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Abstract.

 

We construct asset markets of  the type studied in Smith 

 

et al

 

. (1988), in which price
bubbles and crashes are widely observed. In addition to a spot market, there are futures markets
in operation, one maturing at the beginning of  each period of  the life of  the asset. We find that
when futures markets are present, bubbles do not occur in the spot markets. The futures markets
seem to reduce the speculation and the decision errors that appear to give rise to price bubbles in
experimental asset markets.

 

1.

 



 

The prevalence of bubbles and crashes in experimental markets with inexpe-
rienced participants is a well-documented result in experimental economics.
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Smith 

 

et al

 

. (1988) were the first to observe the bubble and crash pattern. They
studied markets with the following structure. The asset traded has a life of 15
periods. In each period, each unit of the asset pays a per-unit dividend that
is common knowledge and independent of the identity of the agent holding
the asset. Because of the finite time horizon and the fact that the dividends,
whose distribution is common knowledge, are the only source of intrinsic value
for the asset, the fundamental value at any point in time can be calculated.
The fundamental value declines over time, decreasing in each period by the
per-period expected dividend. However, Smith 

 

et al

 

. find that, when participants
have little or no previous experience in asset markets of the same type, the markets
exhibit price bubbles and crashes rather than tracking the fundamental value.
For most of the time horizon, market prices greatly exceed fundamental values
on high volume. Market crashes – rapid drops in price to fundamental values
– often occur as the end of the life of the asset approaches.

These price bubbles have been found to be resistant to environmental and
institutional changes that might have been thought to eliminate them. King

 

et al

 

. (1993) show that bubbles occur even in the presence of a Tobin tax on
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See Sunder (1995) for a survey of research on laboratory asset markets.
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transactions, of limits on price changes from one period to the next, of equal
initial endowments of the asset for each agent, of margin buying capability,
and of informed graduate students or businesspeople as participants. Fisher
and Kelly (2000) show that if  two asset markets are in simultaneous operation,
bubbles and crashes occur in both markets and the crashes in the two markets
occur nearly simultaneously. Van Boening 

 

et al

 

. (1993) observe that a similar
pattern occurs if  trading is conducted with two-sided sealed-bid auctions in
each period, thereby showing that the bubble and crash phenomenon is not
specific to the continuous double auction trading system used in all of the
other studies cited here. Camerer and Weigelt (1991), Smith 

 

et al

 

. (2000), and
Noussair 

 

et al

 

. (2001), show that assets with constant rather than declining
fundamental values also generate bubbles and crashes. Isaac and James (2000)
find that in the presence of tournament incentives, bubbles increase as traders
gain more experience, indicating that the bubble phenomenon is not particular
to a fundamental value structure that declines over time. Porter and Smith
(1995) observe that the existence of a futures market, in which contracts are
realized at the halfway point of the trading horizon, in period eight of fifteen
total periods, does not remove the tendency for bubble formation.

To explain the occurrence of bubbles, Smith 

 

et al

 

. (1988), and Smith (1994)
argue that they form because the rationality of participants is not common
knowledge. Although the experimenter can explain to all agents the dividend
process, he cannot convince participants that all other traders are rational. If
an agent believes that others may be ‘irrational’, in the sense that they may
make purchases at prices greater than fundamental values, the agent may
speculate in order to attempt to realize capital gains. As soon as speculative
demand raises prices above fundamentals, speculative behaviour is reinforced
and prices continue to rise. Expectations of future capital gains can thus emerge
endogenously if  the rationality of participants is not common knowledge and
lead to bubble formation. Prices remain above fundamental values until the end
of the life of the asset is sufficiently close so that there are no further perceived
opportunities to realize capital gains. As the end of the asset’s life approaches,
the speculative demand disappears and a crash occurs. Lei 

 

et al

 

. (2001) argue
that in addition to speculation, decision errors on the part of market partici-
pants also play a role in bubble formation. These errors appear to originate
in an inability on the part of traders to correctly value the asset by linking
the expected future dividend stream to a rational limit price, as well as in the
procedures of  the experiment, which encourage active participation in the
market due to a lack of alternative activities. These effects, both speculation
and decision error, appear to us to provide the most reasonable account of
the source of the bubble and crash phenomenon.

The formation of endogenous expectations and the tendency to err when
valuing the asset both presumably result from the dynamic multi-period
structure of the market. Both arise from a failure of subjects to calculate an
appropriate limit price using backward induction, or from a lack of common
knowledge on the part of individuals that others are doing so. The bias towards
active participation presumably arises from the existence of only one activity
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in the experiment, trading in the spot market. If  the origins of bubble forma-
tion are those described above, none of the institutional and environmental
manipulations mentioned earlier would prevent bubbles because they do not
assist agents to backward induct or to form common expectations about future
prices, nor do they provide alternative activities to trading in the asset market.

In this paper, we consider whether the existence of a futures market maturing
in every period, an institutional feature, prevents spot market bubbles. There
is reason to believe that this particular institutional change might be effective.
This is because (a) it fixes spot market price expectations at publicly observable
levels for every future period, (b) it creates a series of futures market prices
that can aid in the solution of the backward induction problem, and (c) it
offers alternative activities to spot market participation, namely opportunities
to trade in the futures markets. The existence of publicly available expectations
of future spot prices would presumably dampen the incentive to speculate.
Agents could use the futures prices to help them calculate the future value of
the asset at any point in time, perhaps reducing the incidence of decision errors.
If  the prices in the futures markets reflect fundamental values, it may become
common knowledge that traders are using the expected future dividend stream
as a limit price. Thus, while the addition of futures markets does not discriminate
between the sources of bubbles listed in (a) to (c) in the sense that it eliminates
one but not the other sources, it has the potential to address each of them.
There is encouraging previous experimental data that indicates that futures
markets help markets for short-lived assets (of two and three periods in duration)
to converge to rational expectations equilibria (REE) (Forsythe 

 

et al

 

., 1984;
Friedman 

 

et al

 

., 1984).
Our experimental economies differ from those studied by Smith 

 

et al

 

. (1988)
in that, in addition to the spot market where the asset can be traded, there
are 15 futures markets, one maturing in each period. To facilitate the solution
of the backward induction problem and the comprehension of the decision
environment, the futures markets begin to operate before the spot market. The
futures markets are opened one at a time, with a fixed pre-announced time
interval between openings, and in reverse order of maturity. That is, the futures
market for period 15 is opened first. Then, after the time interval has elapsed,
the futures market for period 14 is opened, and so on. After all of the markets
are opened, the spot market begins operation. All futures markets remain open
until maturity.

The observed market activity exhibits the following properties. Spot market
prices closely track fundamental values, with no price bubbles or crashes
observed. In contrast to the remarkably high volumes reported in previous
studies, quantities transacted in the spot markets are moderate. While prices
in the futures markets typically converge to levels close to the REE prices in
the last few periods before their maturity, they deviate considerably from
rational expectations before these last few periods. We conclude that an
institution, more precisely a system of futures markets, can be constructed that
eliminates the bubble and crash phenomenon in experimental markets. How-
ever, the system has the drawback that futures prices provide accurate signals
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about future prices and fundamental values only for the near term future. The
rest of the paper is structured in the following manner. Section 2 describes the
procedures used to conduct the experiment. Section 3 presents the results and
section four outlines our interpretation and conclusions.

2.

 



 

Four sessions were conducted between October 2002 and April 2003. Session
1 was conducted at the University of Canterbury, Christchurch, New Zealand, and
Sessions 2–4 took place at Purdue University, West Lafayette, IN, USA.

 

2

 

 There
were 12 traders participating in each session. Participants were undergraduate
students at the two respective universities who were recruited from introductory
economics and mathematics courses or online through Web-Laboratory, which
is a dedicated website for subject recruitment and management.

 

3

 

 In the
experiment, two types of markets were in operation, one spot market and 15
futures markets. Each futures market corresponded to one of the 15 periods
that comprised the life of the asset.

Traders were initially endowed with 10 units of the asset and a cash balance
of 10,000 ‘francs’, the experimental currency used in the market. The asset
had a finite life of 15 periods. At the end of each of the fifteen trading periods,
each unit of the asset in a trader’s inventory paid a dividend. The dividend
distribution was the following. In each period, each unit of the asset paid 0,
8, 28, or 60 francs to its holder, each value occurring with a probability of 0.25.
Therefore, the average dividend per unit equalled 24 in each period. The dividend
was independently drawn each period. The asset had no terminal value after
the final dividend for period 15 was paid. Therefore, the fundamental value
of  the asset at any time equalled 24 francs times the number of  periods
remaining.

The structure determining the fundamental value was made common knowl-
edge by the experimenter. More specifically, all participants were given a sheet
entitled ‘Average Holding Value Sheet’, within their packet of  instructions.
The sheet contained the expected value of the stream of dividend payments
for the remainder of the experiment. Furthermore, the maximum, minimum,
and expected value of a unit of the asset held for the remaining periods of
the experiment were calculated and made available to the subjects on a separate
computer screen labeled Dividend Calculations. The screen was accessible by
clicking on a field on the main screen. Although the dividend process was
described in detail in the instructions, there was no suggestion that the dividend

 

2

 

Two previous asset market experiments (in which there were no futures markets) with participants
drawn from one of the same subject pools, Purdue University undergraduate students who were
inexperienced with experimental asset markets, exhibit market bubbles and crashes (see the studies
of Lei 

 

et al

 

., 2001; Noussair 

 

et al

 

., 2001). These previous experiments used instructions that were
similar (except for the description of the futures markets) to the ones described here. Thus, we are
using a subject pool and procedures known to generate price bubbles in the absence of futures
markets when traders have no prior experience. No subject who took part in the current study had
any previous experience in an asset market experiment.

 

3

 

See Willer 

 

et al

 

. (2002) for a description of the recruiting website.
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process had any relationship to the prices at which one ought to be willing to
make transactions.

In each trading period, traders were allowed to either buy or sell units of
x as long as they held sufficient cash to purchase the asset or sufficient units
of  asset in their inventory to make the sale. The trading institution in all
markets was the computerized continuous double auction (see Smith, 1962; or
Plott & Gray, 1990; for a description). Under continuous double auction rules,
the market is open for a fixed period of time, during which any potential buyer
or seller can submit an order to buy or sell at a specified price. Acceptance
of another trader’s offer concluded a trade at the price specified in the offer.
All trade took place in terms of the experimental currency. Traders’ earnings
were paid in dollars at the end of the experiment according to a predetermined
conversion rate (equal to 485 francs 

 

=

 

 $1 of local currency, either $NZ or
$US). Inventories of francs and units of x carried over from one period to the
next.

In addition to the spot market, in which the exchange of units occurred at
the time of an offer’s acceptance, there were 15 separate futures markets, one
maturing at the beginning of each spot period. We will refer to the futures
market maturing at the beginning of Period 15 as FMKT15, the market maturing
at the beginning of Period 14 as FMKT14, etc . . . Continuous double auction
trading rules were in effect in the futures markets, as in spot market, with
one exception. In a futures market transaction, the unit, and the cash paid for
the unit, was transferred between the buyer and seller at the beginning of the
period of maturity. By making a contract to buy (sell) a unit of the asset in
a futures market, the trader committed to buy (sell) a unit of the asset at the
agreed upon price at the beginning of the corresponding spot market period.
The actual trade, and thus the exchange of inventories of the asset and cash,
occurred at that time. If  a trader had committed to sell a unit of the asset in
a future period, he continued to receive the dividends on the unit until the
trade took effect.

The constraints individuals faced on their purchasing and selling activity in
the markets were twofold. The first constraint was that they could not contract
to sell more units – either on the spot or the futures markets – than the total
of their current inventory plus the net amount they had already contracted to
purchase in the future (net amount contracted equals contracted purchases
minus contracted sales in the futures markets). That is, current inventory plus
net future purchases, described as ‘available units’ to the subjects, could not
be negative. Notice that actual inventories could be negative. An agent could
have a temporary net short position, but only if  he had also previously con-
tracted to repurchase the units in the futures markets in a later period. Thus,
it was impossible to end the game in a net short position. If  an agent had a
net short position at the end of a period, he was required to pay the dividend
on the number of units he was short. The other constraint was on purchases.
A trader could not make a purchase unless his ‘available cash’ remained
positive after the purchase. An individual’s available cash equalled his actual
current cash balance, minus the expenditures he had committed to contracted
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purchases on the futures market, minus the cash he had committed to current
outstanding, but unaccepted, offers to purchase on any market, plus the revenue
committed to him from sales contracts in the futures market.

The sequence of events in a session was as follows. (1) The instructions for
the experiment were read aloud to the subjects, who followed along with their
own copy of the instructions. The subjects were encouraged to ask questions
relating to the rules and the interface at any time. (2) After the experimenter
read the instructions, a quiz was given to the subjects to ensure that they
understood the dividend process. If  a subject made any incorrect responses,
the correct answers were given and explained privately to the individual. (3)
Subjects traded in a two-period sequence of markets, this consisted of a futures
market period followed by the corresponding spot market period. The purpose
of this exercise was to allow the subjects to familiarize themselves with the
software, the specific parameters of the market, and the market rules. Earnings
in this phase did not count toward final cash payouts. (4) Inventories of asset
and cash were re-initialized to their initial values of 10 units of asset and
10,000 francs for each participant. (5) The market periods that comprised the
experiment occurred. (6) Subjects were paid their earnings for the session.

During phase (5) above, the first market to open was FMKT15. Three
minutes after the opening of FMKT15, FMKT14 was opened. All subsequent
futures markets were opened in reverse order of their period of maturity and
at three-minute intervals until all 15 futures markets were open for trading.
The staggered and reverse-ordered opening of the futures markets was intended
to facilitate the backward reasoning that is required for agents to realize that
the expected future dividend stream corresponds to a limit price for a rational
trader. All futures markets remained open for trading until the beginning of
their period of maturity, at which time all transactions in the markets were
realized. Three minutes after the opening of FMKT1, the spot market opened
for Period 1. Each spot market period lasted for three minutes. After the close
of the spot market for Period 15, the session ended. Thus, the spot market
opened 45 minutes after the opening of FMKT15 and the spot market closed
90 minutes after the opening of FMKT15. Each subject’s earnings equaled his
final cash balance. This final balance represented the initial cash balance of
10,000 francs, plus revenue from sales of asset, minus expenditures on purchases
of asset, plus the net dividends received on units of asset in inventory over
the 15-period spot market horizon. The sequence of events during a session
is illustrated in Figure 1, which shows that the 15 futures markets open in
reverse order of their period of maturity, and the opening of all of the futures
markets precedes the 15 spot market periods.

3.

 



 

3.1.

 

The spot markets

 

The time series of transaction prices in the spot market for each session are
shown in Figure 2. The horizontal axis indicates the period of the session and
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the vertical axis shows the average price of all transactions that occur in the
period. The straight line is the fundamental value as it evolves over time. The
data series are the average transaction prices in each period during each of
the four sessions. The figure suggests that, at least after the first three periods,
prices remain close to fundamental values in the spot markets for most of the
life of the asset in each of the four sessions. This contrasts sharply with previous
studies.

To confirm the impression that the presence of  futures markets has an
attenuating effect on asset price bubbles, we use several precise measures of

Figure 1. Timeline of events during each session

Figure 2. Average spot prices by period, all sessions
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the magnitude of bubbles in laboratory markets that previous authors (King

 

et al

 

., 1993; Van Boening 

 

et al

 

., 1993; Porter & Smith, 1995) have developed.
The measures are useful because they allow comparisons between different
studies with regard to the extent of bubble formation. Three of these measures
are Price Amplitude, Normalized Absolute Deviation, and Turnover.

The Price Amplitude is defined as the difference between the peak and the
trough of mean period prices relative to the fundamental value, normalized
by the initial fundamental value. In other words, the price amplitude equals
max
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The Normalized Absolute Deviation is the sum, over all transactions, of the

absolute deviations of prices from the fundamental value, divided by the total
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is the price at which the 

 

i

 

th transaction in period 

 

t

 

 occurs and 

 

TSU

 

 is the
total stock of units. 

 

TSU

 

 equals the sum of all traders’ inventories of asset.
The third measure, Turnover, equals the total number of transactions over the
life of the asset divided by the total stock of units.

High Price Amplitude indicates large price swings relative to fundamental
value, evidence that prices have become decoupled from fundamental values.
A high Normalized Absolute Deviation corresponds to a large amount of
trading activity at prices removed from fundamental value. A high Turnover
means that there is a high volume of trade, suggesting either heterogeneous
expectations or biases in decision making prompting trade. The value of the
three measures observed in each of the sessions is reported in Table 1. The four
sessions are identified by the dates on which they were conducted. The table

 

4

 

We divide by 100*TSU here while some other studies simply divide by TSU to calculate
Normalized Absolute Deviation and Turnover. The purpose is to render our measure comparable
to previous studies. Previous studies used an expected dividend equal to 24 cents in each period
and calculated the normalized deviation in terms of dollars (units of 100 cents). Here the expected
dividend is 24 francs, the unit of experimental currency, per period. Therefore the appropriate
measure for comparison with previous studies would be in units of 100 francs.

Table 1. Spot market bubble measures in each session and in pooled data from 
previous studies
 

Session Date Turnover Amplitude Normalized Absolute Deviation

4/15/2003 1.16 0.161 0.165
4/9/2003 0.59 0.537 0.254
4/4/2003 0.9 0.452 0.296
10/8/2002 1.29 0.175 0.241

Previous studies
SSW (1988) 4.55 1.24 5.68
PS (1995) Baseline Tmt. 5.49 1.53 N/A
VWL (1993) 5.05 4.19 5.12
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also includes data from the studies of Smith 

 

et al

 

. (1988, SSW), Porter & Smith
(1995, PS), and Van Boening 

 

et al

 

. (1993, VWL), in which the asset traded
had a life of 15 periods and a declining fundamental value over time, as in
our experiment.

 

5

 

As illustrated in the table, each of our four sessions yield bubble measures
smaller than the average obtained in any of the previous studies of markets
where the asset has a declining fundamental value. This provides strong
evidence that the presence of futures markets impedes bubble formation in the
spot market. Turnover, the measure of market volume, ranges from 0.59–1.29
in our data, while in previous studies it typically averages between four and
six. The Normalized Absolute Deviation ranges from 0.165 to 0.296 in the
current study, while in the other studies it takes on values between five and
six. The drastically lower value reflects lower transaction volume as well as
smaller deviations from fundamental value. Amplitude shows a similar pattern,
ranging from 0.161 to 0.537 in our data, while reaching values between 1.24
and 4.19 in the previous studies. Thus, the evidence is clear that spot market
bubbles are much smaller in our markets than in previous studies.

Further evidence of the absence of a tendency for bubbles to form in our
experiment comes from an investigation of offer patterns. Smith et al. (1988)
and subsequent authors have observed that when a bubble occurs, it is typically
accompanied by a positive relationship between the change in asset price
between Periods t−1 and t, and the difference between the number of offers
to buy and offers to sell in Period t−1. That is, a positive relationship between
Pdiff and the variable Bt−1 – Ot−1 is associated with an asset price bubble. Pdiff
= Pt – Pt−1 is the difference between the average transaction price in Period t
and the average price in Period t−1. Bt−1 equals the number of offers to buy
submitted to the market in Period t−1. Ot−1 equals the number of offers to sell
submitted in Period t−1. The variable Bt−1 – Ot−1 can be viewed as a measure
of capital gains expectations, which can generate a price bubble. To investigate
the relationship, Smith et al. (1988) estimated the regression model:

(1)

and found that the coefficient b tended to be significantly positive in markets
in which a bubble and crash occurred and not significant when they did not
occur. The coefficient a was generally not significantly different from the single
period change in the fundamental value, ft – ft−1. The estimates of equation (1)
for our data are given in Table 2, with the t-statistics of  the hypotheses that
a = −24 and b = 0 in parentheses.

The coefficient a is not significantly different from the change in fundamental
value between one period and the next, −24, in three of the four sessions at
the 5% level. The coefficient b is positive in sign, but also insignificant in three

5 The data included in Table 1 from Smith et al. (1988) consists of 10 sessions in which subjects
had no previous experience. The data from Van Boening et al. (1993) in the table consists of data
from two sessions with inexperienced subjects. The data from Porter and Smith (1995) is from 10
sessions of their baseline treatment (they also conducted sessions in which a futures market was
in operation, which is not included in Table 1).

Pdiff a b B Ot t    (   )= + −− −1 1
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of four sessions. Excess revealed supply and demand was therefore not a strong
predictor of future price movements in the spot markets. This suggests that
the fundamental value was a powerful attractor and prices were not moved
away from it by inflows of purchase and sell orders. It is also consistent with
the assertion that any capital gains expectations that did exist were not borne
out by subsequent price movements.

3.2. Futures markets

Tables 3 and 4 illustrate the prices in the futures market in comparison with
the REE prices. The values in the tables are calculated by averaging the trans-
action prices in each market during each period within each session; an overall
market average for the period is then computed that weights each session
equally. The values in parentheses are the volumes of trade in the market for
the period, averaged across sessions. If  no value is indicated in a cell, no trades
occurred in the particular market during the specified period in any session.
Table 3 displays the data for each of the 15 spot market periods. Table 4 con-
tains the data from the time interval before the spot market opens. We will
refer to the periods in this interval as Periods −15 to −1, where −t denotes the
three-minute period immediately following the open of futures market t.

Table 3 reveals a strong tendency for prices in the futures markets to be
lower than the current fundamental value. Only 6.7% of  futures market
transaction prices exceeded ft during Period t. This indicates that at no time
were there expectations of future prices higher than current prices. However,
most prices were higher than the rational REE prices, which for each market
equal the fundamental value of the asset in the period of maturity (i.e., equal
to 24 * (16 − s) for FMKTs).

The pattern of futures market prices is consistent with expectations of prices
greater than fundamental values in future periods. However, as the tables sug-
gest, the futures markets exhibit different behaviour in the periods just prior
to their maturity than earlier. Just before their maturity, the futures markets
track their REE prices fairly closely. However, in periods that occur a relatively
long time before their maturity, futures market prices are often quite different
from the REE prices. Consider the variable , the absolute difference
between the average transaction price in futures market s during period t and

Table 2. Estimated relationship between number of offers to buy and sell in a 
period and subsequent price changes Pdiff = a + b(Bt−1 − Ot−1)
 

Session Date Estimate of a Estimate of b

04/15/03 −23.201 (0.505) 0.328 (0.379)
04/09/03 −23.823 (0.105) 3.113 (1.013)*
04/04/03 −12.249 (1.197)* 1.394 (1.513)
10/08/02 −20.380 (0.164) 0.291 (0.593)

* Significant at the 1% level, ** Significant at the 5% level, *** Significant at the 10% level.

| |FP ft
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Table 3. Average futures market prices during a given spot market period

REE 
Price

Period 
1

Period 
2

Period 
3

Period 
4

Period 
5

Period 
6

Period 
7

Period 
8

Period 
9

Period 
10

Period 
11

Period 
12

Period 
13

Period 
14

336 FMKT2 290
(0.75)

312 FMKT3 N/A 260
(1.50)

288 FMKT4 300
(0.25)

200
(0.25)

262
(2.50)

264 FMKT5 400
(0.25)

260
(0.50)

170
(0.25)

206
(0.25)

240 FMKT6 N/A N/A N/A 158
(1.00)

131
(0.50)

216 FMKT7 N/A 240
(0.25)

218
(0.50)

230
(0.25)

200
(1.00)

N/A

192 FMKT8 250
(0.25)

200
(0.25)

215
(0.50)

150
(0.25)

N/A 289
(1.00)

206
(1.25)

168 FMKT9 N/A 190
(0.25)

N/A 390
(0.25)

218
(0.75)

200
(0.25)

161
(1.00)

187
(1.00)

144 FMKT10 N/A N/A 350
(0.25)

N/A 350
(0.25)

N/A 180
(0.25)

N/A 157
(1.00)

120 FMKT11 190
(0.25)

200
(0.25)

N/A 70
(0.25)

N/A N/A 150
(0.25)

260
(0.50)

135
(0.50)

107
(1.00)

96 FMKT12 200
(0.50)

200
(0.50)

158
(0.50)

240
(0.75)

240
(0.25)

60
(0.25)

180
(0.25)

400
(0.25)

78
(0.75)

121
(0.75)

103
(1.00)

72 FMKT13 180
(0.25)

195
(0.75)

133
(0.75)

N/A N/A 60
(0.25)

135
(0.25)

N/A 180
(0.25)

157
(1.50)

172
(0.25)

79
(2.00)

48 FMKT14 N/A 155
(2.00)

221
(1.75)

202
(1.00)

110
(0.50)

95
(0.50)

220
(0.25)

70
(0.25)

N/A 162
(1.50)

163
(0.75)

75
(0.75)

100
(0.25)

24 FMKT15 246
(1.25)

160
(2.75)

166
(3.50)

165
(2.25)

131
(2.00)

147
(2.75)

92
(2.75)

131
(3.25)

76
(2.25)

198
(2.00)

92
(2.50)

47
(3.00)

29
(1.50)

29
(1.50)
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Table 4. Average futures market prices during each 3 minute segment prior to spot market open
 

REE 
Price

Period 
–15

Period 
–14

Period
–13

Period
–12

Period
–11

Period
–10

Period
–9

Period
–8

Period
–7

Period
–6

Period
–5

Period
–4

Period
–3

Period
–2

Period
–1

360 FMKT1 289
(10.00)

336 FMKT2 260
(8.00)

285
(3.00)

312 FMKT3 233
(10.00)

291
(2.50)

305
(0.50)

288 FMKT4 202
(9.50)

239
(2.00)

265
(1.50)

298
(0.50)

264 FMKT5 192
(8.50)

191
(2.25)

213
(1.00)

266
(1.25)

235
(0.50)

240 FMKT6 170
(10.75)

270
(1.25)

172
(0.75)

225
(0.50)

N/A 253
(0.75)

216 FMKT7 184
(7.75)

184
(1.25)

176
(1.25)

100
(0.25)

228
(0.50)

100
(0.25)

240
(0.25)

192 FMKT8 159
(6.75)

145
(4.25)

189
(0.75)

149
(1.25)

175
(1.00)

180
(0.50)

N/A 165
(0.25)

168 FMKT9 147
(8.75)

151
(2.00)

130
(1.50)

166
(1.00)

170
(0.25)

N/A 138
(1.25)

300
(0.50)

N/A

144 FMKT10 142
(9.25)

144
(3.50)

128
(0.50)

230
(0.75)

N/A 120
(0.50)

N/A 115
(0.50)

N/A N/A

120 FMKT11 158
(8.50)

134
(1.75)

125
(0.25)

122
(1.00)

110
(0.25)

100
(1.25)

140
(0.25)

135
(0.25)

180
(0.25)

N/A N/A

96 FMKT12 113
(9.50)

104
(3.00)

143
(1.25)

172
(1.25)

159
(1.50)

100
(0.25)

299
(0.25)

85
(0.50)

140
(0.50)

135
(0.50)

210
(0.75)

260
(1.25)

72 FMKT13 104
(8.50)

80
(1.50)

122
(0.75)

80
(0.75)

N/A 93
(1.00)

100
(0.25)

123
(0.50)

140
(0.50)

100
(0.25)

148
(0.75)

130
(0.25)

157
(1.50)

48 FMKT14 117
(8.25)

120
(2.50)

90
(0.25)

65
(0.25)

65
(0.25)

63
(1.25)

79
(1.25)

122
(1.50)

147
(1.25)

121
(1.25)

133
(1.50)

210
(0.75)

111
(1.25)

172
(1.50)

24 FMKT15 138 74 76 89 46 75 72 68 65 75 118 147 194 210 159
(14.50) (3.00) (2.50) (3.50) (2.25) (3.00) (1.75) (3.25) (5.25) (5.75) (4.25) (3.00) (3.00) (2.50) (2.00)
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the REE price of market s. We average over all transaction prices in futures
market s during spot period t for an individual session to calculate the value
of  in market s for period t for each individual session. Overall, for period
s – 1, the period immediately preceding the maturity of a futures market, the
average absolute difference from the REE price over all markets, periods, and
sessions, equals 34.8 francs. In period s – 2, two periods before maturity, the
average is 49.8, and over periods s – 3 and earlier it is 75.2. Thus, while for much
of the time horizon futures market prices deviate considerably from REE
prices, the deviations are smaller in the two periods immediately preceding
maturity.

Indeed, some of the futures markets exhibit properties that are reminiscent
of the bubbles observed in spot markets in previous studies. In particular, the
markets that are the last to mature seem to exhibit the strongest tendency to
become decoupled from REE prices. We can calculate the Normalized Absolute
Deviation and the Amplitude of price bubbles in the futures markets.6 The
values of these measures for each of the 15 futures markets, averaged over all
sessions, are given in Table 5. For the futures markets, in the calculation of
the measures, the REE price is considered as the fundamental value. FMKT15
attains the highest value of both measures of any of the markets. In general,
there is a tendency for the values of the two measures to be lower in the
markets that mature earlier.

The high values of the bubble measures for the relatively late maturing
futures markets take the form of trade at prices higher than REE prices in

6 Turnover is a misleading measure of bubble magnitude in the spot markets here because of the
large number of interdependent futures markets and the fact that the total stock of units is traded
in all of them. It is thus almost inevitable that turnover in any one of the markets, such as the
spot market, would be much lower than the values typically obtained.

FPt
s

Table 5. Observed measures of bubble magnitude in each of the futures markets, 
averaged across all sessions
 

Amplitude Normalized Deviation

FMKT1 N/A 0.061
FMKT2 0.100 0.079
FMKT3 0.224 0.089
FMKT4 0.257 0.109
FMKT5 0.323 0.100
FMKT6 0.335 0.098
FMKT7 0.469 0.071
FMKT8 0.519 0.095
FMKT9 0.637 0.100
FMKT10 0.374 0.073
FMKT11 0.741 0.095
FMKT12 1.474 0.141
FMKT13 1.421 0.111
FMKT14 2.651 0.215
FMKT15 5.888 0.673
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periods well in advance of the particular period of maturity. In contrast, prices
in the futures markets that mature earlier tend to be somewhat below funda-
mental values. The pattern that emerges is one of futures prices below current
fundamental values and the current spot price, but of  less cross-sectional
variation during a given spot period than under rational expectations.

To make this last notion more precise, we calculate a measure of  the
variance of  current futures market prices during each spot period. We find

 and compare it to the value of  the

measure under rational expectations, . The number (15 – t) is used in
the denominator because it equals the number of futures markets in operation
in period t. The lower the value of , the less cross-sectional variation
in futures market prices during spot Period t. Table 6 reports the value of the
variable  in each period, averaged across the four
sessions. The ratios are less than one in the early periods, confirming that there
is a clustering of futures market prices. Between Periods −13 and +3, all but
one of the ratios is below 1. In the remaining periods, the ratio exceeds 1 in

Table 6. Vratio in each futures market, average across all sessions
 

Average Variance REE Variance Ratio

Period –15 N/A N/A N/A
Period –14 2 471.78  288 8.583
Period –13  353.16  576 0.613
Period –12  293.91  960 0.306
Period –11 2 819.59 1 440 1.958
Period –10 1 597.22 2 016 0.792
Period –9  789.19 2 688 0.294
Period –8  547.33 3 456 0.158
Period –7 1 987.54 4 320 0.460
Period –6 1 246.05 5 280 0.236
Period –5 2 775.27 6 336 0.438
Period –4 1 954.18 7 488 0.261
Period –3 2 536.04 8 736 0.290
Period –2 5 702.75 10 080 0.566
Period –1 3 999.91 11 520 0.347
Period 1 3 959.56 11 520 0.344
Period 2 2 644.27 10 080 0.262
Period 3 6 057.69 8 736 0.693
Period 4 9 433.49 7 488 1.260
Period 5 11 651.67 6 336 1.839
Period 6 15 706.77 5 280 2.975
Period 7 1 929.16 4 320 0.447
Period 8 8 907.04 3 456 2.577
Period 9 1 730.30 2 688 0.644
Period 10 1 357.16 2 016 0.673
Period 11 1 505.16 1 440 1.045
Period 12  605.89  960 0.631
Period 13 2 938.89  576 5.102
Period 14 N/A N/A N/A
Period 15 N/A N/A N/A
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six of the 10 periods for which the ratio is defined. This suggests no consistent
clustering near the end of  the sessions, when subjects have acquired more
experience in the decision environment and the time to maturity in the
remaining futures markets is relatively short.

Investigation of individual transactions in the futures markets reveals two
types of individual behaviour that appear to be important in generating the
clustering pattern of futures prices. These behaviours are myopic trading and
liquidity trading. Myopic trading is speculation between futures markets that
ignores the actual time in the future at which the trade contracted in the market
is to be carried out. In essence, a myopic trader acts as if  he treats the good
trading in each market as identical, in the sense that he assigns equal value
to the goods trading in futures markets s and r ≠ s. He ignores the fact that the
value of the good, and thus the REE price for the good, differs because of the
different future expected dividend streams beginning in period s and in period r.
He therefore makes purchases in a futures market at a low price in order to
resell in another futures market or in the spot market where the price is higher.

For example, a myopic trader might make a purchase in FMKT10 at a price
of 100 as well as a sale at a price of 110 in FMKT9, believing it to be profitable,
because the sale price exceeds the purchase price, but neglecting to take
account of the fact that the fundamental value is 24 francs lower in spot Period
10 than in Period 9. The trader loses 14 on each unit transacted. If  a sufficiently
high percentage of traders behave in this manner, the prices in futures markets
with different terminal periods will be moved closer together than under
rational expectations, as they are in our data. If  all traders were completely
myopic, all futures market prices, regardless of period of maturity, would be
equal. The observed values of Vratio less than one early in the sessions appear
to result mainly from the fact that some myopic trading is taking place.

Liquidity trading is the use of futures markets as a means to overcome cash
and short-selling constraints. Binding cash constraints can generate an additional
supply of units in futures markets. Agents who would like to make purchases
in the spot market or in a futures market but have insufficient cash to do so
sell units in another futures market to give themselves more available cash to
make the desired purchases. Similarly, binding short-selling constraints gener-
ate demand for units in futures markets. Agents who would like to sell more
units than they have available in spot or futures markets can make contracts
to purchase in the futures markets and increase their current selling capacity
in the spot or other futures markets. It appears that liquidity trading accounts
for some of the demand and supply of units of asset at prices that differ from
rational expectations levels.

Tables 3 and 4 show that the volume of futures market trade is concentrated
in particular markets at certain times. The volumes, averaged over the four
sessions, for each period and each market are indicated in parentheses. Table 4
shows that volumes are relatively high in a given futures market in the two
periods after it opens, and especially in the first period in which it is in operation.
In every period from −15 to −1, the most recently opened futures market has
the greatest number of transactions of any of the futures markets. Some of



182 .   . 

© 2006 Blackwell Publishing Ltd

this activity appears to be due to liquidity trading. To relax a binding cash
constraint, a liquidity trader can acquire more cash by selling in a futures
market. A trader with this objective has a preference for selling in the markets with
the highest prices, and these are typically those closest to maturity. This trading
has the effect of moving prices in these markets downwards. Furthermore, the
most recently opened markets are also those in which the traders’ heterogeneity
of expectations, which would promote trade, may be the most widespread.

Both tables also reveal a concentration of trade in FMKT15 throughout the
entire time horizon of the sessions. In Periods 1–14, FMKT15 has the greatest
quantity traded of any of the futures markets. This also appears in part to be
due to the activity of liquidity traders. Consider a trader who would like to
have the option to sell a unit but has none remaining in his inventory. This
constraint is relaxed most cheaply by making a futures market purchase at the
lowest possible price. The lowest prices are often found in FMKT15, which has
the lowest overall average price during the period the spot market is in operation.

4. 

The pervasiveness of price bubbles and crashes in laboratory asset markets
populated with inexperienced subjects has proven resilient to many institutional
changes. However, these changes have not directly attacked what we believe
are the sources of the bubble phenomenon. These sources lie in speculative
behaviour and in decision errors. Speculation occurs because there is a lack
of agreement among traders about anticipated prices in future periods, which
in the presence of decision errors becomes more severe. The sources of the
decision errors appear to be twofold. The first is the difficulty of valuing a
multi-period but finitely lived asset, which is simple if  the backward induction
principle is applied but difficult if  it is not. The second source of errors is a
tendency for agents to make transactions before they understand the decision
environment, because of the absence of alternative activities to the spot market
(see Lei et al., 2001; for a discussion). The introduction of short-selling, margin
buying, fees on transactions, call markets, and the other institutional features
that have been previously examined in the laboratory are powerless to aid
backward induction. They also fail to introduce alternative activities to
mitigate the bias toward active participation in the market. Other than in the
case of transaction fees, there is also no obvious reason to suppose that these
instruments might reduce speculation.

Futures markets have the potential to address these causes of  bubble
formation. The presence of 15 futures markets operating simultaneously, in
conjunction with the spot market and the fact that the futures markets were
open for a considerable period of time before the spot market began operation,
seems to have reduced the bias towards active participation in the spot market.
In the experiment we report here, the existence of a futures price for every
period also appears to reduce speculation in the spot market, presumably
because it reduces the level of heterogeneity in spot price expectations for
future periods. The relatively low volumes of trade in the spot market are
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consistent with both a reduction in the amount of speculation and a reduction
in the bias in favour of active trading.

In principle, when futures markets exist that mature in the final periods of
the life of the asset, they could encourage correct backward induction beginning
from Period 15. However, this does not seem to have occurred in our experiment.
Rather, the prices are consistent with backward induction only for a small
number of periods before maturity in the futures markets, while the spot market
tracks its fundamental value essentially for the entire market horizon.

Despite this, the system of  futures markets we have constructed here is
effective in aiding price discovery, in the sense that it improves the likelihood
that the spot market will reflect the fundamental value of the asset. However,
our institution is complex, consisting of many markets that begin operation
in a particular sequence. It may be the case that the system is more complex
than is required. Future research might focus on possible simplifications of
the system. There are at least three possible directions in which to proceed.
The first would be to open all of the futures markets simultaneously; while
this may have the effect of reducing the system’s effectiveness in assisting agents
to apply backward induction to the asset valuation task, it may have no effect
since futures market prices do not reflect rational expectations until shortly
before maturity. Another possibility is the presence of fewer futures markets;
it may be sufficient to have markets that mature at intervals, for example every
five periods, so that the fifth, 10th and 15th futures markets would be sufficient
to cause convergence of spot prices to fundamentals. A third possibility is that
the futures markets need only be open for a short period of time prior to their
maturity, so that fewer markets operate at one time. The futures market for
Period t could be opened in t−3, so that it would only be in operation for
three periods. Since futures market prices are only close to REE prices in the
last few periods before maturity, shortening the time interval during which the
market is in operation may not reduce the informational content of the futures
market activity.7
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