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Abstract

An important feature of bond markets is the relationship between initial public
offering prices and the probability of the issuer defaulting. First, this probability
affects bond prices. Second, IPO prices determine the default probability. Though
the market equilibrium has been shown to predict well for other assets, it is a priori
unclear whether markets will yield competitive prices when such interaction with
the default probability occurs. We develop a flexible bond market model that is
easily implemented in the laboratory and examine how subjects price bonds. We
find that subjects learn to price bonds well after only a few repetitions.
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1 Introduction

Many firms and governments raise funds by issuing debt through the sale of bonds. In-
deed, bond markets dwarf markets for other assets such as equities in terms of the value
of outstanding issues. The reason is that bond sales are often the cheapest means of
financing as compared with alternatives, e.g., equity issues or bank loans, and indeed,
bond issues comprise the primary means of financing for most large, mature firms and
governments. This preference for bond financing, however, presumes that bond pur-
chasers are able to correctly price new bond issues. If newly issued bonds are mispriced
relative to fundamentals, the financing costs to the bond issuer may be increased, lead-
ing to an increase in the issuer’s default risk. In turn, this risk of default affects the
bond’s fundamental price.

In this paper we explore the extent to which an initial public offering (IPO) of bonds
by a bond issuer is correctly priced by investors who must take into account this two-
way interdependency between IPO prices and default risk. Specifically, we develop and
evaluate the empirical relevance of a model of bond pricing based on Merton (1974),
which relates IPO prices to features of the bond issue (e.g., face value, coupon payment,
maturity date) and the probability that the bond issuer defaults on its obligations to
bond holders. Rather than use field data, we pursue an experimental approach where
subjects in a laboratory are asked to buy new bond issues and earn money proportionate
to the bond market setting in which they operate. The main advantage of a laboratory
evaluation of bond market pricing is that we have control over the information that is
available to bond purchasers regarding features of the bond issuance and in particular
the probability that the bond issuer defaults, and we can evaluate the extent to which
they use this information to determine bond prices. Knowledge of such information
and this same level of control are not generally available or feasible in the field. For
this reason there is now a large literature using experimental methods to evaluate the
pricing of many types of assets (see, e.g., Bossaerts, 2009, for a survey).

This experimental asset pricing literature has primarily focused on assets that are not
subject to default. While bond market pricing is similar in many respects to the pric-
ing of other types of assets, e.g., equities, the interdependence of prices in the initial
public offering (IPO) of bonds and the probability of the bond issuer defaulting makes
bond markets structurally different from all other asset markets. To our knowledge,
there is no prior experimental evaluation of bond market pricing that explores whether
investors are able to comprehend these interdependencies. For this reason, it remains
unclear whether the knowledge accumulated in a rich literature on experimental asset



markets carries over to the case of bond markets.! Given the great importance of bond
markets as a means of financing, an experimental evaluation of bond pricing seems
warranted. Our study fills this gap in the literature.

To preview our results, we find that subjects learn to price bonds rather well after
only a few repetitions (both during the IPO and while trading in the secondary market
afterward). As in other asset pricing experiments, we find that bubbles in bond prices
are only observed among inexperienced traders. This is remarkable, given that the
bonds in our experiments are relatively long lived, giving ample opportunity for bubbles
to occur (e.g., Noussair and Tucker, 2013). The overall high degree of market efficiency
that we find occurs in environments with both increasing and decreasing (equilibrium)

fundamental values for bonds.

The remainder of this paper is organized as follows. In the following section we situate
our paper in the experimental asset pricing literature. Section 3 describes the model
of bond market pricing that will be used in our experiment. Section 4 presents the
experimental design and the results are discussed in Section 5. Section 6 concludes.

2 Literature

While there is now a large literature on experimental asset pricing,? there are few stud-
ies examining the pricing of assets with the particular properties of bonds. Indeed,
recent surveys of the experimental asset pricing literature by Bossaerts (2009), Nous-
sair and Tucker (2013), and Palan (2013) reveal just a few experiments that explicitly
consider assets labeled as “bonds”; more generally assets are simply labeled as “assets”.
In the studies that do refer to certain assets as bonds, the bonds are included primar-
ily as a means of expanding the portfolio of assets available to traders. For instance,
Bossaerts et al. (2010b) allow agents to trade in riskless bonds paying a known fixed
return by contrast with other assets having either known probabilistic (risky) returns or
ambiguous returns in their study of risk versus ambiguity aversion. Fischbacher et al.
(2013) allow agents to trade in a riskless, interest-bearing bond as well as a Smith et al.
(1988)-type risky asset. The latter is known to exhibit price bubbles and crashes and so

IThe experimental literature on simple asset markets has provided a large number of studies with
various robust findings. In particular, prices in the final periods of a multi-period market tend to converge
to fundamental values after a few replications of the market. However, sustained deviations from the
fundamental price (e.g., bubbles) are regularly observed in markets that cover many periods.

2For some of the more recent studies, see Gneezy et al. (2003), Dufwenberg et al. (2005), Haruvy and
Noussair (2006), Bossaerts et al. (2007), Haruvy et al. (2007), Bossaerts et al. (2010a), Palan (2010),
Cheung and Palan (2012), Kirchler et al. (2012), Sutter et al. (2012), Cheung et al. (2014), Fiillbrunn
et al. (2014b), Bosch-Rosa et al. (2015), and Crockett and Duffy (2015).
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the authors’ aim is to explore the role of interest rate (monetary) policy (via the riskless
bond) on the extent of mispricing of the risky asset. By contrast, our focus in this paper
is on bond pricing alone, with a particular focus on the initial price of bonds.? Further,
we are not interested in risk-free bonds, but rather in bonds that are subject to default
risk. Most corporate bonds and some government bonds are subject to this type of risk.
We are not aware of any prior experimental studies examining the pricing and trading
of bonds subject to default risk.

The frequency of real-world bond defaults, based on the historical record, tends to be
lower than the probability implied by the initial prices of bonds subject to default risk
(see, e.g., Hull et al., 2005). Indeed, the credit spread between risk-free government
securities and comparable corporate bonds subject to default risk is many times greater
than can be explained by the risk of default alone, a phenomenon known in the liter-
ature as the “credit spread puzzle” (Amato and Remolona, 2003). The reasons for the
mispricing of bonds subject to default risk are unclear, but several explanations have
been offered that depart from the standard theory, including: 1) difficulties estimating
the bond issuer’s default risk, 2) demand for a risk premium, representing a departure
from the assumption of risk neutral traders, and 3) systematic macroeconomic factors
that can affect the default risk of all bond issuers simultaneously but which cannot be
diversified away. The main advantage of our laboratory approach is that it allows us to
abstract from these potentially confounding factors and therefore to provide a cleaner
test of the theory of bond pricing subject to default risk. In particular, we make clear
to subjects the function mapping IPO prices into default probabilities. Further, aside
from the possibility of a default, there are no other shocks to the environment in which
subjects make decisions. Our main finding is that subjects eventually do learn the diffi-
cult task of pricing bonds subject to default risk given knowledge only of the mapping
between the IPO price and default risk. This finding suggests that the source of the
credit spread puzzle may indeed lie with factors or assumptions that are not presently
found in the theory of bond pricing subject to default risk.

3Regarding initial public offer mechanisms, Zhang (2009) experimentally compares uniform price
auctions (which we use in our experiment) versus fixed price offerings of initial equity shares. He
reports greater revenues under the uniform price auction mechanism, despite the possibility of collusion
under that mechanism. Fiillbrunn et al. (2014a) investigate different IPO mechanisms in the laboratory.
They find underpricing under all mechanisms considered.



3 Bond Market Model

In this section, we introduce a model of bonds subject to default risk that captures the
essential features of the theory (see, e.g. Merton (1974)) but which is tractable enough
to be implemented in the laboratory. We first give a brief overview of the model. Then
we discuss the timing of moves and derive the fundamental value of the bond given a
default probability. Finally, we discuss how the IPO price and the default probability
are connected.

3.1 Brief Description

The payments to a bond holder are as follows. If the bond issuer does not default prior
to the bond’s maturity date in period 7, then the bond holder receives a payment of
the face value K. Prior to the maturity date for the bond, the bond holder also receives
a coupon payment of iK in each period (i is thus the interest rate) so long as the bond
issuer has not defaulted. If the bond issuer defaults at some point, the bond holder
receives no more coupon payments from the period of default onward and also loses
payment of the bond’s face value.*

When the bond issuer issues bonds, they are auctioned off in an IPO. The importance
of this IPO to the bond issuer’s financing costs is the biggest difference between a bond
market and other asset markets. The prices paid in the bond market IPO determine
the costs to the bond issuer of its fixed maturity debt issue (the lower the IPO price,
the higher are the costs of the debt). These costs have an influence on how likely it is
that a bond issuer will default over the fixed term of the bond (the higher the costs, the
higher is the probability that the bond issuer defaults).>

We use a single- (or uniform-) price call market auction for the IPO, as it facilitates
the specification of the probability that the bond issuer will default. In this auction,
the face value and the coupon payments are fixed and known and the potential bond

4More generally, one can specify a default amount, D, which the bond holder receives in the event
that the bond issuer defaults (cf., Merton, 1974). In the following we always assume that there is no
such payment (i.e., D = 0) for simplicity. Similarly, one could add an outside interest rate for holding
money r, which we also assume to be zero for simplicity in the remainder of the paper.

SBy contrast, IPO prices for other assets such as equities, which have no fixed maturity date, have a
less direct effect on the financial health of the issuer as equities only promise a share of the issuer’s profits
and do not commit the issuer to a certain debt repayment amount. A second difference between bonds
and equities is that bonds pay both a fixed, period-by-period interest (coupon) payment as well as having
a fixed terminal (face) value, while equities typically pay (at most) only a dividend in each period. Most
previous asset-market experiments follow this distinction, paying a random dividend amount in each
period and no terminal value.



holders bid on the price they are willing to pay to receive a bond.® Once all bonds have
been auctioned off, they can be regularly traded on a secondary market where prices
are determined by supply and demand. For this purpose we again use a call market,
this time a two-sided version, where subjects can act as both buyers and sellers. Trade
takes place over several periods, up to the maturity date period 7, assuming of course
that there is no default prior to that date.

3.2 Timing and Fundamental Value with Known Default Probabili-

ties

The price in the IPO determines the default probability of the bond issuer. After the IPO,
the default probability of the bond issuer remains constant until either default occurs
or period 7, is reached.” Once the default probability is known, the fundamental value
of the bonds in all subsequent periods can be calculated. The calculation of these
fundamental values depends on the timing of the market, which we now discuss.

In the initial period 0, the IPO of bonds is held. The result is a market clearing price,
which we refer to as the IPO price, p;,,. Thereafter, in periods t =1,2,---T — 1 bond
market participants can buy and sell bonds provided that they have bonds to sell or
funds to buy bonds. Specifically, the timing of moves in each of periods 0 <t < T is as
follows:

1. It is determined whether or not the bond issuer defaults.

2. Conditional on no default having occurred in the current period or earlier, the
coupon payment is made.

3. The bond market opens and trade in bonds can take place.

Finally, if the final period T is reached, (i.e., no default has occurred in period T or
earlier) then (i) no more trading occurs and (ii) the face value of the bond is paid out
together with the final coupon payment.

oIt is of course possible to use alternative auction mechanisms and indeed, different mechanisms are
used in real-world bond IPOs. If an auction does not allocate the bonds at a uniform price, then the
specification of the default probability is slightly more complicated. Instead of holding face value and
coupon payments constant, one can also hold face value and initial price constant and allocate the bonds
in an auction where bids are made on the coupon payments. We choose to use the version where coupon
payments are fixed, because this leads to a large similarity between the initial auction and the trading in
the secondary market in the experiment.

’We assume for simplicity that the default probability is constant in all periods, but one could relax
this assumption. We also assume that a subsequent IPO can only take place after the bonds from the
previous IPO have been redeemed. One could also model overlapping ‘generations’ of bonds; however,
this would make modeling the default probability more complex, because it would then depend on a
combination of IPO prices of all bonds in the market.
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The default probability depends on the IPO price; the precise way in which IPO prices
map into default probabilities is described later in Section 3.3. Once the default prob-
ability, P;, is known (the probability of not defaulting is P, := 1 — P;), the fundamental
price of a bond in period ¢ can be calculated. Note that the fundamental value, V;, of the
bond in period ¢ is conditional on the bond holder not having previously defaulted. The
fundamental value of a bond is then the face value times the probability of receiving
this final payment plus the expected value of the remaining coupon payments:

T T—t
V,=KPI "'+ Y ikP" =KPI 7'+ Y iKP
m=t+1 m=1 (1)

1_PT—H—1
OrB>0 pepT—t g (=T ),
1—P,

3.3 Default Probability and Equilibrium Fundamental Value

The default probability of a bond depends on the bond’s IPO price and is thus endoge-
nously determined. As a higher IPO price leads to lower financing costs for the bond
issuer and therefore a lower probability of default, the function mapping IPO prices into
default probabilities is assumed to be monotonically decreasing. We model the default
probability using an exponential function:

Py(pipo) = m exp(—c pipo) +b.

The parameter b (with 0 < b < 1) represents a base risk (the default probability can
never be lower than b). The parameter m (with 0 < m < 1 — b) represents the maximal
bond-price dependent default probability. Thus, this is the maximal possible probability
of default due to low bond prices. The highest possible default probability is then m+ b
(which may be smaller than 1 even if a bond issuer receives a price close to zero for
its bonds; this is because the bond issuer might have other means of debt financing —
such as equity issue or taxes — and may choose not to default in order to reestablish
credibility). The parameter ¢ (with ¢ > 0) determines the sensitivity of the default
probability to variations in the IPO price (the smaller is ¢, the less sensitive is the
default probability to the IPO price, i.e., the flatter is the default probability function).

As the probability of default is now endogenous, one cannot simply calculate the fun-
damental value of the bond in the IPO. However, it is possible to calculate equilib-
rium prices for the IPO and use these to determine the equilibrium fundamental values
with (1). Of course, the actual fundamental value after period 0 depends on the real-
ized IPO-price. The equilibrium fundamental values do not have an easy closed-form
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solution but can be easily obtained numerically.?

The model is very flexible. By varying either coupon payments, the face value of the
bond or the default probability function, different paths of (equilibrium) fundamental
values can be achieved. This flexibility is important as the slope of an asset’s fundamen-
tal value over time plays an important role in the experimental asset market literature
(see Noussair et al., 2001, Kirchler, 2009, Noussair and Powell, 2010, Huber and Kirch-
ler, 2012, Kirchler et al., 2012, Breaban and Noussair, 2014, Giusti et al., 2014, and
Stockl et al., 2014).°

4 Experimental Design and Procedures

The experiment was programmed in PHP/MySQL and conducted in English at the
CREED laboratory of the University of Amsterdam with a total of 96 subjects recruited
from the CREED subject pool (eight groups of six subjects in each of two treatments).
After each session, participants had to fill out a short questionnaire. Participants were
primarily undergraduate students, the average age was about 23 years. About half of
the participants were female, about two thirds were majoring in economics or business,
and about 60 percent were Dutch. During the experiment, ‘points’ were used as cur-
rency. These points were exchanged into euros at the end of each session at a known
exchange rate of 1 euro per 1000 points. The experiment lasted about two and a half
hours. Participants earned on average 27.55 euros (including a show-up fee of 7 euros).
The experimental instructions are reproduced in Appendix A. After reading the instruc-
tions and prior to the start of the experiment, subjects had to correctly answer a set of
comprehension test questions. These test questions are reproduced in Appendix B.

4.1 Treatments

The experiment consists of two treatments. In one, which we call DEC, the equilib-
rium fundamental value of a bond is decreasing over time while in the other, INC, the

8For any IPO price the expected return to investing in a bond is the fundamental value minus the
price. With risk-neutral investors, equilibrium IPO-prices are those that yield zero expected returns;
with positive returns investors would have an incentive to bid more, driving up prices and driving down
returns.

?Furthermore, the model specifications can be chosen such that more than one equilibrium price
arises, for example a high-price equilibrium with a low probability of default and a low price equilibrium
with a high probability of default. Because this is the first paper on experimental bond markets, our
focus is on the extent to which equilibrium is reached and not on equilibrium selection. We therefore
leave this possibility unexplored, by choosing a specification that yields a single (unique) equilibrium.
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equilibrium fundamental value of a bond is increasing over time (for references on the
importance of the slope of fundamental values in asset market experiments see the end
of the previous section). The difference in the equilibrium paths is realized by using dis-
tinct parameterizations of the probability of default function. Our choice of parameters
was guided by the following considerations.'® Most importantly, a parameterization
was chosen that equalizes the equilibrium fundamental value at the IPO in both treat-
ments. Because subjects also received the same endowment in both treatments, both
treatments have the same cash to asset ratio in the IPO and also the same ratio of cash
to the value of assets priced at the equilibrium price. In equilibrium, subjects receive
zero expected earnings. A monetary incentive for subjects to buy and trade only exists
when prices are below the (equilibrium) fundamental price. One can determine the
IPO price for which the expected earnings (and, therefore, the incentive to participate
in the market) are maximized. Note that this ‘maximal-earnings’ price is generally not
zero, because a zero price will lead to a very high probability of default. In the experi-
ment, we ensure that the maximal expected earnings in the two treatments are of equal
magnitude.!! Obviously, if equilibrium prices in the IPO are equal between treatments
while (equilibrium) fundamental values are increasing in one case and decreasing in
the other, then face values must be different. The requirements to keep equilibrium IPO
prices and maximal expected earnings equal across treatments, together with the wish
to avoid parameterizations that yield multiple equilibria make it necessary to introduce
several differences in the parameters.

Specifically, the parameterizations chosen in the two treatments are as follows. In DEC
the parameters of the probability default function are b = 0.02, m = 0.6, and ¢ = 0.003.
In INC these are b=0.14, m=0.25, and ¢ = 0.00175. The interest rate is the same in both
treatments, i = 0.12. The face value of bonds is K = 1000 points in DEC and K = 2500
points in INC. Graphs of the two probability default functions used in the experiment
are shown in Figure 1. The treatment variation generating decreasing or increasing
equilibrium fundamental values is realized via these probability default functions (and
the bond’s face value).

Using different probability default functions to achieve different treatments reflects the
greater intricacies of bonds markets relative to other asset markets. Treatment DEC
uses a default probability function that is decreasing fast in the IPO price from a very
high level to a very low level. Treatment INC uses a default probability function with

10There are some minor differences between the two treatments due to our preference for round
numbers. It is not reasonable to expect that these minor differences have a noticeable impact on the
outcomes.

IThis does not mean that the IPO price at which the maximum is achieved is the same in both treat-
ments, because the probability default functions are different.
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Figure 1: Default Probability Functions in both Treatments

Notes: The graph shows the default probability as a function of IPO prices in both treatments.

a lower maximal default probability than in DEC, but the function decreases more
slowly in the IPO price. In equilibrium, the IPO price is approximately 1860 points in
both treatments and the equilibrium default probability is higher in INC than in DEC.1?
The bonds in DEC can be thought of as bonds from an issuer with a large outstanding
debt who is otherwise economically strong — in equilibrium the probability of default
is quite low. However if the financing costs were to increase sharply, a default would
become much more likely. The bonds in /NC can be thought of as bonds from an issuer
facing economic troubles (which could be an economy in a severe recession or a firm
with an uncertain future) with rather small outstanding debt — the probability of default
is high, but the relatively low level of outstanding debts mitigates the negative reaction

to increases in financing costs.

The different default probability functions lead to distinct (equilibrium) paths for the
fundamental value. These paths are shown in Figure 2 for both treatments with solid
lines. The equilibrium value for the IPO is shown as the period 0 value in the graph.

Aside from the (equilibrium) fundamental values, the graphs in Figure 2 show a second
price. This is the price that maximizes (expected) joint earnings across subjects. Be-
cause bonds are only allocated once (at the IPO), the joint earnings themselves do not
change after the IPO. In traditional experimental asset markets, joint earnings are max-
imized by initially buying the assets (from the experimenter) at the lowest allowable
price. In a bond market, such minimal prices typically do not maximize joint earnings
because of the effect that the IPO price has on the probability of default. The joint
earnings maximizing price in the IPO is shown by the value of the dashed line at period

12More precisely, the equilibrium IPO price is 1860.9 in DEC and 1862.4 in INC.
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Figure 2: Fundamental Values in both Treatments

Notes: The graph shows the equilibrium fundamental values in both treatments (solid lines). It also
shows the price that yields the highest expected joint earnings for the subjects (dotted line).

0. If bidders could collude against the issuer (i.e., the experimenter) they would in
theory coordinate on this IPO price. This price is always below the equilibrium price
and does not depend on the number of subjects per group. After the initial allocation in
the IPO, the aggregate number of bonds in the market remains constant and collusion
can no longer affect joint earnings. Subsequently, the dashed line from periods 1 to 10
represents the fundamental value of the bond conditional on the joint earnings maxi-
mizing IPO price having been realized. This explains the kink in the curve after moving
from the IPO period O to the first regular trading period 1. As the default probability
depends on the IPO price, the continuation of this line after period 1 is not identical to
the equilibrium fundamental value line (the solid line), though by the final period 7,
the two values become equal.

4.2 Experimental Timing

At the beginning of the experiment, subjects are randomized into groups (i.e. markets)
of size six. Group membership remains the same over the course of the experiment
and subjects can only interact with the five other members of their own group when
buying/selling bonds in the IPO and when trading in the market in subsequent periods.
The IPO auction and the trading mechanism are as described in Section 4.3.

In the experiment there are four identical rounds. Each round consists of 11 periods,
numbered from 0 (the IPO) to 10. At the end of the experiment, for each subject one
of the rounds is randomly selected for payment. Subjects start each round with an

10



endowment of 20,000 points. The initial endowment is booked on a ’cash account’
which is used for all transactions subjects make when buying or selling bonds. The
number of bonds allocated in the IPO is 25 per group. After the initial auction in
period 0, subjects can trade the bonds with one another in periods 1 to 9 (henceforth,
the ‘trading periods’; in period 10 no more trade takes place). The proceeds subjects
receive from the coupon payments are deposited into an account called the ‘interest
account’. The money on this interest account cannot be used to buy bonds; this is to
ensure that the stock of cash in the economy remains constant in the trading periods.

In order to collect data on all periods, even after a default has occurred, we use a
block design (see e.g. Fréchette and Yuksel, 2013). In this design, subjects are not
told immediately whether a default has occurred. Instead, all markets continue for
9 trading periods as if no default has occurred. Only at the end of the round (i.e.,
following period 10) are subjects told whether a default had occurred and, if so, in
which period. In case that a default had occurred, subjects’ final earnings for a round
are determined according to their cash and interest account balances in the period of
default. This means that any action a subject takes is only payoff relevant conditional
on no default having yet occurred in the round. This procedure is described carefully in
the experimental instructions (see Appendix A). Figure 3 shows a schematic overview
of the timeline of the experiment.

Instructions and Information on previous Questionnaire
test questions round (default/earnings) and payment

Round 1
T T T T T T T T
12345678910

Fr1 rrrrrrrrrT1 T T T T T T T T
345678910012345678910012345678910

O —
—_
N —

0
T T
IPO Final period

Figure 3: Timeline of the Experiment

Notes: The four rounds are identical. For each participant the earnings of one of the rounds are randomly
selected for payment. Period 0 is the IPO, period 10 is the final period of a round in which no more trading
takes place.
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4.3 Trading Mechanisms

The one-sided call market mechanism used for the IPO in period O is implemented as
follows. Each subject submits a demand schedule, i.e., specifies for chosen prices how
many bonds they would like to buy at each of those prices. Then, the computer program
constructs an aggregate demand schedule by sorting bids from highest to lowest. The
intersection of this demand schedule with the fixed supply of 25 bonds determines the
uniform IPO price at which the bonds are sold. Note that this amounts to the highest
price for which all 25 bonds can be sold. If there are multiple bids at this market
clearing price, then the successful bids are randomly determined, that is, some buyers

are rationed.

The trading mechanism used in periods 1 to 9 is also a call market, but now a double-
sided one. Subjects submit individual supply and demand curves. The computer pro-
gram returns a warning if bids are invalid (for example if a subject tries to bid for a
combination of bonds that she cannot afford with the points she has available in her
account). Then the program constructs demand and supply curves by sorting bids from
highest to lowest and asks from lowest to highest. The market-clearing price is deter-
mined by the intersection of these aggregate supply and demand curves, and all trade is
carried out using this uniform market price. If there is a vertical overlap of the demand
and supply curves (i.e., if there is an interval of prices at which the maximal number of
trades can be carried out), then the midpoint of this interval is taken as market price.
If there is excess demand or supply at the market price, then successful bids or offers
are randomly determined.

Figure 4 shows the interface where subjects enter their demand function for the IPO
of period 0. To start, one empty row is available to enter a quantity and a price, but
subjects can add as many rows as needed by clicking on a button ‘show more fields’.
In the trading periods 1-9, that follow the IPO, subjects see similar input fields on
the same screen where they can also enter their supply schedule. These input fields
for supply choices are placed to the right of the input fields for demand choices. An
important advantage of the two mechanisms used for the IPO and trading periods lies
in their similarity. De facto, subjects only need to become familiar with one mechanism
and interface. In addition to the input fields, subjects see one button on the screen
to submit bids in the IPO or to submit bids and offers simultaneously in the trading
periods. Subjects also see past market prices in the round concerned. If no trade
occurred in a previous period, this is indicated instead of the market price.

12
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show more fields

Figure 4: Input Fields of the Computer Interface to Submit a Demand Function

5 Results

We have data from eight independent groups of six subjects for each of our two treat-
ments. Thus we are reporting results for a total of 96 subjects. Each group participates
in four markets, for a total of 32 markets per treatment. The different groups do not
interact with one another in any way, so that the 16 observations at the group level can
be treated as being statistically independent.

5.1 Aggregate Observations

We begin with a brief analysis of aggregate findings. The graphs of all market prices
in all rounds and periods for all groups separately can be found in Appendix C. The
graphs showing the quantities traded in each group for all rounds and periods can be
found in Appendix D.

Figure 5 shows a few examples of paths for observed bond prices. Market prices are
shown as (red) circles. When there is no trade, but when both bids and offers are
present we indicate the midpoint between highest bid and lowest offer price with a
(red) cross. The equilibrium fundamental value is shown as a solid line and the maxi-
mum joint earnings line is shown as a dashed line (cf. Figure 2). The actual fundamen-
tal value resulting from the IPO-price (i.e., the price in period 0) is shown as a (blue)
dotted line.!® The figure shows two markets starting out a bit below the equilibrium
fundamental value where bonds were priced close to fundamentals in all subsequent

13The fundamental values may seem quite flat in this graph. This is because the scale of the y-axis was
chosen to show the highest traded prices. Equilibrium fundamental values decrease from the predicted
IPO price of about 1860 in the first period to 1000 (the face value) in the tenth period of DEC and increase
from about 1860 in the first period to 2500 (the face value) in the tenth period of INC.
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periods, one in DEC and one in INC (Figures 5a and 5c). The figure also shows two
markets with pronounced bubbles in the bond price, one in DEC and one in INC. In
one case, the bubble is deflated slowly (Figure 5b) while in the other case the bubble
bursts with hardly any subsequent trade (Figure 5d).

Bubbles in bond prices are relatively rare.'* Most groups learn to price bonds relatively
well after the IPO. More precisely, we observe bubbles in four out of the 32 markets in
DEC and in five out of the 32 markets in INC. The four bubbles in DEC arise in the
first round of one group and in the first three rounds of another group (groups 4 and 7,
respectively, in Figures 14 and 15 in Appendix C). The bubbles in INC arise in the first
two rounds of two groups and in the second round of one group (two bubbles in groups
5 and 7 and one bubble in group 6 in Figure 17 in Appendix C). We never observe any
bubbles in the last (fourth) round. There is also evidence that subjects learn, over time,
to better price the bond in the more complicated environment of the IPO where the
default probability is determined, as shown in the next section. Overall, the differences
between our two treatments are rather small; learning of prices seems to take place
similarly, independent of whether the fundamental value is decreasing or increasing.

Concerning traded quantities, in the IPO, all 25 bonds are always sold. In the trading
periods that follow, there is sustained trade in most groups with an average number of
trades of around two bonds per period.

We next turn to the main experimental findings, which concern prices in the IPO and
in the trading periods. This is followed by a discussion of the incidence of defaults and
traded quantities over time.

5.2 Prices in the IPO

The IPO (and its importance for the default probability) is the crucial difference be-
tween experimental bond markets and other experimental asset markets. It is much
more difficult to price the bonds correctly in the IPO than in the trading periods, where
the default probabilities have been determined by the IPO price. Therefore, it is an
important question whether subjects are able to price bonds well in the IPO and how
repeated experience with the IPO influences the initial pricing of the bond issue. Fig-
ure 6 shows the IPO prices in both treatments for all groups separately over the four
rounds. Table 1 shows the mean prices across groups (represented by the (red) bold
line in the graph).

14There is no generally accepted definition of a bubble. We consider a market to exhibit a bubble if
the relative absolute deviation (see Stockl et al., 2010) is larger than 0.5; this measure of mispricing is
described in more detail in Section 5.3.
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Figure 5: Examples of Market Prices in the Experiment

Notes: Market prices are shown as red circles. Red crosses show the mean of the highest bid and the
lowest offer price when no trade is carried out but when bids and offers are present. The equilibrium
fundamental value is shown as a solid black line and the price that maximizes expected joint earnings
is given by the dashed black line. The actual fundamental value within a round (which depends on the
price in the IPO) is drawn with a dotted blue line. As there is no trade in the tenth period, periods only
reach from 0 (the IPO) to period 9.
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Figure 6: IPO Prices in all Rounds in both Treatments

Notes: Each cross represents the IPO price of one group in one round. The prices of each group across
rounds are connected by a dotted line. The dashed horizontal line is the equilibrium fundamental value
in the IPO. The solid red line depicts the average of the eight IPO prices per round (cf. Table 1).

Table 1: Mean IPO Prices

Round 1 Round 2 Round 3 Round 4

DEC 1018.88  1343.75 1493.38 1562.75
INC 103438 1400.00 1557.50 1663.75

Figure 6 shows learning across rounds. Subjects clearly price the bonds better in the
final IPO of round 4 than in the first round. This effect is statistically significant. The
absolute difference between actual IPO prices and their equilibrium value is smaller in
the fourth round than in the first round for both treatments (p-values are below 0.01 in
each treatment when tested with a two-sided Wilcoxon rank-sum test).

Pricing the bonds in the IPO is a complicated task as the default probability changes
with the IPO price. Nevertheless, subjects price bonds so well that by the fourth round,
market prices are distributed around the equilibrium fundamental value, with mean
prices somewhat below this value. Recall that the equilibrium fundamental value is
derived assuming risk neutral investors; prices somewhat below this value might there-
fore indicate risk aversion. We check whether the deviation from the equilibrium fun-
damental value is significant. In the first round, there is a significant difference in both
treatments with p-values from a two-sided Wilcoxon signed-rank tests of 0.014 in both
cases. In the fourth round, IPO prices are still marginally significantly different from
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the equilibrium value in DEC (p-value 0.055) but not so in INC (p-value 0.287).1° It
seems that whether the fundamental value in the trading periods is decreasing or in-
creasing plays no particularly important role for how well subjects can price the bonds
in the IPO; in line with this observation, IPO prices are not significantly different be-
tween treatments for any round (p-values of two-sided Wilcoxon rank-sum tests are
between 0.59 and 1). Considering bids in the IPO instead of market clearing prices
leads to similar conclusions; bids submitted by individuals in the IPO are described in
Appendix E.

5.3 Market Prices in All Periods

We now consider for all periods in a round the extent to which prices deviate from fun-
damentals. Specifically, we consider two measures of the deviation of bond prices from
fundamental values — the relative absolute deviation (RAD) and the relative deviation
(RD). The original formulas for RAD and RD are given by

1Yo M —Vi|

1YL M, —V,
RADoriginal = T _M

and RD,,iginat = T 7 :

where M, stands for the market price in period ¢, T for the total number of periods (in
this experiment market prices can arise in periods 0 to T — 1), V; for the fundamental
value in period ¢ and V for the average of the fundamental values in all periods (see
Stockl et al., 2010).'® RAD measures mispricing; both positive and negative deviations
of the market price from the fundamental value V; increase this measure. RD measures
overvaluation; market prices above the fundamental lead to a higher measure, while
market prices below the fundamental lead to a lower measure.

For our purposes, we have to extend these formulas, because they assume that there
is trade in every period. We do so as follows (note that whenever there is trade in all
periods, the extended formulas yield exactly the same results as the original formulas):

LZ{thmde in t} ’Mt - Vt|

i Z{t|trade in t}Mt —Vi
T* % V

T* V* ’

RADextended = and RDextended =

where T* is the number of periods in which there is trade and thus a market price and
V* is the average of the fundamental values in the periods in which there is trade. Note
that in our bond market setting the fundamental value after the IPO depends on the

15The same Wilcoxon signed-rank tests of whether IPO prices are different from the equilibrium value
in rounds 2 and 3 yield p-values of 0.021 and 0.023 in DEC and 0.020 and 0.059 in INC, respectively.

165t5ckl et al. (2010) introduce these measures for continuous double auctions without a uniform
market price, therefore they use the average of market prices per period M; instead of M,.
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Proportion

Proportion

IPO price achieved in the same market. In the remainder of this paper, RAD and RD
always refer to these extended formulas.

Figure 7 shows the empirical cumulative distribution functions of RAD and RD for both
of our treatments. Each circle or triangle corresponds to the RAD or RD of one group
in one round.!” The graph of RAD suggests at most minor differences in the extent
of mispricing between the two treatments. However, the graph of RD suggests that
overpricing is relatively greater in the DEC treatment as compared with the /INC treat-
ment. Together, these results imply that, while prices are similarly accurate across the
two treatments they are more often too high in DEC as compared with /NC. The mean
values of RAD and RD across all groups (as shown in Table 2) confirm this observation.
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Figure 7: Empirical Cumulative Distribution Functions of RAD and RD

Notes: The graphs show RAD (top) and RD (bottom) in both treatments. Each circle or triangle repre-
sents the RAD or RD of one group in one round.

The table shows a clear downward trend for RAD, as subjects learn to price the bonds

17The observations of different groups are statistically independent. The observations of one group
across different rounds should in general not be treated as statistically independent, but the summarizing
empirical cumulative distribution functions shown in Figure 7 nevertheless provide a good illustration of
what is going on. Considering the empirical cdf’s separately for each round yields a similar picture.
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Table 2: Means RAD and RD

Round 1 Round 2 Round 3 Round 4 mean R1-R4

RAD DEC  0.400 0.274 0.208 0.171 0.263
INC  0.324 0.312 0.236 0.184 0.264
RD DEC  0.158 0.124 0.054 -0.002 0.084
INC  0.022 0.097 -0.102 -0.095 -0.019

Notes: This table shows the means of RAD and RD across groups for each of the treatments.

better with experience. This downward trend persists when looking at the groups sep-
arately rather than at the means across all groups. When comparing the differences
in RAD between the fourth and the first round for each group, a two-sided Wilcoxon
signed-rank test rejects the null-hypothesis that mispricing is as large in the fourth
round as in the first round in DEC with a p-value of 0.039. In treatment INC, the ma-
jority of groups also price the bonds better in the fourth than in the first round. This
difference is not statistically significant, however (with a p-value of 0.461). When pool-
ing both treatments, a two-sided Wilcoxon signed-rank test rejects the null-hypothesis
of equally accurate pricing in the first and the last round with a p-value of 0.044 in favor
of the alternative hypothesis that prices are closer to fundamentals in the last round.

When looking at RD in Table 2, there is a slight tendency to price bonds lower in later
rounds. This tendency can be attributed to fewer bubbles appearing (as noted above
we do not observe bubbles in the last round). Overall, five of the eight groups in DEC
value bonds lower in the last round than in the first one, while three of the groups
value bonds higher. In treatment INC, six groups value bonds lower in the last round
while two groups value them higher. These differences are not statistically significant,
however, when examining differences in RD between the last and the first round with a
Wilcoxon signed-rank test separately for each treatment (p-values for DEC and INC are
0.195 and 0.250, respectively). The differences are marginally significant when the data
of both treatments is pooled (with a p-value of 0.074). Furthermore, the average RD
over the four rounds is not statistically different between treatments (with a p-value of
0.279 when tested with a two-sided Wilcoxon rank-sum test).

A comparison of the bond pricing over the lifespan of a bond in our experiment to the
findings of previous asset market experiments without an IPO shows that the results are
qualitatively similar. In particular, pricing in this more complicated bond market setting
is no worse than the pricing in markets with arguably simpler assets. In addition,
our findings suggest that the development of the fundamental value is not of great
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importance for the functioning of experimental bond markets.

5.4 Further Outcomes
5.4.1 Defaults

In this experiment, default probabilities are determined by the IPO prices (the larger the
IPO price the lower the default probability). Any order statistic of default probabilities
is therefore the same as for IPO prices. Actual defaults are a noisy representation of
default probabilities.

The numbers of defaults are very different between the two treatments as the treatment
with increasing fundamental values features higher default probabilities by design. In
DEC there are overall 10 defaults in 32 markets (i.e., in 4 rounds of 8 independent
groups). This means that in 10 markets the bond issuer defaults in one of the periods
1-10. In INC there are 29 defaults in 32 markets. Recall that defaults have no influence
on the data we collect because of the block design described in Section 4.

Of course, defaults naturally have an influence on payoffs. Furthermore, while the tim-
ing of defaults in previous rounds should not matter in a rational world for subsequent
rounds, the occurrence of a default, and the time period in which it occurred, could
affect subjects’ behavior and market outcomes in subsequent rounds. This reaction to
defaults could occur, because subjects receive feedback on whether and when there was
a default in a round after the round ends (see Figure 3). Our data, however, show no
evidence of such spillover effects. Figure 8 shows round-to-round changes in prices as
a function of whether there was a default in period k = 1,...10 of the previous round.
More precisely, the round to round change in the overvaluation of prices relative to fun-
damentals as measured by RD is shown on the vertical axis and the period of default in
the earlier of the two compared rounds is shown on the horizontal axis. Crosses instead
of circles are for the case where no default occurred in the previous round. Each circle
or cross thus represents the price change of one group (there are three such observa-
tions per group). For example, one circle shows one group’s change in RD from round
1 to round 2 on the vertical axis and the default period in round 1 on the horizontal
axis. If prices were to react negatively to an early-period default in the previous round,
there would be a positive relationship between the prior round default period and the
price change. As Figure 8 makes clear, there is no evidence for such behavior in either
the DEC or the INC treatments.
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Figure 8: Defaults and Price Changes

Notes: Each circle or cross in the graph shows the change of prices from one round to the next on the
y-axis for one group. On the x-axis is the period in which the bond issuer defaulted in the respective
group’s previous round (i.e. the round from which the price change is computed). For example, one
circle shows one group’s change in RD from round 2 to round 3 on the y-axis and the default period in
round 2 on the x-axis.

5.4.2 Traded Quantities

For all groups and all rounds, the IPO always resulted in all 25 bonds being sold.
Following the IPO of each round, there is no longer an opportunity to ‘earn money
from the experimenter’; that is the earnings any given subject makes (in expectation)
from trading in periods 1-9 represent a loss (in expectation) for some other subject in
the same group. Therefore, it is not surprising that the number of trades per period
is much lower in these regular trading periods. Nevertheless, there is sustained trade
in most groups with an average number of roughly two trades per period. There is no
indication that the number of trades is different in the two treatments. Across rounds,
the average number of trades per period decreases slightly but continuously, which can
be interpreted as evidence for learning as subjects come to realize that trading in the
regular periods does not lead to joint positive earnings. The average number of trades
per period decreases in DEC from 2.60 in round 1 to 2.18, 1.64, and 0.76. The average
number of trades in INC is 2.74 in round 1 and 2.10, 1.26, and 1.38 in rounds 2 to 4.
Naturally, there are many more bids and offers in each period then there are trades.
Figures 18 and 19 in the Appendix D show the traded quantities in all rounds and
periods for all groups.
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6 Conclusion

The pricing of bonds subject to default risk is more complicated than the pricing of
other assets that experimentalists have studied in the laboratory. The complication
lies mainly in the fact that the price of bonds in the initial public offering affects the
probability of default, and this default risk in turn affects the initial pricing of the
bond issue. In addition, bonds pay, aside from a periodic coupon payment, a maturity
payment in the final round. In this paper we have developed a simple and tractable
model of bond pricing based on the standard approach (Merton, 1974) in which bond
purchasers must address these complications. We then evaluate whether experimental
subjects who are incentivized to behave according to the theory are able to price the IPO
of bonds correctly and in subsequent periods trade the bond at prices that approximate
the fundamental value given the default risk that was determined by the IPO price.
To our knowledge this is the first experimental test of the pricing of bonds subject to
default risk.

While we would ideally like to examine how well traders price bonds subject to default
risk in the field, the lack of control over important aspects of the theory such as the
mapping between default risk and ipo price, as well as detailed knowledge of the IPO
auction rules, the set of traders and the information available to those traders would
lead to many confounding factors that would cloud such an analysis. The control of the
laboratory allows us to abstract from such confounding factors, providing a clean test
of the theory. Though the behavior of our human subjects (students) might be viewed
as being less externally valid for understanding the pricing of bonds subject to default
risk, note that previous tests of such subject pool effects in asset market experiments
showed no differences between students and professionals (e.g., Smith et al., 1988;
King et al., 1993).

Rather surprising to us, we find that with sufficient experience, subjects do learn to set
an IPO price for bonds that is close to the equilibrium price of the theory. Moreover,
we find that in subsequent trading periods, bond prices track fundamentals rather well,
regardless of whether the time path for the bond’s fundamental value is increasing, as
in our INC treatment, or decreasing as in our DEC treatment. These findings demon-
strate that market forces are strong enough to provide efficient pricing of risky bonds
in spite of the complexities of these assets in comparison to other types of assets that
have dominated the experimental finance literature. Thus our research suggests that
experimentalists may also want to include bonds subject to default risk among the as-
sets that they explore in future experimental tests of asset pricing theory, possibly in
combination with more traditionally studied assets such as equities or risk free-bonds.
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A Appendix (for Online Publication): Instructions

In the following we reproduce the instructions of the treatment with decreasing fun-
damentals. The instructions of the treatment with increasing fundamentals are similar,
only the numbers are correspondingly different (as described in Section 4), of course
also leading to a different graph of the default probability function. This graph, a ta-
ble with values, and a short summary of the information, which is shown at the end
of the instructions, is reproduced for the treatment with increasing fundamentals in
Section A.2.

A.1 Instructions in the Decreasing Fundamentals Treatment

Instructions

Welcome to this experiment! Please read these instructions carefully as they explain
how you earn money from the decisions that you make. You will be paid privately at
the end, after all participants have finished the experiment. On your desk you will find
a calculator and scratch paper, which you can use during the experiment.

During the experiment you are not allowed to use your mobile phone or other
electronic devices. You are also not allowed to communicate with other participants.
If you have a question at any time, please raise your hand and someone will come to
your desk.

The experiment consists of four identical rounds. Each round consists of 11 periods,
numbered from 0 to 10. Your earnings for each of the four rounds will be in points.
At the end, only your earnings from one randomly chosen round will be paid out
to you! The points from the chosen round will be exchanged into euros at the
exchange rate 1000 points = 1 euro. In addition you will receive a show-up fee of 7
euros.

All participants will be randomly divided into groups of 6 people. The group compo-
sition will not change during the experiment. You will not know the identity of any
group member nor will they know your identity even after the experiment is over. The
following describes what you will be doing in each of the four rounds.

Market Setting
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You will start the round with an endowment of 20000 points (your “cash”). During
most of the experiment, you will be given an opportunity to trade an asset with the
other participants in your group (called “asset A’ — there are no other assets). In total
there are 25 assets.

Holding assets can give you earnings in a way that will be explained below.

If you want to buy some of these assets you can enter the number of assets you want
to buy (bid for) at a certain price using the computer interface. You can state as many
different bid prices and quantities as you like.

Example (the numbers here provide no indication of what you should enter in the exper-
iment): Imagine that you would like to buy 12 assets if the price per asset is at most 356
points, 7 assets if the price is larger than 356 but no more than 688 points, and only 2
assets if the price is larger than 688 points but no more than 911.5 points. To indicate this,
you can enter numbers into the computer interface as follows (if you wanted to enter more
numbers you could click on the “show more fields” button):

Figure 9 appears here in the experimental instructions.

| would like to buy this quantity if the price (per asset) is at most
12 356
7 688
2 911.5|

show more fields

Figure 9: Input fields of the computer interface (not labeled in the instructions)

If the market price turns out to be 600 points, you will then receive 7 assets for 600 points
each (thus NOT 2 plus 7, i.e. the quantities that you enter are for the total number you
want to buy at a certain price).

If you want to sell assets you previously bought, you can do something similar. You can
enter the number of assets that you want to sell (offer quantity) and the offer price that
you would like to receive for those units (the interface will be almost identical to the
buying example above). You can again enter multiple combinations of quantities and
prices.
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The bids and offers that you can enter into the computer interface are restricted as
follows:

e You can only enter positive integer number as quantities.

e You can only enter positive numbers as prices (if you want to enter a decimal, use
a point and not a comma).

e You cannot try to sell more assets than you have at that moment. Similarly, you
cannot try to buy more assets than there are available (which is 25 minus the
number of assets you have).

e You cannot enter bids that you would not be able to pay for (with the amount of
cash you have).

e You cannot enter multiple bids to buy assets with the same quantity or the same
price.

e Similarly you cannot enter multiple offers to sell assets with the same quantity or
the same price.

e You cannot try to buy more assets for a higher price than you would want to buy
for a lower price (i.e., if you enter for example the quantity 20 with the price 1850,
you cannot enter the quantity 10 with the price 1480 in the fields for your bids to
buy assets).

e Similarly you cannot try to sell more assets at a lower price than you would sell
at a higher price.

e Finally, all of your selling offers must be at a higher price than your buying bids
(i.e. you cannot sell to yourself).

Market Price and Actual Trades

The market price in each period is determined by supply and demand. This means that
the price will be chosen that makes the most trades possible. All trades are then carried
out at this single market price, which is centrally determined for your group in each
period.

Explanation: Imagine you enter that you would like to buy 6 assets if the price is at
most 1500 points and one other participant enters that she would like to buy 9 assets
if the price is at most 1500. Imagine further that nobody else in the market enters a
buying bid at 1500 points or a higher price. This means that all participants of the
market together would like to buy 15 assets if the price is at most 1500 points per asset.
The aggregation of the buy orders can be done for all prices and yields the market
demand schedule. This demand schedule contains the information of all buy orders
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for all participants of the market together and can be represented by a step function
as below. On the horizontal axis you can see the total quantity demanded for each
price on the vertical axis (this is a very simple example and the quantities and numbers
provide no indication of what you should enter in the experiment). In the graph of this
simple example you can see that all participants of the market together are willing to
buy up to 75 assets at a price of 500 points per asset, only 50 assets at a price of 1000
points per asset, and only 15 assets at a price of 1500 points per asset.

Figure 10 appears here in the experimental instructions.
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Figure 10: Demand schedule (not labeled in the instructions)

A similar schedule can be derived for the supply side of the market, aggregating all the
sell offers. When drawn in the same graph, the supply schedule is an increasing step

function.

Figure 11 appears here in the experimental instructions.

The market price is the price at which the two curves intersect (in this example 1000).
Note that at this price, 10 more assets are demanded than supplied (50 assets are de-
manded while only 40 are supplied). In this case a random selection of 10 bids from all
the bids at the market price would not be fulfilled (it is similarly possible that there is
more supply at the market price than demand).

In some rare cases there can also be a whole interval of prices at which most trades can
be carried out (then the demand and supply schedule overlap vertically). In such cases
the middle of the interval will be the market price. If no bids or offers are made at all
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Figure 11: Demand and supply schedules (not labeled in the instructions)

or if all bids to buy are at lower prices than all offers to sell there will be no trade and
also no market price.

You will always be told the market price after the trading. You will not be told the total
number of trades in the market (except if there are none).

Properties of the Asset

There will be no trading in period 10. If you hold assets in period 10, you will receive
1000 points for each asset, provided that the asset has not defaulted (more on this
below).

In each of periods 1-10 you receive interest payments on your asset holdings (if they
have not defaulted). The interest payment per asset is 12% of the final value (1000
points), which means that you will receive 120 points for each asset you hold in a
period. These earnings will be paid to a separate account — they are part of your
earnings for the round, but you cannot use those points to buy more assets.

The asset you are trading has a special property. There is a constant possibility of “de-
fault”. At the beginning of each period (from period 1 on to period 10) it is determined
whether a default occurs or not. How this probability of default is determined will be
explained shortly. If a default occurs, the assets will become completely (!) worthless
for all periods remaining in the round. This means that from the period of default on-
ward there will be no interest payments and there will be no payoff of 1000 points per
asset after period 10.

Period 0 Trading and Probability of Default
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The first period of each round is a special period (period 0). In this period, none of the
participants holds any of the 25 assets. You can try to buy them as in the regular periods
1,2,...,9, but instead of buying them from other participants you will buy them directly
from the experimenter. The computer interface is similar to the computer interface
in the regular periods (i.e. you can enter the number of assets you want to buy at a
certain price). The experimenter only sells assets in period 0 and does not interfere
with the market thereafter. The experimenter will sell all assets in this period, for the
highest unique price at which all of them can be sold (if there is not enough demand to
sell all assets even at a minimal price, the experimenter will sell as many assets as are
demanded).

The outcome of this period 0 is important not only because it distributes the assets
amongst the participants in the group. It also determines the probability that the
assets default in each of the other periods. The higher the market price is in period
0, the lower is the probability that there will be a default (this probability is determined
in period 0 and stays constant once period 0 is over). The following graph shows you
the exact relationship between period 0 price and default probability. On the horizontal
axis you can see possible period 0 prices and on the vertical axis you can see the default
probability that would result from each price.

Figure 12 appears here in the experimental instructions.
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Figure 12: Default probability function, decreasing fundamentals (not labeled in the
instructions)

The following short table gives you some period O prices and the corresponding default
probabilities.
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Price 1 100 200 400 600 800 1000 | 1500 | 2000 | 3000 | 5000
Prob. | 0.618 | 0.464 | 0.349 | 0.201 | 0.119 | 0.074 | 0.050 | 0.027 | 0.021 | 0.020 | 0.020

At the beginning of each of the regular periods, the computer program determines
whether or not there is a default for the whole market using the default probability de-
termined by the price in period 0.

Information on Defaults

Although it will be determined at the beginning of each period whether there is
a default in this period or not, we will not tell you whether or not a default has
occurred! You will always continue the experiment as if no default has ever occurred —
only after each 10 period round we will tell you if there was a default or not and if so,
in which period the (earliest) default occurred. Your earnings for that round are then
determined as of the period the default occurred (your earnings are your cash holdings
and the points earned in your interest account at the time of default — your assets at
the time of default do not affect your earnings in any way). This means that any action
you took after the default occurred does not affect your earnings (but when you take
the decisions you don’t know whether a default had previously occurred).

Summary of the Information

4 identical rounds

e 10 regular periods per round

e 20000 points cash to buy assets per round

e Period 0 is special and determines the default probability.

e If there is a default all assets become completely worthless. Earnings are based
on interest payed before the default and cash holdings at the time of default.

e Each asset pays 120 points interest per period (if the asset is not in default).

e Points earned on assets in the interest account cannot be used to buy assets.

e If there is no default, then in period 10 each asset is exchanged for 1000 points.

e We don’t tell you during a round if there is a default, you always continue as if
there is none. However, the default is used to determine your round earnings.
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A.2 Default Probability Function and Summary of the Information

in the Increasing Fundamentals Treatment

As noted above, in the instructions for the treatment with increasing fundamentals the

numbers are different (see Section 4). Figure 13 shows the corresponding graph of the

default probability function and Table 3 shows the corresponding table. Furthermore,

we reproduce here the short summary at the end of the instructions.
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Figure 13: Default probability function, increasing fundamentals (instead of Figure 13
in the increasing fundamentals treatment)

Price

1

200

400

600

800

1000

1500

2000

3000

5000

10000

Prob.

0.390

0.316

0.264

0.227

0.202

0.183

0.160

0.148

0.141

0.140

0.140

Table 3: Table default probability function, increasing fundamentals

Summary of the Information

4 identical rounds

10 regular periods per round

20000 points cash to buy assets per round

Period 0 is special and determines the default probability.

If there is a default all assets become completely worthless. Earnings are based

on interest payed before the default and cash holdings at the time of default.
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Each asset pays 300 points interest per period (if the asset is not in default).

Points earned on assets in the interest account cannot be used to buy assets.
If there is no default, then in period 10 each asset is exchanged for 2500 points.

We don't tell you during a round if there is a default, you always continue as if
there is none. However, the default is used to determine your round earnings.

B Appendix (for Online Publication): Test Questions

The test questions that had to be answered by participants before they could start the
experiment were the same in both treatments. They are reproduced here. We have
added a checkmark behind the correct answers. Note that subjects had to answer all
questions on one screen correctly in order to proceed to the next screen. If they did not
answer all questions correctly and tried to proceed to the next screen they received the
following error message: "You did not answer all questions correctly. Take another look
at the instructions or raise your hand if you need help."

B.1 Screenl

In period 0, the experimenter tries to sell all 25 assets. Imagine that all of the other 5
participants in your market enter only one bid each and that all of their bids are equal,
specifying a quantity of 2 and a price of 1500. Imagine that you enter the following
three bids:

Quantity 4 and Price 2000,
Quantity 8 and Price 900,
Quantity 25 and Price 50.

What will be outcomes of this?

(a) All others receive 2 assets each and pay a price of 1500 points per asset. You
receive 15 assets, some for a higher price than 1500 points, some for a lower
price.

(b) All others receive 2 assets each and you receive 15 assets. Everyone pays 50 points
per asset. v/

(c) All others receive 2 assets each and you receive 4 assets. Everyone pays 1500
points per asset.
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(d) All others receive 2 assets each and you receive 25 assets. Everyone pays 50 points
per asset.

In period 0, imagine that 4 of the other 5 participants in your market enter only one
bid each and that all of their bids are equal, specifying a quantity of 5 and a price of
800. The fifth other participant and you both enter a quantity of 10 and a price of 600.
What will be outcomes of this?

(a) The market price will be 600. The 4 participants that entered the same bids
receive 5 assets each, you and the person entering the same bid as you will receive
5 assets each.

(b) The market price will be 800. The 4 participants that entered the same bids
receive 5 assets each, you and the person entering the same bid as you will receive
5 assets each.

(c) The market price will be 600. The 4 participants that entered the same bids
receive 5 assets each, you and the person entering the same bid as you will receive
5 assets together (who receives how many exactly will be determined randomly).
v

(d) The market price will be 800. The 4 participants that entered the same bids
receive 5 assets each, you and the person entering the same bid as you will receive
5 assets together (who receives how many exactly will be determined randomly).

Imagine that you want to buy 25 assets in total if the price is at most 204 points per
asset. If the price is larger than 204 points but at most 788 points you want to buy
13 assets in total. If the price is larger than 788 points but at most 1800.5 points you
want to buy 8 assets. What do you enter into the corresponding part of the computer
interface?

(a) Quantity: 25, Price 204, Quantity 13, Price 788, and Quantity 8, Price 1800.5. v/
(b) Quantity: 8, Price 1800.5, Quantity 5, Price 788, and Quantity 12, Price 204.

B.2 Screen 2

In periods 1 to 9 you can trade the asset with the other members of your group. You
can enter bids to buy assets and offers to sell assets. Imagine that you consider both,
buying and selling assets. Which of the following is correct?

(a) You cannot try to buy assets at a higher price than the lowest price at which you
are willing to sell assets. v/
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(b) You can try to bid for as many assets as you like at any price. If the market price
turns out to be high, your cash holdings may become negative.
(c) You can make sell offers for the same quantity at different prices.

In the very beginning of each period from period 1 to 10 it will be determined whether
there is a default. If there is a default, what happens to the assets?

(a) The assets will not pay any interest anymore for the remaining periods of this
round. In the last period they will nevertheless be exchanged into 1000 points
per asset.

(b) The asset will not pay any interest anymore for the remaining periods of the round

and participants will not receive any points for the assets in the last period. v’

The default probability depends on the market price in period 0. Which of the following
is NOT correct?

(a) After period O has ended, the probability that there is a default is fixed for the rest
of the round.

(b) You can see in the corresponding graph in the instructions how the price in period
0 determines the probability of default.

(c) When a new round starts, the default probability in the round before does not
matter anymore for the new round.

(d) The default probability for each period is determined in the period before. v/

Imagine that in period 6 you hold 7 assets. Other members of your group each offer to
sell 3 units at a price of 1100 and ask to buy 6 units at a price of 1000. You offer to sell
7 units at a price of 1151 and ask to buy 6 units at a price of 1149. What trades are
you involved in, in period 6?

(a) You sell 7 units at a price of 1151.
(b) You sell 7 units at a price of 1149.
(c) You sell 7 units at a price of 1100.
(d) You sell 7 units at a price of 1000.
(e) You buy 6 units at a price of 1000.
(f) You buy 6 units at a price of 1100. v/
(g) You buy 6 units at a price of 1149.
(h) You buy 6 units at a price of 1151.
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B.3 Screen 3

If you hold assets at some point you may receive interest payments. Which of the
following is correct?

(a) You can use the money from your interest account to buy assets in later periods.

(b) For each asset you are holding in a period you receive an interest payment of 120
points (if there has been no default before). v/

(c) An asset only pays interest in the period right after you bought it, even if you hold
it for multiple periods.

There are rounds and periods in this experiment. Which of the following is correct?

(a) There are 4 rounds in the experiment (each consisting of 10 regular periods and
period 0). When you start a new round you have 20000 points in cash, 0 points
in your interest account and no assets. v’

(b) In each of the regular periods you have 20000 points of cash to buy assets with.

(c) Assets only last for one period, once the interest of an asset has been paid the
asset always loses its value.

In each period there is the possibility of a default that makes all assets completely
worthless. What happens when such a default occurs?

(a) You will immediately be informed that the default occurs, your earnings are de-
termined and your group will continue straight with the next round.

(b) You will only be informed after the end of the round that this default occurred.
Without you knowing it, the further actions you take during the rest of the round
will no longer influence your earnings of the round. v/

C Appendix (for Online Publication): Graphs of Prices
in all Markets

Figures 14 to 17 show the market prices in the experiment in all rounds and periods
for all groups. Figures 14 and 15 show the prices for all eight groups in treatment
DEC, Figures 16 and 17 show the prices for the eight groups in treatment /NC. Each
row corresponds to one group, starting with the first round on the left and ending with
the fourth round on the right. Market prices are shown with red circles. Red crosses
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show the mean of the highest bid and the lowest offer price when no trade is carried
out but when both bids and offers are present. Similarly to Figure 2, the equilibrium
fundamental value is drawn with a solid black line and the price leading to the highest
possible expected earnings for all subjects together is drawn with a dashed black line.
Furthermore, the actual fundamental value within a round (which depends on the price
in the IPO and is different across groups and rounds) is drawn with a dotted blue line.
As there is no more trade in the tenth period, periods only reach from 0 (the IPO) to 9.
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D Appendix (for Online Publication): Graphs of Traded

Quantities

Figures 18 and 19 show the quantities traded in the different groups in all rounds and
all regular periods (in period 0, i.e. in the IPO always all 25 bonds are sold). Each
line connects the quantity traded in the different periods of the same round. Figure 18
shows the data from the groups in treatment DEC, while Figure 19 shows the data from
the groups in treatment INC.
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Figure 18: Quantities Traded in Treatment DEC
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E Appendix (for Online Publication): Bids in the IPO

As a measure for the bids submitted by an individual, we take the integral of their
submitted demand schedule. The mean value of this measure increases over the four
rounds with similar magnitude in both treatments. We order individuals from low to
high value and plot the results for rounds 1 and 4 in Figure 20. The figure again
shows evidence of learning. Higher values are observed in Round 4 than in Round 1.
The results also show no discernible differences between treatments with decreasing or
increasing fundamentals.

o Treatment DEC
X Treatment INC

o Treatment DEC
X Treatment INC

250000
|
250000
|

100000

Demand curve integral
|
Demand curve integral
100000
[
X
%

%
z

Individuals (ordered) Individuals (ordered)

(a) Round 1 (b) Round 4

Figure 20: Integrals of Demand Curves Submitted in the IPO in the First and Last
Rounds

Notes: The figures show the integrals of the submitted demand curves in the IPO by all subjects in round
1 and round 4. Subjects are ordered from lowest value to highest value.

While the aggregate price data suggests learning, the data also show evidence of irra-
tionality for some subjects. Bidding for all 25 bonds at the equilibrium fundamental
value can be seen as an upper bound on rational bids. This is because buying 25 bonds
at the equilibrium price would yield no earnings while it does involve risk. This upper
bound is at roughly 25 % 1860 = 46,500. In all rounds there are demand schedules sub-
mitted that imply a willingness to pay up to 320,000 in the fourth round. The number
of subjects submitting a demand schedule that implies a willingness to pay greater than
46,500 is increasing over the rounds (in DEC the number is 4, 12, 18, and 18, in rounds
1, 2, 3, 4, respectively; the corresponding numbers in /INC are 6, 16, 22, and 18; in both
treatments there are 48 subjects). It is interesting to see that such irrational bids do
not result in poor market performance. Note that extremely high bids are placed at the
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beginning of the aggregate demand schedule. There are not enough of them to distort
the price at which aggregate demand crosses the supply of 25.
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