiving dividends on

your stock holdings.



On average, you can earn 16500 Marks. The exchange rate is 10 Marks =2 Yen. Thus, on average,
you can earn 3300 Yen. Your total reward will be your profit from the game plus the participation fee

of 500 yen. Therefore, the average total reward is 3800 Yen.
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