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Abstract

We experimentally investigate the effect of a central bank buying bonds for cash in a quan-
titative easing (QE) operation. In our experiment, the bonds are perfect substitute for cash,
and have a constant fundamental value (FV) which is not affected by QE in the rational expec-
tations equilibrium. We found that QE raised the bond prices beyond those in the benchmark
treatment without QE and these differences became larger as subjects gained experience. While
subjects in the benchmark treatment learned to trade the bonds at its F'V, those in treatments
with QE became more convinced that QE boosts bond prices.
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1 Introduction

Quantitative easing (QE) in its most basic form is the purchase of government bonds in exchange
for central bank reserves with the intention to retain them for a significant length of time.! In
an era in which interest is paid on reserves, this amounts to the exchange of one interest-bearing
liability of the state for another. In textbook models with frictionless and complete markets and
fully rational and infinitely living agents, such a transaction can have no temporary or permanent
effects on any macroeconomic variables in an equilibrium (Eggertsson and Woodford, 2003). In
particular, short-term and long-term interest rates will be unchanged and there will be no effect
on output and inflation.? In these circumstances, QE would just be an irrelevant shortening of the
average maturity of net public debt.

There is, however, strong evidence that QE programmes have moved bond prices and yields, al-
though the scale and duration of such effects is still debated (Krishnamurthy and Vissing-Jorgensen,
2011; Joyce et al., 2011; Arrata and Nguyen, 2017). The literature has focused on two departures
from the textbook model to explain these effects. One theory is that central bank money and gov-
ernment bonds are not perfect substitutes (Tobin, 1958) perhaps because markets are segmented
due to investors’ ‘preferred habitat’ (Vayanos and Vila, 2009) or investors do not like holding the
interest rate risk associated with long-term bonds. If long-term government bonds and central bank
reserves are not perfect substitutes, a fall in the volume of long-term bonds in private hands can raise
the price and drop the yield relative to short-term rates. The alternative explanation is that QE is
a means by which central banks can give credibility to forward guidance commitments to deviate
from established monetary policy behaviour, such as a Taylor rule (Eggertsson and Woodford, 2003).
QE reinforces the signal that the short-term rate will remain low for longer than a time-consistent
policy rule would suggest. Lowering the expected path of short-term rates drags down long-term
rates through the expectations hypothesis of the term structure.

This paper considers a different explanation. As currently implemented, QE is a commitment to
buy relatively quickly a fixed value of bonds at any price. Indeed since the intermediate objective
of the policy is to lower bond yields, the greater the rise in bond prices, the more “successful” the

instrument. The central bank is thus an unusual participant in the bond market because it is not

1The scale of the purchases and the holding period distinguish quantitative easing from standard open market
operations. QE programmes have also bought non-government bonds but this is outside the scope of this paper.

20lder irrelevance propositions for open market operations were described in Wallace (1981) and Sargent and
Smith (1987).



deterred from buying by a higher market price (at least up to some point). If there were only one
seller of government bonds, he or she could offer to sell at a price at which the central bank was
just indifferent between buying and reneging on its commitment at a reputational cost. In other
words, once the central bank has committed to buy, there is an exploitable opportunity for sellers
collectively.

However, in a completely competitive market with fully rational agents, common knowledge, no
segmentation and assuming the central bank is not buying the entire market, such an effect will not
exist. Each participant has an incentive to offer marginally below the offer of the marginal seller to
grab a share of this surplus until this is completely eroded away. Since the central bank will buy
(and sell) at the fundamental price, there is no reason for the market price to deviate in periods
when the central bank is not active. But what if some of these assumptions do not hold?3

We anticipate that many participants will have an instinctive response that the presence of a
large external buyer should raise the price. But even a very sophisticated trader could not know the
level of strategic depth of the other participants. This combination of less than complete rationality
and lack of common knowledge could only be expected to raise prices above fundamentals because
it is implausible to think that anyone would believe that the presence of an additional buyer would
cause prices to fall.

The objective of this paper, therefore, is to test whether QE can influence the market price for
bonds in an environment in which cash and bonds have identical payoffs in the rational expectations
equilibrium and there is no role for monetary policy. In other words, does QE work if both of the
channels described in the literature are switched off by construction? Does the announcement of
QE itself influence the expectations of market participants? Does the holding period of the central
bank matter? Do the answers to these questions change as traders gain experience and learn about
the effect of QE? These questions are investigated using a set of laboratory experiments.

Three treatments are set up in which players are given “bonds” and “central bank cash” with
equivalent per unit payoffs per period in a rational-expectations equilibrium. The players can trade
bonds between each other in a market over eleven periods. There was no uncertainty in the returns
on bonds or cash and the principal repaid at the end of the experiment was equal to its fundamental
value according to rational expectations.

In the benchmark treatment, there is no central bank and the players simply trade among each

3See Tovino and Sergeyev (2018) for a model of k-level thinking applied to QE.



other. Even in these experiments of quite simple trading games, there is an accumulated evidence
that prices diverge significantly from fundamentals (see, for example, Bostian and Holt, 2009, and
Smith et al., 2014), so these benchmark results can help us avoid attributing to QE the effects of a
bubble that might be an inherent feature of the experimental trading environment.

In the remaining two treatments, there is a central bank* that announces at the beginning of the
game that it will buy a significant fraction of the outstanding bonds before periods 4 and 5 through
a discriminatory auction.® In one treatment it holds these bonds until the end and in the other
it commits to sell them before periods 8 and 9. Since these operations by themselves do nothing
to change the returns to either asset and markets are competitive, the rational expectations (with
common knowledge) path for the price of bonds should also not deviate from its fundamental value.
In line with other experiments with buy interventions, we expect that our experiments will show
and increase in bond prices (see, for example, Haruvy et al., 2014).5

In all the three treatments, we gather subjects’ expectations about future prices of bond to study
how announcements of QE (with and without subsequent resale) influence their expectations. We
investigate the effect of announcement of QE on expectations because expectations play central role
in modern Macroeconomics and Financial economics, and various policies, both monetary and fiscal,
are increasingly described as policies that influence expectations of market participants (Honkapohja,
2015; Mertens and Ravn, 2014). Moreover, the event studies show that prices jump at the date of
announcement rather than at the time of purchases (Krishnamurthy and Vissing-Jorgensen, 2011;
Joyce et al., 2011; Arrata and Nguyen, 2017). However, there still is considerable room for research
into the dynamics of expectation formations as Palan (2013) points out.

Furthermore, we let the same group of subjects to repeat the same experiment under the same
experimental condition three times to investigate the effect of learning. The experimental literature
shows that, in the benchmark treatment without policy interventions, subjects learn to trade the

asset at its fundamental value if the experiment is repeated under the same condition three times.”

4Note that the experiment was framed in a neutral language, i.e., in the instruction, it was stated that “the
computer will buy the bond” instead of “the central bank will buy.”

5We intend to capture, although in a highly simplified manner, how the Bank of England conducted her QE in
our experiment as detailed in The Bank of England’s Asset Purchase Facility (2017) in terms of its magnitude and
the method.

6The experiment by Haruvy et al. (2014), however, is quite different from ours in terms of its frame (issuing firms
re-purchasing or re-issuing its own stock vs QE), its market structure (continuous double auction vs call market), the
way interventions take place (hidden operations in the market vs clearly separate auctions), as well as the information
subjects receive regarding these interventions (vague information vs clear and explicit information about their magni-
tude and timing). In addition, while we elicit future price expectations in our experiments and repeat the experiment
to investigate the effect of learning, Haruvy et al. (2014) do not.

7See Palan (2013), Powell and Shestakova (2016), and Nuzzo and Morone (2017) for recent reviews of the literature.



Although the literature is silent about the effect of learning in experiments with policy interventions,
it is possible that whatever the effect of QE we find in our experiment disappears as subjects gain
experience. This is plausible in our set-up because QE should not have any effects under rational
expectations.

This possibility that QE could become ineffective through learning is not just an interesting
academic exercise or robustness check but has important policy implications. For example, one could
conjecture that QE worked once when it was a surprise and strategic uncertainty (i.e., uncertainty
about behavior of other market participants) was high but will not work repeatedly and thus cannot
be a substitute for conventional policy at the effective lower bound in future.

We found that although the announcement of QE had no impact on our (inexperienced) subjects’
initial expectations about future prices, it raised the market price of bonds from the first round of
the experiment. The average prices peaked in period 7 in the treatment with QE — well after the
central bank has stopped buying (before period 5). The termination of QE then reduced the prices
to its fundamental value. After experiencing the same experiment twice, those in the benchmark
treatment clearly learned that prices should not deviate from its fundamental value. In the two
QE treatments, on the contrary, most came to “learn” that prices should rise and then fall back to
fundamentals. These subjects came to believe that there was a pattern in the data. We observed
clearly that subjects’ expectations were anchored by the price paths they have observed. Another
interesting feature of the QE results was that traders started to anticipate price increases. In the
second round, prices peaked in periods 4 to 6 instead of 7 in the first round, and in the third round
they peak in periods 1 to 3.

The paper is organised as follows. Section 2 describes the experiment in more detail, section 3

presents the main results and section 4 concludes.

2 Experiment

We first describe the aspects of the experiment that are common to all the treatments. We then

describes each of our three treatments. See Appendix B for an English translation of the instruction.



2.1 Basic experimental set-up: Market structure

We set up an experimental bond market very similar to Bostian and Holt (2009). A market consists
of N traders who are put into the situation of large commercial banks which hold a portfolio of
riskless bonds and central bank reserves (“cash” from here on).® At the start of the experiment,
each trader is endowed with 8 bonds and 800 Experimental Currency Units (ECUs) of cash. Each
round of the experiment lasts for 7' = 11 periods. Each bond pays a dividend of 6 ECU per period
and matures at the end of period 11 for 120 ECUs. Cash receives a 5% interest rate per period. In
this setting, the fundamental value (F'V;) of a unit of bond at the beginning of period ¢ is 120 ECU
forallt=1,..,T.°

In each period the participants have the opportunity (but not the obligation) to trade bonds
and cash with each other in a call market as in van Boening et al. (1993), Haruvy et al. (2007), and
Akiyama et al. (2014, 2017). In a call market, traders submit order by specifying a price-quantity
pair. In period ¢, for example, if trader ¢ wishes to submit a buy order, he must specify the maximum
price at which he is willing to pay for a unit of bond (bid, b}) and how many units of bond he wishes
to purchase (di). If i wishes to submit a sell order in period ¢, he must specify the minimum price
at which he is willing to sell a unit of bond (ask, a!) and how many units of bond he wishes to sell
(si). In each period, each trader can submit both a buy order and a sell order, just one of them,
or none. Neither short-selling or borrowing of cash is allowed. Thus, in case i submits a sell order
in period ¢, he must have s¢ units of bond in his portfolio. Similarly, if i submits a buy order in
period t, his cash holding has to be no less than bidi. Finally, in case 4 submits both buy and sell
orders, we require bl < af.'® Once all the traders in the market submit their orders, the orders are
aggregated and a market clearing price is computed. Following the existing studies (Haruvy et al.,
2007; Akiyama et al., 2014, 2017), when there are multiple market clearing prices, we choose the

minimum among them.

8Note, however, that we did not frame experiment in such a way. In particular, we did not tell subjects that they
are acting as large commercial banks. Instead, we simply told our subjects that they are going to trade hypothetical
government bonds using the hypothetical experimental currency.

9Consider at the beginning of period T. If a trader buys a unit of bond at price F'Vp, then it will be 6+120 ECU
at the end. If the trader kept the same amount cash until the end, then, it will become 1.05F V1 after the interest
payment. Since these two have to be the same in the equilibrium, we have 1.05FVp = 126, i.e., FVp = 120. Now,
consider the beginning of period 7' — 1. If a trader buys a unit of bond at F'Vp_q, its value at the end of the period
is 6 + FVp = 126. If the same amount of cash is held until the the end of period, it will become 1.05FVpr_;. Since
these two have to be equivalent, 1.05FVp_; = 126, i.e., FVp_1 = 120. One can apply the same reasoning for all the
remaining periods to obtain F'V; =120 for allt =1,..,T.

10There was an additional technical constraint. We only allowed both a}; and bi to be an integer value between 1
and 2000. This was purely due to the way experimental software were programmed.



We have employed the call market structure, instead of a continuous double auction, to facilitate
the forecasting task performed by participants (to be described in the next subsection). In the call
market, because there is only one market clearing price per period, the prices participants need
to forecast are defined clearly. Note that the existing experimental results show that call markets
and continuous double auctions generate similar price dynamics (Palan, 2013, Obs. 27), although

trading volumes can be different.

2.2 Basic experimental set-up: Forecasting

We elicit traders’ expectation regarding future prices to better understand how QE, in the form
considered in our experiment, influences the expectations and behavior of market participants. By
eliciting traders’ expectations regarding the current and future periods prices at the beginning of
each period, we aim to better understand the link between price expectations and market prices and
how and why price expectations evolve over time.

At the beginning of each period, before traders submit their orders, we ask subjects to submit
their forecasts of the bond price in the current as well as in all the remaining periods. That is, at
the beginning of period ¢, subject i is submitting his forecasts for bond prices in periods ¢, t + 1,
..., T'. This elicitation methods allow us to observe dynamics of subjects’ short-run and long-run
forecasts, and have been employed, for example, by Haruvy et al. (2007) and Akiyama et al. (2014,
2017).

Subjects receive a bonus of 0.5% of their final cash holding (after their bonds have matured) for
each forecast that contained the realized price plus or minus 10%. Thus, if all the 66 forecasts 7
submitted during 11 periods satisfy this condition, they receive a bonus payment of 33% of their

final cash holding.'!

1 Akiyama et al. (2014, 2017) introduced this incentive scheme for the forecasting performance to minimize the
possibility of subjects trying to improve their forecasting performances by engaging in unprofitable trading strategies
just to make the market prices closer to their forecasts. Recently, however, Hanaki et al. (2018b) found that rewarding
subjects for their forecasting performance this way can enlarge mis-pricing compared to the experiments where subjects
only trade and no forecast is elicited. Although the set-up considered by Hanaki et al. (2018b) is slightly different from
ours, it is possible that the similar effects operate in the current experiment. It should be noted, however, because
the way subjects are rewarded for their forecasting performances is identical across all the treatments we consider in
this paper, it will not influence our analyses based on treatment comparisons.



2.3 Three treatments

We consider three treatments: (T1) Benchmark, (T2) Buy&Hold, and (T3) Buy&Sell. The bench-
mark treatment is without any outside purchases and is conducted under our basic setting described
above. In both the Buy&Hold and Buy&Sell treatments, there is a pre-announced policy inter-
vention that the central bank will try to buy a total of 1/3 of outstanding bonds from market
participants through a discriminatory auction before the beginning of period 4 and 5 (we call this
the buy-operation). In Buy&Sell treatment, there is additional pre-announced policy intervention
that the central bank will try to sell the same amount of bonds to market participants through a
discriminatory auction before the beginning of period 8 and 9 (we call this the sell-operation).!?

During the buy-operations in T2 and T3, the central bank aims to buy 1/3 of the stock of
outstanding bonds. The central bank tries to buy equal amounts in periods 4 and 5. If it fails to
buy the bonds planned in period 4, the residual amount was added to its operation in period 5. If
it fails to buy its revised target in period 5, the shortfall is ignored.'?

During these two buy-operations, each trader can submit a sell order that specifies a price/quantity
pair. Once all the orders are submitted, the central bank sorts them based on the specified prices in
the ascending order, and buys up to the targeted amount, from the lowest price, each at its specified
price.!4

In the Buy&Hold treatment, once the central bank complete its buy-operation, it will hold the
bonds its bought until the end of period T. In other words, the central bank permanently removes
those bonds from the market. In the Buy&Sell treatment, the central bank will try to sell the same
target amount of bonds to the market participant during its sell-operation before the period 8 and
9.

The sell-operation in Buy&Sell treatment is conducted in a similar manner as in the buy-
operation. It tries to a half of the targeted amount of bonds in period 8, and whatever amount
remains in period 9. If it fails to sell back all the units of bond during these two sell-operation,

it will simply keep them until the end of period T. During these sell-operations, each trader can

submit a buy order that specifies (price, quantity) pair. Once all the orders are submitted, the

12 As noted in above, the experiment was framed in a neutral language. Subjects were told that “the computer will
buy (or sell) the bond” instead of “the central bank will buy (or sell).”

13In practice the central bank almost always bought or sold its planned amount in each period. There were only
two cases where the central bank failed to meet the target.

141n cases with multiple offers at the same marginal offer price, purchases are randomly allocated across those
participants.



central bank sorts them based on the specified prices in the descending order, and sells up to the
targeted amount, from the highest price, each at its specified price.
In both treatments, these policy interventions are announced before the beginning of the exper-

iment.

2.4 Other aspects of the experiments

In all the three treatments, the same group of subjects repeat the same 11 periods bond market
game three times. We call one play of the 11 periods market game a round. We are interested
in how subjects learn and adjust their forecasts and trading behavior based on their experience in
playing the same game. At the end of the final round of the game, one of the three round is chosen
randomly for payment. Subjects are paid based on their final cash holding and the bonus for their
forecast performance of this chosen round, in addition to their participation fee of 500 JPY. The
exchange rate between ECU and JPY was 1 ECU =1 JPY.

We conducted the whole exercise with two market sizes: N = 6 and N = 12. This was intended to
test whether the result of N = 6, which we conducted first, were robust to the degree of competition
in each market. Since the results were not statistically significantly different between the two market
sizes, however, we combined the two datasets and report pooled results. See Appendix A for the
comparisons.

Computerized experiments!® were conducted at Waseda University and University of Tsukuba
between January and July 2017. 438 students from a variety of disciplines who had never participated
in similar experiments were recruited.'® Experiments took around 3 hours including the instruction
and the payment. Subjects earned, on average, 4400 JPY (= 39 USD) including the participation

fee.
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Figure 1: The average (left) and the median (right) initial forecasts deviations from FV for 11 periods
in three treatments. T1: Benchmark (thin blue), T2: Buy&Hold (thick red), and T3: Buy&Sell
(black dashed)

3 Results

3.1 Initial forecasts

We start by presenting the first thing that all the participants in each treatment do - provide an
initial forecast for the market price across the 11 periods of the first round. The deviations of
the mean and median paths from FV are presented in Figure 1 (T1: Benchmark (thin blue), T2:
Buy&Hold (thick red), and T3: Buy&Sell (black dashed)). Both paths show a tendency to increase,
although this is much more evident for the mean than the median. The median paths are very
similar across the three treatments and quite close to the FV. Indeed it is interesting to note that
the median forecast for the final period (when bonds mature at FV) is exactly FV for the three
treatments. The means are all above the median suggesting that there is an upward skew in the
initial distribution across the participants. This is particularly the case for the two QE treatments.

The benchmark forecast is mostly below the two QE forecasts, although this difference is generally
not statistically significant. Figure 1 shows the p-values for testing whether, for each treatment, the

forecast for period p price is different from FV, as well as the forecasts for period p price are different

15The experiment was computerized using z-Tree (Fischbacher, 2007)

16We had 8 markets for each of the two market sizes for each of the three treatments (except for the benchmark
treatment with N = 6, where we have 9 markets). Thus, we have 150 subjects (9 markets with 6 subjects each and
8 markets with 12 subjects each) for the benchmark treatment, and 144 subjects each for the Buy&Hold and the
Buy&Sell treatments.

10



across three treatments. Those periods in which the test rejects the null hypothesis at 5% significance
level are shown in bold. These tests are conducted based on running the following OLS regression

(for each period) and testing the equality of the estimated coefficients.
ff,p = a1 Dipy + oDy + agDipg + 6; (1)

where ffyp is subject i’s forecast for period p price elicited at the beginning of period 1, Dis are
dummy variables that takes value 1 if ¢ has participated in treatment « € {T'1,72,T73}. The standard
errors are corrected for potential within group clustering effect. We have chosen this test in order
to control for possible correlation among subjects within a group.'”

There is not much discernible difference between the initial price forecast paths between T2 and
T3. The average expected prices around periods 8 and 9 when the central bank sells in treatment
T3 are below T2 but this difference is not statistically significant. It is also worth noting that
the mean forecast in the benchmark case is well below those of the two QE treatments, although
this difference is not statistically significant. Overall, we do not observe a significant effect of the

announced differences in treatment on initial forecasts.

Observation 1 The announcement of large intervention does not have a strong influence on initial

expectations of inexperienced subjects.

Given the wide variations in the initial set of price forecasts submitted by our subjects, we believe
this absence of a significant effect of policy announcement on initial forecasts is due to our subjects
not being able to think about the implication of the announced interventions on market prices rather

than them thinking that prices will follow the rational expectations equilibrium.

3.2 Price dynamics

We now turn to the core results of the experiment illustrated in Figure 2. The columns are respec-
tively the benchmark treatment, the Buy&Hold treatment and the Buy&Sell treatment. The rows
are the first, second and third rounds for each treatment. In each panel, a thin line represents the

observations from one market, while the thick line represents their median.'® We observe substantial

1"Note however that given that this is the first set of forecasts submitted by the subjects without observing the
past realized prices, the effect of such correlation should be very limited. Not correcting for clustering effect does not
change the result qualitatively.

18Thin lines are not always connected because periods with the zero transaction are not shown.

11
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Figure 2: Dynamics of price deviations in T1: Benchmark (left), T2: Buy&Hold (center), and T3:
Buy&Sell (right) over three rounds. The median across markets are shown in think lines.
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variations across markets within each treatment.!?

There are a number of interesting results here. The median price path for the Benchmark
treatment in the first round is slightly above 120 but many are clustered around the fundamental
value. A few markets have wildly high prices at the beginning and a few others rise and then fall.
By the second and particularly the third round, the median price is scarcely different from the
fundamental price. Fewer and fewer markets show any deviation.

In the Buy&Hold treatment, period 1 prices in round 1 are highly dispersed. But prices generally
drift up and between periods 6 and 8 (after the central bank has stopped buying) and prices in every
single one of the 16 markets is above the fundamental price. Prices converge back to 120 by period
11. In round 2 of the Buy&Hold treatment, the action moves earlier. Almost all markets start with
prices well above 120. And with the notable exception of one market in which they have collectively
realised the rational expectations solution, all markets have prices above the fundamental price from
periods 2 to 7. Prices begin to gradually converge towards the fundamental price from period 6. By
round 3, markets in the Buy&Hold treatment again almost all start above the fundamental price
but the median price peaks in period 3. Median prices have converged to fundamentals by period 9.

The Buy&Sell treatment shows quite a similar pattern to the Buy&Hold treatment. Prices in
period 1 of round 1 are highly dispersed but again rise so that almost all prices are above the
fundamental price in periods 4 to 7. There is, however, a noticeable drop in prices as the central
bank starts to sell in periods 8 and 9. The action again moves earlier in round 2 and the median
peaks in period 4. By round 3, prices in all markets jump initially and then generally monotonically
decrease after period 3.

Figure 3 presents the same price paths using averages and reports a number of simple statistical
tests of hypotheses of differences in behaviour. Our three treatments are shown in each panel, T1:
Benchmark (thin blue), T2: Buy&Hold (thick red), and T3: Buy&Sell (black dashed). The table
below the three panels reports p-values from various tests. Those p-values less than 0.05 are shown
in bold. Several observations can be made. In round 1, bonds are overvalued in all treatments,
including the benchmark. There is little difference between the three treatments before period 6.
In period 7, however, the average prices in two treatments with QE is statistically significantly

higher than that in the benchmark. The two QE treatments become noticeably and statistically

191¢ is not the case that trades occurs among only a few specific traders in the market, nor the prices are determined
by some specific minority of traders in each market. See Subsections A.1.2 and A.1.3 of Appendix for the analyses
done separately for two market sizes.
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Average price deviation

Round 1 Round 2 Round 3
—FV
O,
20+
123456 7 8 910 11t
— 20t
—40! —4o! —40t
Round 1. P-values
t=1 t=2 t=3 t=4 t=5 t=6 t=7 t=8 t=9 t=10  t=11
T1: Ho : p; = 1207 0.748 0.087 0.012 0.006 0.005 0.002 0.001 0.002 0.007 0.008 0.050
T2: Hy : py = 120* 0.726 0.524 0.104 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 0.018
T3: Ho : py = 120* 0.223 0.549 0.042 <0.001 <0.001 <0.001 <0.001 0.056 0.840  0.731  0.878
Ho T1=12=1T3 " 0.826 0.820 0.618 0.509 0.176 0.114 0.029 0.016 0.006 0.008  0.081
Ho:T1=T2*** 0.635 0.326 0.181 0.795 0.591 0.184 0.008 0.006 0.012  0.052  0.263
Ho:T1=T3*** 0.253 0.348 0.319 0.850 0.162 0.137 0.020 0.537 0.466  0.115  0.134
Hy: T2 =T3 *** 0.543 0.999 0.712 0.534 0.315 0.707 0.967 0.252 0.072 0.001 0.025
Round 2. P-values
t=1 t=2 t=3 t=4 t=5 t=6 t="7 t=8 t=9 t=10  t=11
T1: Ho : pr = 1207 0.022 0.006 0.002 0.002 0.007 0.004 0.016 0.049 0.191 0.022  0.804
T2: Hp : py = 120* <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 0.031  0.426
T3: Hp : py = 120* 0.002 <0.001 0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.215  0.949  0.668
Ho T1=12=1T3" 0.354 0.033 0.090 0.072 0.013 0.028 0.026 0.005 0.001 _0.050  0.560
Ho:T1=T2 *** 0.376 0.017 0.020 0.068 <0.001 0.001 0.013 0.001 0.001  0.248  0.441
Ho:T1=T3 *** 0.509 0.057 0.140 0.049 0.011 0.017 0.093 0.258 0.930  0.120  0.961
Ho: T2 =T3 *** 0.839 0.570 0.506 0.947 0.075 0.109 0.261 0.002 0.002 0.040 0.374
Round 3. P-values
t=1 t=2 t=3 t=4 t=5 t=6 t=7 t=8 t=9 t=10  t=11
T1: Ho : p; = 1207 0.019 0.022 0.037 0.070 0.065 0.035 0.244 0.275 0.706  0.899  0.785
T2: Hp : p, = 120* <0.001  <0.001 0.065 <0.001 <0.001 0.004 0.003 0.028 0.080  0.100  0.089
T3: Hp : p, = 120* <0.001 <0.001 <0.001 0.001 <0.001 <0.001 0.001 0.035 0.740  0.277  0.267
Ho :T1=12=13" 0.016 0.004 0.001 0.001 0.002 0.053 0.001 0.059 0.177 _ 0.096 0.044
Hy:T1 = T2*** 0.050 0.012 0.192 0.005 0.003 0.036 0.003 0.038 0.088 0.049  0.188
Hy:T1 = T3*** 0.016 0.017 0.006 0.023 0.005 0.025 <0.001 0.119 0.817  0.334  0.293
Hy : T2 = T3*** 0.763 0.546 0.863 0.398 0.398 0.552 0.568 0.315 0.292 0.035  0.053

* P-values based on t-test (two-tailed).
** P-values based on Kruskal-Wallis test.

*** P-values based on Fisher-Pitman permutation test (two-tailed).

Those p-values < 0.05 are shown in bold.

Figure 3: Dynamics of the average price deviations from the FV over three rounds in T1: Benchmark
(thin blue), T2: Buy&Hold (thick red), and T3: Buy&Sell (black dashed). P-values for various
hypothesis tests are also reported.
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significantly different from the benchmark treatment - evidence of a non-fundamental channel for
QE - in rounds 2 and 3. Treatments Buy&Hold and Buy&Sell are statistically indistinguishable until
periods 8 and 10. In these periods, prices in the Buy&Sell treatment are statistically significantly
lower than the Buy&Hold treatment, strong evidence that the sell-operation had a systematic effect

on prices.

Observation 2 The large scale buy-operation (quantitative easing) raises the bond price signifi-
cantly. This price effect remains even as subjects repeat the experiment. Experienced subjects (Round

2 and 3), start to anticipate price increases.

Observation 3 The sell-operation that follows the buy-operation significantly lowers the bond price

only immediately after its completion. It does not lower the prices before the operation takes place.

3.2.1 Central bank operations

Table 1 report the average prices per unit of bond with which the central bank bought (top panel)
and sold (middle panel) during its operation. It also reports the difference between the average
transaction prices between two operations (bottom panel). We observe that, on average, the central
bank paid a price substantially higher than the FV during its buy operations. In the Buy&Sell
treatment, although the central bank also sold at prices significantly higher than FV during its sell
operation (except in Round 3), on average, it was not as high as the prices it paid for a unit of bond
during the buy operation (except in Round 1). As a result, substantial amount of cash (on average,
20% of FV per unit of bond) has been transferred from the central bank to the market participants
through these two operations.

Existing studies (see, e.g., Kirchler et al., 2012; Haruvy et al., 2014; Deck et al., 2014) of
similar types of experimental asset markets find that prices can rise when the ratio of cash to assets
increases. It is possible that participants in those experiments thought they needed to put “idle cash
to work”. The two QE buy operations in our experiments are an exchange of bonds for cash and
thus substantially increase this ratio. Some readers might wonder whether the subsequent strength

of prices is simply a result of this effect. We test this hypothesis by running the following regression:

AP™ = by + baPpo ™ + ™ (2)
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Table 1: Summary of Central Bank Operation

Average transaction price in buy operation : pp,

Mean SD Min Max
T2. Round 1  149.61¢ 18.93 122.06 191.75
T2. Round 2 162.80*  34.01 125.00 263.13
T2. Round 3 151.53 21.24 119.94 186.41
T3. Round 1  148.62¢ 20.37 121.09 180.50
T3. Round 2 154.91¢ 17.19 124.69 179.75
T3. Round 3  145.66* 16.83 122.19 174.00

Average transaction price in sell operation : pgo

Mean SD Min Max
T3. Round 1 140.19¢ 24.58 116.81 212.81
T3. Round 2 126.96% 5.53 115.75 137.38
T3. Round 3 119.73 11.02 82.69 130.78

Difference between sell and buy operation: Py, — Pso

Mean SD Min Max
T3. Round 1 8.43 31.67 —78.94 59.69
T3. Round 2 27.94° 14.06 0.00 48.38
T3. Round 3 25.94° 20.38 3.72 77.25

@ statistically significantly different from 120 at 1% level.
t-test, 2 tailed)

statistically significantly different from 0 at 1% level.
t-test, 2 tailed)

£

(
where Py, is the average transaction price per unit of bond during the buy operation for market m,
and Ap™ = ps 7" —p1_3" is the difference in the average prices for the three periods immediately
before and after the buy-operation for market m.

Regression 2 tests whether the difference in prices in the market before and after the central bank
buy operation are related to the average price paid by the central bank.?® If the cash/asset ratio
was an important driver for the price increase after the buy-operation, these should be a statistically
significant positive relationship. Table 2 shows that this is clearly not the case. In rounds 1 and 2,

the effect is negligible and in round 3 it is negative rather than positive.

The top panel of Table 3 compares the average prices paid by the central to the average prices

20There were two cases in Round 1 (for the market with 6 traders) where the central bank failed to buy the targeted
amount of bond (instead of 16, it bought 14 or 15) for these two instances, the pp, is not a precise measure of the
change in the cash/asset ratio caused by the buy operation compared to others markets where target is met. We have
run the regression (shown in eq. (2)) dropping these two instances, but the result is qualitatively the same. We have
also run the regressions separately for Buy&Hold and Buy&Sell treatments. The results are qualitatively the same as
the one presented in Table 2 for both treatments.
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Table 2: Relationships between the change in average market prices and the buy operation

Dependent Var: Ap
Round 1 Round 2 Round 3

Const 50.50 -0.234 49.39**
(43.88)  (16.27)  (21.14)
Pro -0.153 -0.003  -0.404***
(0.292) (0.101) (0.141)
R? 0.009 0.000 0.214
N of Obs. 32 32 32

*ok

statistically significant at 5% level
statistically significant at 1% level

3k ok sk

in the three periods beforehand. In round 1, the central bank pays around 25 ECUs more than the
previous average market price in both treatments. This gap narrows until it is negligible in round
3. By contrast, the bottom panel shows that the central bank on average sells at below the price

prevailing in the periods beforehand.

Observation 4 The central bank pays significantly more than the fundamental price for the bonds it
buys. Initially, it pays more than the prior market prices but in later rounds, these coincide. When
the central bank subsequently sells bonds it makes a substantial loss relative to what it paid. This

transfer of cash to the market, however, has no systematic effect on prices.

3.3 Forecast dynamics

To set the scene, for our discussion of the joint evolution of prices and forecasts, we provide a
comprehensive description of the paths of forecasts and prices across the three rounds for one group.
Figure 4 shows, for each period of Round 1 (Top panel) and 2 (Middle panel) as well as the first
4 periods of Round 3 (bottom panel), the complete path of individual forecasts (thin lines), their
medians (thick lines), and realized prices (dots) for one group of six subjects in the Buy&Hold
treatment.?! There are many interesting features that we observe in this figure that illustrate
results that we demonstrate more formally later in the paper. First of all, the very first forecasts
elicited in period 1 of round 1 before the participants have any experience of trading vary widely.

But they vary less at the end than they do at the beginning, suggesting that most participants realise

21This group was not chosen at random. It is the one that most neatly illustrates behaviour observed in general
across the experiment.
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Figure 4: Dynamics of forecasts and price observed in Benchmark treatment with 6 traders/market,
Group 1. Top: Round 1. Middle: Round 2. Bottom: the first four periods of Round 3. Thin lines:
individual traders. Thick line: Median. Dots realized prices
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Table 3: Central bank operation and the market prices

DPvo —D1-3
Mean SD Min Max
T2. Round 1 25.13***  25.94 —21.27 77.10
T2. Round 2 15.93 32.86 —21.67 130.79
T2. Round 3 5.84 12.82 —6.76 37.04
T3. Round 1 26.16*** 22.14 —5.57 69.88
T3. Round 2 10.89*** 11.98 —5.5 32.08
T3. Round 3 —-1.13 9.90 —20.35 25.23
Dso — D5—7
Mean SD Min Max
T3. Round 1 —13.96** 19.00 —55.85 21.36
T3. Round 2 —13.87** 8.10 —23.83 —0.98
T3. Round 3 —14.13*** 14.84 —64.98 —-1.90

3k >k sk

statistically significantly different from 0 at 1% level.
(t-test, two-tailed)
** statistically significantly different from 0 at 5% level.
(t-test, two-tailed)

that prices should converge towards the maturity value by period 11. 22 The first realised price,
represented by the dot in the first period, is close to the median first period forecast and very close
to FV. Forecast paths narrow dramatically in period 2 of round 1 as participants update their beliefs
in light of the first period’s realised price. The distribution of price forecasts across horizons is now
much flatter. What the central bank pays in periods 4 and 5 (illustrated by the red diamond) is well
above the previous market prices and above the subsequent market prices in those periods. There
is no obvious immediate impact on price forecasts, although the median is gradually rising in line
with realised prices. For this group, prices continue to rise until period 8 and then decline. When
the participants start again in period 1 of round 2, initial forecasts are again relatively dispersed
particularly for early periods but converge towards (slightly above) the maturity price in period 11.
Notably, the distribution of forecasts has shifted up. Short-term forecasts again narrow dramatically
in period 2, centered on the realised price of period 1 which is well above the fundamental value.
What the central bank pays in round 2 is now squarely in line with previous and future prices.
Realised market prices in round 2 fall fairly monotonically thereafter but are still slightly above the
maturity value in period 11. By the time the participants start again in period 1 of round 3, initial

forecasts are virtually indistinguishable. There is a near universal belief that prices will initially

220ne participant has extremely high forecasts initially and is excluded to keep a common scale throughout.
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Table 4: Current period prices and median short-term forecasts. Dependent variable P;.

Round 1 Round 2 Round 3
T1 T2 T3 T1 T2 T3 T1 T2 T3

Median fy,;  0.687°*  0.737°°F  0.787°°* _ 0.705°** _ 0.705°*  0.715° " _ 0.866°** 0.002° " _ 0.687~
(0.0357)  (0.0397)  (0.0372)  (0.0419)  (0.0486)  (0.0305)  (0.0660)  (0.0527)  (0.0733)

Period SLE13*FF 12777 J1.255%FF -0.6607**  -1.474%*F  _1.231%**  -0.202 -0.274  -1.478**
(0.307) (0.330) (0.350) (0.182) (0.330) (0.174) (0.245) (0.310) (0.391)
Constant 52.53%** 4475 35.84%**  41.12***  50.45%**  45.83*** 15.71 13.42 49.27%**
(4.906) (5.083) (5.194) (5.914) (7.668) (4.711) (9.019) (8.410) (11.41)
N 187 176 176 37 176 176 37 176 176

Standard errors in parentheses
** p < 0.05, *** p<0.01

jump to the price expected to prevail in periods 4 and 5 (for which there is complete consensus that
prices will be equal to what the central bank paid in round 2). Prices then track almost exactly the
initial median path which is scarcely updated over the first four rounds. (The remaining periods of
round 3 are uninteresting.)

For the further analyses, it is convenient to distinguish short-term and long-term forecasts as
have been done by recent studies (Carle et al., 2017; Hanaki et al., 2018a). Short-term forecast is
the forecast for the current period price, while long-term forecasts are forecasts for all the future
periods not including the current period. In this paper, we focus on the relationship between the
short-term forecasts and realized prices, as well as their dynamics, because as found in Carle et al.
(2017) and Hanaki et al. (2018a) the relationships between the dynamics of long-term forecasts and
realized prices are not very clear.

We have conducted regression analyses in order to investigate more systematically the relation-
ships between the median short-run forecasts among market participants and the realized current
period prices, as well as the individual short-run forecasts and the past-realized prices.

Table 4 reports, the results of group random effect regression for the three treatments and three
rounds. The dependent variable is the current period price P;. In Table 4, we show that the median
short-term forecasts, Median f;, is always highly significant and generally increases in importance
in later rounds.

Table 5 describes in statistical terms how the participants made their short-term price forecasts
fe+ across the three treatment groups. It does so in two steps. In the top panel, the explanatory
variables for the price forecasts are a constant, the previous forecast (f;—1,), the lagged price (P;_1),

and a time trend. The first three explanatory variables can be thought of as the fundamental, the
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Table 5: Short-term forecasts and previous periods prices. Dependent variable: f; ;

Round 1 Round 2 Round 3
T1 T2 T3 T1 T2 T3 T1 T2 T3
P 0.950%%F 0.826™*F 0.7937FF 0.7167*F 0.825™FF 0.754™FF 0.898™*F 0.3397*F 0.453**
(0.0338) (0.103) (0.0419) (0.0776) (0.0774) (0.0539) (0.0392) (0.130) (0.0461)
fe—1,t 0.0301 0.175 0.187*** 0.170*** 0.0533 0.194*** 0.0124 0.494*** 0.415**
(0.0323) (0.110) (0.0400) (0.0613) (0.0421) (0.0308) (0.0111) (0.0674) (0.0600)
Period —0.611** —0.923** —1.309***  —0.832* —1.042*** —1.018*** —0.330" —0.954** —0.674™*
(0.299) (0.462) (0.356) (0.486) (0.277) (0.260) (0.190) (0.400) (0.304)
Constant 9.112** 6.270 12.40%** 21.13 23.21%** 12.95*** 14.34*** 29.03** 21.74***
(3.744) (4.520) (3.852) (13.00) (8.838) (4.249) (5.128) (13.49) (7.342)
N 1350 1296 1296 1350 1296 1296 1350 1296 1296
adj. R?
Standard errors corrected for within group correlations in parentheses
* p <0.10, ** p < 0.05, *** p < 0.01
Round 1 Round 2 Round 3
T1 T2 T3 T1 T2 T3 T1 T2 T3
P 1 0.967%** 0.978%** 0.933*** 0.871*** 0.877°** 1.037%%* 0.494*** 0.6197** 0.526™**
(0.0337) (0.0418) (0.0352) (0.0627) (0.115) (0.0809) (0.117) (0.127) (0.0698)
Period —0.339 —0.880***  —1.286*** —0.829* —1.148*** —0.715*** —0.0918 —1.192* —0.536™"
(0.243) (0.333) (0.449) (0.442) (0.264) (0.156) (0.150) (0.613) (0.217)
PtR71 —0.0126 —0.00752 —0.0885*** 0.355*** 0.152*** 0.336***
(0.0266) (0.0684) (0.0343) (0.0869) (0.0284) (0.0729)
Constant 9.699** 9.367" 19.55*** 25.21* 24.91%** 11.36 19.20*** 39.10* 21.60"**
(3.996) (5.168) (4.584) (13.25) (8.625) (6.953) (6.910) (20.37) (5.761)
N 1500 1440 1440 1500 1440 1440 1500 1440 1440
adj. R?

Standard errors corrected for within group correlations in parentheses
* p <0.10, ** p < 0.05, *** p < 0.01
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prior, and the news, respectively. This panel clearly shows that participants almost entirely relied
on the lagged price to guide their forecasts during the first round. This is most marked in the case
of the benchmark treatment but is also present in the other two cases. The prior (fi—1) is only
statistically significant for the Buy&Sell treatment. By round 3, lagged prices are less important in
terms of magnitude and has about the same weight as the prior for the two QE treatments. The
value of the fundamental has also increased in importance and significance. (Round 2 is roughly in
between.)

The bottom panel repeats the same regressions but replaces the prior (f;—1,) with the market
price observed in the same period the round before.?> By Round 3, the previous round’s price is
highly statistically significant. The participants are starting to think that prices should follow a

pattern - recall the round 3 initial forecasts in Figure 4.

4 Insights and conclusion

This paper has presented experimental evidence that quantitative easing can work even if bonds
and central bank cash are perfect substitutes by comparing the data gathered from a controlled
laboratory bond market experiment with three treatments: the benchmark treatment without QE
and two treatments with QE.

In the benchmark treatment without QE, although there was an upward mis-pricing in the first
round of the experiment, as subjects gained experience, they quickly learned to trade the bonds at
its fundamental value. This shows that there is nothing inherently biased in our set-up that would
cause bond prices to rise.

In the Buy&Hold treatment in which the central bank permanently removes some bonds from
the market, prices rise statistically significantly well above the fundamental price as well as prices
in the benchmark treatment and stay there, even after the central bank has stopped buying. In
most markets, repeated exposure only strengthens the belief that prices should rise. In a minority of
cases, though, QE has limited effect. We find that the central bank considerably overpays relative to
the fundamental price and the most recent market price in round 1. Rather than compete this effect
away (as rational expectations would imply), participants come to expect it. Indeed, by round 3 the

price path in the earlier rounds significantly conditioned their price expectations. It was noticeable

23 As might be expected from the results, the previous round’s price is highly significant in explaining the prior (not
separately reported).
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also that the peak price effect occurs earlier in the later rounds as participants start to anticipate
higher prices from the beginning.

Price dynamics in the Buy&Sell treatment is remarkably similar to that in the Buy&Hold treat-
ment, particularly over the periods 1 to 7. The main difference occurs thereafter, as prices tend to
drop to the fundamental price as the central bank sells. Overall, the central bank makes considerable
losses.

What insights do these results offer for the conduct of QE? If we take the results at face value, the
first result is a positive one: QE can work even if bonds are completely substitutable with cash. All
that is required is that enough traders believe that enough other traders believe that others will bid
a higher price. Indeed it is even conceivable that each trader in isolation believes that QE should
not work in principle but believes that enough other traders do believe it will work (or believes
that others believe that it will work etc) to offer at a higher price. Accepting that shifts in beliefs
could be part of the explanation for the effect of QE on bond prices does not affect any aspects of
the transmission mechanism from bond yields to economic activity and ultimately inflation. This
belief-driven channel also does not exclude the alternative explanations of imperfect substitutability
between bonds and cash or the reinforcement of forward guidance.

If QE can work even when bonds and cash are very close substitutes, then this suggests that
central banks can buy quite short-term maturity debt. This is consistent with the evolution of QE
across several central banks. The Bank of England began its QE programme in March 2009 with
a minimum residual maturity of 5 years that was subsequently reduced to 3 years. The European
Central Bank began with a minimum residual maturity of 2 years and reduced this to 1 year in
December 2016.

A more speculative conclusion one could draw is that central banks need to make QE dominate
other potential factors in the minds of traders. For this to occur, QE programmes need to be large
and long. Central banks also need to focus their communication on the assets purchased rather
than the money created. This might seem trivial but it is notable that the original QE by the Bank
of Japan, widely regarded at the time as ineffective, concentrated on the expansion of the money
supply and not on the counterpart asset purchases. It might also be important to maintain a large
stock of assets yet to be purchased.

It is also likely that the central bank must be prepared to “lose whatever it takes” for it to be

fully effective. The belief that prices will rise above fundamentals is directly linked to how much
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the central bank is expected to overpay. The average student made a profit from the central bank
of over 10% of their initial bond portfolio. And these central bank losses were higher in the case
that the central bank bought and then sold. Thus it is crucial that central banks communicate that
they are focused solely on the macroeconomic outcomes of the policy rather than the impact on the
central bank balance sheet (see Bean, 2009).

QE can have a sustained effect on prices even after it has stopped buying despite the absence of
any fundamental channel. In a situation of high strategic uncertainty, participants used the history
of market prices as a strong guide for future prices. QE can have lasting effects because they change
the frame through which traders view the market. This does, however, suggest that QE can work
when it is the dominant market “narrative” but could lose traction in the event of significant other
shocks.

Of course, all this analysis comes with a large health warning. This is only a single experiment
and it remains to be seen whether the results are replicated in future experiments. Bond traders
are also likely to be more strategically sophisticated than undergraduate students exposed to bond
trading for the first time. For example, Thoma et al. (2015) reports that professional traders have
higher score in Cognitive Reflection Test (CRT, Frederick, 2005) which is positively correlated with
the profits subjects make in various asset market experiments (see, among others, Breaban and
Noussair, 2015; Corgnet et al., 2015, 2018) than bankers, non-financial professionals, or average
students. Furthermore, Breaban and Noussair (2015) and Bosch-Rosa et al. (2018) show a negative
correlation between the magnitude of mis-pricing observed in the experimental asset market and
the average degree of sophistication (measured, for example, by the average CRT scores) of market
participants. So there is some danger in extrapolating the finding of the current experiment to the
real world.?* That said, the world is considerably more complex than this environment and so these
experiments can still offer lessons provided they approximate the thought processes and strategies

of actual professional traders.
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A Comparisons between two market sizes

In this appendix, we provide the result of comparing outcomes between sessions with 6 traders /

market and those with 12 traders / market.

A.1 Market level outcomes
A.1.1 Magnitude of mis-pricing and trading volume

We measure degree of mis-pricing, RAD and RD, volume of trade, TO, and volume weighted RAD
and RD, vRAD and vRD.

T
1« [P — FV,|
RAD™ =— p___P Al
TZ_: [FV| (A1)
p=1
RD™ =2 XT:P’?*FVP (A.2)
T —  |FV] )
=
T Qm
TO™ =3 <5 (A.3)
p=1 "P

where S is the number of outstanding bond in market m in period p. Note that this is initially
8N (where N is the number of traders in the market), but change during 11 periods as a result of
central bank operations.

We consider vVRAD and vRD here as well because in a few cases with 6 traders/market, there
are large price deviations from FV (price equal to 1) without any transactions. In market with 12
traders, such outcomes are not observed. vRAD and vRD are defined as

T
1 & QPR — FV|
RAD™ =— S rlp P A4
! T[; Sm(EV| (A4

T
m(pm — FV,
’URDm:l§ QP(P—J
Te=  SpEV|

A.1.2 Degree of concentration of transactions

We compute the share of the number of market transactions over 11 periods for each trader in each

market. Because we are interested in whether transactions are concentrated among a few traders in
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the market, we compute, for each market, normalized Herfindahl index. We use normalized index
to be able to compare between markets with two different sizes.

Namely, we compute for each subject ¢ in market m, his share of transactions s., as

11 i
RN byl /| 1"1125‘ . (A.6)
Zjem > =114t
where |gi| is the quantity subject i has transacted in period ¢ and j € m represents subject j in
market m. Then, the normalized Hefindahl index for the share of transaction in market m is

_ Ziem s:n

where N is number of traders in m.

A.1.3 Degree of concentration of being a price setter

We also compute the relative frequencies with which a trader has been the marginal price setter over
11 periods. Because we are interested in whether market prices are determined by a few traders
in the market or not, we computer, for each market, normalized Herfindal index, just as we do for
concentration of the share of market transactions, for the share of frequencies of being the marginal
price setter. We call it HIF' PS,, for market m.

We identify the marginal price setter to be the buyer who has submitted the buy or sell order
with a bid or an ask equal to the market clearing price. In case there is no transaction, given the
way our price determination algorithm, it is the buyer who has submitted the buy order with a bid

just below the market price.

Table A.1 reports, for each round and each treatment, means and the standard deviations of
RAD, RD, TO, vRAD, vRD, HIST, and HIFPS, separately for 6 traders/market experiment and 12
traders/market experiment. The p-values from two-sample permutation test (two-tailed) are also
reported.

For the benchmark treatment, we do not observe any statistically significant difference for the
five measures we consider between 6 traders and 12 traders sessions in any of the three rounds. For
the Buy&Hold treatment, only vRAD in Round 1 is significantly different (at 10% level). Finally,
in Buy&Sell treatment, we observe RAD in Round 1 and 2 (at 10% level), and RD in Round 2 (at
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5% level) are significantly different, but once we take volume of transactions into account (VRAD)
they are no longer statistically significantly different.

The normalized Herfindal indices for share of trades as well as frequencies of being a price setter
are both low suggesting that trades are not concentrated among a few traders, nor it is the case that
prices are driven by a few specific traders. Between two market sizes, the degree of concentration is

higher, in some cases statistically significantly so, for the smaller market which is not too surprising.

A.2 Forecasts deviations

We measure the deviation of price forecasts from FV by the two measures proposed by Akiyama et al.
(2014, 2017), the relative absolute forecast deviations (RAFD) and the relative forecast deviation
(RFD). For the set of forecasts submitted by subject i in the beginning of period ¢, RAFD; and
RF D! are defined as:

P
. 1 |fi —120|
AFD! = P A.
R ¢ 11—t+1p§ 120 (A-8)
o
, 1 fi, —120
FD! = P A.
RFD; 11—t+1 pz::t 120 (A-9)

where fti,p is the forecast of asset price in period p submitted by subject ¢ in the beginning of period ¢.
We compare the average RAF Dy and RF D; between 6 traders and 12 traders sessions for each round
in each treatment.

Figure A.1, A.2, and A.3 show the dynamics of average RAF D; and RF D, for 6 traders session
(solid) and 12 traders session (dashed) in Benchmark, Buy&Hold, and Buy&Sell treatment, respec-
tively. It also shows the p-values of the market size effect. Note that we are simply taking average
across subjects for the plot, but for the statistical test, we correct for within group correlation.
Namely, these p-values are obtained by running linear regressions that correct for clustering effect
(at group level) of the form Y = a+ D12 where Y is either RAFD or RFD and D5 takes value of
1 for 12 traders session and zero for 6 traders session, and testing whether S is significantly different
from zero.

RAFD; and RF D; are not statistically significantly different (at 10% level) between two market
sizes in none of the periods in the Benchmark treatment. Similarly, for the Buy&Hold treatment,

except for the RAF D, of Period 10 of Round 1, they are not statistically significantly different at
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Dynamics of the average RAFD; in Benchmark

Round 1 Round 2 Round 3
RAFD RAFD RAFD
1.0 1.0 1.0
0.8 0.8 0.8
0.6 0.6 0.6
0.4 0.4 0.4
0.2 0.2 ———— 0.2
L =ik, [ 7
1234567891011t 1234567891011t 1234567891011t

P-values for the treatment difference
t=1 t=2 t=3 t=4 t=5 t=6 t=7 t=8 t=9 t=10 t=11
Round 1 | 0.974 0.18 0.152 0.146 0.174 0.396 0.796 0.153 0.577 0.450 0.293
Round 2 | 0.546 0.440 0.172 0.193 0.306 0.539 0.458 0.536 0.831 0.860 0.697
Round 3 | 0.966 0.764 0.725 0.985 0.823 0.569 0.942 0.998 0.929 0.570 0.293

Dynamics of the average RFD; in Benchmark

Round 1 Round 2 Round 3
RFD RFD RFD
1.0 1.0 10
08 08 08
06 06 06
0.4 0.4 0.4
0.2 02 _cmmmee__ 02
t t t
o 1234567891011 0123456789101 123456789100
-0.4 -04 -04

P-values for the treatment difference
t=1 t=2 t=3 t=4 t=5 t=6 t=7 t=8 t=9 t=10 t=11
Round 1 | 0.621 0.401 0.242 0.256 0.264 0.444 0.862 0.087 0.355 0.267 0.276
Round 2 | 0.772 0.312 0.135 0.185 0.302 0.507 0.481 0.357 0.863 0.927 0.371
Round 3 | 0.743 0.671 0.721 0.936 0.823 0.545 0.731 0.534 0.641 0.067 0.146

Figure A.1: Dynamics of the average RAFD; (top) and the average RFD; (bottom) over 10 periods
in 3 rounds of Benchmark treatment for 6 traders sessions (solid) and 12 traders sessions (dashed).

10% level between two market sizes. For Buy&Sell treatments, there are more periods where RAF D;
and RF D, are statistically significantly different at 10% level between the two market sizes, but for

most of the periods, they are not.

A.3 Owutcomes of Buy&Sell operations

We compare the average price paid for a unit of bond by the CB in their buy operations, and average
price received by the CB for a unit of bond in their sell operation between two market sizes.

Table A.2 shows the result. The average prices for a unit of bond paid by CB in her buy
operation tend to be higher in smaller markets although they are not statistically significantly
different between the two market size except for Round 2 in Buy&Sell treatment, according to the

two-sample permutation test (two-tailed). The same is true for the average prices for a unit of bond
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Dynamics of the average RAFD; in Buy&Hold

Round 1 Round 2 Round 3

RAFD RAFD RAFD

1.0 1.0 1.0

0.8 0.8 0.8

0.6 0.6 0.6

0.4 0.4 0.4

0.2 0.2 0.2 =

1234567891011t 1234567891011t 1234567891011t

P-values for the treatment difference
t=1 t=2 t=3 t=4 t=5 t=6 t=7 t=8 t=9 t=10 t=11
Round 1 | 0.580 0.625 0.629 0.886 0.447 0.529 0.358 0.452 0.161 0.275 0.057
Round 2 | 0.224 0.840 0.610 0.671 0.586 0.362 0.406 0.433 0.439 0.573 0.912
Round 3 | 0.716 0.975 0.631 0.922 0.756 0.770 0.232 0.892 0.485 0.667 0.599

Dynamics of the average RFD; in Buy&Hold

Round 1 Round 2 Round 3
RFD RFD RFD
1.0, 1.0, 1.0,
0.8 0.8 0.8
0.6 0.6 0.6
04 04 0.4
0.2 0.2 ,——-N 02 ———am
t T t
o2 o2 1234567891011 1234567891011
-04 -04 -04

P-values for the treatment difference
t=1 t=2 t=3 t=4 t=5 t=6 t=7 t=8 t=9 t=10 t=11
Round 1 | 0.220 0.798 0.307 0.516 0.566 0.399 0.343 0.445 0.145 0.143 0.335
Round 2 | 0.490 0.840 0.628 0.688 0.625 0.410 0.417 0.519 0.394 0.997 0.950
Round 3 | 0.801 0.938 0.685 0.981 0.835 0.785 0.190 0.625 0.955 0.780 0.748

Figure A.2: Dynamics of the average RAFD; (top) and the average RFD; (bottom) over 10 periods
in 3 rounds of Buy&Hold treatment for 6 traders sessions (solid) and 12 traders sessions (dashed).
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Dynamics of the average RAFD; in Buy&Sell

Round 1 Round 2 Round 3
RAFD RAFD RAFD
1.0 1.0 1.0
0.8 0.8 0.8
0.6 0.6 0.6
0.4 0.4 0.4
0.2 0.2 0.2

S

~—
-
12 3 45 6 7 8 91011

t Too== ¢
12 3 456 7 8 9 1011

t 12 3 456 7 8 91011

P-values for the treatment difference

t=1 t=2 t=3 t=4 t=5 t=6 t=7 t=8 t=9 t=10 t=11

Round 1 | 0.624 0.534 0.406 0.070 0.556 0.545 0.416 0.455 0.438 0.111 0.037
Round 2 | 0.052 0.174 0.392 0.252 0.040 0.019 0.099 0.283 0.199 0.48 0.723
Round 3 | 0.062 0.063 0.271 0.265 0.243 0496 0.059 0.306 0.282 0.308 0.275

Dynamics of the average RFD; in Buy&Sell

Round 1 Round 2 Round 3

RFD RFD RFD
1.0 1.0 10
08 08 08
06 06 06
0.4 0.4 0.4
02 . L __omm===-= N 02 ———=Too— 0.2 —

S A A B S t i T t
02 1234567891001 1 1234567891011 1123456789101
-0.4 -04 -04

P-values for the treatment difference
t=1 t=2 t=3 t=4 t=5 t=6 t=7 t=8 t=9 t=10 t=11
Round 1 | 0.595 0.999 0.379 0.057 0.409 0.540 0.344 0.410 0.449 0.690 0.572
Round 2 | 0.092 0.197 0.390 0.219 0.039 0.016 0.144 0.736 0.396 0.461 0.716
Round 3 | 0.056 0.063 0.270 0.245 0.239 0.501 0.121 0.997 0.343 0.299 0.313

Figure A.3: Dynamics of the average RAFD; (top) and the average RFD; (bottom) over 10 periods
in 3 rounds of Buy&Sell treatment for 6 traders sessions (solid) and 12 traders sessions (dashed).
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Table A.2: Average price per unit of bond paid by CB and received by CB

Buy&Hold Buyé&Sell
Average price paid for a unit of bond Average price paid for a unit of bond
6 traders 12 traders p-values 6 traders 12 traders p-values
Round 1 151.3 (24.70) 147.9 (12.29) 0.731 155.7 (20.95) 141.5 (18.32) 0.165
Round 2 170.0 (45.79) 155.4 (16.28) 0.464 164.3 (12.00) 145.6 (17.02) 0.026
Round 3 153.3 (24.20) 149.8 (19.34) 0.748 150.8 (14.07) 140.5 (18.67) 0.232
Average price received for a unit of bond
6 traders 12 traders p-values
Round 1 142.2 (31.48) 138.1 (17.15) 0.796
Round 2 129.4 ( 6.72)  124.6 ( 2.70) 0.084
Round 3 116.3 (14.66) 123.2 ( 4.24) 0.215

received by CB in her sell operation. They are not statistically significantly different between the

two market sizes except in Round 2.
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B English translation of the instruction

The instructions for the three treatments begin with information common to all three
treatments. The common part of the instructions is for the baseline treatment. After a
practice round, the instructions for each treatment are presented as follows. For the buy
and hold treatment, an explanation of the buying operation is added after the common
information. For the buy and sell treatment, an explanation of the selling operation is
added after the instructions for the buy and hold treatment. Below is the instruction for
market with six traders. For those with 12 traders, numbers are replaced accordingly.

The handout of the instruction below is distributed to the participants, and the
instruction is explained by the movie with the sound that a computer reads out the
sentences. Both the movie and sentences to be read out are identical to the instruction

below.
Instructions for Today’s Experiment
Let’s start today’s experiment. The experiment is explained in the handout in front of you.

Please turn to the next page.

We first explain the instructions for today’s game. There is a practice period for the game so that you
may familiarize yourself with the computer interface before the real experiment. The experiment
consists of three games, each of which has 11 periods. After completing the games, we will ask you
to respond to a questionnaire and take some quizzes. Your earnings will be paid in cash at the

conclusion of the experiment.

Your earnings will consist of a participation fee of 500 yen, and an amount that depends on the
results of the games. The questionnaire and quizzes will not impact your earnings. The three games
are independent of each other, so that the result of one game does not affect the other games. You

will have a short bathroom break before the game begins.

[Today’s experiment]

You will participate in a bond trading game in which you trade national bonds in an artificial market.

Please listen to the instructions carefully. If you do not understand any part of an instruction, ask for
clarification by raising your hand. Moreover, if you have any questions during the experiment, raise
your hand and an instructor will come to you and answer your question privately.

Throughout the experiment, please respect the following rules.
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1. Do not talk to the other participants during the experiment or the breaks.

v This may affect the results of the experiment.

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

cause a problem.

v If any malfunction occurs, all participants will have to restart the game.

Please turn to the next page.

[Outline of bond trading game]

You will be divided into several groups. You will not know the identities of the members of each
group. Each group will consist of six subjects. You will play the bond trading game with the other

five people in the group to which you belong.

[Objectives of the game]

Your objective in this game is to make as much profit as you can. There are two ways of making a

profit:

. First, you can realize a profit margin through buying and selling bonds, from dividends on
your bond holdings, and from interest on your cash holdings.

. Second, you can make a profit by accurately predicting the future prices of the bonds.

We use Marks as the currency for the experiment. At the end of the experiment, your profit will be

converted into Yen (1 Mark = 1 Yen) and paid out to you.

Please turn to the next page.

[Earning a profit margin]

You will be given eight bonds and 800 Marks at the beginning of the game. To earn a profit margin
by trading, you need to buy bonds at a low price and sell them at a higher price. For example,
suppose that you buy a bond for 100 Marks, and that the price of the bond then increases to 120
Marks. If you sell the bond, you earn 120 (selling price) - 100 (purchase price) = 20 Marks profit. In
contrast, suppose that you buy a bond for 100 Marks, and that the price of the bond then decreases to
80 Marks. If you sell the bond, you will make 80 (selling price) - 100 (purchase price) = 20 Marks

loss. We explain later how the prices are determined.

We now explain how to use the program interface.

[Order entry screen]

The following screen is used to enter your orders for each period.
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This shows the time remaining for entering your orders. The time limit for entering your orders
is 60 seconds. When the time has elapsed, a red warning message will flash in the top-right
corner of your screen. A period ends once everyone has pressed “OK”; note that this could be
within the 60-second time limit.

This indicates your cash balance or the amount of money at your disposal; you may buy bonds
up to this amount.

This shows the number of bonds you have. You may sell a maximum of this number of bonds.
This is where you enter the maximum price you are willing to pay to buy a bond in this period.
You must enter a whole number between 1 and 2000.

This is where you enter the maximum number of bonds that you want to buy in this period. If
you do not want to purchase any bonds, enter 0. The product of @ and & must be no greater
than your cash balance shown in (2. An error message will appear if (the number of bonds you
wish to buy) x (the maximum price you are prepared to pay for these) exceeds your cash

balance.

In practice, the price you actually pay for a bond may not be the same as the maximum price you are

willing to pay. This is because the market price depends on all the orders placed by the market

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

will not be processed. This will be further clarified at a later stage.

Please turn to the next page.

®

This is where you enter the minimum price at which you are willing to sell your bonds in this

period. You must enter a whole number between 1 and 2000. The price you enter here should
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not be greater than that given in @.

This is where you enter the number of bonds that you want to sell in this period. If you do not
want to sell any bonds, enter 0. The maximum number of bonds you can sell is the number of
bonds you hold, as shown in . If the number of bonds you want to sell exceeds the number of

bonds you hold, an error message will appear.

In practice, the price at which you sell a bond may not be the same as the minimum price at which

you are willing to sell. This is because the market price depends on all the orders placed by the

market participants. If the market price is lower than your minimum price, then your order will not

be processed. This will be further clarified at a later stage.

©)

After entering appropriate values in @~@), press the “OK” button. Once all market
participants have pressed this button, the current period ends.
This table gives a history of the market prices. Thus the cells corresponding to future periods

are blank.

The most important points for buying and selling bonds are summarized below.

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

sell order. It is also possible to not submit any order.

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

want to submit a sell order, please enter 0 as the quantity to sell.

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

1.  The maximum quantity to sell must be less than or equal to the number of units you hold.

2. The maximum purchase price multiplied by the quantity to buy must be less than or equal
to the cash you have available.

3. If you simultaneously place buy and sell orders, the maximum purchase price must be

less than or equal to the minimum selling price.

Please turn to the next page.

[End of each period screen]

@

Market prices

The price is set according to the order book within your market. There is a single price for all bonds

bought and sold in each period. The price is set to equate the number of buy orders and the number

of sell orders.

We explain how the market prices are set by using the following two examples.
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[Example 1: how the market price is determined]

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 ®uantity demanded = Quantity supplied at
5 ° 21 Marks <= p <=39 Marks
1| o ° The market price will be set to the
minimum price of this interval: 21 marks
> Price
0| 10 20 30 40 50 60

A seller is willing to sell at the price requested or higher. A buyer is willing to buy at the price
specified or lower. As shown above, there is only one bond supplied at 10 Marks. If the price rises to
40 Marks, the number of bonds supplied increases to three. However, only one bond 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 at the minimum price in this interval; that is, 21 Marks.

Next we consider the second example.

Please turn to the next page.

[Example 2: how the market price is determined]

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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Quantity

3 °

} > Market price = 30
2———0 Quantity traded =2
One share of trader 1 and one
share of either trader 2 and 3

1| @ O o will be traded.

> Price

0| 10 20 30 40 50 60

As shown above, only one bond is supplied at 10 Marks as in the previous example. If the price rises
to 30 Marks, the number of bonds that are supplied increases to three. However, there is only one
bond demanded at 60 Marks. If the price falls to 30 Marks, the quantity demanded increases to two.
As aresult, two transactions can be completed at 30 Marks. In this case, the market price is set at 30

Marks. The orders that are fulfilled are 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 is fulfilled. The choice between

Trader 2 and Trader 3 is determined randomly by a computer.

[End of each period screen]

At the end of each period, the following screen is displayed with the information described below.
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The details in the green sentences will be explained later.

(D  This shows the market price as explained previously.

@ A positive value indicates the number of bonds you purchased in the current period, while a
negative value indicates the number of bonds you sold in the current period.

This shows the interest payments for the current period.

This shows the dividend payments for the current period.

©®

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

This is the number of bonds you currently hold.

This is the number of market prices that you have predicted correctly.

By clicking the “Continue” button, you move to the next period.

©®Q O

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

participants have pressed this button, the computer will display the next screen.

Please turn to the next page.

[Earning interest from cash holdings]

In each game, there are 11 periods in which you can submit buy/sell orders and trade with other
traders in your market. You will be paid interest of 5% on the amount of cash you hold at the end of

each period.

The interest earned is rounded up to a whole number. For instance, suppose that at the end of the 5%
period your cash holdings are 90 Marks and you have two bonds. You are paid interest of 5% on the
cash holdings of 90 Marks. The interest of 4.5 Marks is rounded to 5 Marks, so your cash holdings
are 95 Marks after adding the interest.

Likewise, dividends from bonds are added to your cash holdings when you hold bonds. This is

explained below.

[Earning dividends from bonds]

You will be paid a dividend of 6 Marks per bond for the bonds you hold at the end of each period.

The dividend income at the end of each period is calculated as: 6 Marks x (number of bonds you

hold).

In the example above, 12 Marks (= 6 Marks * 2 bonds) is added to your cash holdings of 95 Marks
after adding the interests. Thus you start the 6™ period with 107 Marks and two bonds.
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If you hold bonds at the end of the game (after the 11" period), the bonds you hold are bought for
120 Marks each after any dividend payments.

Please turn to the next page.
[Earning a profit by predicting future prices correctly]
Before each period begins, you will be asked to predict the market prices in the remaining periods.

The following screen will appear.

The time limit for predicting the market prices is (number of periods remaining) x (20 seconds).
Before the beginning of the first period, the time limit is 220 seconds. After that, the time limit

decreases by 20 seconds each period. The time limit before the 11" period is 20 seconds.

When the time limit is reached, a warning message to complete your prediction will flash in red in
the upper right corner of your screen. The next period begins when everyone has finished entering

their price predictions and has pressed “OK”.
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[Prediction of future prices]
You will be asked to predict the prices for all the remaining periods before each period begins.
That is:
- before the beginning of period 1, there are 11 periods remaining so you must predict 11
prices;
-  before the beginning of period 2, there are 10 periods remaining so you must predict 10

prices;

41



— Dbefore the beginning of period 11, only one period remains so you must predict one price.

Thus, you will make a total of 66 predictions of market prices.

Please turn to the next page.
[Earning a profit by predicting future prices]
The computer keeps a record of the number of accurate predictions (that is, when the market price

realized is between 90% and 110% of your predicted price for the corresponding period).

At the end of each game, you will be paid a bonus based on the number of accurate predictions
according to the following formula: (your final cash balance) x 0.5% x (the number of accurate
predictions). The maximum bonus percentage is 0.5% x 66 = 33%. Please be aware that your final
cash balance depends on earnings made from profit margins, interest and dividends, so the size of

your bonus decreases as your earnings from profit margins, interest and dividends decrease.

[Summary of ways to make a profit]
There are two ways of making a profit: (1) earning a profit margin, earning returns from dividends

and earning interest on cash holdings, and (2) predicting market prices of bonds.

The computer randomly chooses one of three games. At the end of the experiment, your final cash
holdings from the game will be converted at a rate of 1 Mark to 1 Yen and paid out to you. In
addition to the aforementioned rewards, you will be offered 500 yen as payment for participating in

the experiment.

After the instructions, we will announce the practice round.

[Practice]

We start with a practice round so that you can familiarize yourself with the software. In particular,
you will learn how to enter the required information. The first screen displayed is for predicting
future prices. Press the “OK” button after you have entered all your price forecasts. The computer

will display the order entry screen once everyone has pressed “OK”.
The practice round ends when everyone has entered their orders and pressed the “OK” button. The
results of the practice round will not be displayed. Rewards do NOT take the practice round into

consideration.

Let us start the practice round.
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[Finish the practice round]
Before starting the game, we will announce the following:
Let’s start the game.
. There are six people in the market.
. All the people in the market are in this room.
e  You will be given eight bonds and 800 Marks at the beginning of the game.

(The instructions for the baseline treatment finish here.)

[Instructions for buying operation]

During this game, the computer will buy bonds you hold. The buying operation will be conducted
before the beginning of the 4™ and 5™ periods. During these two operations, you will be asked to
submit a sell order. The computer will buy bonds in ascending order of the prices submitted by the

market participants.

The target quantity for the first buying operation is eight bonds, and a total of 16 bonds are to be
bought in the two operations. If fewer than eight bonds are purchased in the first buying operation,
then the shortfall will be added to the second buying operation at the beginning of the 5" period. For
instance, suppose that the computer purchases only six bonds in the first buying operation, which is
two units short of the target. Then the target quantity for purchasing in the second buying operation
is 10 bonds.

Even if fewer than 16 bonds are purchased during the two buying operations, there is no additional

buying operation.

For the buying operations, the following screen is displayed.

If you want to sell the bonds you hold, you need to enter a selling price and the maximum number of

bonds to sell in D and @), respectively. Otherwise, please leave (D blank, and enter 0 in .
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Please turn to the next page.

[How the computer purchases bonds during the buying operation]

The sales prices submitted by the market participants are ordered from lowest to highest. The
computer will purchase bonds in ascending order of the specified price until the target quantity is
reached. If there are orders with identical selling prices, and meeting all of them will exceed the
target quantity, then the computer will randomly choose which orders to meet (some orders may be

partially met).

After the buying operations, neither interest nor dividends will be offered for cash and bond
holdings.

(The instructions for the buying operation finish here.)

[Instructions for selling operation]

In this game, the computer will also sell the bonds it purchases during the two buying operations.
The selling operations will be conducted before the beginning of the 8" and 9™ periods. You will be
asked to submit a buy order prior to these selling operations. The computer will sell the bonds in

descending order of the prices submitted by the market participants.

The target quantity for the first selling operation is eight bonds, and a total of 16 bonds are to be sold
in the two operations. If fewer than eight bonds are sold in the first selling operation, then the unsold
bonds are added to the second selling operation before the beginning of the 9™ period. For instance,
suppose that the computer sells only five bonds in the first selling operation, so that there are three

unsold bonds. Then there are 11 bonds available for the second selling operation.

Even if fewer than 16 bonds are sold during the two selling operations, there is no additional selling

operation.

Please turn to the next page.
[How to buy the bonds]

During the selling operations, the following screen is displayed.

When you want to buy the bonds, you need to enter a buying price and the maximum number of

bonds that you want to buy in D and (@), respectively. Otherwise, please leave (D blank, and enter

0in @.
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[How the computer sells the bonds]

The buying prices submitted by the market participants are ordered from highest to lowest.

The computer will sell the bonds in descending order of the specified prices until the target quantity
is reached. If there are orders with identical buying prices, and meeting all of them will exceed the
target quantity, then the computer randomly chooses which orders to meet (some orders may be

partially met).

After the selling operations, neither interest nor dividends will be offered for cash and bond

holdings.

(The instructions for the buying & selling operations finish here.)

Additional Information for readers:

After the round with the first buying operation, the following screen is displayed. The left part of the
screen shows the following.

How many bonds the computer has bought during the buying operation.

Explanation of the information displayed in the center of the screen.

How many bonds you sold to the computer, and the payment received (Marks) from the trade.

® 0o

The number of bonds and the amount of cash (Marks) you hold after the buying operation.
The center of the screen shows the prices, in ascending order, at which the bonds were bought by the

computer. After the second buying operation, the list of prices appears on the right of the screen

while the center disappears.
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The screen displayed after the selling operations is similar.
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The left part of the screen shows the following.

® How many bonds the computer sold during the selling operation.

® Explanation of the information displayed in the center of the screen.
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@ How many bonds you bought from the computer, and the amount paid (Marks) for the trade.
The number of bonds and the amount of cash (Marks) you hold after the selling operation.

The center of the screen shows the prices, in descending order, at which the bonds were sold by the

computer. After the second selling operation, the list of prices appears on the right of the screen

while the center disappears.
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