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ABSTRACT

We consider an experimental asset market where all investors receive the same dividend
from a known probability distribution, and examine the impact of transaction costs, short selling
restrictions and divisibility of assets on the market efficiency. We find transaction costs do not
exacerbate the inefficiency of the market. Conversely, they reduce the occurrence and magnitude
of bubbles and cause prices to track fundamentals more closely. More divisible assets have
smaller deviations of the transaction prices from the fundamental value. Short selling restrictions
prevent traders from reducing prices and contribute to prolonged bubbles. Relaxing the short
selling constraint reduces prices, increases the occurrence of “bust cycles”, but does not result in
prices tracking the fundamentals. We also combine these three asset attributes to compare
experimental real estate markets with experimental financial markets. Compared to the
experimental financial market, the experimental real estate market displays larger deviations of

transaction prices from the fundamental value, longer boom and bust cycles and smaller turnover.
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I. Introduction

A central idea in asset valuation theory is that the value of an asset is equal to the
discounted present value of its rationally expected cash flows. An asset market is said to
be efficient if prices closely follow fundamental values. Furthermore, if the market is
efficient, equilibrium prices should change only when new information that affects
market participants’ expectations about the cash flows becomes available. On the other
hand, if asset prices persistently deviate from their fundamental values, “bubbles” may
form in the market. History contains many examples of bubbles, including the famous
Dutch “tulipmania” of the 1630s, savings and loan crisis of the 1980s, the Asian financial
crisis of 1997, sudden collapse of the NASDAQ shares of 2000s and the current
mortgage crisis. The existence of bubbles can result in misallocation of capital and
resources, affect investment decisions, and have considerable economic impact.
Therefore, it is important to understand the causes of bubble formation and examine ways
to reduce or eliminate them. This is especially important for the real estate markets,
where vast amounts of capital are invested. When we consider the fact that
approximately half of all the wealth in the world is real estate', it becomes obvious that
the existence of a bubble in real estate markets may have large implications for the
domestic and the global economy. Thus, it is important that we better understand the
factors which may contribute to the formation of bubbles in real estate markets.

Real estate has several important attributes that differentiate it from financial assets.
Real estate is heterogeneous, indivisible and has unique location. In addition, real estate

markets are characterized by high transaction costs, lack of short selling opportunities,

" Based on a 1991 estimate by Ibbotson Association.



high cost of obtaining information, illiquidity, and high government regulation. All of
these attributes affect the efficiency of the market to varying degrees.

In this paper, we focus on three attributes of real estate: transaction costs, short
selling restrictions and indivisibility of assets.> The objective is to provide experimental
evidence on the individual impact of each of these three attributes on the efficiency of
real estate markets. The expectation is that each of these attributes makes it more difficult
or costly for traders to act on opportunities created by divergences between the current
price and the fundamental value of the asset, hence making the market less efficient.

We find that imposing transaction costs has two effects. First, as can be expected,
the volume of trade decreases. Second, contrary to our initial hypothesis, occurrence and
magnitude of bubbles are reduced significantly, and the market becomes more efficient in
the presence of transaction costs. When short selling is not allowed, the market is
characterized by large and prolonged bubbles. Allowing short selling reduces the
likelihood and the magnitude of a bubble, drives the overall price levels below
fundamental values, and significantly increases the volume of trade. As expected,
introducing a more divisible asset also reduces the magnitude of bubbles and increases
the overall efficiency of the market.

In one of our experimental markets we combine all of the three attributes of real
estate markets above; high transaction costs, no short selling, and indivisibility. In
another experimental market, we mimic financial markets by eliminating transaction
costs, allowing for short selling and making the asset more divisible. Comparing the two

experimental markets, we find that deviations of asset prices from fundamental values are

2 We use the term indivisibility to refer to the fact that real estate investments typically require much larger
amounts of funding than financial assets and that there are fewer units of real assets traded than financial
assets.



higher, the boom and bust periods are longer and the turnover is smaller in the market
that resembles the real estate markets.

Over the years, a vast theoretical, empirical and experimental literature on market
efficiency has developed. Any list of the articles on this topic would be incomplete at
best. Seminal theoretical articles on the issue include Hayek (1945), Muth (1961), Fama
(1970), Lucas (1972) and Grossman (1976). There have been various empirical attempts
to test the predictions of the market efficiency models for the financial and real estate
markets. However, as pointed out by Case and Shiller (1989, p.135), data problems leave
“little hope of proving definitely whether the housing market is not efficient.” One
critical problem with the existing field data is that the fundamental value of the asset is
unobservable. Another problem with the field data is that many of the potentially
important market and asset attributes cannot be isolated from each other, hence their
individual impact cannot be examined. These problems can be overcome through
experimental methodology. In experimental studies, we can structure markets in such a
way that the fundamental value of the assets is known with certainty. Furthermore, we
can control for traders’ expectations of future cash flows and news available to them. For
the purpose of the questions studied in this paper, we will also be able to control for the
amount of transaction costs, divisibility of the asset and short-selling restrictions.

The rest of the paper is organized as follows: Section II reviews the relevant
literature and states our hypotheses. Section III presents a detailed description of the
different experimental markets in this study. Section IV presents the data and reports the

results. Section V concludes.



I1. Review of Previous Experimental Literature and Research Hypotheses

A. Review of the relevant experimental literature

Since Smith’s seminal article in 1962, there has been an explosion in the quality and
quantity of research in the area which has become known as “experimental economics.”
A significant portion of this literature deals with the informational and allocational
efficiencies of experimental asset markets. Typically data collected in experiments are
compared with the predictions of the rational expectations theory (Muth, 1961 and Lucas,
1972). This theory assumes that individuals take all available information into account in
forming expectations and act upon those expectations. For example, Plott and Sunder
(1982) test the rational expectations theory by conducting a simple double oral auction
experiment where some of the traders, called “insiders”, have more access to information
than others. They find that initially prices are far from efficient levels predicted by the
rational expectations theory. In Plott and Sunder (1982), prices eventually start to
converge to efficient levels, highlighting the importance of traders’ experience in
achieving price convergence. In Forsythe et al. (1982), where different trader types
receive different dividends from each unit of the asset, prices converge to perfect
foresight equilibrium levels after three or four periods, when near-100% efficiency is
reached. They also find that the speed with which prices converge to equilibrium levels
increases when futures are introduced into the market.

A related stream of experimental research deals with the occurrence and causes of

“bubbles.” The existence of pricing bubbles, defined as asset prices being persistently
higher than their fundamental values®, was first studied in a laboratory environment by

Smith et al. (1988). This study considers spot asset trading in an environment where all

3 This is the definition of bubbles we will be using throughout the paper.



investors receive the same dividend from a known probability distribution at the end of
each trading period. Bubbles are observed in 14 of the 22 sessions conducted. In most of
the experiments, bubbles are followed by crashes, which are characterized by asset prices
falling sharply to or below their fundamental values. Considering the fact that the market
environment is extremely simple, it is rather surprising that bubbles would form in these
experiments. However, Smith et al. (1988) results have been replicated in numerous later
studies, including Van Boening et al. (1993), Porter and Smith (1995, 2003), Noussair,
Robin, and Ruffieux (2001), Lei et al. (2001) and Haruvy and Noussair (2006). All of
these studies feature an experimental design which features an asset with a finite lifetime,
typically 15 or 30 periods. The asset pays dividend every period and apart from a
possible fixed terminal value this dividend is the only source of value.

The important characteristic of these markets is that all the traders receive identical
dividends and the dividend structure is common knowledge. Therefore, the fundamental
value of the asset is clearly defined and can be easily calculated by the players in each
trading period. Yet, the common result in these studies is that a price bubble occurs
before prices converge to near fundamental values toward the final trading period.*

In particular, Porter and Smith (1995) test whether bubbles are formed because of
dividend risk aversion in a market with uncertain dividends. Their results show that the
market is not more efficient when the dividends are certain. The occurrence and
magnitude of bubbles are not significantly lower in the treatment with certain dividends
compared to the treatment with uncertain dividends. Likewise, Noussair, Robin, and

Ruffieux (2001) construct a market where the fundamental value of the asset is constant

* It is worth noting that Porter and Smith (2003) conducted sessions with students, mid-level corporate
execs and over-the-counter market dealers and find no significant effect.



throughout its lifetime. The market is inefficient in the sense that keeping the value of
the asset constant fails to eliminate price bubbles. Lei et al. (2001) consider an asset
market where speculation is not allowed. Traders are randomly assigned to either
“Buyer” or “Seller” types, so each trader can either sell assets or buy them, but cannot do
both, hence eliminating the ability of a player to buy for the purpose of resale later. The
common theme of “boom” and “bust” cycles is still observed. The results suggest that
the divergence of prices from fundamentals is not caused by the lack of common
knowledge of rationality, which may lead to speculation. Dufwenberg, Lindqvist and
Moore (2005) test the impact of experience and find that bubbles are substantially abated
if a high enough fraction of traders in the market are experienced traders.

Haruvy and Noussair (2006) investigate the role of short selling restrictions on
market efficiency. They find that relaxing short selling restrictions lowers prices but does
not induce prices to track fundamentals. Prices stay significantly below fundamental
values before they converge to fundamental values in the final periods of trading. This is
in contrast to King et. al (1993) who find that short selling restrictions have no impact on
the likelihood and the magnitude of bubbles. A recent study by Bhojraj, Bloomfield and
Tayler (2008) examines an experimental market with “smart-money traders” who know
the fundamental value of the property with certainty and computerized “sentiment
traders” who buy shares steadily over the course of trading and whose trading behavior is
perfectly predictable. They find that relaxing margin restrictions to allow smart-money
traders to short sell more units can in fact exacerbate overpricing. This is because smart-

money traders earn greater profits by front-running the sentiment traders.



In this study, we conduct experiments to test the effects of three attributes of real
assets on market efficiency: large transaction costs, short selling restrictions and
indivisibility of the asset. We first consider the baseline experimental treatment where
none of these restrictions are imposed, i.e., where the characteristics of the asset traded
are similar to characteristics of financial assets. We then consider additional
experimental treatments, each capturing one or more of these three features of the real
estate markets.

Each experimental treatment is intended to measure the effect of an institutional
change on the efficiency of the market. We measure efficiency by the degree to which
prices track fundamentals and by the duration and magnitude of bubbles and crashes.

The first treatment has the most restrictive market conditions and we hypothesize
that this market design results in the least efficient outcome. In the first treatment, called
NSS-TC (abbreviation for no short sales - transaction costs), there is a 10% transaction
cost to the sellers, and short selling is not allowed. >® Among the treatments examined in
this study, NSS-7C treatment is the one that most closely resembles the real estate
markets. The second treatment, NSS (no short sales) is exactly the same as NSS-7C,

except there are no transaction costs. The third treatment, SS (short sales) relaxes the

> Major components of the transaction costs in real estate markets include brokerage fees,
typically around 6%, transfer taxes and cost of time and effort in searching for a buyer.

6 Plot and Smith (1978), Williams (1973), Forsythe, Paflrey and Plott (1982) and Porter and Smith
(2003) also consider the role of transaction costs. Plot and Smith (1978) and Williams (1973) divide
traders into buyers and sellers, assign a valuation/cost to each buyer and seller, and test whether transaction
prices occur at the intersection of the resulting demand and supply curves. Imposing a transaction cost on
the buyer/seller shifts the demand/supply function, hence moving the equilibrium price. Their focus is on
the efficiency of trade under alternative trading organizations (oral-bid auction versus posted-price
organization). Forsythe, Paflrey and Plott (1982) utilize an oral double auction market and partition traders
into different types by assigning them different returns from the asset. The experimental market in Porter
and Smith (2003) is similar to ours. Unlike our setup, the transaction costs in Porter and Smith (2003) are
fixed at 20 cents for each trade (10 cents on the buyer and seller). Since the fundamental value is
decreasing through periods, their transaction costs are increasing as a percentage of the fundamental value
from one period to the next.



short selling restriction. Traders can short sell as many units as they wish, as long as they
meet a cash reserve requirement.” The next two treatments are designed to measure the
effect of the divisibility of the asset on market efficiency. Divisibility is captured by
increasing the units of assets available to trade and proportionately decreasing the
dividend amount per unit, hence reducing the fundamental value of the asset. Divisibility
represents the fact that real estate investments typically require much larger amounts of
funding than financial assets and that there are fewer units of real assets traded than
financial assets. Since these attributes can affect the degree to which an asset can be
traded without affecting the asset’s price, the divisibility treatment can be interpreted as
capturing the liquidity of the asset. In the SS-DA (short sales - divisible assets) treatment,
there are four times as many assets, which provide one fourth of the dividends in each
state of the world, and short sales are allowed. The fifth treatment, NSS-DA (no short
sales and divisible assets) is similar to SS-DA, except short selling is not allowed.
Comparing the NSS-TC and NSS treatments will enable us to examine the impact
of transaction costs. Similarly, comparing the NSS treatment with NSS-DA treatment and
comparing the S§ treatment with SS-DA treatment will help us investigate the impact of
the divisibility of the asset on market efficiency, with and without short sales. Haruvy and
Noussair (2006) conducted the SS and NSS treatments to study the impact of short selling.
A comparison of the SS-DA and NSS-DA treatments will allow us to extend their analysis

of short selling to the markets where the assets are more divisible.

B. Research Hypotheses

7 As will be discussed later, the NSS and SS treatments were conducted by Haruvy and Noussair
(2006). Since our experimental design is the same as theirs, we will be utilizing their data for these two
treatments.
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All traders in our experiment have the same expectations of future dividends and
terminal value of the asset. Therefore, the theory predicts that all traders would assign the
same value to the asset, hence there would be no gains from trade. We know from the
previous similar experiments, however, that subjects do engage in trade and prices often
deviate from the fundamental value.

Explaining the observed deviations of transaction prices from fundamental values
even in very simple experimental markets poses a theoretical challenge. One possible
explanation is that rational buyers understand that inflated prices will eventually collapse,
but meanwhile they would like to ride the bubble and generate high returns, hoping that
they would exit the market just before it crashes. Another possible explanation is that
players may have doubts about future prices tracking fundamentals because they have
doubts about the rationality of other players. In this paper, we focus on how different
asset attributes might be contributing to deviations of the prices from fundamentals.
Based on this, we form conjectures here as to how the observed prices would be affected
by presence of transaction costs, short selling and divisibility of the asset.

Our conjecture is that the efficiency of the market will be adversely affected by
the presence of transaction costs, by the absence of short selling and by the indivisibility

of the asset. We state our hypotheses below.

Hypothesis 1: Introducing transaction costs widens the difference between prices and

fundamental values.
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The rationale for this hypothesis is that higher transaction costs make it more difficult for
trades to react to new information or to the divergence between the current price and the
fundamental value of the asset. Traders will not buy (sell) unless the difference between
the current price and the fundamental value of the asset is at least as large as the
transaction costs.

The second and third hypotheses test the conventional wisdom: the availability of
short selling reduces the occurrences of bubble formation. Miller (1977), for example,
argues that the cause of asset market bubbles is a constraint on the ability of traders to
speculate on future downward movements of prices. In the absence of short selling, the
transaction price will reflect the valuation of the most optimistic trader. In the presence of
short selling, the valuation of the pessimistic sellers become relevant and these traders
will put a downward pressure on prices. Following Haruvy and Noussair (2006), we

form two hypotheses, one strong and the other weaker.

Hypothesis 2a: In the presence of short selling, bubbles are less likely to occur and

prices are more likely to track fundamental values.

The second, weaker conjecture states that relaxing short selling restrictions does not

necessarily lead to prices tracking the fundamentals. The restrictions simply increase the

supply of assets, thereby reducing their equilibrium price. This leads us to the next

hypothesis:

Hypothesis 2b: Short selling reduces price levels.
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As stated earlier, the above hypotheses on short selling have been thoroughly examined
in Haruvy and Noussair (2006). Our contribution here will be to re-examine the impact of
short selling in an experimental market where the assets are more divisible compared to
the assets in Haruvy and Noussair (2006).

The last asset attribute considered in our experiment is the lumpiness or
(in)divisibility of the asset. The indivisibility of assets is, perhaps, most pronounced in
the real estate markets. This follows from the fact a typical real estate investment,
whether it is a tract of land, a residential property or a commercial property, requires a
significant capital outlay. Shares of real estate investment trusts (REITs), which are
public or private companies that invest in real estate, are a notable exception. Directly-
held real estate, however, is relatively indivisible compared to financial assets. The third
hypothesis states that the indivisibility of real assets reduces the efficiency of the market,

both with and without short selling restrictions.

Hypothesis 3: Prices track fundamentals more closely in a market with divisible assets

than in a similar market with lumpy assets,

Compared to financial markets, real estate markets are characterized by high transaction
costs, indivisible assets and no short selling. Two of our experimental markets are
designed to enable us to compare pricing behavior in real estate markets with that of
financial markets. One experimental market involves transaction costs, indivisible assets

and no short selling while the other experimental market involves zero transaction costs,
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short selling and divisible assets. Given the three hypothesis above, we form the

following conjecture in comparing these two markets.

Hypothesis 4: Prices in the experimental financial market are closer to the fundamental

value than the prices in the experimental real estate market.

I11. Experimental Design and Procedures
A. General Structure

The experimental sessions were conducted at the Pennsylvania State University.
The subjects are undergraduate and graduate students enrolled at the Pennsylvania State
University. Subjects were not allowed to participate in more than one session. Each
session lasted about 90 minutes. Subjects received $5 dollars for participation, in
addition to the money they earned based on their performance in experiments. Actual
earnings ranged from $6.81 to $41.21, and the average earning was $19.59.

Table I shows the summary information about the five treatments considered in
this paper. The NSS and SS treatments are conducted by Haruvy and Noussair (2006) and
we utilize their data for these two treatments. Since their set up is identical to ours, there
is no need to replicate those treatments.

The parametric structure of our experiment as well as that of Haruvy and Noussair
(2006) experiment is based on Smith et al. (1988). There are 15 trading periods in each
session. At the end of each trading period, the asset (which is called “share” in the
experiment) pays a dividend that is determined by an independent four-point distribution.

A roll of a four-sided die determines which one of the dividends will be paid per share for
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that period. The four possible values of dividends are 0, 8, 28 and 60 francs (the
experimental currency) for the NSS-TC, NSS, and SS treatments and 0, 2, 7, and 15 francs
for the SS-DA and NSS-DA treatments. The expected dividend stream per period is 24
francs for the NSS-7C, NSS and SS treatments and 6 francs for the SS-DA and NSS-DA
treatments. In this experiment, dividends are the only source of value, hence the
fundamental value of the share is equal to the expected future dividend stream. Thus, the
fundamental value of the share in any period ¢, +=1,..,15, equals 24*(16-¢ ) francs for the
NSS-TC, NSS and SS treatments and 6 *(16-t ) francs for the SS-DA and NSS-DA
treatments.

This particular market structure is chosen for several reasons. First, this is a very
simple market that makes sharp predictions about the price levels. Calculating the
fundamental values of the shares in each period is straightforward. Therefore, should
bubbles and crashes occur, we can readily observe them. Second, we only need to
consider the informational efficiency here. We need not worry about the allocational or
production efficiency. In our experiment, all traders have identical preferences expressed
by the dividend structure, so the theory does not make any predictions about allocational
efficiency. Likewise, there is no production, so we cannot speak of production
efficiency. Therefore, the market in our experiment is efficient if it is informationally
efficient, i.e., if prices are equal or close to fundamental values. Third, this particular
design is known in most trials to produce bubbles, whose existence seems to be relatively
robust to many changes in the market organization. This allows us to analyze the
occurrence and magnitude of bubbles with institutional changes, such as introducing

transaction costs, relaxing short selling restrictions, and increasing the aggregate supply
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of the asset. Fourth, using the same parameters as some of the previous studies allows us
to directly compare our results to theirs, including Smith et al. (1988) and Haruvy and
Noussair (2006), and obtain sharper conclusions about the impact of transaction costs,
short selling and the divisibility of the asset.

In each session, subjects participate in a market for an asset that has a 15-period
life. We use a fictitious currency called “francs” during the experiment. At the end of
each session, the traders’ money balances in francs are converted to US dollars and the
subjects are paid in dollars. The conversion rate is 100 francs = 1 US dollar. In the NSS-
TC, NSS, and SS treatments, each share provides dividends of 0, 8, 28, and 60 francs with
equal likelihood. Since the dividends are the same for all traders, traders have identical
expected payoffs from each share. Traders only differ with respect to their endowments.
There are three trader types and three subjects of each type (total of nine subjects) in each
session. In the first three treatments, Type I traders have an endowment of 225 francs
and 3 units of shares; Type II traders have 585 francs and 2 units; and Type III traders
have 945 francs and 1 share. In the SS-DA and NSS-DA treatments, each share provides
dividends of 0, 2, 7, and 15 francs, each with equal likelihood. Type I traders are
endowed with 225 francs and 12 units of shares; Type II traders have 585 francs and 8
units; and Type III traders have 945 francs and 4 units. These parameters are chosen to
make sure that the expected earnings for all trader types across all treatments are
identical. The expected earning for each trader is US$18.05 in all five treatments. The

experimental design parameters are summarized in Table II.
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We use the z-Tree software developed by Fischbacher (2007) to create an
electronic continuous double auction market that is similar to the market environment

created by Smith (1962).

B. Timing of the Sessions

Before conducting the sessions, we made sure that the subjects who signed up to
participate in an experimental session had not participated in another session before. This
is important because prior experience has been repeatedly shown to affect the subjects’
strategies in experimental asset markets. Upon arrival, the subjects receive written
instructions explaining how the electronic auction market works, and how the subjects’
earnings are calculated®. Then the experimenter reads the instructions aloud and goes
over an example to illustrate the process of making offers and bids, as well as buying and
selling shares. After the instructions are read and the experimenter answers all the
questions the subjects may have, the subjects participate in three training periods, where
they practice buying and selling shares. The earnings or losses during the training
periods do not count towards final earnings.

After the training periods, the subjects participate in a market consisting of 15
four-minute periods. The subjects receive their initial endowments in francs and shares.
During the four-minute trading period, subjects are free to buy and sell shares, as long as
they follow the rules. For example, in the NSS treatment, subjects are not allowed to
short sell any shares. If a subject has no shares, but tries to sell a share, the computer

would not allow it. The subjects’ money balance and their inventory of shares carry over

¥ Instructions for the NSS-TC treatment are provided in Appendix I. A screenshot of the main trading
period is shown in Appendix II.
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from one period to the next, up to the last period (15" period). After the last dividend
payout in period 15, the shares are worthless.

A subject’s earnings in a session are equal to the initial money endowment plus
dividends earned from shares held minus dividends paid on shares sold short (for SS and
SS-DA treatments) plus money received from the sales of shares minus the money spent

to buy shares.

IV. Results

As pointed out in Haruvy and Noussair (2006), the dynamic and interactive nature
of trading and a very complex strategy space for traders in continuous double auction
markets make it very difficult to study individual behavior. For that reason, we follow the
previous experimental literature on bubbles and focus our analysis on the observed prices
in the market.

We begin our analysis of the data with a visual inspection. Figures I — III present
the median prices and trading volumes for each session for the five experimental
treatments. What is striking across these treatments is that median prices start below the
fundamental value in every session except for one session in the SS-DA treatment, and
median prices eventually climb above the fundamental value in every session except for
one session in the NSS-DA treatment.

Figure I shows the data from the NSS-7C and NSS treatments and highlights the
main differences between the two treatments. The left panels of Figure I indicate that
bubbles occur in all five sessions of the NSS-TC and NSS treatments. Bubbles occur

more frequently in the NSS treatment, in which the median price exceeds the fundamental
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value in 23 of the 30 periods (77%). In the NSS-TC treatment, the median price is higher
than the fundamental value in 30 out of 45 periods (67%). The magnitude of the bubble
is also much larger in the NSS treatment than the NSS-TC treatment. In terms of volume,
the number of trades is clearly higher in the NSS treatment.

Figure II shows the median price and volume information for the SS and SS-DA
treatments. In the SS treatment, the median price is lower than the fundamental value in
37 periods out of 45 (82%). Median prices are lower than fundamental values in 19 of 45
periods (42%) of the SS-DA treatment. More importantly, as the lower left panel of
Figure II clearly indicates, prices are significantly closer to fundamentals in the SS-DA
treatment. The trading volume is higher in the SS treatment, which is in contrast to the
expectation that more units would be traded in the SS-DA treatment.

Figure III shows the median price and volume information for the NSS-DA
treatment. Prices are lower than fundamental values in 23 of 45 periods (51%). Overall,
the pattern of median trading prices is similar to that of the SS-DA treatment. The first
session of NSS-DA seems to be an exception, where the magnitude of the bubble is large.

Due to the finite number of periods in our experimental markets, the fundamental
value of the asset decreases through time. Thus, a difference of X francs between the
observed price and the fundamental value in the first period will be a smaller proportion
of the fundamental value compared to a difference of X francs between the observed price
and fundamental value in a later period. Figure IV displays the difference between the
median price and fundamental value as a percentage of the fundamental value, averaged
over all sessions within a treatment, for all five treatments. Figure IV shows that

percentage deviations from the fundamental value are initially negative in every
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treatment and they all eventually turn positive. Percentage deviations tend to increase
through periods until they start getting smaller again in the final periods.

The quantitative measures of efficiency are shown in Table III. We start the
quantitative examination by defining two main measures of differences between median
prices and fundamental values.” These measures, “Total dispersion” and “Average
bias,” are shown in the last two columns of Table IIl. Total dispersion is the sum (over
15 periods) of the absolute deviations of median period price from fundamental values.
In equation form: Total dispersion=y, |MedianP,- f;|, where MedianP, denotes the
median transaction price in period ¢ and f; denotes the fundamental value in periodz. A
low Total dispersion means that asset prices closely correspond to fundamental values. A
high Total dispersion means that prices diverge from fundamentals.

The other main measure of differences between median prices and fundamental
values is the Average bias, which is the average over 15 periods of the deviation of
median period price from fundamental value in the period. That is: Average
bias=) (MedianP;- f,)/15, where MedianP, and f; are the median transaction price and
fundamental value in period ¢, respectively. If Average bias is close to 0, this means that
on average prices are close to fundamentals. A large positive (negative) Average bias
indicates that prices are on average much higher (lower) than fundamentals. Average
bias is a measure of whether mean prices deviate from fundamentals, while Total
dispersion is a measure of variability. It is possible for Average bias to be very low (if

both positive and negative bubbles occur) but for Total dispersion to be high. Therefore,

? The results of our analysis do not change significantly if we use mean trading prices instead of median
prices.
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